


On Top Of The World. Boeing's 707 Jetliner looks down on the mountain tops as it 
flies far above the clouds. USS steels are widely used in this proud new airplane-in 
control cables, engines, landing gears and countless other places. 

UNITED STATES 
STEEL \ 

This trade-mark is your guide to quality steel\, 
l 

Now-A Non-Stick Slide. Remember 
how you used to stick on playground 
slides because they would rust? One 
manufacturer builds the slide out of 
USS Stainless Steel, and it stays 
bright and shiny in any kind of 
weather. 

Made For Tough Nuts. It's a geared 
nut tightener (and loosener) made 
for heavy-duty use. The device uses 
Shelby Seamless Mechanical Tub
ing for maximum strength. USS 
Shelby Tubing is actually pierced 
from a solid billet of fine steel. The 
tubing is hot worked and forged in 
the process, and it contains no welds. 

For further information on any product mentioned in this advertisement, write United States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 
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THE LOCKHEED MISSILE SYSTEMS DIVISION 

Advanced Study Program for 

M.S. and Ph.D. DEGREES 
in science and engineering 

University of California at Los Angeles • University of Southern California 
University of California at Berkeley • Stanford University 

The Graduate Study Council offers an Advanced Study Program to enable 

qualified individuals to ·obtain M.S. 6r Ph.D. degrees. Under this program the 

participants are employed in their chosen fields of research and development 

at Lockheed Missile Systems Division while concurrently pursuing graduate study. 

Eligible students must be U.S. citizens holding M.S. or B.S. degrees 

in fields of Engineering, Mathematics and Science applicable to missile 

systems research and development. 

Students are invited to contact their Placement Officer for additional information. 

GRADUATE STUDY COUNCIL 

MISSILE SYSTEMS DIVISION 

LOCKHEED AIRCRAFT CORPORATION 

fAN NUYS • PALO ALTO • SUNNYVAL>:, CALIFORNIA 
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Left to right: Main Research Building, Service Building, Manufacturing Development 
Building (behind water tower), Engineering Building, Styling Building and Styling 
Auditorium Dome facing 22-acre lake, focal point of GM Technical Center. 

The young engineer's opportunities 

with General Motors 

AFEW MONTHS AGO-after nearly 11 years in the 
planning and construction -General Motors 

officially opened its vast new Technical Center on 
the outskirts of Detroit. 

Here, on 330 acres of beautifully landscaped 
campus, stand twenty-five superb air-conditioned 
buildings, replete with all the new wonder instru· 
ments of modern science and engineering. 

It is the world's largest institution devoted to the 
industrial arts and sciences. It houses more than 
four thousand engineers, scientists, stylists and tech
nicians delving into the unknown in search of new 

materials, new forces, new techniques. 

Its huge resources and research facilities are at the 
beck and call of GM engineers in any of GM's 126 
plants in 68 American cities. 

Between the engineers at the Center, and those with 
any of GM's 34 decentralized manufacturing divi
sions, there exists a two-way How of stimulating 

ideas and mutual assistance. 

For young engineers now faced with the problem 
of building their careers, this new Technical Center 

is a monumental symbol of the importance that GM 
attaches to engineering and research. 

It is a living affirmation of GM's faith in the future 
that modern technology will create. 

It is a multimillion-dollar investment in what 
General Motors President Harlow H. Curtice has 
termed "the inquiring mind." 

And above all- if you are a senior engineering 
student who can measure up to the challenge-it is 
further proof that you will find at all General 
Motors divisions a creative climate for building a 
rewarding career in your chosen profession. 

GM Positions Now Available in These Fields 

-in GM Divisions throughout the country 

MECHANICAL ENGINEERING 

CHEMICAL ENGINEERING 

ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING 

METALLURGICAL ENGINEERING 

AERONAUTICAL ENGINEERING 

GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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Behind this Sperry engineer you see 
a complex development in one of 
the nation's guided missile programs. 
Can you imagine what it is? 

• Imagination is a valuable trait for 
the engineer making his career with 
Sperry. For here there are many 
challenging opportunities to be met 
in such fields as missiles, inertial 
guidance, radar, computers, micro
waves and gunfire control. And while 
you work with the acknowledged 
leaders in these fields you can further 
your formal education-with Sperry 
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paying your full tuition for advanced 
or continuing studies. 

• Whether you elect to work with 
Sperry in its modern plant in Long 
Island, or in Florida, California, Vir
ginia or Utah, there is a bright fu
ture for you at Sperry, and one 
limited only by your own desire to 
get ahead. 

• Check your Placement Office for 
dates when Sperry representatives 
will visit your school. Make it "a 
must" to talk with them or write 

J. W. Dwyer, Sperry Gyroscope 
Company, Section lBS. 

P.S. In case you didn't identify the 
equipment shown above, it is 
part of an 8 ft. Sperry-designed 
radar antenna for long range 
missile guidance. 

BROOKLYN • CLEVELAND • NEW ORLEANS • LOS ANGELES • 

SEATTLE • SAN FRANCISCO. IN CANADA : SPERRY GYROSCOPE 

COMPANY OF CANADA , L TO. , MONTREAL , QUEBEC 

3 





Editor-In-Chief 
Managing Editor 
Special Features 
Copy 
Make-up 
Art 
Humor 
Secretary 

Business Manager 
Asst. Bus. Mgr. 
Advertising 
Circulation 

William Cordes 
, Jerry Jensen 

Jerry Cuderman 

Norville Pervier 

Pat Hart 
Weston Loomer 

Warren Anderson 
Marlene Vollmer 

Warren Wegele 
Jim Hewett 

Cedric Lyon 

James Dougher 

EDITORIAL ASSIST ANTS 
Ralph Heider 
John Oliver 

TECHNOLOG BOARD 
Chem 
ME 

Arch 
MetE 

ChE 

AeroE 
CE 

AgE 
EE 

Editor-in-Chief 

Business Manager 
President's Rep. 
IT (EEl 

IT (Engll 

Jerry Miller, Pres. 

Jim Oslund, V.P. 

Carol Friegang, Secy . 

Dave Trask, T reas. 
Robley E. Mangney 

Carl J. Dahn 

Paul Seaburg 

Bill Sharrett 

Jay Hamann 

William Cordes 
Warren Wegele 

Paul A. Bloland 

Paul Cartwright . 

Clifford I. Haga 

Member of Engineering 
College Magazines Associated 

Chairman : Prof. MGrk Hobson, Department of Chemical 

Engineering, University of Nebraska, lincoln, Nebraska. 

. The MINNESOTA TECHNOLOG, official student moga
~~ne of the University of Minnesota Institute of Technology, 
IS published monthly October through May. Entered as 
second-class matter April 9, 1925, at the post office at 
Minneapolis, Minnesota, under the Act of March 3 1879 

Office : 2 Mechanical Engineering Building, Unlversit; 
of Minnesota. 

Telephone: FE 2-8158, Extension 514 or 6435 . 
Subscription role : $2.50 per year . Single copies: 35c. 
Advertising rates upon application . Publisher's represen-

tative : lltteii-Murrey-Bornhill, Inc., 369 lexington Avenue, 
New York, and 605 Michigan Avenue, Chicago. 

Any opinions expressed by authors are not necessarily 
those of the TECHNOLOG or the Institute of Technology. 

VOL, 37 NO.1 

OCTOBER 1956 

MINNESOTA 
TECHNOLOG 

OFFICIAL STUDENT MAGAZINE 
INSTITUTE OF TECHNOLOGY 
UNIVERSITY OF MINNESOTA 

9 Welcome to IT! 

J2 Stability of World Peace 
27 From the Walls of 31 EE 

20 Servomechanisms 

30 The Neutron 

37 Join the 'LOG Staff! 
39 Signs, Signs, Signs 

44 From Co-ed to Princess 

54 Loudspeaker Enclosures 

80 With Much Cussing 

' ·' 

COVER: " The Stability of World Peace," 

as envisioned by Artist Weston Loomer. 

5 



6 

65-y·ear test 
directs choice of valves for new Rochester home of 

WILMOT CASTLE COMPANY 

Architect: CARL L. TRAVER General Contractor: JoHN B. PIKE & SoN, I Nc. 

Heating Contractor: HowE & BASSETT Co. Plzwzbing Contractor: BAREHAM CoNTRACTING Co. 

"'ENKINS VALVES , 
qualify on long record of reliable performance as 
standard equipment on Castle Sterilizers since 1890. 

'The Wilmot Castle plant at Rochester, N.Y., completed in 1955, 
was planned with the same exacting standards applied to design 
of Castle's fine products- sterilizers and surgical lamps for 
hospitals, laboratories, and the medical and dental professions. 

In selecting valves for the plant, the company could depend 
on their long experience with the faultless performance of the 
valves used on Castle Sterilizers, recognizing that all Jenkins 
Valves- bronze, iron, steel, and corrosion resistant- are made 
to the same high standards. 

For both plant anp product, the time-proved extra value of 
Jenkins Valves is dependable assurance of lasting efficiency, 
safety, and operating economy. Jenkins Bros., 100 Park Ave., 
New York 17. 

THE HOSPITAL LABORATORY AUTOCLAVE illus
trated is one of the many types of Castle Sterilizers 
used in hospitals and laboratories, ond shows 
typical use of Jenkins Valves on the steom, water 
supply, and drain lines. Valves are renewable com
position disc type, and have special heat-resistant, 
non-staining Bakelite handles, with each valve's 
function moulded in the top. Jenkins Valves provide 
the sturdy construction, safety, and good appear
ance requ ired . They also permit quick, easy mainte
nance, since the renewable discs, made also by 
Jenkins Bros., are available anywhere from Jenkins 

Distributors. 

JENKINS 
vxLVE-s~. 1 

SOLD THROUGH 
PLUMBING·HEATING 
AND INDUSTRIAL DISTRIBUTORS 

MINNESOTA TECHNOLOG 
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Refining metals to perfection 

.A PROBLEM IN PURITY 

ENGINEERS AT WESTINGHOUSE FACE CREATIVE 

CHALLENGES LIKE THIS EVERY DAY 

Preparing superpure titanium and other hard-to
get metals was a tough problem, but Westinghouse 
scientists solved it. Their method, called cage
zone refining, uses an unusual method to melt a 
bar of metal while the metal acts as its own cruci
ble, preventing contamination by a container. 

Westinghouse offers you the opportunity to 
work on similar stimulating, challenging projects. 
Investigate career opportunities at Westinghouse, 
where the big expansion program means real 
chance for growth and progress for Electrical, 
Mechanical, Chemical or Industrial Engineers, 
Physicists, Mathematicians and Metallurgists. 

In this one diversified company, you can do the 
kind of work you prefer . . . in the field of your 
choice-radar, decision devices, automation, elec
tronics or nuclear energy. There's plenty of room 
at Westinghouse to move around-and up! 

Million-dollar Educational Center offers a com
plete training program, and Master's and Ph.D. 
degrees can be earned at company cost at 22 
colleges and universities. 

Have your placement officer make a date for 
you now with the Westinghouse Interviewer, 
who will be on campus soon. Meanwhile, write 
for Finding Your Place in Industry, and 
Continued Education in Westinghouse. 

Write: Mr. C. W. Mills, Regional Educational 
Co-ordinator, Westinghouse Electric Corpora
tion, Merchandise Mart Plaza, Chicago 90, Ill. 

~stinghOUse 
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:A new era is beginning. • • 
"As 1 review the progress in aeronautics within so short a span, and marvel 
at the complex aircraft of today, I call it an achievement little short of miraculous. 

'~oday, electronically-guided planes take off and land without human touch. 
14ethal sky missiles seek and destroy invisible targets with uncanny precision. And still other 
fantastic achievements in both man-controlled and pilotless flight are now in the ofting. 

"When men go to the moon and planets, eleCtronically-controlled skycraft will tflk.e them 
there. Aviation maps will be studded with stars as well as with cities. New developw.ents 
in aeronautics will go on and on. Success op~ties and careers will' continue to develop 
for ambitious young men in this exciting field Where a new era is beginning!'* 

Appropriately qualified to speak for aeronautics and 
other fields in which his own scientific achievements 
play an important part, Dr. Lee de Forest gives help-
ful counsel to young graduates headed for successful, 
rewarding careers. · 

His expression, "a new era is beginning;• has parti
cular significance at Northrop, world leader in the 
design, development and production of all-weather 
and pilotless aircraft. 

At Northrop, permanent positions are available that . 
offer full play for individual talent and ambition. Here 
the graduate engineer will find interesting assign
ments for which he is best fitted. Surroundings are 
attractive, co-workers congenial, opportunities for 
advancement unceasing, the compensation good. 

For detailed information regarding specific openings 
in your field of specialization, write Ma~ger of Engi
neering Industrial Relations, Northrop Aircraft, Inc., 
1001 East Broadway, Hawthorne, California. 

~NORTHROP 
Pioneers in All Weather and Pilotless Flight 

• A statement by 
Dr. Lee deJ'orest, 
pioneer in Tadio. 

L:gE De FOREST 

MINNESOTA TECHNOLOG 
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er-Ra.J:n.J:n.ah's self-J:n.ovi.ng egg 

Join two flat pans; fill with an incendiary mixture; add 
a tail; propel by two large rockets. In A.D. 1280; 

Aral:1ia'sHassan er-Rammah, gazing centuries ahead, 
proposed this ovoid in his .. The Book of Fighting on Horse~ac~ 

and with War Engines."' -'"'"'"''2·~,,., 

Today, rocket-powered ordnance is foremost in American 
defense ..• and Aerojet-General Corporation is foremost 

in rocket power. 

~(?;4IJ'I"HicoRPORAT10!f 
A 5ubtidla'f of • AZIJfA; CAUFOII!nA ' 

The Cen~l Tile I Rubber ~ny · SAI:IIAJIDITO, CAUFORIIJ.\ 

We Invite !)lou-the engineer, the scientist-to participate at Aerojet In 
the creation of tomorrow'• realities from yesterday's dreams. 

Mechanical Englneera 
Electronic Engineers 
Chemical Engineers 

Chemi.U 
Physicists 
Mathematicians 

An Aero jet-General representative wilt be on campus shortly. 
Contact your Placement Office fer details. 

I 
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OIL WELL 

ASPHALT , ... _, 
'ETIOLEUM 

PETROLEUM ASPHALT FLOW CHART 
This simplifted graphic chart shows the inter• 
relationship of petroleum products, with 
gasoline, oil and Asphah flowing from the 
oame oil well. 

SC-Slow Curing 
MC-Meclium Curing 
RC- Rapid Curing 

55-Slow S.Hing 
MS -Medium S.Hing 
IS -lapid S.Hing 

UQUID 
ASPHALnC 
MATERIALS 

... 
1--... ~----· l<-1 

1~---· !L-1 "~ 
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P&¥ .. 
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.................... 1(.1 (UP11111A) r K·l CUT IACil 
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~ 
IS-IN .... ,. 

1a-111 
1M·211 - EMULSION 'LANT 

............ ::: •awnED r 11-1 ASPIIAL TS 
Il-l 

4 o\ 5 miles of paved roads 
o\)\ _ are surfaced with ASPHALT 

ASPHALT is a durable and powerful 
bituminous adhesive used in surfacing 
more than 80% of the nation's streets 
and highways. 

With it, engineers build strong, endur
ing pavements that are smooth and flex
ible. What's more, Asphalt construction 
is fast, simple and low-in-cost. 

Asphalt is a natural constituent of 
most crude petroleums. From them, it is 
separated by various distillation proc
esses that also yield gasoline, lubricat
ing oil and other refinery products. 
Asphalt is a petroleum product and is 
not to be confused with tar, a black 
substance commonly derived from the 
destructive distillation of coal. 

The chart shows grades of . Asphalt 
produced by distillation, blending and 
oxidation. These range from watery 
liquids to hard, brittle solids. 

The semi-solid form, known as Asphalt 
cement, is the basic paving material. It 
is used in hot-mix Asphaltic pavements 
for roads, airfields, sidewalks, parking 
areas, dam facings, swimming pools, 
industrial floors and other structures 
that require paving. 

It's the basis for membrane linings of 
irrigation canals and reservoirs, protec
tive coating on pipe lines, and structural 
waterproofing. In fact, Asphalt cements 
are "tailor-made" for literally thousands 
of applications, including such every-day 
items as tires, battery cases, roofings, 
paints, wall boards, electrical insulating 
tape and the like. 

Liquid Asphaltic materials are like
wise used extensively. In the form of 
road oils and cutback Asphalts they meet 
a variety of demands for both paving 
and industrial applications. Road con-

THE ASPHALT INSTITUTE, Asphalt Institu!e Building, College Park, Maryland 
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struction and specialty applications also 
call for ever-increasing quantities of 
emulsified Asphalts ... minute globules 
of Asphalt suspended in chemically 
treated water. 

The engineering advances that Asphalt 
makes practical warrant your study of 
the art and science of using this durable, 
economical material. 
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STABILITY OF 
While engineering and physics have gaily 

mm·ched onward using mathematics at every 
chance to express their theories, the social sci
ences have dragged sadly behind burying their 
theories in words. This practice of the social sci
ences has left a void that many deductive scien
tists have found in·esistible. The science of cyber
netics is one of the results of applying mathe
matical methods to the social sciences. The theory 
of the stability of peace is another of these results; 
a result that is less spectacular than cybernetics 
but is still interesting. The theory presented in 
this article has as its foundation the experience 
gained by humans while dealing with other hu
mans. 

THROUGH SOCIAL CONTACT, each person develops a Set of 
rules which govern his actions. These rules are ar
rived at either by abstracting "good" and "bad;' ac

tions from his own experience or by observing others and 
taking note of the results of their experiences. 

But what other way is there to formulate rules? The 
scientific method supposedly operates in the inverse fash
ion; formulate a set of axioms, test them by experiment, 
and then state 'rules by considering the axioms as funda
mental truths. The reason the scientific method is so useful 
is that the axioms can be altered without considering pre
vious experience, and by observing the differences between 
prediction and experiment the theorist can develop a more 
complete and concise set of axioms. 

The development of the article is a combination of these 
two philosophies. From their observations of nations in 
peace and at war, many men have made statements which 
supposedly tell why a nation does what it does. The mean
ing of many of these statements can be put in the form of 
a set of differential equations which, when solved, should 
show what a given nation will do in a given situation. 

Mr. R ichardson, the originator of the equations dis
cussed in this report, did considerable work on verifying 
the predicted results. However, the analysis of these ex
periments is very lengthy so only the theory and its de
velopment are set forth here. 

A statement typical to the world situation prior to 
World War II goes as follows: 
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The intentions of our country are entirely paci
fic. We have given ample evidence of this by ~he 
treaties which we have recently concluded with 
our neighbors. Yes, when we consider the state 
of unrest in the world at large and the menaces 
by which we are surrounded, we s~ould ~e fail
ing in our duty as a government If we d1d not 
take adequate steps to increase the defenses of our 
beloved land. 

How can that statement be translated into simple math
ematics? It is quite long and complicated, so maybe it can 
be made more concise. ". . . when we consider . . . the 
menaces by which we are surrounded . . . (we should) 
increase the defenses of our beloved country." Or, the 
greater the threat the faster we should arm ourselves. The 
mathmatical representation of this statement is 

(1) 

where x represents the armaments of our country, y rep
resents the armaments our opponents have, t represents 
time, and k is a positive c~mstant calkd a "defense co
efficient". 

But surely this equation does not describe how a na
tion's armaments increase. Another very obvious factor 
governing the production of weapons is how much money 
the nation already has tied up in armaments. This factor 
appears in the following way 

dx j dyt = l<y- ex: x, (2) 

where ex: is a positive constant called a "fatigue coefficient" 
and is proportional to the size and wealth of the nation. 

. . 
Now the equation says: the more a nation is threatened 

the more armaments it will produce; and as the quantity 
of its armaments increases there is more resistance to a 
further increase in that quantity. This is surely true, but 
are there not some other simple factors to account for? The 
ambitions, grievances, and policies of a nation are also 
factors that affect a nation's armament production. These 
factors are relatively independent of the nation's or its 
opponent's arms and they change quite slowly as time 
passes. Therefore, a constant term should be added so that 
the equation becomes 

dx j dt = ky- ex: X +g (3) 

where g is a constant representing grievances. 

Mathematically, no more additions can be made if the 
equations are to remain linear. So, in the interest of sim
plicity, let us study the equation we have and see if it 
contains the philosophies from which it was derived. 

Stability of a 2-nation world 
Assume there exists a world in which there are only two 

nations. An equation similar to the one derived above 
would describe the actions of each nation and the result
ant pair of differential equations should describe the 
world. Therefore, call the nations X-nation and Y-nation, 
and let x represent X-armaments and y represent Y-arm.a
ments. The set of differential equations is 

(4) 

MINNESOTA TECHNOLOG 



WORLD PEACE 
dy j dt = lx- f3g+ h (5) 

where l, f3, h are similar in nature to k, ex, g but in gen
eral have different magnitudes. 

The formal solution of this system is 

x = xo + Ae"Alt + f3e"A2t (6) 

Y =Yo+ [(A.t + ex2) j k]AeAlt + [("-2+ ex2) f k]Be'-2 t (7) 

where (x,y 0) is the point at which dx j dt = dy j dt = 0, and 
A.t, .\2 are the roots of the system's eigen value equation 

,\2 + (ex + {3),\ +ex f3- kl = 0. (8) 

A study of this solution will enable us to define and de
termine criteria for stability. 

The determinant of (8) is 
ex 2 + 2 ex f3 + f3 2

- 4 ex f3 + 4 kl = (ex - f3) 2 + 4 hl (9) 

and since kl is positive, both ,\1 and ,\2 are real. Therefore, 
as long as the coefficients remain constant, the solution is 
monotone and not oscillatory. 

By expanding the product (A.- ,\1) (A.- ,\2) and equat
ing the coefficient of like powers of ,\ it is seen that 

"-1 + .\2 = - (ex +/3) 

At .\2 = ex f3 - kl 

(10) 

(11) 

Since ex and f3 are positive, the sum of the roots, ,\1 + ,\2 
i~ negative by (10). Also, At ,\2 may be of either sign de

. pending upon the magnitudes of ex f3 and kl. The table 
shows how the solution behaves for different values of 
these products. 

If ex f3 < kl, the table shows that both x and y become 

a:p > kl 

I 
.1.,.1.,>0 .1., < 0 . .l.2 <0 x -+ x0 , y-+- y41 ns l -+- oo 

a:f3 = kl .1.,.1.,=0 .1., = 0, .1.,<0 x-+ Xo __,.,., co, y-+- )'11 -+- oo ns 1----+ co 

a:f3< kl .I.,A, < 0 A1 > 0, A,< 0 X-+oo,y-+oo rut-+ co 

very large in absolute value as time passes. If the arma
ments should be tending toward the positive infinity, war 
would probably result; therefore, this condition is called 
instability. In the case where ex f3 > kl the table shows 
that the point (x, y) moves toward the equilibrium posi
tion (x 0, y0). At this point both dx j dt and dy j dt are zero, 
thus, if the co~fficients are constant, (x0 , y0) is a "point of 
rest" toward which the point (x, y) will move. This situa
tion is similar to stable equilibrium in physics, and the in
equality ex f3 > kl is the condition for stability. 

To summarize, in a peaceful world which is composed 
of two nations, the following is true: 

(1) If ex f3 < kl, the peace is unstable, and war will prob-
ably occur. · 
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By RODNEY LARSON 

(2) If ex f3 > kl, the peace is stable, and the nations will 
ultimately reach an equilibrium state. 

The previous discussion neglects an important point: 
how are X and Y affected by the initial conditions? The 
answer to this question is more easily found by transform
ing the differential equation into polar coordinates as 
follows. 

Let X - Xo = r cos 6, y - Yo = r sin 6, then 

d6 j dt = l cos2 6 + (ex - f3) cos 6 sin 6- k sin2 6 (12) 

Rather than solve this equation, consider the condition 
d8j dt = 0. This is true when the point (x , y) lies on one 
of the two lines given by 

2k tan 8 = (ex - f3) ± Y (ex -/3)2 + 4 kl (13) 

The condition d6 j dt = 0 specifies that along these two 
lines all motion of the point (x, y) is radial. In other 
words, (x, y) cannot cross either of these lines; therefore, 
they are called barrier lines. Fig. 1 will help to show 
the importance of these lines. In the following diagrams 
the "velocities" dx j dt and dy j dt are represented by arrows 
originating at the point (x, y). 

Fig. 1. 

The diagrams show that a point, originally in one of 
the quadrants determined by the barrier lines, has all its 
subsequent motion restricted to that same quadrant. The 
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signs of x and y must therefore be such as to insure this 
condition. 

Another interesting aspect of the motion of the point 
(.-.:, y) is illustrated in Fig. 2-the point can move toward 
i~1finity in the negative direction. In deriving the equa
tiOns, x and y were implicitly thought of as being positive 
quantities representing the armaments or aggressiveness 
of a nation. The condition where the armaments became 
positively infinite was interpreted as war. By taking the 
converse interpretation as meaning that negative x and y 
represent cooperation, the movement of (x, y) toward neg
ative infinity could be interpreted as a trend toward a 

I 
Fig. 2. 

peaceful, Utopian world. This latter situation seems very 
desirable, but it, too, is an infinite recession from the equi
librium position and is an unstable state. 

If it does not destroy all interest in the present topic, a 
study of the constants, their dimensions, and their mag·ni
tudes should be useful. Whatever the dimensions of x and 
y are, both a: and k must have the dimension of l j (time). 

Physicists would call l 1 a: a "relaxation time." For if y 
and g were permanently zero, equation (4) would become 
dx j dt =-a: x, or lnx =-a: t + const. This says that, 
whenever a: t increases by unity, x decreases in the ratio 
l j e. By considering Great Britain as a typical nation, Mr. 
Richardson arrived at the value l j a: =5 ye~.rs as being 
typical of the magnitude of this constant. 

Consider a hypothetical case in which g = 0 andy= y1 . 

Then at the instant when x = 0, 

l j k = YI!(dx j dt) (14) 

If x and y are distances, then l j k would be the time re
quired by the X-nation to travel the distance y. Or, under 
the assumption stated, l j k is the catching-up time" it 
would take the X-nation to make its armaments equal to 
the Y-nation's armaments. Mr. Richardson gives l j k = 3 
years for Germany in 1937 and states "Other things being 
equal, the defense coefficient is proportional to the 'size' 
of the nation." 

14 

This essentially completes the "Linear Theory of Two 
Nations." It is possible to make applications of this re
stricted form of the general theory but the examples are 
ve~y artificial, since a two-nation world has never actually 
ex~st~d. However,_ the knowledge and tricks developed in 
thrs srmple case wrll be helpful in the study of ann-nation 
world. 

Stability of an n-nation world 
To have a theory that is applicable to the real world, it 

is necessary to consider an n-nation world. It is reasonable 
lar to the equations for a two-nation world. By extrapo
lation, these equations are 

dx, j dt = g• + k•1X•1 (i = 1,2,3, · · · ,n) (15) 

where X • is the total armaments or aggressiveness of x,. 
nation and g• represents the X.-nation's grievances. If 
i . . j, then k•1 is a defense coefficient and is positive. If 
i = j, then k •1 = - a: • is a fatigue coefficient and is nega
tive. 

It might seem more logical to consider the aggressive
ness of the ith nation as being directed in part toward each 
of the remaining n -I nations, rather than treating only 
the total aggressiveness as is done above. In such case; a 
set of.equations different from (15) might be expected, but 
it will be seen that the equations are actually the same. 

Let XI I represent the aggressiveness of the x .-nation 
toward the X1-nation and g•1 the corresponding griev
ances. It is natural to assume that both g11 and X11 are 
zero, since normally a nation has neither grievances nor 
aggressivent>ss towards itself. 

It will be convenient to retain the concept of total ag
gressiveness X•, since only the total aggressiveness or arma
ments of a nation are observed by other nations and the 
way the aggressiveness is apportioned is supposed to be 
that nation's secret. So let the total aggressiveness be 

n 

X I = :s XI I 

j = 1 

(16) 

In accordance with the preceding paragraph, the de
fense coefficients need only two subscripts. But they are a 
new kind, so denote them by q instead of k. For simplicity 
denote the fatigue coefficient by - · a:'· 

By these assumptions, for each pair of nations there is 
an equation like the following: 

dxii j dt =- a: ,x ,, + q•1X• + g•1 (i,j = I,··· ,n) (17) 

X 11 = 0, gu = 0, q11 = 0. 

For brevity let 

n 

g• = ~ gil (18) 

i=l 

Then by summing ( 17) for all j we get _ 

" 
dX1 j dl =-a: 1X1 + ~ q11X1 + g1 (19) 

i=l 

This equation is identical with (15); so as far as total ag
gressiveness is concerned, the existence of directed aggres
siveness makes no difference. 

To save in writing during the following analysis, a 
matrix notation is used to represent the systems of equa
tions. The notation is the following: 
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Xt gl - CX:t kl2 

X= x2 G= g2 K= k21 ,....--a: 2 

x,. g,. 

1 0 
L = 1111, 12,· • ·, l •. 1/, E= 0 1 

dX 
tit 

dx,. 
dt 

Using this notation, equation (15) becomes 

dXj dt = G + KX (15) 

Let X0 be the column matrix that satisfies the equilibri
um condition (dX j dt)x = x0• Then 

Xo = - K- 1 (16) 
where K- 1 is the itwerse of K. Next, to remove the con
stant terms, make a translation by substituting Y = X- X0 
in (15). Thus 

dYj dt = G + K (Y ·- K- 1G) = KY (17) 

The solution of this matrix-differential equation would 
be very simple if it were reduced to a scalar-differential 
equation. To this end multiply both sides of (17) by the 
row matrix L. 

L (dYj dt) = (d j dt) (LY) = LKY (18) 

If the matrix K has a diagnoal representation, then a scalar 
or set of scalars A can be found such that 

LKY = ALY (19) 
These scalars are the n roots of the characteristic equation 
of K 

det {K-AE}=O (20) 
and if they exist, equation (18) can be rewritten as the fol
lowing set of scalar equations: 

dj dt (LkY) = Akl kY (k = 1,2, · · · , n) (21) 
The solution of this equation is immediately seen to be 

LkY =A keAkt (k = 1,2, · · ·, n) (22) 

where L• is the characteristic vector of K corresponding to 
A• and A . is a constant determined by the initial condi
tions, A . = l •Y1. 

This last set of matrix equations can be written as single 
matrix equation which can be solved explicitly for X. 
Therefore, let 

1fi = (L1,T L2,T · · · , L,,T)T and '(IT= diag (eW, e'At2, ••• e'Ant ). 

Using this representation, the system (22) becomes 

or 
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JfiY = 'Clr'JfiY I 

X = X0 + 71I- 1 '(IT'JijY 

(23) 

(24) 

Equation (24) is the general solution to the set of differ
ential equations we started with. As would be expected, 
the general solution ·has certain restrictions under which 
ir is valid. A simple test is: if the characteristic polynomial 
of K has no repeated factors, then all eigenvalues of K will 
be distinct and the indicated matrix inversions can be 
done. 

Co11;sideration of equation (24) · yields a general condi
tion for the stability of an n-nation world. The expansion 
of Jfi- 1 '(i!;'Jij is a scalar, exponential function of time. 
Therefore each of the equations in the expansion of (24) is 
of the form 

n 

X• = X•o -t- :S a ,1eXJt 

i = I 

(25) 

In studying a two-nation world, peace was called un
stable if the armaments of a nation became infinite with 
increasing time, and peace was stable if the armament-co
ordinates tended toward the equlibrium position. Equa
tion (25) shows that all the X• become infinite if any of the 
AI are greater than zero and all the X < tend toward the 
equilibrium position if the largest AI is less than zero. Let 
At be the largest root of the characteristic equation of K. 
Then the stability criterion is as follows: 
(I) If At> 0, the peace is unstable. 
(2) If At < 0, the peace is stable. 
If A1 = 0, the general solution is not valid. 

The following criterion can be used in some cases. if det 
K has the same sign as (- 1)"- 1 the peace is unstable; no 
decision can be made if it has the opposite sign. 

A conclusion 
From this general theory it should be possible to pre

dict what kind of world would have the greatest stability. 
In order to make this prediction certain assumptions are 
necessary, the following being one possible set. 

(a) There is a fixed number of nations in the world. 
(b) All fatigue coefficients are fixed and equal, i.e., 

ex: • = ex: 1 = ex: for all i, j. 
(c) The defense coefficients are proportional to the na

tion's size. 
{d) All defense coefficients of any one nation are the 

same, i.e., 
k ,l = . k'k = k , 

(e) The sum of all the defense coefficients is a fixed 
constant, i.e. , k1 + k2 + · · · + k,. = constant. 

Before making the prediction it would be nice to know 
how these assumptions fit our world. A fixed number of 
nations (a) is almost true sine\'! the process of creating or 
destroying a nation is a slow one. So assumption (a) is ap
proximately valid. The fatigue coefficients are fixed and 
equal. This is equivalent to saying the reluctance of na-

. tions to spend money is the same for all nations and is con
stant for a reasonably long period. The validity of this 
statement is open to question, but I believe it is a good 
approximation of our world. 

In assumption (c) "size" must be thought of as being 
a measure of the nation's population, wealth, and pro
ductive power, as well as its geographical area. With this 
interpretation, it is logical to state that the "catching up 
time," l j k ,, decreases as a nation's "size" increases, a state
ment that supports assumption (c). 

In a world where all traveling was done by boat or on 
foot, those nations that a given nation would fear most 
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and thus feel the greatest aggressiveness towards would be 
those nations that were the closest. As communications be
tween nations improved to the point where distance was 
no longer a measure of separation and the effective dis
tance between nations became a matter of hours of travel, 
aggressiveness would become more evenly distributed 
among the various nations external to a given nation. This 
latter situation is a close parallel to our world, therefore 
the assumption of all defense coefficients being the same is 
probably valid. 

Finally, assumption (e) essentially states that the total 
"size" of all the world's nations is a constant and this is 
very close to being true in our world. 

On the basis of this discussion, any conclusions about 
the stability of peace that result from assumptions (a) 
- (e) should approximately apply to our world. 

To draw a conclusion about the maximum stability of 
peace, we must have one more theorem from the general 
theory. The characteristic function of the system consistent 
with the above assumption is as follows: 

det {K-.\E}=[(c-k1)· ·· (c-k,.)]X 
{l + [(kJ/c- k1)] + · · · + ([k,.j c -k,.)]} (26) 

where c = - ex: - .\. Denote this polynomial by P( c). Then 
it is apparent that for c = h,, P(c) is not zero; therefore 
none of the k. are roots of P{ c) = 0. If ck is a root of 
P(c) = 0 it must therefore be true that the quantity in 
braces is zero for c = ck. Substitution of ck = -ex:- Ak gives 

1 = [k• (.\k +ex:+ kt)] + · · · + 

[k,.f (.\k + 0:: k,.)] = cp (.\•) (27) 

The continuous function cp (.\) is monotone decreasing for 
A > - ex:, so if cp (0) is greater than one, the characteristic 
equation will have a positive roo~. Lik~wise if cp (0) is_ l:ss 
than one, the characteristic equation will have no pos1t1ve 
roots. This yields the following stability criterion. 

(1) If cp (0) > I the peace is unstable. 
(2) If cp (0) < I the peace is stable. 
In order to preserve its full meaning, the analysis of 

maximum stability is taken directly from Richardson's 
paper. .. 

Suppose that, in search of as much stabthty as pos-
sible, we imagine the interchange of territory and 
population between nations to be so regulated as to 
make ,\1 decrease as much as possible. Consider any 
pair of non-zero k,. and k8 restricted by k,. +k.= a fixed 
total, and suppose for definiteness that k,. > k8 • Be
cause k j {.\ +ex:+ k) is a concave function of k, we 
can prove that, iff> 0, 

k,.j(.\ + ex: +k,.) + h.j{.\ + ex: + k8 ) > 

(kr + f) / (A +ex: +kr +f)+ (h 8 - f) / (A +ex: +ks- £) 

So when the k's are made more unequal by transfer
ring £ from one to the other, cp (.\) as defined by (27) is 
decreased; and afterwards to redress the balance, .\ 
must be decreased. 

Let this type of transfer be repeated between pairs 
selected in any way. After each step, .\ will be de
creased. The decrease in · .\ will not come to an end 
while it is still possible to make any two nations more 
unequal in size. So the end of the process will be 
reached when, and not until, all but one of the na
tions have been reduced to zero size, and there is a 
single world-nation having k = k1 + k2 + · · · + k,.. 

16 

If we wish still to describe the final state as a prob
lem inn nations we can say that there remain (n- I) 
token nations of zero size. The corresponding deter
minant is 

det[K-E} 

C K K 

0 c 0 

0 0 c 

= C"= (-ex:-.\)." 
So the n roots are each .\ = - ex: and that world is 
necessarily stable. But we must not forget a hypothe
sis, that runs through the whole of this generalized 
foreign politics, namely that a nation is any set of 
people who are held together by a common loyalty, 
so that they act together in foreign politics. If the 
above arguments are to be valid, the interchanges of 
territory and population must at each step be made 
with the consent of those who are transferred. 

Well, the mathematical solution seems to be the same 
answer to world peace that statesmen believe in. Still there 
is one other solution that will have the same maximum 
stability, that is if the last determinant is zero. But then, 
a world composed of n nations, each of zero size, is mean
ingless. Or is it! 
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AC'S new, modern 225,000 

square feet, glass-masonry, alu· 

minum plant (being built in sub

urban Milwaukee) is another step 

in GM's Electronics Division's 

Permanent, Progressive Program. 

For a confidential opinion as to how YOU 
can fit BEST in our Challenging Program 
write to us today. 

OCTOBER 1956 

AvioNICS- MISSILE GUIDANCE 

,..... JET ENGINE FUEL CONTROLS- COMPUTERS 

-COMMUNICATION EQUIPMENT- CIVIL DEFENSE 

AVIATION- AUTOMOTIVE ELECtRONIC PRODUCTS 

all offer you personally, opportunities that de:mand 

investigation. To arrange personal, confidential 

interview in your territory, write today to 

Mr. John F. Heffinger, 

Supervisor of Salaried Personnel. 

AC THE ELECTRONICS DIVISION 

General Motors Corporation 
Milwaukee 2, Wisconsin • Flint 2, Michigan 
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CAREER OPPORTUNITIES WITH 

HERCULES' CONTINUING RESEARCH offers many challenging 
opportunities for a career in the development and sales of 
processing materials for construction and other industries. 
New York City's Coliseum is typical of the many modern 

buildings and other projects where Hercules Vinsol® 
Resin is used as an air-entraining agent in concrete. Other 
Hercules products require specialized application in many 
industries offering more career opportunities for you. 

HERCULES IS A LEADING SUPPLIER of chemical materials to the pro· 
tective coatings industry, a field where there is always a future 
for the young man of vision. For example, multicolor lacquer, 
based on Hercules® nitrocellulose, was used as an interior finish 
on this new 48-passenger bus. Other uses are challenging. 

WITH MORE THAN $20,000,000 invested in new plant facilities this 
year alone, Hercules will continue to be a chemical growth leader 
in the years ahead. This pilot plant, where new rubber chemicals 
are being readied for commercial production, is a part of Hercules' 
effort to anticipate tomorrow's needs. Technical men are needed. 
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HERCULES POWDER COMPANY 
968 Market Street, Wilmington 99, Del. Sales Offices in Principal Cities 

SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COnON, TERPENE CHEMICALS, 

ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, OXYCHEMICALS, 

INDUSTRIAL EXPLOSIVES, AND OTHER CHEMICAL MATERIALS 

CAREER INFORMATION-Your Place
ment Office can tell you more about a 
career with Hercules. Or write di
rectly to Personnel Department for 
additional information. 
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need for a 
Frank W. Fink, V.P., Chief Engineer 

successful engineering career?" 
Your future is brighter at Ryan because of this unique combination of advantages: 

Jet Aircraft 

Electronics Systems 

Jet Engines 

DIVERSIFICATION- Ryan is in all fields of aviation
Airframe- Propulsion- Electronics. 80 percent of Ryan 
engineering is challenging design work in Jet VTO -
Global Navigation-Jet Drones- Missile Guidance-New 
Planes- Missiles-Jet Engine Metallurgy and Rocket 
Combustion. 

SIZE- With 750 in the Engineering Division, Ryan is 
big enough to be diversified - small enough to be closely 
knit. You will get stimulating, broad experience- never 
feel "lost in the shuffle." 

STABILITY- In 33 years, Ryan has designed and pro
duced 25 different aircraft, missiles, drones and pioneered 
in jet propulsion- after burning- CW Radar. 

GROWTH- Ryan Engineering Division has tripled in 
three years. Ryan leads in Jet VTO-Automatic Naviga-
tion - other fast-growing fields. · 

CLIMATE- You will enjoy sunny, clear-sky San Diego 
where living is unlimited- where the world's best climate 
lets you swim, yacht, ski, golf, fly the year 'round. Where 
beaches, mountains, parks are minutes away. 

Ryan needs all types of Aeronautical and Electronics Engineers, 
Designers, Analysts, Specialists. Invest in your future. Act now by 
sending in the coupon below. All replies are strictly confidential. 

r----------------------------~ 
Mr. James Kerns I 
Engineering Division, Ryan Aeronautical Company I 
2745 Harbor Drive, San Diego 12, California I 
Dear Sir: I 

I 
Please send me your free illustrated engineering brochure. 1 
Name ____________________________________ __ 

Address ____________________________________ _ 

I 
I 
I 
I 
I 

----------------------------~ 

RYAN AERONAUTICAL COMPANY 
OCTOBER 1956 
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DUE To THE ADVANCE of modern technology, the need 
for control systems has become increasingly evident. 
Most equipment involving regulation (voltage, speed) 

or control (steering, temperature) has developed to the 
point where human monitoring is either undesi~able or 
impractical due to extreme environmental conditions and;' 
or very short response times. The principle of employing 
feedback underlies the design of these control systems. It 
is the purpose of this article to acquaint the reader with 
some of the technique.s used in analysis. 

There are essentially two types of control systems em
ploying continuous comparison between output and input 
signals_ They are (a) regulators, and (b) servomechanisms. 
Much controversy exists over a distinction. Regulators may 
be thought of as producing a constant error signal (out
put to input), not necessarily zero, while servomechanisms 
produce only zero error with a certain rate of input. The 
systems to be discussed will be servomechanisms. 

The · applications of servomechanisms extend into the 
social and economic worlds. The law of supply and de
mand, for example, exhibits the properties of a closed 
loop system. The block diagram in Fig. 1 illustrates and 
is the general symbol for a servomechanism. Further in
vestigation of the symbol will follow, but it should be 
observed now that a system F exists in which the output 
is fed back into the input, and an error (€) actuates the 
system. 

Any system which has an input and corresponding out
put can be thought of as OPERATING on the input to 
produce the corresponding output. For example, a certain 
voltage level or input on the control grid of a voltage 
amplifier produces a corresponding voltage drop or output 
across the load resistor. The gain, (a function of JJ. and 
other circuit parameters) is the transfer function or oper
ator of the circuit. Hence: 

output= gain X input or 
outputj input =gain (1) 

In this particular case, both output and input are voltages; 
therefore, gain is absolute. If the system includes a motor, 
then an input voltage produces an output speed. There
fore, in general, the transfer function of a system is not 
necessarily absolute, but may have dimensions. Because 
the transfer function is a ratio of output to input, it is 
sometimes referred to as a "gain" but must not be con
fused with "gain" of an amplifier. 

Two kinds of signals are commonly encountered in con
trol theory: (a) step, and (b) sinusoidal. Each can be ex
pressed as a function of time and any other type of pe
riodic signal can be decomposed into combinations of the 
two (Fourier analysis). Elements of a system may possess 
characteristics which lead to differential equations. There
fore, the transfer function is inherently an operator and 
must be treated as such. The process of using the transfer 
function as an operator involves the use of the Heavyside 
calculus. Because Laplace transforms exhibit almost the 
same characteristics, and because tables have been cata
logued including Laplace transforms and inverse trans
forms, they are usc;:d frequently to represent the transfer 
function. The characteristics of both operator and trans
form are identical when initial conditions are zero. The 
only consequence of using the transform, then, is that the 
symbol p is replaced by s- Nevertheless, there is a differ
ence in the connotation of each symbol. This difference 
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need not be considered at this time,except for the fact that 
iqitial conditions are assumed zero when s is used. 

The analysis of control systems is greatly facilitated by 
the use of a notation which is indicative of a system per
formance. The use of block diagrams makes it possible to 
understand how each component affects the system. Fig. 2 
shows a block diagram of a representative feedback con
trol system. The block represents the dynamic character
istics of an element or group of elements. The arrows 
shown on the lines connecting the blocks indicate the uni
directional flow of information from one element to the 
next. The circular junction points indicate that summing 
or differencing· action takes place. A variable having a plus 

F 

Fig. 1. A simple closed loop system. 

sign at a junction goes through the junction unaltered in 
sign, a variable having a minus sign at a junction goes 
through it with a sign reversal. 

An open loop control is one in which the output of the 
element or group of elements is not compared directly 
with some signal to provide the net input to the system. 
The transfer function of the entire system is the product 
of the transfer functions of the components. A closed 
loop control is one in which the output of the element or 
group of elements is compared to some other signal to 
provide an actuating signal to control the output of the 
loop. Fig. l illustrates a simple closed loop system where 
e. is the reference or desired input, £ is the actuating sig
nal, and 60 is the output of the loop. (There is unity feed
back.) Feedback in control systems permits satisfactory 
operation with control elements having appreciable varia
tions in gain and dynamic characteristics. The advantages 
that result from the use of feedback are readily illustrated 
in terms of the changes in the ratio between output and 
input of a servomechanism element as its transfer function 
changes with and without feedback being used. 

In the open loop control system of Fig. 3 the output, 80, 

i> equal to the product of the input e, and the transfer 
function F1 . Equation 2 then follows and implies that if 
the input signal remains constant in amplitude and fre
uency, then the output changes in direct to changes in the 
transfer function. This means that for precise control, of 

(2) 
the order of l per cent or better, the vanatwns of the 
transfer function cannot exceed the allowable accuracy for 
the controlled quantity. Elements subject to such changes 
are vacuum tubes, motors, pumps, etc. Consider also a 
closed loop control in which the transfer function of the 
forward circuit is F1 and in which the feedback circuit has 
a transfer function F~ (cf. Fig. 4) . The input to the for
ward circuit, £, is the difference between the reference in
put signal and the output of the feedback circuit. Equa
tion 4 indicates that for the closed loop system the per 

(3) 
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cent variation of the controlled variable for a change in 

d[Bt] = [I j (l + F1F2 )](d[F1]/F1)00 (4) 

the forward transfer function is equal to the per cent 
change in the transfer function times the factor (l + F1F2). 

Comparing equations 3 and 4, one sees that the change in 
output for a change in transfer function which is with and 
without feedback is as indicated in equation 5. 

d[Bo] = [l j{l + F1F2] d[Oo] (5) 
without with 
feedback feedback 

Consider, for example, the use .where direct feedback is 
employed, so that F 2 is unity. With the forward c:;ircuit 
transfer function having a value of F1 = 100 (as in a 
voltage amplifier, for example), a change of 10 per cent 
in this transfer function will result in a change of only 
l j lOl times 10 per cent or less than 0.1 per cent. The use 
of feedback, however, does not permit the same insensi
tivity of controlled variable changes for changes in the 
transfer function of the feedback circuit itself. This is 
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Fig. 2. Block diagram of a representative feedback control system. 

demonstrated by differentiating Equation 3 and allowing 
only F 2 and 6• to vary and then substituting the value of 
6• into the result. Equation 6 shows that a variation in 

(6) 

the feedback circuit causes an almost proportional varia
tion in the controlled variable or output. Consequently, 

Fig. 3. Open loop control system. 

the output is more sensitive to variations in the feedback 
circuit than to variations in the forward circuit. This is 
a factor of considerable importance in the design of feed
back circuits. Therefore, the forward characteristics are 
frequently determined from such practical considerations 
as servomechanism power requirements, whereas accuracy 
a11d stability limitations are the primary influence on the 
choice of the feedback elements. 

It has been demonstrated that the object of employing 
Boolean algebra in logical design is to reduce a system to 
one block whose transfer function is a composite of the 
entire system. A complex system may be reduced to a 
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single block by successively employing the block algebra 
to each closed loop working from the innermost loop out. 

One of the significant characteristics of a control sys
tem is its frequency response; that is, the response of the 
system to a sinusoidal input. The situation is analogous 
to finding the frequency response of an amplifier, except 
that the range is usually from 0 to 100 cycles per second 
in the case of a control system. lt would be desirable to 
have a flat response from 0 out to a point well above 
normal operating frequency. If, for example, we consider 
a control mechanism for aiming guns on a defensive air
craft, it can be seen that the upper limit of dynamic track
ing is imposed by the fastest evasive action taken by the 
attacking aircraft. Due to g-loading effects of large acceler
ations, the fastest the attacking plane can "oscillate" in on 
a course is of the order of 3 cycles per second, and even 
that is a high estimate. This means that the guns must 
respond faithfully to a signal which may be harmonic in 
nature and of the order of 3 cycles per second. Anything 
thereafter is unlikely to be encountered. 

A measure of frequency response in control mechanisms, 
where amplitude at 0 frequency may serve as a reference, 
differs from that of a voltage amplifier (ac-coupled) where 
the amplitude at 0 frequency (de) is itself 0. Consequent
ly, in a voltage amplifier a plot of the ratio of output to 
input versus frequency is the only method to obtain a 

Fig. 4. Closed loop control. 

quantitative analysis of attenuation characteristics. The 
ordinate of this plot, the ratio of output to input, or the 
gain of the amplifier, is dimensionless and therefore offers 
a convenient expedient in employing the db notation. 
However, as has been previously emphasized, the "gain" or 
transfer function of a servomechanism is not necessarily 
dimensionless, and therefore does not allow for a universal 
type of notation for attenuation such as db. However, 
because control systems exhibit almost exclusively the 
equivalent of de coupling, which allows for output ampli
tude to exist at 0 frequency, another means for measuring 
attenuation presents itself. 

Consider a system where the input signal is the position 
of the arm of a potentiometer and the output is the angu
lar speed of a motor; that is, a particular setting of the 
potentiometer produces a corresponding speed of the 
motor. It would be desirable that, no matter how fast the 
arm of the potentiometer moves, the speed of the motor 
corresponds in magnitude and phase to each instantane
ous setting. This implies a perfect response; however, due 
to reactive elements in the system, this is not the case. 
In fact, as would be expected, there is a phase shift and 
an attenuation proportional to the rate of change. The 
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ratio of the amplitude (peak to peak or nns) at a particu
lar frequency to the amplitude at 0 frequency constitutes 
an effective measure of attenuation. This ratio is dimen
sionless and therefore is "universal" in its significance. 
The db notation can and often is employed; I j 20 of the 
logarithm of the amplitude ratio as defined above Is 
defined as l db. This definition of db is not the same as 
the db used in electrical circuits where power is taken as 
the criterion. However, thes ignificance is exactly analo
gous, and to speak of the attenuation to be down so many 
db at a particular frequency carries the same connotation. 
A plot of frequency versus db where the frequency scale 
is made logarithmic constitutes a Bode plot (named after 
the person who first employed it in an analysis of this 
type) and certain characteristics of this type of plot mani
fest themselves. In the first place the response remains 
flat from 0 out to a point where it begins to break away 
from 0 db. It then assumes a slope which is essentially 
constant. The intersection of the line which decays at a 
constan,t slope with the 0 db line is called the break fre
quency. 

The frequency response can be obtained two ways: 
(a) by actual measurement (laboratory evaluation), and 
(b) by calculation from the transfer function of the system 
(theoretical evaluation). The second method leads to a 
design technique and will be discussed. It can be shown 
that substitution of jw for sin the transfer function yields 
a complex number which is indicative of the magnitude 
and phase of the ratio of output signal at w frequency to 
output signal at 0 frequency. In fact, the absolute value 
of the complex number expresses the magnitude, and the 
ratio of the imaginary part to the real part expresses the 
tangent of the phase angle. Therefore, a frequency plot 
can be obtained by substituting different values of jw in 
the transfer function and plotting the resulting absolute 
number as ordinates. 

Transfer functions are classified according to the order 
of their denominators. The general form of a first order 
system is shown in Equation 7 where T 8 represents the re-

80/ 0i = K j {Ts + 1) (7) 
c!procal of the break frequency (time constant) as dis
cussed with reference to Fig. 5, and K is the gain. It is 
significant that the shape of the first order attenuation 
plot remains the same regardless of the values of K or T •. 
In fact, the value of T 8 determines only the break frequen
cy and, hence, the shift of the curve to the left or right. 
The gain, K, determines the shift of the curve up or 
down. This is true as a result of the logarithmic scales. 

Fig. 5. Plot of db vs. frequency. 
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In order to make the plot, Equation 7 must be broken up 
as Equation 8. If a template be made of a first order sys-

log I 60/ 6• I = log I K I + log II/( T 8 + 1) I (8) 
tern according to a definite scale, e.g., 1.25 inches equals 
1 logarithmic unit, then the plot of a system containing 
several first order components can be expedited by its 
use. The general form of a second order system is shown 
in Equation 9, where K is the gain, {))0 is the natural or 

60/ 6• = K j {(s2j w,.2
) + (2Ssj w,.) + 1} (9) 

resonant frequency, S is the damping ratio. The value of 
ll must be less than 1 if the roots are to be complex (a 
characteristic of the second order system). The shape of 
second order attenuation plots depends on the value of s. 
Figure 6 shows several such plots. The value of w,. is in
dicative of the "hump" of the attenuation plot and con
sequently determines the shift of a particular second order 
to the left or right. Again, the value of K shifts the curve 
up or down. This suggests that if templates be made for 
values of S between 0 and 1 (at .1 increments) the same 
expedience in plotting would be obtained as with the first 
order. Such a set of templates exists and has been manu
factured by MIT. The use of these "profile curves," as 
they are known, shortens the time of plotting frequency 
response by about 1j l0. A typical example in the use of 
these profiles is as follows: 

Suppose an open loop system has the following trans
fer functions: 

F 1 = K!/(r 1s + 1), F2 = K2(1j w2,.s2 + 2Sj w,. + 1), 
F3 = K 3 j(ras + 1) 

The transfer function of the system is then the product of 
the three. This can be broken up logarithmically. 

The first order profile is used to plot the second and 
third terms as indicated in Fig. 7a. The second order pro
file with the proper S is used to plot the second term (Fig. 
7b). The sum of the three curves (Fig. 7c) is the resultant 
frequency response of the entire system. 

No mention has been made of phase response with re
spect to the profiles. The same conditions prevail. That 
is, the shape of the first order phase response is constant 
and only a shift takes place with varying parameters. 
Second order phase response varies in shape with different 
damping ratios and a shift to the left or right takes place 
with various natural frequencies . The MIT profiles con
tain phase templates as well as attenuation templates. 

The advantages of using the profiles in open loop sys-

db 

FREQUENCY 
Fig. 6. Effect of damping ration on decibel-frequency curve. 

terns are now evident. It should be noted here that all 
basic physical components of a control system are of the 
first or second order, and consequently, the open loop 
transfer function contains factors of the first andj or second 
order. No factoring of higher order polynomials presents 
itself; the function is already factored allowing for the 
direct application of the profiles. However, the closed 
loop transfer function contains in the denominator a 
function which is not factored. Therefore the use of 
the profiles in finding the closed loop response is delayed 
until the function is factored into first and second order 
factors. This process can become very tedious when work
ing with higher order polynomials. A method exists 
whereby the closed loop response may be obtained from 
the open loop transfer function. It consists of making an 
open loop plot and from it obtaining a phase-gain plot. 
This phase-gain plot is made on a rectangular coordinate 
field with an overlay of contours which represent corre
sponding closed loop phase-gain points. It is therefore 
possible to "pick off" the closed loop response from the 
open loop phase-gain plot. Such a combination of coordi
nate fields is knows as a Nichols chart. 

The response of a system to a step input is known as 
its transient response. From it such information as time 
constant, natural frequency, and approximate damping 
ratio can be determined empirically, and a prediction 
of response time (the time which has elapsed from t = 0 
to where the system reaches 5 per cent of steady state) from 
the transfer function. 

Fig. 7. Profile curves. 
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INDUSTRIES THAT MAKE AMERICA GREAT 

STEEL ••• 

WHEREVER YOU TURN 

Abundant, durable, versatile and compara
tively cheap, steel in its many carbon, al
loy and stainless forms is the most useful 
of all the metals at man's disposal. Un
known in nature, steel had to be created 
by man's ingenuity, from iron ore and 
other available natural materials. 

Today, an estimated 11h billion tons of 
steel are in use in this country. With a 
capacity of about 125 million net tons a 
year, American steel mills can produce 
close to half the world's annual total. Used 
for everything from buildings to pins, the 
total applications of steel are almost count
less; it is virtually impossible to find a 
product that does not depend on steel for 
its production or distribution, or both. 

greatness. Much credit must go to the in
dustry itself, which did not hesitate to exe
cute a bold post-war capacity expansion 
program of more than 28 million net tons 
at a cost of nearly 6 billion dollars. The 
steel companies are carrying on an inten
sive two-fold program to develop new 
sources of ore. While spending hundreds 
of millions of dollars to open fields in 
Labrador and elsewhere, they are also in
vesting heavily in engineering develop
ments that will make it possible to use 
domestic low-grade ores such as taconite. 

experience covering almost a century, built 
on the results of a continuing, intensive 
program of research and engineering de
velopment. In steel as in all industry, 
improvements in steam generation will 
continue to make genuine contributions 
.toward still better products and services. 
The Babcock & Wilcox Company, Boiler 
Division, 161 East 42nd St., New York 17, 
N.Y. 

Steel's steady growth reflects the impor
tance of its contributions to America's 

Interwoven with the history and progress 
of steel is the development of steam gen
eration for power, processing and heat. 
B&W, through the applications of steam, 
has long been a partner in the vital. steel 
industry-has brought to it boiler building 

BABCOCK 
&WII.COX 

A system is stable if the real roots of the denominator 
of the transfer function are negative. This means that the 
inverse transform (time function) exhibits only decaying 
exponentials. Should a root be positive, the inverse trans
form would indicate that for any signal input, the output 
tends toward infinity. Actually, a system is limited in its 
output by such practical considerations as saturation in 
amplifiers and magnetic circuits, relief valves in hydraulic 
systems and other phenomena which tend to "stagnate" 
the system at some maximum level thereby rendering the 
transfer function useless at or near that level. 

The determination of instability involves factoring the 
denominator of the closed loop transfer function. As was 
stated previously, higher order polynomials present a for
midable problem. It follows then that analysis of the open 
loop expression would expedite such determination. Sev
eral stability criteria exist which utilize the open loop 
transfer function, among which are the Routh-Horowitz, 
root-locus, and Nyquist. The last of these methods is used 
primarily in design and provides a method which simul
taneously determine stability, indicates the approximate 
nature of the transient response, and enables one to judge 
how improvements may be made. Further, as the Nyquist 
criterion uses the frequency response characteristic, it 
lends itself to experimental procedures very nicely. Often 
the designer has a component in a control system where, 
though difficult to analyze mathematically, there may be a 
transfer frequency response that can be obtained rather 
easily by laboratory procedures. Thus the overall design 
can proceed, using the experimental results for this com
ponent. The basis for the Nyquist criterion involves the 
mathematics of complex variables, conformal mapping, 
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and residues. As such, the criterion provides an excellent 
example of how mathematics can be utilized to provide 
simple practical relations. 

The discussion of control systems heretofore has as
sumed linearity of the components. That is, the transfer 
function remains invariant over the operating range. 
However, it is often necessary to employ devices which 
do not conform to this particular postulate. Such a device 
is a saturable reactor (as employed, perhaps, in a mag
netic amplifier). The technique of analysis as discussed in 
this article must be modified in order to be applied to 
a non-linear component. The mathematical significance 
of non-linearity manifests itself as a differential equation 
with variable coefficients. Methods which exist to solve 
these equations involve approximations. Such is the case 
with servomechanisms. Approximations are made to lin
earize the system over small ranges. A composite analysis 
is then made of the several approximations. 

The field of automatic control is in a stage of develop
ment similar to that of electronics twenty years ago. A vast 
development program is underway at most of the leading 
companies, especially those affiliated with aviation, and 
many positions for systems engineers are available. Those 
interested in automation, computers, and allied fields 
should consider obtaining a background in servomecha
nisms by taking appropriate graduate courses. It is the 
author's opinion that opportunities in this field are un
limited at this time and that those who enter it now will 
be getting in on the ground floor. 
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George Lincoln asks: 

What do 
metallurgists 

do in a 
chemical 

company? 

CHARLES I. SMITH, JR., received his B.S. Ch.E. 
from V.P.I. in 1943, served in the Navy as an 
engineer officer, and joined Du Pont's Engineer
ing Department in 1946. Since then, he has ad
vanced steadily through a number of interesting 
assignments at various Du Pont plants. He was 
recently promoted to manager of the Technical 
Section of Du Pont's Pigments Department. 

Metallurgists and Metallurgical Engineers 
can find some of Charlie Smith's challenging 
new problems described in "Engineers at 
DuPont." For a free copy of this booklet 
write to E. I. duPont de Nemours & Co. 
(Inc.), 2521 Nemours Building, Wilmington · 
98, Delaware. 

BmER THINGS FOR BmER UVING ••• THIIOUGH CHEAIJSTIIY 

WATCH "DUPONT CAVALCADE THEATER" ON TV 

OCTOBER 1956 

GEORGE M. LINCOLN, JR., expects to receive his B.S. in met
allurgical engineering from Lehigh University in 1957. George was 
vice president of his junior class, is active in sports, and a partici
pant in many other campus activities. He's starting his employ
ment investigations early, for he feels that the selection of an 
employer is one of the most important decisions in a man's career. 

Charlie Smith answers: 
They have an ahnost endless variety of interesting 
problems to face, George. AB a student of metallurgy, 
you know that about two-thirds of all known chemical 
elements are metals. Many of them are revealing valu
able new applications, when highly purified on a com
mercial scale. Du Pont is greatly interested in several 
metallic and semi-metallic elements. 

My own experience at Du Pont ranges from work 
on titanium pigments, to metallic titanium production, 
and to the ultra-pure silicon used in transistors. You 
can appreciate some of our metallurgical problems when 
I point out that impurities in transistor silicon have to 
be below one part in 100 million. That's equivalent to 
one pound of impurities distributed through a train of 
ore cars twenty miles long! 

Some of our metallurgists carry out fundamental 
research on new metals, and, in the development stage, 
they frequently operate pilot plants for producing them. 
Other metallurgists study problems relating to engi
neering materials used in construction, carry out re
search on intergranular corrosion, or investigate fatigue 
relationships encountered in dynamic, high-pressure 
operations. 

You'll find many challenging opportunities in every 
phase of metallurgy at Du Pont, George. 
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Left to right: Dan Palm·er, Texas A&M, '54; Ted Webb, Caltech, '55; Bob Stancil, Georgia Tech, '54; Chuck Herndon, Illinois, '50. 
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From The Walls 
of 31 EE 

Three polar bears were sitting on an iceberg. 
"Now," said the father polar bear, "I've got a tale to 

tell." 
"I, too," said the mother polar bear, "have a tale to tell." 
The little polar bear looked up at his parents and said: 

"My tail's told." 

-Join-

The dime isn't entirely worthless- it makes a fairly good 
screwdriver. 

AlEE-IRE 

A big buck Indian had just ordered a ham sand
wich at a drug counter and was peering between the 
slices of bread when he turned to the waiter - "Ugh, 
you slice 'em ham?" 

The waiter replied, "Yes, I sliced the ham.'' 
"Ugh," grunted the Indian. "You damn near miss 

'em." 

-Join-

"You'll be poor and unhappy until you are forty ," the 
fortune teller told the engineer. 

"And then what?" asked the engineer hopefully. 
"You'll get used to it." 

ASCE 

Little Barbara's mother had just completed a very se
rious and stem lecture on the subject of proper decorum 
of young ladies and how not to act and what not to do, 
in order to be a perfect lady. 

"Now, tell me, dear," she concluded in a kindly tone, 
"where do bad little girls go?" 

Little Barbara smiled winsomely. "Everywhere." 

-Join-

Then there was the engineer who got a part-time job as a 
janitor in a sorority house, and was given a pass-key to every 
room in the place. After a week or so on the job, he ran into 
the housemother. 

OCTOBER 1956 

"Aren't you ever going to stop in at the office and pick up 

your check?" 

"What, do I get paid, too?" 

Which reminds me of another lady who owned a 
parrot that cursed with every breath. 

Unable to find a solution to her problem she asked 
the advice of her minister. The minister suggested 
that she take his parrot, that prayed continuously, 
home to live with her parrot for a few days. 

A few days later the minister was surprised to 
notice that his parrot had ceased to pray. Inquiring, 
the parrot replied, "I got what I was praying for." 

-Join-

Have you heard about the two engaged nudists who decided 
to break up because they had been seeing too much of each 
other? 

ASA 

One of the national surveys, conducting a Kinsey-type 
research, recently sent out forms to the graduates of 
several colleges. It was stressed that the information 
would be used for research only and would be treated as 
highly confidential material. 

One alumnus returned his form with a marginal com
ment: 

"In my opinion, sex is a subject to be discussed with 
women - not with an International Business Machine!" 

-Join-

Jensen was busily engaged with a spade in the mud beside 
his car when a stranger hailed him. 

" Stuck in the mud?" asked the stranger. 

"Oh, no," he exclaimed cheerily, " my motor just died and 
I'm digging a grave for it." 

AIME 

fury Foreman: "Your Honor, we find the defendant gor
geous, breath-taking, sweet, lovable, and- oh, yes, not guilty." 
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A combination ••• for relaxation at Home 
Laminated plastics ••• a combination of properties at work 

It takes a combination of properties to satisfy many 
of your basic material requirements. Synthane lami
nated plastics provide a unique combination of 
mechanical, electrical and chemical properties plus 
ease of machining. 

Hlgh-sp .. d reversing clutch cone made of Synthane 
molded-macerated laminated plastic increases productivity 
of automatic screw machines. Synthane meets all the de· 
mands of high-speed clutch operation •• • light weight, 
great strength and excellent heat resistance for split· 
second reversing of a positive spindle drive operating as 
high as 3025 rpm and with operating temperature of cone 
going up to 250°F. This Synthane clutch cone provides 
smooth, positive clutch action, is long wearing, and is not 
distorted or deteriorated by the high heat. 

Property combinations! Synthane has them .•. in 
over 30 individual grades • .. sheets, rods, tubes, 
moldings and completely fabricated parts. Send for 
free illustrated catalog today. 

COMPRESSIVE STRENGTH HEAT RESISTANCE 

UGHT WEIGHT WEAR RESISTANCE 

SYNTHANE CORPORATION, 13 RIVER ROAD, OAKS, PA. 
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To the engineer vvlth a 
bent lor research ... 

The Garrett Corporation operates 
under the principle that the units and 
systems which we research, design 
and produce must be the best of their 
kind. 

That's why we need forward-look· 
ing engineers. Stimulating assign· 
ments in the work you like best are 
only part of what we offer. We pay a 
premium for ability. You'll work 
with the finest research and labora-

YHE 

WHIRLING WET AIR with tornado speed, AiResearch 
water separator wrings it dry ... makes sure no vapor enters aircraft 
cabin from the air conditioning system. 

tory facilities at your disposal ... 
live in the most desirable areas in 
America- California, Arizona, the 
East Coast. Financial assistance and 
encouragement will help you con· 
tinue your education in the graduate 
schools of fine neighboring universi· 
ties. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig· 
eration systems, pnoumatic valves 

CORPORATION 

and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer 
equipment, electro· mechanical 
equipment, electronic computers and 
controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and ex· 
perience today to: Mr. G. D. Bradley 

985f S. SEPUL.VEDA BL.VD .. L.OS ANGEL.ES 45, CAL.IFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING. L.OS ANGEL.ES • AIRESEARCH MANUFACTURING. PHOENIX o AIRSUPPL.Y 

A/RESEARCH INDUSTRIAL. • REX • AERO ENGINEERING • AIR CRUISERS • AIRESEARCH AVIATION SERVICE 
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Man's Mighty little Servant ... 

The Neutron 
I 

By STANLEY JACOBS 

Reprinted from the Northw~Jstem Engineer 
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THE UNITED STATES Government is presently engaged 
in an extensive research program in the field of 
atomic energy. Thousands of people, including some 

of the most brilliant scientists of our times, are connected 
with this work. The physical facilities employed are im
mense in size and number, and their cost runs into billions 
of dollars. Yet a tiny particle, which has never been seen 
directly, holds the key to this whole field. This particle is 
the neutron. 

In order to understand the neutron and its interactions 
with other matter, let us review some basic facts about 
atoms and atomic structure. According to the classical 
Bohr theory of atomic structure, the atom is pictured as a 
miniature solar system. Corresponding to the sun is a 
small hard sphere, the nucleus, with a radius of about 
10- 12 centimeters. Circling the nucleus, in elliptical orbits 
of varying eccentricities and radii, are very light particles 
called electrons. Bohr postulated in his theory that these 
orbits must be of certain definite shapes. In other words, he 
said that the shapes of the orbits are quantized. HeJurther 
stated that each orbit represents a distinct quantum energy 
level. 

In his simple treatment of atomic structure, the atom 
may be considered to be built of only three basic particles. 
These· are the proton, the neutron, and the electron. The 
proton has a single positive charge, and a mass slightly 
greater than one atomic mass unit. The neutron is elec
trically neutral and has a mass very slightly greater than 
that of the proton. The proton and the neutron are called 
nucleons, as they are the constituent building blocks of 
the nucleus. The electron has a single negative charge and 
a mass equal to 1 j l836 of that of a proton. 

The Bohr model of the atom still forms a basis for a 
simple conception of atomic structure. The theory explains 
a great deal of phenomena, but it possesses shortcomings 
that caused men of science to attack the problem of atomic 
structure from a fresh viewpoint. 

In 1924, de Broglie proposed the wave theory of mat
ter. The wave theory treats electrons as waves of negative 
electricity rather than as discrete particles. A rigorous 
mathematical treatment of the wave theory shows that the 
energy of an electron is a function of its wavelength, and 
that this energy exists in discrete levels, or is quantized. 
The quantization of energy in the atom is now universally 
accepted, due to precise experimental verification. When 
we remember that Bohr could not derive this in his theory, 
but was forced to postulate it, we see one of the reasons 
why the wave theory is considered to be a better descrip
tion of atomic structure. 

The original experimental basis for the wave theory was 
the discovery that electrons, like light waves, exhibited 
wave characteristics in their interactions with crystals. This 
contrasted with a great mass of experimental data that 
definitely indicated that electrons are discrete particles. In 
fact it was la ter shown that neutrons and even nuclei had 
these same wave characteristics. Earlier, Einstein and 
Planck demonstrated that radiant energy sometimes ex
isted as bundles or packets of energy called photons. Since 
this experimental evidence showed that energy exists as 
particles as well as waves, it was in direct contradiction 
with the wave theroy of light. Now it was shown that mat
ter could be considered to exist as waves as well as par
ticles. Thus a dilemma was born, which to this day, makes 
it virtually impossible to obtain a clear, consistent explana-
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THIS CURVE shows the jump variation 

of neutron energy as nuclear cross-section 

varies. Note how the peaks become smaller 

and closer together as the energy increases. 
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tion of the nature of mass and energy. The equivalence of 
mass and energy has long been accepted, and is accurately 
described by Einstein's famous mass-energy relationship. 
Mass can be considered to be a form of energy, or vice 
versa, and either form can be considered to exist as waves 
or discrete particles. The modern-day physicist is thus 
placed in a very confusing situation; he can describe how 
a reaction proceeds very exactly, but he often finds great 
difficulty in explaining why it proceeds. Neutrons are 
generally considereiCI to be discrete particles, but some of 
their properties can be explained only if they are pictured 
as waves. 

In the Bohr theory, neutrons are represented as particles. 
It is believed that they add to the stability of the nucleus 
in some way. There is a definite neutron-to-proton ratio 
characteristic for the nuclei of each isotope, and this ratio 
cannot be changed to any great extent if the nucleus is 
to remain stable. It is the number of neutrons in the nu
cleus which is responsible for the difference between atom
ic weight and atomic number, and it is this difference that 
led to the discovery of the neutron. The number of pro
tons in the nucleus is the atomic number, denoted by the 
symbol Z. If the atomic weight is A, the number of neu
trons is A-Z. In an electrically neutral atom, there are the 
same number of electrons as protons, and the number of 
electrons is given by the atomic number Z. 

When a nucleus is in an unstable state, such as possess
ing an excess of neutrons, it attemps to reach stability by 
expelling various emanations. These can serve to emit 
excess energy, and sometimes to regain a more stable neu
tron-to-proton ratio. This process is known as radioactive 
decay, and it continues until the nucleus reaches stability. 
It occurs naturally in many of the heavier elements, and 
can be induced in all of the elements. In fact, the neutron 
itself is subject to radioactive decay. 

Let_ us examine some of the emanations of the decaying 
nuclet. The neutron itself is not a common emission, but 
is sometimes encountered. Four types that are quite often 
encountered are: alpha particles, beta particles, positrons, 
and gamma rays: These particles are widely diversified re-
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garding their physical nature. Alpha particles have a double 
positive charge, and a mass of 4 atomic mass units. They are 
actually helium ions, and are represented as such in nu
clear reactions. Beta particles are actually electrons origi
nating from a reaction within the nucleus. The reaction is 
the decay of a neutron into a proton and an electron, with 
the electron given off in beta radiation. The positron has 
the same mass as an electron, but possesses a positive 
charge. The gamma ray has no charge or mass, and is con
sidered an electromagnetic wave with a higher frequency 
than X-rays. The gamma ray can also be represented as a 
photon. Physicists have good reason to believe in the ex
istence of a particle known as the neutrino, having no 
charge and negligible mass. The neutrino was postulated 
in order to uphold the laws of conservation of mass and 
energy in a beta emission. · 

The mathematics of radioactive decay are statistical in 
nature. It is impossible to predict when any particular 
nucleus will decay, but it is possible to describe very ac
curately the behavior of a large number of nuclei. Be
cause nuclei are very small, they exist in large numbers 
in any sample of matter. Therefore, these statistical laws 
can be applied. 

It has been found that the rate of decay of unstable or 
active atoms is proportional to the number of active 
atoms present. In mathematical terms: 

dNj dt=-AN, 
where N is the number of active atoms and A. is a propor
tionality constant characteristic for each different radio
active material. The minus sign in the expression indicates 
that the number of active atoms is decreasing. Integration 
within the proper limits gives: 

N = Noe- (t- to) 

N is the number of active atoms at time t, N 0 the number 
of active atoms at initial time t0, and e the base of natural 
logarithms. 

It is often desired to calculate the time taken for half 
of the sample to decay. This is readily accomplished by 
setting N = l j 2N0, and solving for t- t0 in the resulting 
expression. Denoting t = t 0 byt112, the time necessary for half 
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of the sample to decay, it is seen that t112 = (ln 2)..\. 
The quantity t112 is a very convenient unit for expressing 
the rates of decay of different radioactive materials and is 
widely used. It is commonly known as the half-life, and is 
a constant for each isotope in radioactive decay. Half-lives 
vary from billions of years for some radioactive substances 
to a few millionths of a second for others. 

What takes place when an emanation from a decaying 
nucleus comes into the vicinity of matter? The interaction 
is dependent upon the kind of matter, the type of particle, 
and the energy of the particle. Charged particles suffer a 
coulombic repulsion when they impinge upon the charged 
parts of the atom, and hence do not react to any great ex
tent. The number of reactions can be increased if the 
particles are accelerated sufficiently by some external 
means, such as the cyclotrons. Gamma rays generally travel 
with such great velocities that they do not stay in the 
vicinity of the atom for any appreciable length of time; 
gamma reactions exist, but the probability of occurrence 
is quite low. The neutron is uncharged, and hence has a 
relatively high probability of reacting with the target 
nucleus. 

Suppose a neutron is headed for a target nucleus, what 
types of reactions can occur with the nucleus? One com
mon occurrence is for the neutron to bounce off the nu
cleus in a process called scattering. If the collision is elastic, 
it can be described by the laws of classical mechanics. In 
an inelastic collision, some of the kinetic energy of the 
neutron is absorbed as internal energy by the nucleus; the 
nucleus is then excited above its normal energy. It is gen
erally believed that the incident neutron is captured in an 
inelastic collision, and a neutron of lower energy is ejected 
from the nucleus. After the ejection of this lower energy 
neutron, the nucleus dissipates its excess energy through 
the emission of gamma rays. The time interval between the 
collision and the ejection of the gamma radiation is very 
small; about 10- 14 seconds. 

Another neutron reaction, which is perhaps more in
teresting, is the capture reaction. In this reaction the nu
cleus captures and retains the incident neutron. As an in
elastic collision,· the nucleus is excited, and emits gamma 
radiation. Unlike the inelastic collision; however, a neu
tron is not ejected, and the neutron-to-proton ratio in the 
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nucleus is changed. This may result in instability, in which 
case the process of radioactive decay begins. The most 
probable decay pattern in a simple neutron capture is the 
decay of the excess neutron into a proton, an electron, and 
a neutrino, with the electron and the neutrino ejected in 
beta radiation, as previously discussed. Different states of 
excitation can result in the ejection of other sub-atomic 
particles. 

When the nuclei of some of the isotopes of uranium, 
plutonium, and thorium capture neutrons, the resulting 
compound nuclei can become so unstable that they split 
or fission. \!\Then this occurs, a considerable amount of 
energy is given off. In this particular capture reaction we 
find the basis for the nuclear reactor, the atomic bomb, 
and most other phases of atomic energy. But from where 
does this large amount of energy released in the fission 
reaction come? To answer this question, we must consider 
a property known as the binding energy of the nucleus. 
Binding energy is explained through our knowledge of the 
equivalence of mass and energy. The mass of the nucleons 
is greater than the mass of the nucleus by a small amount, 
called the mass defect, and denoted by the symbol 6.. If 
nucleons are assembled to form a nucleus, an amount of 
energy equivalent to 6., this energy being 6.c2, is given off, 
where c is the velocity of light. Conversely, it is necessary 
to supply an amount of energy 6.c2 in order to break down 
a nucleus into its nucleons. This energy is called the bind
ing energy. 

When a heavy nucleus fissions, lighter nuclei are formed, 
and neutrons are emitted. It has been found that the bind
ing energy per nucleon of nuclei of intermediate atomic 
number is greater than that of either heavy or very light 
nuclei. Energy is required to split a heavy nucleus, but 
when the resulting free nucleons combine to form lighter 
nuclei, much more energy is given off. The energy given off 
when nucleons combine to form a nucleus can be obtained 
in another, more direct way. This is the direct fusion of 
very light nuclei to form an intermediate nucleus, as dem
onstrated so vividly by the hydrogen bomb. 

It is convenient to use a unit of energy known as the 
electron-volt to describe the energies occurring in nuclear 
reactions. The electron-volt is the energy acquired by a 
particle carrying a unit charge when it passes through a 
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potential difference of one volt. It is equal to 1.6 X 10-12 

ergs. Neutrons are polyenergetic, ranging from several 
million electron-volts down to a point where the neutrons 
are in thermal equilibrium with their surroundings, about 
0.025 electron-volts. Neutrons traveling at slower veloci
ties, called thermal neutrons, have a much higher proba
bility for reacting with nuclei. This is because they tend 
to stay in the vicinity of a nucleus for a longer period of 
time. 

It might be useful to use a physical model to visualize 
he situation. If on a billiard table, imagine a misdirected 
ue ball rolling towards the pocket through a field of mov
ng balls. The likelihood of a collision is greater if the 
ue ball is moving slowly rather than rapidly. The same 
ype of reasoning applies to a neutron in its random pas
ge through a system of slowly moving nuclei. If the neu
on travels more slowly, there is a much greater probabil-

ty for reaction with a nucleus. As might be expected, the 
robability for a nuclear reaction, denoted by the symbol 
and called cross section, varies inversely with the velocity 

f the incident neutron. Cross section has the dimension 
of cm2, representing the effectfve target area the nucleus 
presents to the neutron. It is convenient to express cross 
sections of terms of a unit called the barn, 10-24 cm2. The 
symbol a is the cross section per nucleus, and is called the 
microscopic cross section. The microscopic cross section is 
usually multiplied by the number of nuclei per cms to 
obtain the macroscopic cross section ~-

A plot of cross section versus neutron energy for many 
elements reveals a very interesting effect. The curve does 
not follow a strict inverse dependence, as would be ex
pected, but jumps at various points. These points are 
known as the resonance points of the nucleus. It is believed 
~at resonance points exist because the particular energy 
ot the neutron at that point is just enough to raise the en
ergy of the resulting compound nucleus one quantum level. 
The fact that resonance points become closer and closer 
together with increasing neutron energy fits in nicely with 
one of the basic phenomena of quantum theory, that quan
tum levels are closer together at higher energies. 

As t~e_rmal or .l?w-energy neutrons have a much higher 
probability for fissiOn reaction, some means must be used to 
slow down neutrons to thermal velocities. This is accom
plished through the use of moderators, substances which 
slow down neutrons through the scattering reaction. It 
can be shown, through energy considerations, that the 
most effective_ slowing-~own of neutrons is accomplished 
through elasttc scattenng. This can be achieved if the 
nuclei of t~e moderator are fairly light. Any substance 
~hose nuclei possess a low mass will do a good job of slow
mg down neutrons. 

This is not the whole story, though. If a moderator is a 
strong absorber of neutrons, it is useless no matter how 
effective it is in slowing down neutrons. The ideal mod
erator must have a very high cross section for scattering 
and a very low one for capture. 

The usual way to determine the effectiveness of a mod
erator is to measure two properties characteristic of each 
moderat?r. One of these is called the age, and is the square 
of _the dts~a~ce . a fast neutron travels from the inception 
P?mt un~Il 1t 1s slowed down to thermal energies. This 
dtstance 1s known as the slowing-down length. The other 
quantity is the diffusion length, the length a neutron 
travels from the point where it is thermalized until it is 
absorbed. The desired moderator would have a very short 
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slowing-down length and a vey long diffusion length, so 
as to get maximum use of thermal neutrons. Through con
sideration of age and diffusion length, it has been found 
that heavy water, graphite, and beryllium make the best 
moderators. 

It is known that neutrons are emitted, as well as ab
sorbed, in fission. An imaginative person can see the next 
step; if neutrons are given off in a fission process, why not 
utilize them for fission, and therefore create a self-sustain
ing reaction? The main difficulty is effectively utilizing 
these neutrons so as to get the highest possible probability 
that they will cause nuclei to split. The solution consists 
of surrounding fuel elements of fissionable material with 
an effective moderator, so that the neutrons absorbed in 
fission, lost through leakage, and absorbed by impurities, 
might be compensated for by the neutrons produced in 
fission . 

Another practical difficulty presents itself in this prob
lem. It might be possible to start a so-called chain reaction, 
burt it is extremely important to be able to control it. This 
is accomplished through the use of materials which absorb 
neutrons without fissioning, cadmium being a very good 
example. 

In 1942, physicists at the Metallurgical Laboratory of 
the U n~versity of Chicago built the first self-sustaining nu
clear pile. Fuel elements of uranium were imbedded in a 
pile of graphite slabs, with cadmium rods inserted to con
trol the reaction. The atomic age was born. 

Atomic energy might someday rank with coal, pe
troleum, and water as sources of power. To raise man's 
standard of living, the knowledge of neutrons and their 
reaction is of paramount importance. 
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Today's powerful turbo-jet and turbo-prop engines 
are a far cry from the aircraft engines of a mere 10 
years ago. 

But we've hardly scratched the surface. We're still 
pioneering. 

Sure, the sound barrier's been cracked. But, who 
knows, perhaps in the next 10 years we'll be flying at 
speeds 2 or 3 times the speed of sound. Newer, more 
complex, more powerful engines ARE in the offing. 
There'll be new fields to conquer. For instance, the 
thermal barrier! 

Allison, a pioneer in the design, development and 
production of aircraft engines, now is working on 
advanced design turbine engines to meet future re
quirements ... whatever they might be. Proven fea
tures of engines like the Allison J71 and T56 may be 
adapted to the engines of tomorrow. Allison engines 
of the future will be backed up with worlds of ex
perience gained in the development and production 
of its first I 00,000 aircraft engines. 
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Now, Allison is in the midst of a $75 million ex
pansion program in engineering research and de
velopment facilities. Completion of the program will 
give Allison one of the world's most complete, best
equipped, centers for the development of new, high 
performance turbo-prop and turbo-jet aircraft en
gines. This opens new and unlimited opportunities 
for young graduate engineers, for the program
financed by General Motors-creates an immediate 
need for a 40% increase in engineers. 

Want to know more about YOUR career oppor
tunities at Allison? Why not arrange now for an 
interview with our representative on your campus. Or, 
write for information about the challenging work 
awaiting you at Allison: Engineering College Con
tact, Allison Division, General Motors Corporation, 
Indianapolis 6, Indiana. 
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The diagram, with a minimum number of reactors, illustrates cyclic 
regeneration. Piping arrangement permits the swing reactor to substitute 
for any other reactor in the system. High activity of catalyst is maintained 
-without interrupting production- in the ULTRAFORMING process. 

HOW TO KEEP $1,000,~00 WORTH 

OF CATALYST ON THE JOB 

When you have a million dollars' worth of 
platinum catalyst in a single refinery unit, you 
hope you can keep it steadily on the job. That's 
too much money to be standing around idle. 
Also, you'd like to keep the catalyst working 
at high efficiency. 

Most catalysts lose activity with use. The 
platinum that "reforms" 40-octane gasoline to 
1 00-octane gasoline is no exception. And the 
higher the octane number, the faster the cat
alyst loses activity. 

For years activity could be restored only by 
taking the catalyst out of the unit and sending 
it away for special treatment. To keep from hav
ing too many of these shutdowns, refiners had 
to operate at relatively low octane numbers. 

Standard Oil research scientists came up 

with a better answer. They developed a new 
type of platinum catalyst, and they learned 
how to regenerate it repeatedly-while it is 
still in the unit. When a swing reactor is pro
vided, the unit need not even be shut down. 
The new process is called ULTRAFORMING. 

During a year ofULTRAFORMING atTexas 
City, one reactor was regenerated 53 times. 
The unit is still producing 100-octane gasoline. 

ULTRAFORMING also gives high yields of 
by-product hydrogen. The hydrogen can be 
used in upgrading other oil products. Or, it 
can be reacted with nitrogen from the air to 
make ammonia. 

ULTRAFORMING is only one of the many 
major achievements credited to the scientists 
who have made careers at Standard Oil. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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lnco Nickel Progress Report 

How [nco's more-from-the-ore 
research program is expanding 
North America's natural resources 

Once the iron in Nickel-containing 
pyrrhotite went to slag heaps. 

Now this high-grade iron ore-product of lnco research-goes to 
steel mills. Here you see it being fed into open hearth furnaces. 

Now lnco saves iron in Nickel ore from the slag heap 

There's iron in Nickel ore. 
But for years, this iron was of 

no commercial value. No one could 
find a way to recover it. 

Recently, after years o re
search, International Nickel pio
neered a new extraction process. 

Saves the iron-
Nickel is recovered, too! 

This new Inco process not only 
recovers iron ore from pyrrhotite 
economically; it is the highest 
grade iron ore (68% iron) now 
produced in quantity in North 
America. It also recovers the 
Nickel in the ore. 

For its pioneering new process, 
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ALSO RECOVERS NICKEL 

International Nickel has built a 
$19,000,000 recovery plant. Mod
ern and streamlined, this plant is 
only the first unit of the new Inco 
Iron Ore operation. It is expected 
to add hundreds of thousands of 
tons a year to this continent's 
high-grade iron resources. 

More from the ore 
That's one of the prime objec

tives of International Nickel's ex
pansion program. As in the case of 

'~' International 
I I AD I a A I I 

iron ore, this has enabled Inco to 
expand the free world's natural 
resources. Today, International 
Nickel gets fourteen different ele
ments from its Nickel ores. 

u Mining For Nickel" 
!nco's new full-color, sound film ! 
16mm prints loaned to engineering 
classes and student technical socie
ties. The International Nickel Co. , 
Inc., Dept. 127e, New York 5, N. Y. 

@1956~ T . I . N . Co. , Inc . 

Nickel 
Producers of I nco Nickel, N ickel Alloys, Copper, Cobalt, Iron Ore, 
Tellurium, S elenium and Platinum, Palladium and Other Precious Metals 
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IT'S UP TO YOU 

One of the most important qualifications of on engineer is his ability to express 

his ideas to others. An engineer who may be the best man for the job but is unable 

to convey his work to others is a handicap to his organization. Adequate technical 

knowledge and a complete grasp of the pen as a tool is essential. His hands will 

probably never touch the project until it has been completed . The ·engineer is for too 
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valuable to be used as a laborer. But the ideo is his, on ideo created in his mind 

and transcribed upon a piece of paper to serve his fellow men . 

The engineer's greatest asset con be on ability to describe his thoughts on paper. 

It is to the student's advantage to possess a facility for writing and relating his ideas 

in on organized manner. The MINNESOTA TECHNOLOG affords on excellent op

portunity for gaining such experience. While contributing to the 'LOG the staff 

member also gains associations with the leaders in his field and carves his own 

character to perfection . Nothing will afford more evidence of a man 's character 

and leadership to on employer than his post accomplishments. 

As a lead to on inspiration and a goal to seek, the TECHNOLOG is offering two 

$50 cosh prizes for the best student written articles that ore publ ished . 

We would like to see each student in IT find time in his busy schedule to contribute 

to this year's magazine. 
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a combination hard to match. •• ANYWHERE! 

Important, interesting 

YOUR CAREER Congenial Associates work 

AT NORTH 
Creative Opportunity Finest Facilities 

AMERICAN 
AVIATION High Professional Advancement on Merit 

Standing 

The factors that make the difference between a satisfactory job and 
a rewarding career are hard to describe, but easy w recognize. We 
believe you find them in full measure in any one of these exciting 
fields at North American: 

MISSILE DEVELOPMENT 
ENGINEERING 

Over 100 sub and major projects under 
way, including the SM-64 Navaho Inter
continental Missile. 

ROCKETDYNE 
DIVISION OF NORTH AMERICAN AVIATION, INC. 

The mightiest propulsion plants ever built 
-large, liquid propellant rocket engines, 
the power for outer space. 

AUTONETICS ATOMICS INTERNATIONAL 
DIVISION OF NORTH AMERICAN AVIATION, INC. DIVISION OF NORTH AMERICAN AVIATION, INC, 

Electro-mechanical systems for missiles and 
aircraft-automatic flight and fire control, 
inertial guidance and navigation, advanced 
computer techniques. 

A complete organization, engaged in every 
phase from research to production on 
nuclear reactors for power, industry, medi
cine and research. 

OPPORTUNITIES FOR: 
Aerodynamicists 
Thermodynamicists 
Dynamicists 
Stress Engineers 
Structural Test Engineers 
Flight Test Engineers 
Electrical & Electronic Engineers 
Power Plant Engineers 
Research & Development Engineers 
Weights Engineers 
Environmental Test Engineers 
Instrumentation Engineers 
Fire Control Systems Engineers 
Flight Control Systems Engineers 
Civil Engineers 
Design & Development Engineers 
Test Engineers 

Equipment Design Engineers 
Engine Sys tems Engineers 
Reliability Engineers 
Standards Engineers 
H ydraulic, Pneumatic & Servo Engineers 
Mechanical, Structural & Electrical Designers 
Wind Tunnel Model Designers & Builders 
Physicists 
Chemists 
Metallurgists 
Ceramicists 
Computer Application Engineers 
Automatic Controls Engineers 
Inertial Instrument Development Engineers 
Preliminary Analysis & Design Engineers 
Systems Engineers 
Armament Engineers 
Servomechanism Engineers 

Weight Control Engineers 
Aero-Thermodynamicists 
Aeroelasticity Engineers 
Mechanical Engineers 
Structures Engineers 
Controls Engineers 
Rubber Compounding Engineers 
Computer Specialists 
Electro-Mechanical Designers 
Electronic Component Evaluators 
Electronics Research Specialists 
Computer Programmers 
Electronic Engineering Writers 
Mathematicians 
Electronics Technicians 
Specifications Engineers 
Engineering Drawing Checkers 
Air Frame Designers 

For more information write: College Relations Representative, Mr. J. J. Kimbark, Dept. 991-20 Col., 

NORTH AMERICAN AVIATION, INC. 
12214 Lakewood Blvd., Downey, California 
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No More Beer~ 

-Minnesota Technalag 

PLEASE! 

OCTOBER 1956 

Go on with your story; it's 
the saddest thing I've heard 

all day! 

-Minnesota Technolog 

SIGNS, 
SIGNS, 

SIGNS! 

HERE, in response to requests, are 
some more of the 'Log's now 

(in)famous signs. Remove these pages, 
and cut out the signs on the lines; use 
them to amuse (and amaze) your 
friends, casual acquaintances, bill col
lectors, and irate fiancees. The TEcH
NOLOG will not be responsible for any 
damage to persons posting these signs. 
Have fun! 

D 
0 
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A rig in one of the experimental test cells at P & W A 's Willgoos labor~tory. The six large finger-like devices are remotely 
controlled probe positioners used to obtain basic air flow measurements within a turbine. This is one of the techniques 
for obtaining scientific data vitally important to the design and development of the world's most powerful aircraft engines. 
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• 1n the field of INSTRUMENTATION • • • 

Among the many engineering problems relative to 
designing and developing today's tremendously 
powerful aircraft engines is the matter of accumu
lating data - much of it obtained from within the 
engines themselves - and recording it precisely. 
Such is the continuing .assignment of those at Pratt 
& Whitney Aircraft who are working in the highly 
complex field of instrumentation. 

'Pressure, temperature, air and fuel flow, vil:>ra
tion - · these factors must be accurately measured 
at many significant points. In some cases, the meas
uring device employed must be associated with 
special data-recording equipment capable of con
verting readings to digital values which can, in turn, 
be stored on punch cards or magnetic tape for data 
processing. 

Responsible for assembling this wealth of infor
mation so vital to the entire engineering team at 

Pratt & Whitney Aircraft is a special group of elec
tronic, mechanical and aeronautical engineers and 
physicists. Projects embrace the entire field of 
instrumentation. Often involved is the need for 
providing unique measuring devices, transducers, 
recorders or data-handling equipment. Hot-wire 
anemometry plays an important role in the drama 
of instrumentation, as do various types of sonic 
orifice probes, high temperature strain gages, tran
sistor amplifiers, and miniaturized tape recording 
equipment. 

Instrumentation, of course, is only one part of a 
broadly diversified engineering program at Pratt & 
Whitney Aircraft. That program - with other 
far-reaching activities in the fields of combustion, 
materials problems, mechanical design and aero
dynamics - spells out a gratifying future for many 
of today's engineering students. 

Instrumentation engineer at Pratt & 
Whitney Aircraft is shown investigating 
modes of vibration in a blade of a 
single stage of a jet engine compressor. 

Special-purpose probes designed 
and developed by P &. W A engi
neers for sensing temperature, 
pressure and air flow direction 
at critical internal locations. 

The "Piottomat", designed by P & W A 
instrumentation engineers, records pres
sure, temperature and air flow direction. 
It is typical of an expanding program in 
automatic data recording and handling . 

.World's foremost designer and builder of aircraft engines 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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WATCHING YOU! Ill 
-Minnesota Technolo3 ~ 
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DO IT 

TOMORROW 
(You Loused Up Enough 

Today Already! ) 

-Minnesota Technolog 
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Meet Dick Foster 
Western Electric development engineer 

Di~k Foster joined Western Ele~tri~, the manufacturing and supply unit of the 
Bell System, in February 1952, shortly after earning his B.S. in mechanical 
engineering at the University of Illinois. As a development engineer on a 
new automation process Dick first worked at the Hawthorne Works in 
Chicago. Later, he moved to the Montgomery plant at Aurora, Illinois 
where he is pictured above driving illlo the parking area. 

Dl~k's day may begin in one of several ways: an informal office chat 
with his boss, a department "brain session" to tackle a particularly 
tough engineering problem (above); working with skilled machine 
builders in the mechanical development laboratory; or "on the line" 
(below) where he checks performance and quality and looks for new 
ways to do things. 

Here Dick and a set-up man ~he~k over the automatic production line used to man
ufacture a wire spring relay part for complex telephone switching equipment. This 
automatic line carries a component of the relay on a reciprocating conveyor 
through as many as nine different and very precise operations-such as percussive 
welding in which small block contacts of palladium are attached to the tips of 
wires to within a tolerance of ± .002". 

Di~k finds time for many Western Electric employee activities. Here he is 
scoring up a spare while tuning up for the engineers' bowling league. He is 
active also in the golf club, camera club, and a professional engineering so
ciety. Dick, an Army veteran, keeps bachelor quarters in suburban Chicago 
where he is able to enjoy the outdoor life as well as the advalltages of the city. 

Examining the plasti~ molded "~omb" components of the wire 
spring relay Dick recalls his early work when he was involved 
in working-up forming and coining tools for the pilot model of 
the automation line for fabrication of wire spring sub-assemblies 
for relays. At present he is associated with the expansion of 
these automation lines at the Montgomery Plant. 

Western Electric offers a variety of interesting and 
important career opportunities for engineers in all 
fields of specialization in both our day-to-day job as 
the manufacturing and supply unit of the Bell System 
and in our Armed Forces job. 
If you'd like to know more about us, we'll be glad to 
send you a copy of "Your Opportunity at Western 
Electric" which outlines the Company operations and 
specific job opportunities in detail. Write: College 
Relations Department, Room 1030, Western Electric 
Co., 195 Broadway, New York 7, N.Y. 

MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 

Manufacturing plant.s in Chicago, Ill.; Kearny, N . J.; Baltimore, Md .; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Burlington, 
Greensboro and Wmston-Salem, N. C.; Buffalo, N. Y.; Haverhill and Lawrence, Mass.; Lincoln, Neb.; St. Paul and Duluth, Minn. 
Distributing Centers in 29 cities and Installation headquarters in 16 cities. Company headquarters, 195 Broadway, New York City. 
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'#rom eo-ed to PriiiCCSS 
Photos courtesy of 
Minneapolis Star and Tribune 

I
T IS 11:30 A.M. ON MAY 11, 1956. 
You and I are standing among 

2,000 Engineering students in the 
Court of Engineering watching the 
knighting ceremony of the 1956 En
gineer's Day. 

The Engineer's Day activities had 
started at 10:00 A.M. that morning 
with the knighting of St. Pat. Now 
they are introducing the five Engi
neer's Day queen finalists. Jayne Hells
by, 1955 Engineer's Day Queen, is 
being introduced. She walks behind 
the line of queen finalists. As she 
walks down the line she stops behind 
one girl, removes the crown from her 
head and places it on the head of one. 
of the queen finalists. The Engineer's 
Day Queen for 1956 is Jackie Han
son! Her reign has started and she is 
guest of honor at the Luncheon, Re
vue, and Brawl. 

This is usually the end of the reign 
for most college queens, but this is 
only the beginning for Jackie. Four 
weeks later the Engineer's Day Com
mittee receives an invitation from the 
Minneapolis Aquatennial to have the 
Engineer's Day Queen entered as a 
candidate for Aquatennial Queen of 
the Lakes. The Engineer's Day Com
mittee decides to accept the invitation 
for this honor. This acceptance made 
Engineer's Day the only University of 
Minnesota organization sponsoring a 
candidate for the Queen of the Lakes 
title. 

The next few weeks before the 
Aquatennial are spent in preparation 
for the Aquatennial by Jackie. A suit
able wardrobe had to be prepared for 

the Aquatennial activities. A few of 
the other things which help fill these 
weeks are personal appearances on 
television to help publicize the Min
neapolis Aquatennial, posing for pub
licity pictures, and packing her ward
robe for the move to the Hotel Nicol
let which was the headquarters of the 
Minneapolis Aquatennial this year. 

On July 20, members of the En
gineer's Day Committee drive Jackie 
to the Hotel Nicollet which will be 
her home for the next ten days. Jackie 
checks in, beginning a series of 
luncheons, dinners, television shows, 
parades, and public Aquatennial 
events which will be climaxed by the 
coronation of the 1957 Queen of the 
Lakes from among the 40 candidates 
one week later. 

During this eight day period, Jackie 
rides in the Saturday morning and 
Wednesday night parade. On Thurs
day noon the 40 candidates for Queen 
of the Lakes are guests of honor at the 
Queen's Review Luncheon held at the 
Hotel Leamington. 

It is the night of July 27 and the 
place is the Parade Stadium. This is 
the night the 40 candidates and their 
sponsors, along with the general pub
lic, will find out who the 1957 Queen 
of the Lakes and two Princesses will 
be. The evening's entertainment, in
cluding two guest stars, has just been 
completed. Judy Penny, 1956 Aqua
tennial Queen of the Lakes, is intro
duced and briefly interviewed; the 
band starts playing "It's the Loveliest 
Night of the Year". During the play
ing, the 40 candidates are escorted 

By DICK SUDHEIMER 

into the stadium. Each candidate is 
introduced and proceeds to her desig
nated position in the square around 
the stage. As soon as all the candidates 
are in their positions, the band stops 
playing and the junior commodore is 
introduced at the north end of the 
stage. He walks onto the center stage 
carrying a sealed envelope in his 
hand, which contains the names of 
the two princesses. A very definite 
silence engulfs the people as the en
velope is opened. The two vice-com
modores of the Minneapolis Aquaten
nial look at the two names and each 
selects one to escort to the stage. They 
leave the stage and walk around the 
square formed by the candidates . 
While the vice-commodores are mak
ing the tour of the square, a deafen
ing silence and a mounting tension 
has come over the audience. The vice
commodores are continuing their look 
for the girl they are to escort back to 
the stage to be crowned princess. At 
last they return to their original start
ing positions. After looking both ways, 
one of the Vice-Commodores starts 
down the side of the square past po
sitions 2 I, 22, 23, 24, 25, 26, 27, 28, 
29, 30 . . . he stops, pauses briefly, 
looks both ways again, and proceeds 
on past positions 31, 32, 33, 34, 35, 
36, 37, and 38. As soon as he passes 
position 38, he turns around and of
fers Jackie Hanson his arm. Jackie 
is escorted to the center stage and is 
crowned as one of the two princesses. 

This is the beginning of a busy year 
of public appearances to publicize the 
Minneapolis Aquatennial throughout 
the state of Minnesota: 

Page 44: Princess Jackie Hanson, left, with Queen of the Lakes Mary Erickson and Princess Joan 

Freeberg at their .coronation. The three beautiful girls have tears of joy in their eyes. 
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''Witatever is wortlt doing 
at all is wortlt doing well JJ 

From Lord Chesterfield's Letters 
Oct. 9, 1746 

PRINTERS • 
5th & 5th SOUTH 

LITHOGRAPHERS 
MINNEAPOLIS 
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College graduates in growing fields ... 
growing with UNION CARBIDE 

IN ATOMIC ENERGY .. 

''I'm Class of '52, with a B.S. in chemistry. I wanted to do 
research in the atomic energy field, so I went to work at Oak 
Ridge National Laboratory, which Union Carbide Nuclear 
Company operates for the AEC. After two promotions I'm 
an Associate Chemist, doi ng research in special materials 
important to the atomic energy program." 

IN CHEMICAL ADSORBENTS ... 

"I'm a chemical engineer, Class of '53. Two years after I 
• joined Linde Air Products Company I was in charge of a group 

of engineers and technicians synthesizing Molecular Sieve 
adso rben ts. I recently transferred to a Development grou p 
exploring app lications of these new adsorbents, and have many 
oppor tu nities to help LINDE customers with their problems." 

.................................................................................... 

IN AUTOMATIC PRODUCTION ... 

"I'm an electrical engineer, Class of '53. I joined National 
Carbon Company, and after a short orientation worked on 
problems of instrumentation of automatic equipment for the 
production of batteries. Now I'm assistant head of the Product 
and Process Control Lab., working in product development 
with full responsibility for inspection and quality control. " 

" I received my B.S. in Chemical Engineering in '51 ancl my 
Masters in Business Administration in '54. I went to work 
for Un ion Carbide, and after a year of training at plants 
all over the country, I transferred to New York as a Pur
chasing Agent, responsible for con tract negotiations and 
cost red uction in the purchase of heavy chemicals." 

THEY ARE KEY MEN WITH A FUTURE •• o 

If you are interes ted in a future in produc tion, development, research , engineering, or 
technical sales, check the opportunities with anr Division of Union Carbide. Ge t in touch 
with your college placement officer, or write dire~ tly to: 

UCC DIVISIONS INCLUDE •• o UNION CARBIDE 
• Bakelite Company • Carbide and Carbon Chemicals Company 

• Electro Metallurgical Company • Haynes Stellite .Company AND CA RBO N CORPOR AT ION 

• Linde Air Prod ucts Company • National Carf?or{ Company 

• Silicones Division • Union Carbide Nuclear Company 

00 
lmlus trial Relations D e pa rtment 

30 East 42nd S treet , New York 17, N.Y. 
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In which of these 

You will find Hughes to be unsurpassed 
as a firm in which to begin a successful 
career. Last year, in fact, 327 June and 
February graduates joined the Hughes 
staff. Since then they have been work
ing directly with the nation's finest 
scientists and engineers. 

3 activities does YOUR 

FUTURE lie? 

,---------------------~ 

I I I RESEARCH AND DEVELOPMENT. I 
1 Projects of the engineers and scientists in this area at Hughes 1 

I encompass practically every known field of electronics-and I 
I 

often border on the unknown. It is this team which is responsible I 
for the Falcon air-to-air guided missile and the Automatic 

1

1 

Armament Control System. Some of the projects include Micro- 1

1 wave Tubes and Antennas, Digital and Analog Computers, 
I Ground and Airborne Radar systems, long-range highly I 
I miniaturized communications equipment, and missile systems. I 
I I 
L--------------~------~ 
,---------------------~ 

I I I FIELD SERVICE AND SUPPORT. I 
1 Engineers in the Field Service and Support activity are responsible 1 

I for the maximum field performance of Hughes-produced I 
I military equipment. Theirs is essentially liaison work with the I 

company, airframe manufacturers, and the armed forces. Their 

I

I recommendations are often the basis for important modifications. 
1

1 

Openings exist for Engineers assigned to airbases and airframe 
I manufacturers, Engineering Writers, Laboratory and Classroom I 
I Instructors, and Equipment Modification Engineers. I 
I I L _____________________ ~ 
,---------------------, 
I I 
I MANUFACTURING AND PRODUCTION. I 
I In this area at Hughes technical experts are responsible for the I 
I development of production techniques for the manufacture I 
I of advanced electronic equipment from the Research and I 
I Development Laboratories. Some of the open areas include I 
1 Engineers for Test Equipment Design; Quality Control; and I 
1 Manufacturing Processes for semiconductors, automatic 1 
I controls and miniaturized electronic systems. 1 

I I 
L---------------------~ 

Hughes is the West's leading center 
for advanced electronics. The com
pany's interest in electronics spans both 
the military and commercial fields. 
Whether you choose Research and De
velopment, Field Service and Support, 
or Manufacturing and Production, you 

will be rewarded with a top salary, a 
challenging future, and the ideal cli
mate of Southern California. 

If you are interested in the long-range oppor

tunities available at Hughes, contact your college 

or university placement office or mail a resume 

to tiS today. 

Scientific Staff Relations ,-----------, 
I HUGHES I L ___________ j 
Research and Developmet~t Laboratories 
HUGHES AIRCRAFT COMPANY 

Culver City, California 
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RCA Weather Radar screen shows approach af storm. Screen guides pilot around turbulent area. All's well as plane leaves storm behind, 

How RCA ~eather Radar adds comfort 

and speed to your flight 

No longer need you, as a traveler of 
the sky, experience the discomfort of 
bouncing around during storms. If 
your plane is equipped with RCA 
Weather Radar, you enjoy comfort 
and speed throughout. 

For supersensitive RCA radar peers 
miles ahead of the plane to give your 
pilot advance warning of weather dis
turbances. The signals on its screen 
then point the way to a smooth course 
around storm areas. 

The electronic leadership behind 
Weather Radar is inherent in all RCA 
products and services. And at the 

David Sarnoff Research Center of 
RCA, Princeton, N . J., scientists con
tinue to explore new "Electronics for 
Living" -electronics that make life 
easier, safer, happier. 

WHERE TO, MR. ENGINEER? 

RCA offers careers in research, devel
opment, design, and manufacturing for 
engineers with Bachelor or advanced 
degrees in E.E., M.E. or Physics. For 
full information, write to: Mr. Robert 
Haklisch, Manager, College Relations, 
Radio Corporation of America, Camden 
2, N.J. 

LEADING AIR LINES Installing RCA Weather 
Radar include American Airlines, Continental Air 
Lines, Pan American World Airways, Trans World 
Airlines Inc., United Air Lines; and these European 
Air Lines: Air France, BOAC, Iberia Air Lines of Spain, 
Sabena Belgian World Airlines, Swissair; Mexicana. 

RADIO CORPORATION OF AMERICA 
ELECTRONICS FOR LIVING 
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LOOK 

Will your income 

and location allow 

you to live in a 

home like this ... 

spend your leisure 

time like this? 

ANALOG COMPUTING 
Those with degrees in mathemat· 
ics, physics and engineering are 
needed to solve interesting prob· 
lems on direct analog computers 
and differential analyzers. 

Knowledge of or experience in 
dynamics, stress analysis, servo· 
mechanisms, heat flow and circuit 
analysis or non-linear mechanics 
is helpful. 

TEN YEARS AHEAD! 

A Douglas engineer lives here 

They can ... if you start your career 

now at Douglas I 
Take that ten year ahead look. There's a fine career 
opportunity in the engineering field you like best waiting 
for you at Douglas. 

And what about the Douglas Aircraft Company? It's the 
biggest, most successful, most stable unit in one of the fastest 
growing industries in the world. It has giant military 
contracts involving some of the most exciting projects ever 
conceived ... yet its commercial business is greater than that of 
any other aviation company. 

The Douglas Company's size and variety mean that you'll he in 
the work you like best- side by side with the men who have 
engineered the finest aircraft and missiles on the American scene 
today. And you'll have every prospect that ten years from 
now you'll he where you want to he career-wise, money-wise 
and location-wise. 

Brochures and employment applications are 
available at your college placement office 

For further information about opportunities with Douglas in 
Santa Monica, El Segundo and Long Beach, California divisions 
and Tulsa, Oklahoma, write today to: 

D 0 U G L A S A I R C R A F T C 0 M P A N Y, I N C . 
C. C. La V ene, 3000 Ocean Park Blvd., Santa Monica, California 
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Amos: "Hey, man, are you comin to 
de lodge meetin' tonight?" 

Ulysses S. : "No, l's got a case of gas
troenteritis." 

Amos: " Why, bring it along, man 
you know the boys will drink any
thing!" 

- Join--

Maid: "The furniture installment 
man is here again, ma'am." 

Madam (resignedly): "Tell him to 
take a chair." 

SAM 

There was a young lady from France 
Who thought that she'd just " take a 

chance." 
For an hour or so, she just " let herself 

go." 
And now all her sisters are aunts. 

- Join-

M.E.: "Going around a lot with women 
keeps you young." 

2nd M.E.: "Why's that?" 

M.E.: "I started going around with 
women when I was a freshman two years 
ago, and I'm still a freshman." 

ACS 

Ch.E. : " I just bought a skunk. 
E.E. : " Where you gonna keep him?" 
Ch.E.: " Under the bed." 
E.E_: " What about the smell?" 
Ch.E.: "He'll have to get used to it 

like I did." 

- Join-

A learned man claims: "The grade 
of a coed's examination paper will 
approach zero as the number of dates 
a week she has approaches seven." 

AlP 

He:" Why do you sing in the bath tub?" 
It: "The door won't lock." 

- Join-

Mistress: "You know, I suspect that my 
husband is having an affair with his 
stenographer." 

Maid: "I don't believe it. You're only 
trying to make me jealous." 
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Caller: "Is your sister expecting me 
tonight?" 

Small boy : "Yeah." 
Caller : "How do you know?" 
Small boy : "She's gone out for the 

evening." 

- Join-

Even when the gal is as pretty as a 
picture, most fellows like to take a peep 
at the frame. 

ARS 
Two men and a young lady on the 

Pullman going to California decided 
they better get acquainted. 

One man said : "My name is Paul, but 
I'm not an apostle." 

The other said: "My name is Peter, 
but I'm not a saint." 

The girl muttered: "My name is Mary 
and I don't know what to say." 

- Join-

"Are you still engaged to that girl 
with the wooden leg?" 

"No, I got mad at her and broke it 
off." 

The instructor was teaching a cute 
young thing to drive. 

"This," he said, "is the hand brake. 
You put it on quickly in case of an emer
gency." 

" Oh, I see," she giggled . "It's like a 
bathrobe." 

PELIKAN DRAWING INKS 

at 

PERINE'S 
315 14th Ave. S.E. 

Harvard and Washington Ave. 

for America's young 
engineers with capacity for 
continuing achievements in 

radio and electronics 

Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower ... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
.. . a great development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 
America . . . opportunity to be 
associated with leaders in the 
electronic field •. • to work with 
the finest facilities ... to win rec
ognition ..• to achieve advance
ment commensurate with 
capacity. 

Learn more about this noted 
Tower of Opportunity .. . its long
range program and generous em
ployee benefits. See your Place
ment Officer today for further in
formation about FTL. 

INTERESTING 
ASSIGNMENTS IN-

Radio Communication Systems 
Electron Tubes 

Microwave Components 
Electronic Countermeasures 

Air Navigation Systems 
Missile Guidance 

Transistors and other 
Semiconductor Devices 

Rectifiers • Computers • Antennas 
Telephone and 

Wire Transmission Systems 

Fedeml 
Telecommnnication 

.la/Joraton"esl!it!J 
A Oivisiort of International 

Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N.J. 
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-Who -gets the · most 

exciting assign.ments 

in electronics? 
The answer is young engineers at IBM-long a ieader 
in computer engineering. ·. 

Perhaps you, too, would find it challenging to · 
solve problems similar .to these typical and 
recent IBM problems: 

Design and development. Develop a magnetic core: 
·memory using transistor drive ~ircuits. This 
involved a study of the characteristics of cores 
as a .load, of the arithmetic portions of the 
machine as a source of information to control 
the core driving circuits, and of thG pulse 
characteristics of transistors. 

Manufacturing. In magnetic core storage units, 
three or more wires must be woven through every 
core in the array, each a tiny doughnut less than 
ljlO of an inch in diameter. This weaving process 
was a tedious, painstaking hand-operation-a far 

desirable method. The development of a rapid 
automatic assembly method was necessary to attain 
economic volume production. 

Field Engineering. Assume responsibility for 
·performance and maintenance of an ·entire computer 
. system (composed primarily of electronic equipment) 
in one of today's most vital defense projects. 

II) addition to exciting assignments, young engineers . 
at IBM find the kind of advanced facilities, 
stimulating associates, and climate which encourage 
personal progress and achievement. If your 
abilities thrive on challenge, IBM offers you 
unlimited opportunity to make important and 
rewarding contributions. 

POR FURTHER INFORMATION about IBM, see 

your placement director or write to W. M. Hoyt, 

INTERNATIONAL BUSINESS MACHINES CORP., 

590 Madison Avenue, New York 22, N.Y. 

Plants ~nd Labs located at Endicott, Poughkeepsie, 
and Kingston, N.Y. 

IBM 
® 

Producer of electronic 

data process ing mach ines, 

electric typewriters , and 

electronic t ime equipment . 

. l 
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The California Division 

of Lockheed Aircraft Corporation 

presents its 

Master's Degree 

W'ork-Study Progralll 

Graduates in Engineering. Mathematics • Physics 
University of Southern California 
University of Califprnia at Los Anzeles 

The program enables you to attain a Master's Degree while 
gaining important practical experience on the engineering 
staff of Lockheed Aircraft Corporation. 

The program in outline: 

You carry at least six units per semester at the University of 
California at Los Angeles, University of Southern California 
or other approved universities. You work three days per week 
on Lockheed engineering or scientific assignments. 

Eligible are U.S. citizens who are graduating with a B.S. 
degree in Aeronautical Engineering, Mechanical Engineer-

Additional information may be obtain~d 
from your Placement Officer or Dean 
of the Engineering School or by writing 
E. W. D~s Lauriers, Employment Manager 
and Chairman of the Master's Degree 
Work-Study Program. 

California Division 

Lockheed 
Aircraft Corporation 
Burbank, California 

OCTOBER 1956 

One of Lockheed's new engineering buildings 
where Master's Degree Work-Study participants 

work on advanced aircraft development. 

ing, Electrical Engineering (Communications or Power), 
Mathematics or Physic:. and members of the Armed Services 
who possess appropriate degrees and are being discharged. 

You are paid 3/ 5 of a full-time salary during the school year. 
(Salary and work are on a full-time basis during school 
summer vacations.) 

Tuition, fees and books for a maximum total of 36 units of 
full-time study are paid by Lockheed. Travel and moving 
allowances are provided those residing outside the Southern 
California area. 
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LOUDSPEAI(ER 
ENCLOSURES 

A
N IDEAL HIGH-FIDELITY system is a mechanical and elec
trical device which reproduces recorded sound per
fectly. It starts with a high quality signal source (radio 

or record player). The next section, the amplifier, increases 
sufficiently the strength of the signals it receives to operate 
<J loudspeaker. The speaker changes these electrical im
pulses to audible impulses. 

The excellence of a high-fidelity system is determined by 
its ability to reproduce sound without adding to or taking 
away any part of the original sound. Of the three elements 
of the system most difficulty in obtaining quality repro
duction is encountered with the loudspeaker. A good 
speaker must handle many different sounds at one time 
without jumbling them together or changing their char
acteristics. Speakers are usually placed in some kind of en
closure to improve their characteristics. This report is con
cerned with such units that have evolved for the construc
tion of speaker enclosures to obtain high-fidelity sound 
reproduction. The discussion will include first require
ments for a satisfactory enclosure and second the types of 
enclosures that have been designed. 

System standards 
The primary objective of a speaker system is to obtain 

wide range, flat frequency responses. Other factors which 
cannot be overlooked in obtaining quality reproduction 
are spatial distribution, transient response, and harmonic 
and intermodulation distortion. lntermodulation distor
tion will not be discussed because it is not affected by the 
type enclosure used. 

Frequency response 
Although a wide and flat frequency response is the main 

quality to be achieved in a speaker system, many new en
thusiasts have only a vague idea of its meaning. 

The frequency response of a speaker refers merely to 
the range of frequencies it can reproduce efficiently. Pres
ent-clay speakers are good for only a certain range of fre
quencies. In the center range, a speaker's response curve is 
somewhat flat for a number of frequencies. The ends of the 
curve may do either of two things: cut off sharply, or roll 
off, depending on whether or not the speaker has an en
closure or has been processed to extend its frequency range. 
The difference between the highest and lowest peak in its 
flat range may be as much as ten decibels. 

Seemingly the best way to reproduce all frequencies 
easily is to provide sufficient air loading at all frequencies . 
To produce low frequencies satisfactorily, larger cones are 
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used to satisfy the demand for high volume displacement. 

The reproduction of high frequencies requires cones of 
small mass to enable them to respond easily to quick 
changes in direction dictated by the incoming signal. Con
sequently, very small cones must be used because the mass 
of the cone is proportional to the cone size. 

Horns are generally used to help small cones reproduce 
higher frequencies efficiently. This is easily clone because 
their size need not be very large to produce the desired 
results at these frequencies. 

Spatial distribution 
. Poor spatial distribution is exhibited by loudspeakers 
m the reproduction of higher frequencies because they are 
focused by the cone along its axis much as light is focused 
by a f-lashlight. To persons on this axis the higher fre
quencies are very pronounced. Those off the axis do not 
hear the frequencies. 

Spatial distribution is improved by varying the radial 
stiffness of the cone through proper processing. Better 
results are obtained by using small clusters of horns 
mounted on single driver units for wide angle, high fre
quency radiation, or by deflecting vanes. 

Harmonic distortion 
Harmonics should be suppressed as much as possible. 

By using an infinity of speakers with resonance frequen
cies varying c;:onsecutively from twenty to twenty thousand 
cycles per second, one should be able to obtain a perfectly 
flat response. However, the damping factor would be very 
low, and the resulting sounds would be completely indis
tinguishable. The same effect would be obtained by hold
ing the damping pedal down when playing the piano. 
Similar results would be obtained if one attempted to get 
a Hat response by running a response curve on the speaker 
and then building an enclosure with resonators to boost 
the less audible frequencies. The sounds would be more 
easily distinguishable, but the hang-over effects would still 
be noticeable, making the system unacceptable. Thus har
monics detract from the quality of a speaker system. 

Analysis of available systems 
Of all of the possible enclosures to use, the exponential 

horn offers the best results. Efficiencies as high as fifty per 
cent may be obtained with it with a smooth Hat frequency 
response. The only disadvantage is that to produce low fre
quencies, it requires enormou·s space. 
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Other enclosure systems have been devised to occupy 
less space. Following a discussion of exponential horn, the 
flat baffle, closed box baffle, bass reflex enclosure, and the 
R-J enclosure will be described. 

The exponential horn 
The efficiency of expo~ential horns (cone extensions) 

results in important economies in amplifier requirements 
in a large building or for outdoor work. The efficiency of 
a horn is limited to a certain frequency range, depending 
on its shape, length, and diameter; a large exponential 
horn being necessary for low notes, and a short flare (short 
horn) for high notes. Each type can cover 3 to 4 octaves 
reasonably well, and it is usual to arrange a cross-over net
work at 300 or 400 cycles in order to extend the response 
over 8 octaves from 40 to 10,000 cycles. 

The horn is one of the oldest of all acoustical couplers, 
the principle being the same as for the simple procedure 
of putting a cupped hand to the mouth. Much the same 
as an output transformer matches the voice coil of the 
speaker to the impedance of the output tube, a horn is a 
coupling device which matches the cone to the impedance 
of the surrounding medium. Villchur, in the April, 1953, 
issue of Audio Engineering, states: "The air in a horn may 
be viewed as a succession of cross sectional layers. A vibrat
ing body such as a diaphragm at the narrow end, or throat, 
i:; in immediate contact with the first of these layers. Air 
movement resulting from the vibrations is confined by 
the walls of the horn to each successive layer, and since 
there is only a small change in area from one layer to the 
next, very little energy is wasted in the transfer." The 
air at the throat of the cone is of high velocity and low 
volume. It is transferred to the mouth through small 
changes in volume where it is of high volume and low 
velocity. 

The flat baHie 
A baffle is provided for a speaker merely by mounting 

the speaker in a hole in a large board. The best ba:ffte may 
be had by mounting a speaker in a hole in a wall between 
rooms with the rear of the cone radiating into another 
room. 

The baffle is used to prevent the escape of air pressure 
from the back of the cone to the front of the cone since 
the front of the cone is 180° out of phase with the back of 
the cone. In practice a baffle is made large enough to pro
duce the desired results. 

When the air distance around the baffle from the back 
to the front is equal to the wave length, there is a dip in 
the response. For this reason baffles are frequently made 
of irregular shape or the speaker is mounted off center to 
produce varying air distances between the back and front 
of the cone. This eliminates the pronounced dip by spread
ing its effect over more frequencies. 

Some authorities believe that the infinite baffle seems to 
offer the nearest approach to acoustical perfection. By 
mounting a unit at the junction of two walls, preferably 
near the ceiling for added horn effect, a true infinite baffle 
is achieved. The compression of air on either side has little 
damping effect upon movement of the cone. There is full 
bass radiation down to resonance of the cone and an entire 
absence of cabinet and air column resonance. 

Baffles provide the simplest type of mounting for a loud
speaker. The disadvantages of baffles are those associated 
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with the poor loading of the cone at very low and very 
high frequencies. This causes poor efficiency in low and 
high frequency transmission. 

The closed box baffle 
A closed box baffle provides a second method of pro

ducing the effect of an infinite baffle. A sealed enclosure 
of any size or construction will stop the free path between 
the front and back of the cone, but detrimental effects may 
be created. The most important of these is that the damp
ing effect on the speaker mechanical system is increas~d. 
The air trapped in the enclosure must be compressed for 
the cone to move back, and rarified for the cone to move 
forward. Thus it becomes part of the entire mechanical 
resonant system. 

The bass reflex enclosure 
The bass reflex enclosure may offer the easiest solution 

to the problem of obtaining large scale results with reason
able dimensions. It consists of a loudspeaker mounted in 
a cabinet having a volume of several cubic feet provided 
with a vent or port in a convenient position near the loud
speaker opening. Mounted in this way, the loudspeaker 
exhibits two resonances, one above and the other below 
the vent resonant frequency. This system also boosts the 
extreme bass and increases power handling capacity by 
reducing the cone motion in this region. 

The R-J enclosure 
The R-J enclosure is a new development in enclosure 

design and makes use of the same type of Helmholtz 
acoustical resonance as the bass reflex cabinet. According 
to Villchur in the June 1953, issue of Audio Engineering: 
"The small volume in back of the cone makes the air 
cavity stiffness very great, but this stiffness is counter
balanced through the duct arrangement which injects a 
large amount of inertiance and viscosity into the system. 
The acoustical resonator is not tuned to the exact resonant 
frequency of the speaker mechanism. However, the reson
ant peak is reduced by the high viscosity in the duct spaces. 
This viscosity reduces the mechanical as well as the acous
tical resonant peak. Unlike the bass reflex cabinet, the R-J 
enclosure imposes an added inertiance-resistance load to 
the front of the cone as well as to the back. The R-J en
closure was designed with the particular purpose of reduc
ing the size of an adequate speaker enclosure. Reduction 
of size also entails simplification of other problems, such 
as those concerning vibration of the enclosure walls." 

It can be seen from the preceeding that each type of en
closure has both advantages and disadvantages of its own. 
Selection of an enclosure cannot be done according to 
a formula and usually involves a compromise of certain 
desired qualities. 

The man was so excited when told that his wife had 
given birth to triplets he dashed into the delivery room. 
The head nurse intercepted him before he had got far, 
and remonstrated, "The idea of your barging in here 
when you know it's against the rules of the hospital! Don't 
you know your clothes are full of germs? Why, my dear 
man, do you think you are sterile?" 

The man gave her a withering look and growled, 
"Madam, I couldn't possibly think I was sterile." 
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Marquardt, the leader 
in supersonic propulsion, has 

inaugurated a program of Individual 
Professional Development for its engineers. 

You can help us maintain this 
leadership for the future of 

supersonic propulsion. 

I.P.D. gives our engineers a 
chance to advance to their maximum 

potential in their present fields ... and 
those beyond ... in a climate of continuing 
professional growth from in·plant courses 

and more than fifty current courses in 
Southern California's leading 
universities. New courses are 

constantly being added. 

I.P.D. differs in its concept 
and objectives from ordinary company 
training programs in that it gives each 

engineer an opportunity to grow and plan 
his development toward his own goal 

and at his own pace rather than 
having to follow a rigid pre

determined pattern. 

I.P.D. is a part of an overall 
expansion program which anticipates a 

two-fold increase in personnel during the 
current year. This increase represents many 

additional engineering opportunities. You 
can become a leader in supersonic 

propulsion. Write for details. 

Industrial Relations Department • 16558 Saticoy St., Van Nuys, California 

MARQUARDT BUILDS THE POWERPLANT FOR THE BOMARC IM-99 INTERCEPTOR MISSILE 
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She's cheering for the Minnesota Gopherl Buy yours 
from your Triangle representative! - adv. 

A patient in an insane asy lum was trying to convince an 
attendant that he was Napoleon . 

"But who to ld you that you were Napoleon?" inquired the 
attendant. 

"God did," replied the inmate. 
"I did not!" came a voice from the next cell. 

ASME 
An ME was very indignant at being arrested. He stag

gered into the police station and before the captain had 
an opportunity to say anything he pounded his fist on 
the desk and said: "What I wanna know is why I've been 
arrested." 

"You were brought in for drinking," answered the cap
tain. 

"Well, thass different- thass fine -let's get started." 

-Join-

The minister called at the Jones home one Sunday 
afternoon, and little Willie answered the bell. "Pa 
ain't home," he announced. "He went over to the golf 
club." 

The minister's brow darkened, and Willie hastened 
to explain: 

"Oh, he ain't gonna play any golf. Not on Sunday. 
He just went over for a few highballs and a liHie stud 
poker." 

AIChE 
To most of us a debutante is just a tomato with lots and 

lots of lettuce. 
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Coed: "What's the difference between dancing and 
marching?" 

Engineer: "I don't know." 
Coed: "I didn't think you did. L~t's sit down." 

lAS 

Prof.: "Why don't you answer when I call your 
name?" 

Student: "I nodded my head." 
- Prof.: "You don't expect me to hear the rattle all 

the way up here do you?" 

-Join-

She was only an oculist's daughter . .. Two glasses an,d she 
made a spectacle of herself. 

ASAgE 

A beachcomber was walking a long the beach when he spied 
a sma ll crowd at the water's edge. Two li fe guards had suc
ceeded in rescuing a drowning man and were now unsuccess
fully try ing to revive him. A pulmotor didn't seem to do much 
good, so the rescue crew tried a stomach pump. 

Out of the victim's mouth came seaweed, oyster she ll, sa lt 
water, more oyster shells, more seaweed, more salt water ... . 
Final ly, he could stand their incompetency no longer. Strolling 
over he observed: 

" Say, look here. I think it would help a lot if you fellows 
would take his rear end out of water." 
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Specially-compounded coatings and housings enable I~C resistors to 
withstand a higher degree of impact, shack and vibration than any 
other resistors of their type. 

The skillful combination of protective coatings and resistive elements 
assures superior moisture resistance and heat dissipation, as well as 
protection from severe humidity or temperature conditions. 

Exactly how important are resistor insulations? 
In a sense·, a resistor is simply a mechanical device for packaging ohms. So it is easy to see 
why the materials making up the mechanical package greatly determine resistor perform
ance. In fact, insulation is so important that more than one-third of the 200 technicians at 
IRC are engaged in developing custom-tailored insulating coatings and housings for IRC 
resistors. That's why every IRC resistor is better protected from damage and ambient con
ditions than any other of its type. And at no extra cost. 

INTERNATIONAL RESISTANCE CO. 
401 N. Broad St., Philadelphia 8, Pa. 

In Canada: International Resistance Co., ltd., Toronto licensee 

ENGINEERING POSITIONS 
IRC, leader in resistor engineering, offers 
excellent opportunities in engineering posi· 
tions covering many professional fields. New 
developments in electronics, miniaturization 
and automation constantly present new 
creative challenges. for information, write 

today to: ENGINEERING EMPLOYMENT, 

INTERNATIONAL RESISTAI'ICE COMPANY, 
401 N. Broad St., Philadelphia 8, Po. 

MINNESOTA TECHNOLOG 



NEW PRODUCT in the air c01iditioning field is Worthington's 
ultra-modern winter and summer home air conditioner. It's a 
compact package that heats, cools, circulates, filters, and con-

trois humidity. Like every Worthington product, this good
looking unit is designed and built for a lifetime of quiet, effi
cient service. 

Making today's BIG news in air conditioning 

NEW BUILDING in New York is the glass
sheathed Manufacturer's Trust Building. It's 
cooled by a Worthington central station sys
tem-so big it does the same job as melting 
300 tons of ice daily. 

j 

$ A .1 f 
,.~. ~ 

l~ .,f,,. ~ . 
NEW LIFE FOR OLD STORES. Shoppers stay 
longer, buy more in stores cooled by Worth
ington units with the new "Million Dollar" 
compressor. New 3-D circulation aims com
fort right where you want it. 

Worthington's new residential air 
conditioners, packaged units, big cen
tral station systems- all are making 
headlines in the air conditioning field. 
And the same research and engineering 
skills responsible for their development 
are applied to all Worthington prod
ucts- engines, turbines, compressors, 
construction machinery, as well as 
pumps. 

For the complete story of how you 
can fit into the Worthington picture, 
write F. F. Thompson, Mgr. , Personnel 
& Training, Worthington Corporation, 
Harrison, New Jersey. · 

See the Worthington representative when he visits your campus 
See the Worthington 
Corporation exhibit in 
New York City. A lively, 
informative display of 
product developments 
for industry, business and 
the home. Park Avenue 
and 40th Street. 

WORTHINGTON 

When you're thinking of a good job-think high-think Worthington 
AIR CONDITIONING AND REFRIGERATION • COMPRESSORS • CONSTRUCTION EQUIPMENT • ENGINES • DEAERATORS • INDUSTRIAL MIXERS 

LIQUID METERS • MECHANICAL POWER TRANSMISSION • PUMPS • STEAM CONDENSERS • STEAM-JET EJECTORS • STEAM TURBINES • WELDING POSITIONER$ 
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BOMBS Dll 

In addition, there are exten
sive course offerings in the 
undergraduate and techni~ian ll 
training fields for those wlsh- t 1 
in to pursue academic train- ~· 

g · · b r for '" ' ing related to then JO so \ 
their own development. 

Complete information about Fa 
career opportunities and the ~o. 
academic training programs a 
can be had by writing, 'I 

e.' 
Director of Scientific Personnel )'·~'' 
Division 561 t:$~ 

•••••. ~~~~~·:t;: 

0 frantic fortnight spent to cram 
At times I wonder who I am, 

So twinkle, twinkle, sweet exam, 
Frankly, I don't give a damn. 

Chap who joined a nudist club was 
telling about his first meeting. "They 
were all quite naked," he said, "even 
the butler who took my hat and stick." 
Asked how he knew it was the but
ler, he snapped, "Dammit, I knew it 
wasn't the maid." 

"Gee,' you catch on to blackjack quick. 
never saw anything like. What do you 

say we play for money now?" 

Pilot to Navigator: "Where are we?" 
Navigator to Pilot: "Due to my exten

sive training in calculus and trigonome
try, I have calculated our position to be 
three miles from infinity." 

"Have you seen lucille's new evening 
gown?" 

"No, whpt does it look like?" 
"Well, in most places it looks quite a 

lot like lucille." 

C.E.: "What is college-bred, Pop?" 
Dad: "College bread is a four year 

loaf made from the flavor of youth with 
the old man's dough." 

When Roger got home from col
lege last summer, his mother insisted 
on unpacking his trunk. The second 
article she took out was a coat with 
a pawn shop tag on it. 

"Roger, what is this tag for?" 
"Oh, I went to a dance and checked 

my coat," replied Roger. 
The next item taken out was a pair 

of trousers with the same tag on them. 
"Roger, just what kind of a dance 

was that?" 

Thermometers are not the only things 
that are graduated and have many de
grees without having any brains . 

"I thought I saw you taking a 
gentleman up to your room last night, 
Miss Olson." 

"Yeah, that's what I thought too." 

Young man transferring from Engi
neering to SLA would like to trade one 
good study lamp for comfortable bed. 

MINNESOTA TECHNOLOG 
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I he 

sky 
is · 

our 

vvorld 

From advanced research into the fundamental 
forces of the universe-gravity, nucleonics, astro
physics-to the launching of man's first stepping 
stones into space itself, Martin engineering activities 
are among the most exciting in the aircraft industry 
today. 

The sky is our world, and outer space is the next 
frontier! 

lf you are interested in learning the story of a 
great engineering adventure, which includes some of 
the most advanced projects now in the research and 
development stage, contactJ.M.Hollyday, The Martin 
Company, Baltimore 3, Maryland. 

IW..,_II» IIV 
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DEPARTURES OF TOMORRO\N 

_TOMORROW: Use no hands! For in this magic warehouse, orders flll themselves in seconds-electronically, 

Here's tomorrow's "look" in warehousing! Electronically, orders are 
received, checked against inventory, assembled, packed, 
wrapped, labeled, and whisked to shipping-untouched by 
human hands! 
When this futuristic "stock-chaser" takes shape, its intricate moving 
parts will turn on New Departure ball bearings ... preferred throughout 
industry for their accuracy, dependability, and service-free performance. 
As every engineer knows, New Departure can be relied upon to look 
to the future while serving dependably today. 

TODAY: Leading lift truck manufacturers rely 
on New Departure "sealed and lubricated· 
for-life" ball bearings to carry rugged loads• 
without "downtime" or adjustments for wear, 

NEW DEPARTURE • DIVISION OF GENERAL MOTORS • BRISTOL, CONNECTICUT 

NOTHING lOLLS LIKE A IALL. 

MINNESOTA TECHNOLO<J 



ALCOA WANTS YOU 

OCTOBER 1956 

Here's a book that tells about 

exciting career opportunities 

In every branch of engineering 

The opportunities at Alcoa are so many, so 
promising, so rich in recognition it took a book 
to tell the story. And Alcoa wants you to have 
a copy. 

If you choose a career with Alcoa, you'll get 
intensive training from the men who built the 
aluminum business. You'll have the opportunity 
of working in our production plants ... sales 

offices ... research laboratories; and positions 
are open in almost every section of the country. 
Your work wiJl be challenging and your 
associates stimulating. 

The whole fascinating story of careers with 
Alcoa is told in this colorful new book. See your 
Placement Director or send in the coupon below 
for your copy of A Career for You With Alcoa. 

Your Guicle to the Best in Aluminum Value 

Tune in the ALCOA HOUR, television's finest 
hour of live drama, alternate Sunday evenings. 

Write for your copy today! 
r-------------------, 

ALUMINUM COMPANY OF AMERICA 
1825 Alcoa Building 

Pittsburgh 19, Pa. 

Please send me a copy of A Career for You With 
Alcoa. 

Nome. ____________ _ 

Address. ___________ _ 

Cityond Stole·-----------

College ___ Degree __ Dote of Graduation_ 

~-------------------~ 
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ALBAN ENE 
TRACING PAPER 

Projects created by engineers, architects, designers, scientists 

start with drawings ... on tracing paper. Modern needs offered 

a difficult challenge . . . to produce a tracing paper combin-

UNIVERSITY BOOKSTORES 

ing permanent strength, permanent transparency and the ideal 

drawing surface. K+E has achieved this with ALBANENE, the 

acknowledged leader of quality papers. 

University of Minnesota 

Main Engineering Building 

Scandal is advertising you don't pay for. 

A prominent automotive dealer met a charming young 
English girl who was visiting here in America for the first 
time. It seems he was demonstrating to her with a great 
deal of pride all the marvelous mechanical gardgets for 
which his new car is so notable, and she cooed with 
amazement and admiration as he raised and lowered the 
top merely by pressing a button on the dash board. En
thused by her approbation, he next caused the doors to 
open and close by similar automatic c9ntrivance. Then 
he pressed a third button and the motor roared into ac
tion. Finally as they sped down the highway, he flicked a 
gadget which opened the super airvents and the resulting 
gush of wind whipped the startled English visitor's skirts 
up over her face. "I say," she gasped, struggling to lower 
her dress, "don't you American's ever do anything by 
hand?" 

Visitor: What's the name of this school? 
Student: Sorry, I'm just a football player here. 

The math professor was notorious for piling on home 
work. Finally one harassed student went to him and com
plained that it was absolutely impossible to do all the as
signed problems. 

"Here's what you do," suggested the instructor. "Just 
do half the problems." 

The student's face brightened. 
"Then," continued the prof, "next year, when you're re

peating this course, you can do the other half." 

64 

A widow is the most fortunate person in the world. 
She knows all about men and all the men who know any
thing about her are dead. 

Overheard in EE lab: 
"Take hold of that wire." 
"This one? Okay?" 
"Feel anything?" 
"Nope." 
"Then don't touch the other one. It's carrying 5000 volts." 

The folks who think our jokes are rare would swiftly 
change their views, if they'd compare the ones we print 
with those we fear to use. 

The doctor was examining children, and found one young
ster underweight. 

"You don't drink milk?" 
"Nope." 

"Live on a farm, and dont drink milk at all?" 
"Nope, we ain't hardly got enough for the hogs." 

Widow to bachelor: "Take it from me; don't get mar
ried." 

Tillie: "You once said you worshipped the ground I walked 
" on. 
Willie: "Yes, but that was when I thought you owned the 

property." 

MINNESOTA TECHNOlOG 



SOFT, SPRINGY FOAMS 
and 

FACT-FINDING CHEMIC~LS 

• 
HERE'S HOW THEY'RE 

ALLIED 

New urethane plastic foams have a mushrooming future. 

You'll find them everywhere - in your home as durable 

furniture upholstery, resilient carpet underlays, warm 

quilts and washable toys. 

In laboratories, researchers rely on the purest chemical 

reagents to develop products like urethane for modern 

living. 

Allied Chemical is in both laboratory and home. Allied's 

General Chemical Division markets over 1000 BAKER 

& ADAMSON reagents and fine chemicals, while National 

Aniline Division makes NACCONATE isocyanates, the key 

ingredient of urethane. 

Another example of how the Company's seven producing 

divisions are allied to serve you better. 

TRADEMARK PRODUCTS INCLUDE:------------------------------~ 

Baker & Adamson Reagents • Solvay Hydrogen Peroxide • Barrett Pipeline Enamels 

Arcadian Fertilizers • A-C Polyethylene • Nacconate lsocyanates • Mutual Chromates 
ftJ.u.ed 
' e,emical 

61 &ROADWAY, NEW YORK 6, N. Y. 

OCTOBER 1956 65 



66 

Behind the Ships that Set the Pace •.. 
a Master's Touch in Oil 

Every Atlantic Blue Ribbon Winner since 1910-
from the Mauretania to the swift, sleekS. S. United 
States ... 

The world's fastest propeller-driven boat, Slo-Mo
Shun IV, skimming water at 178 mph ... 

Maiden voyage of the world's first atomic-powered 
submarine ... 

Two-fifths of the world's freighters .•• 

The race horses and the work hor~es of the seas-

all have one thing in common-socoNY MOBIL's 
master touch in lubrication. 

Good reason! When the chips are down-when 
records are at stake-when schedules must be met 
-the men who know marine machinery look to 
SOCONY MOBIL for its protection. 

* * * 
Wherever there's progress in motion-in your car, 
your factory, your farm or your home-you, too, can 
look to the leader for lubrication. 

SO CONY MOBIL OIL COMPA~NC. 
LEADER IN LUBRICATION FOR NEARLY A CENTURY 

Affiliates: General Petroleum Corporation, Magnolia Petroleum Company 
Mobil Overseas Oil Company and Mobil Producing Company 

MINNESOTA TECHNOLOG 



Waiter: " You're not eating your fish. 
W hat's wrong with it?" 

Customer : "Long time no sea." 

The dam burst, and the raging flood 
quickly forced the town people to flee 
to the hills. 

As they gazed down sadly at their 
flooded homes they saw a straw hat float 
gently downstream for about fifty feet. 
Then it stopped, turned around and 
plowed slowly upstream against the rush
ing waters. After fifty feet, it turned and 
moved downstream again. Then upstream 
again. "Say," said one of the townfolk, 
"What makes that act so durn funny?'' 

"Well, I ain't sartin sure," spoke up a 
youth, "but last night I heard Grampa 
swear - come hell or high water he was 
agonna mow the lawn today." 

"You've been seeing Nellie for nigh 
onto a year now. What are your in
tentions - honorable or dishonora
ble?" 

"You mean I've got a choice?" 

The quiet little freshman co-ed from 
the country was ·on her first college 
date, and thrilled beyond words. She 
didn't want to appear "countrified"; 
she had put on her prettiest dress, 
got a sophisticated hair-do, and was 
all prepared to talk understandingly 
about music, art, or politics. 

Her hero took her to a movie, and 
then to the favorite college cafe. 

"Two beers," he told the waiter. 
She, not to be outdone, murmured, 

"The same for me." 

An exhausted traveling salesman, 
seeking lodging for the night, stopped 
at a lonely farmhouse. 

"Sure, you can sleep here," said the 
farmer, 'but you'll have to sleep with 
a .schoolteacher." 

"Sir," snapped the salesman. 'Til 
have you know I'm a gentleman." 

"Oh, that's all right," said the farm
er, "so's the schoolteacher." 

Joe: "She's like an auto radiator." 
Moe: "How's that?" 
Joe: "She'll freeze up on you if you 

don't keep her filled with alcohol." 

Road sign at the outskirts of a 
small town: 

Go slow - see our belles; 
Go fast - see our cells. 

OCTOBER 1956 

OVER 14 BILLION REVOLUTIONS 
••• and still going strong 

This Pope-built motorized grinder wheelhead, 
equipped with its original Fafnir Super-Precision Ball 
Bearings, has totaled over 14 billion revolutions, oper
ates at 72,000 rpm. Used for grinding the races of 
extra-precision ball bearings, this wheelhead is still 
in production-line service. 

Fafnir engineers worked with Pope Machinery Com
pany in selecting bearings for this high-speed wheel
head. The specification of Fafnir ball bearings plus 
their remarkable record of performance, demonstrates 
how Fafnir keeps pace with machine tool progress .•• 
and why more and more engineers look to Fafnir 
for help with bearing problems. The Fafnir Bearing 
Company, New Britain, Conn. (23 Branch Offices) 

Fatnlr Super · Pnclaton 
MM201Wl· CR aprlnC· 
loaded ball beartnc, 
apedft~d for the Pope 
Machinery Company 
wheelhead Illus trated . 

The Fafnir Bearing Campan)l 
consists of six plants - all 
locateCI in or near New Britain, 
Connecticut. Manufacturing 
space (including a new instru· 
ment bearing division) totals 
mare than 1,250,000 square feet. 

Backed by the extensive pro· 
duction and research facilities 
of a company recognized as 
one of the foremost in its field, 
Fafnir engineers have enjoyed 
a long-standing reputation as 
bearing experts se(ving not just 
one or two, but all fields of 
industry . 

Perhaps Fafnir offers you the 
opportunities you wont in en· 
gineering and sales engineer• 
in g. We'd be glad Ia hear from 
you. 

FA F N I R ~ MOST COMPLETE LINE IN AMfiiiCA 

BALL BEARING .S ~ 
Legs are appendages that are ex

tremely necessary to basketball play
ers and to girls who are trying to get 
to first base. 

In the Fourteenth Century there was 
a king who liked very much to hunt 
wild game. This selfish ruler wanted all 
the wild game for himself, so he issued 
a proclamation that made hunting a 
crime, punishable by death. The poor 
starving peasants soon got tired of this 
set-up so they kicked the king out of 
office. And so, this became the first in
stance on record where the reign was 
called on account of game. 

A young lady with a touch of hay 
fever took with her to a dinner · party two 
handkerchiefs, one of which she stuck in 
her bosom. At dinner she began rum
maging to the right and to the left in 
her bosom for the fresh handkerchief. 
Engrossed in her search, she suddenly 
realized that conversation had ceased 
and people were watching her, fasci
nated. 

In confusion she murmured, " I know I 
had two when I came.'' 

MINNEAPOLIS 
BLUE PRINTING CO. 

612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KUEFFEL & ESSER CO . . 
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Special 
Steels 
for 
Armament 
for 
Jndostr~ 

for the 
Home 

Spectacular Begnning 
of a SPECTACULAR STEEL 

An t;lectric furnace puts on a terrific show when we drop in a charge (as 
above) but it's only indicative of the great performance the steel will give 
later in service. For these are the high-alloy steels, stars of the metal 
world ... the steels that give you so much more than they cost in resisting 
corrosion, heat, wear or great stress-or in providing special electrical 
propertie~. • That may be the field you'd like to enter in your business life. 
In any case, remember that whenever a finer steel is needed to cut costs, 
improve quality, or add sales appeal, we're the people to see. Allegheny 
Ludlum Steel Corporation, Oliver Bldg., Pittsburgh 22, Pa. 

PIONEERING on the Horizons of Steel 

Allegheny Ludlum 
MINNESOTA TECHNOLOG 



UNIVERSITY OF CALIFORNIA RADIATION LABORATORY· Berkeley Livermore 

Could you contribute 

new ideas to these new fields? 

Nuclear 11Jeapo~s 
Nuclear Rocket Propulsion 

Controlled thermo-nuclear energy 

Particle accelerators 

High-speed digital computers 

Critical assembly and reactor research 

These are six of the challenging projects now underway 
at the University of California Radiation Laboratory
managed and directed by some of America's foremost 
scientists and engineers. 

to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature. You are invited to join them ... share their pioneering 

And for your family-there's pleas
ant living to be had in Northern Cali
fornia's sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac
tions of the San Francisco Bay Area. 

knowledge in nuclear research ... use their expansive facilities 
... and help to do what has never been done before. 

IF YOU are a MECHANICAL or ELEC

TRONICS ENGINEER, you may be in
volved in a project in any one of 

these fields, as a basic member of the 
task force assigned each research prob
lem. Your major contribution will be to 
design and test the necessary equip
ment, which calls for skill at improvis
ing and the requisite imaginativeness 
to solve a broad scope of consistently 
unfamiliar and novel problems. 

If you are lf'PHYSICIST or MATHEMA

TICIAN you may be involved in such 
fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
photography (including work in the 
new field of shock hydro-dynamics), 
reaction history, nuclear physics, criti
cal assembly, high current linear ac
celerator research, and the controlled 
release of thermo-nuclear energy. 

If you are a CHEMIST or CHEMICAL 

OCTOBER 1956 

ENGINEER, you will work on investiga
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob
lems of nuclear rocket propulsion, 
weapons and reactors. 

In addition, you will be encouraged 

You can help develop 
tomorrow-today at UCRL 

Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy. 

22-1-1 

DIRECTOR OF PROFESSIONAL PERSONNEL 
UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 

LIVERMORE, CALIFORNIA 

Please send me complete information describing UCRL facilities, 
projects and opportunities. 

My fields of interest are'---------------------

Name---------------------------

Address'--------------------------

City--------------Zone--State _______ ..:... 
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3 BIG 
STEPS 
to success as an ENGINEER 
1. AMBITION-it is assumed you have this in 
abundance or you wouldn't be where you are. 

2. GOOD SCHOOL-you are fortunate studying 
in a fine school with engineering instructors of national 
renown. 

3. THE A.W.FABER-CASTELL HABIT-shared 
by successful engineers the world over. It only costs 
a few pennies more to use CASTELL, world's finest 
pencil, in 20 superb degrees, 8B to IOH. Choose from 
either imported #9000 wood-encased, Locktite Refill 
Holder with or without new Tel-A-Grade degree In· 
dicator, and imported 9030 drawing Leads. 

If you hope to be a master in your profession, use 
CASTELL, drawing pencil of the masters. If your 
College store is out of CASTELL, write to us. 

ENGINEERS, ARISE! 
Who thinks that without his product we would all be in 

the lurch? 
Who has a heathen idol when he designates research? 
Who tints the creeks, perfumes the air and makes the 

landscape drear? 
The stink-evolving, grease-dissolving chemical engineer. 
Who takes the pleasure out of life and makes existence 

hell? 
Who'll fire a real good looking one because she cannot 

spell? 
Who substitutes a dictaphone for a coral tinted ear? 
The penny-chasing, dollar wasting industrial engineer. 
Who is the man that designs our pumps with judgment, 

skill, and care? 
Who is the man that builds them and keeps them in re

pair? 
Who has to shut them down because the valve seats disap

pear? 
The bearing-wearing, gearing-tearing, mechanical engineer. 
Who buys his juice for half a cent and wants to cllarge a 

dime? 
Who, when we have signed a contract, can't deliver half 

the time? 
Who thinks the loss of twenty-six percent is really nothing 

queer? 
The volt-inducing, load-reducing electrical engineer. 
Who takes a transit out to find a sewer line to tap? 
Who then with extreme care locates the junction on a 

map? 
Who is it that goes to dig it up and finds it nowhere ncar? 
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GENERAL 
BOOKBINDING 

Gold lettering - Stamping 

Tooling 

WE BIND 
Medical 
Chemical 
Magazines 

Theses 
Pamphlets 
Text·Books 

law Reviews 

COVERS - ALBUMS - BLANKBOOKS 
Made to your specifications 

ERICKSON 
BINDERY 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. GE. 5765 

The mud-spattered, torn and tattered civil engineer. 
Who is the man that will draw a plan for anything you 

desire? 
From a trans-atlantic liner to a hairpin made of wire? 
With " ifs" and "ands," "how'ers" and "buts" who makes 

his meaning clear? 
The slapstick-sliding, art-deriding, hardboiled engineer. 

A drunk in the Empire State Building stepped into 
an elevator shaft and dropped thirty stories to the 
basement. When he landed, he shook his fist and re
marked, "I shaid up, not down!" 

THE TYPOGRAPHICAL ERROR 
The typographical error 
I s a slippery thing and sly 
You can hunt it 'til you're dizzy 
But it somehow will get by, 
'Til the plates are off the presses 
It is strange how still it keeps, 
It shrinks down in a corner 
And it never stirs or peeps. 
The typographical error, 
Too small for human eyes 
'Til the ink is on the paper 
When it grows to mountain size. 
The remainder of the issue 
May be clean as clean can be, 
But the typographical error 
I s the only thing you sec. 
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POWER • •• 
one of 3 great 

growth Industries 

ATOMIC POWER-Allis-Chalmers model of Argonne National Laboratory's ex
perimental boiling water reactor power plant. Allis-Chalmers is supplying specialized 
equipment for the power cycle: generation, heat transfer, transmission, controls. 

GO with the company 
that's strong in all three! 

Hitch your future in engineering to the growth of the U.S. A.
and to a company that supplies the basic needs of growth! 

This nation is growing at the rate of 50,000 people every 
week! To supply the needs of these people: 

Electric power generation will double by 1965. 

A multi-billion dollar program of new highway construction 
is planned within the next ten years. 

Manufacturing output will have to increase by $3.5 billion by 
this time next year. 

And Allis-Chalmers builds major equipment for all of these 
growth industries! Some examples are pictured here. 

Here's what Allis-Chalmers offers to Young Engineers: 
A graduate training course that has been a model for industry 
since 1904. You have access to many fields of engineering: 
electric power, hydraulics, atomic energy, ore processing. 

There are many kinds of work to try: design engineering, 
application, research, manufacturing, sales. Over 90 training 
stations are available, with expert guidance when you want it. 
Your future is as big as your ability can make it. 

Or, if you have decided your field of interest and are well 
qualified, opportunities exist for direct assignments on our 
engineering staff. 

In any case-learn more about Allis-Chalmers. Ask the A-C 
manager in your territory, or write direct to Allis-Chalmers, 
Graduate Training Section, Milwaukee 1, Wisconsin. 

CONSTRUCTION demands the vast tonnages 
of cement produced with Allis-Chalmers rotary 
kilns and other processing machinery. 

MANUFACTURING depends upon the reli· 
able power of electric motors-like these 5000 
hp Allis-Chalmers giants powering a rolling mill. 

ALLIS· CHALMERS 
OCTOBER 1956 
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Career with 
A Future 

TODAY, the graduate of an engineer-
ing or technical school can make 

no more promising choice of careers 
than the modern petroleum industry 
... with its amazing new otfspdng, 
petrochemicals. This is. truly the 
"industry of the future." 

Phillips Petroleum Company is one 
of America's great integrated oil com
panies, engaged in exploration, pro
duction, manufacturing and distribu
tion of many types of petroleum 
products; and Phillips leads in the 
fast-growing petrochemical field. The 
company is a major factor in the fields 
of synthetic rubber, carbon black, 
chemical fertilizers, plastics, rocket 
fuels and special chemicals. Phillips 
also is active in the field of atomic 
energy and operates one of the gov
ernment's major reactor installations. 

At Phillips Yon choose your career 

At Phillips you can decide among 
many promising careers in an industry 
with an unlimited future. And Phillips 
policy of "promotion from within" 
offers you the opportunity for ad
vancement to positions of increasing 
responsibility and importance. 

PHILLlPS PETROLEUM COMPANY 

Bartlesville, Oklahoma 

Send this coupon for the new booklet 
"Career with a Future," describing 
your opportunities with Phillips. 

D. R. McKeithan 
Technical Employment Consultant 
Phillips Petroleum Company 
Bartlesville, Oklahoma 

Dear Mr. McKeithan: Please send me your new book
Jet "Career with a Future." 

Name •.••••....•.•. • • • •• • ••••••• • •••••••••••.•••••• 

Street and Number .• •• ....• ••• .••.••• • • • ...•.•••• • ••• 

City •••••••• • ••••••••••••••••.. • State • • •.•..••••••••• 
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Overheard on the Mall : "If 1 told you 
that you had a good figure would you 
hold it against me?" 

Student Nurse: "Every time I bend 
over to listen to his heart, his pulse 
rate goes up alarmingly. What should 
I do:" 

Intern: "Button your collar." 

Prof: "These reports should have 
been written so that even a high-grade 
idiot could understand them." 

Engineer: "Yes, sir, What part don't 
you understand?" 

"Waiter," said a testy patron, "I must 
soy I don't like all the flies in this dining 
room." 

"Tell me which ones you don't like," 
said the conciliatory waiter, "and I'll 
chase them out for you." 

L et's cut classes, Paul, and take in 
a movte. 

Can't do it old boy; I need the 
sleep. 

Nobody ever kissed a girl unexpect
edly. The closest you can come to it is to 
kiss her sooner than she expected. 

Now that you've absorbed the col
lege humor, why not try the rest of 
the magazine? It's not half bad . . . . 

Girl (in very dark room): "Take your 
hand off my knee. No, not you . YOU!" 

First Inmate: "And what are you 
doing now?" 

Second Inmate: "Buying old wells, 
sawing t hem up, and selling them for 
post holes." 

It has been said that the first Scotch
man to use free air at a service station 
blew out four tires. 

M .E. : "May I take you home? I 
like to take experienced girls home." 

Coed: "But I'm not experienced." 
M .E .: "You're not home yet ." 

Poppa bear: "Who's been drinking 
my beer?" 

Momma bear: "Who's been drink
ing my beer?" 

Baby bear: "Barf." 

I'm sorry, Mrs. Smith, but it would 
never have happened if you hadn't 
walked between me and the spitoon. 
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ENGINEERS and SCIENTISTS: 

• 
••• IS 

nurtured 
into 

leadership 
at 

SYlVANIA 

the spark of promise 
that starts H(RI ... 

... where interesting and 
diversified technical work 

in advanced promising fields 
dynamic young management and 

decentralized operations . .. 
help create the interesting 

position you want mostl 

Get all the facts by sending for our booklet- "Today and Tomorrow with 

Sylvania." Make an appointment ·through your placement director to see the 

Sylvania representative on his visit to your campus-

r------------------------------, I Electrical Engineers • Mechanical Engineers • Chemical Engineers • Chemists I 
1 Metallurgists • Physicists • Ceramic Engineers • Industrial Engineers l 
L--------------~-------------~ 

~SYLVANIA~ 
SYLVANIA ELECTRIC PRODUCTS INC. 

1740 Broadway, New York 19, N. Y. 

LIGHTING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY 
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REPORT 

Ill~ 11155 11156 11157 

RESEARCH AND DEVELOPMENT PERSONNEL The above 
curve shows the growth in Ramo- Wooldridge personnel 
which has taken place since our Progress Report one year 
ago. A significant aspect of this growth is the increase in 
our professional staff which today is made up of 150 
Ph.D:s, 240 M.s:s and 310 B.S:s or B.A:s. Members of the 
staff average approximately ten years' experience. 

FACILITIES Within the past few months, construction has 
been completed at our Arbor Vitae complex, which now 
consists of eight modern buildings of 350,000 square feet, 
four of which are illustrated at the bottom of the page. 
Nearby is the R-W flight test facility, including hangar, 
shop, and laboratories, located on a 7 -acre plot at Inter
national Airport. 

To provide additional space for our continuing growth, 
construction has been started on an entirely new 40-acre 
Research and Development Center, located three miles 
from the Arbor Vitae buildings. The photograph above is 
of a model of the Center, which we believe will be one of 
·the finest research and development facilities in the coun
try. The first three buildings, now under construction, will 
·total250,000 square feet. 

A second major construction program is underway on a 
manufacturing plant for quantity production of electronic 

systems. The initial unit of the plant, located in a 640-acre 
site in suburban Denver, Colorado, will be completed next 
spring and will contain approximately 150,000 square feet. 

PRO.JECTS Our current military contracts support a broad 
range of advanced work in the fields of modern commu
nications, digital computing and data-processing, fire con
trol and navigation systems, instrumentation and test equip
ment. In the guided missile field, Ramo-Wooldridge has 
technical direction and systems engineering responsibility 
for the Air Force Intercontinental and Intermediate Range 
Ballistic Missiles. Our commercial contracts are in the fields
of operations research, automation, and data processing. 
All this development work is strengthened by a supporting 
program of basic electronic and aeronautical research. 

THE FUTURE As we look back on our first three years of 
corporate history, we find much to be grateful for. A wide 
variety of technically challenging contracts have come to 
us from the military services and from business and indus
try. We have been fortunate in the men and women who 
have chosen to join us in the adventure of building a com
pany. We are especially hqpy about the seven hundred 
scientists and engineers who have associated themselves 
with R-W. Their talents constitute the really essential ingre
dient of our operations. We plan to keep firmly in mind the 
fact that the continued success of The Ramo-Wooldridge 
Corporation depends on our maintaining an organizational 
pattern, a professional environment, and methods of oper
ating the company that are unusually well suited to the 
special needs of the professional scientist and engineer, 

The Ramo-Wooldridge Corporation 
15730 ARBOR VITAE ST. • LOS ANGIELI£15 4B. CALIF. 
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lhe rifle barrel steel that makes hunting more fun 

A .30/06 rifle can get heavier toward nightfall! 
That's why a prominent gunsmith never gave up 
looking for a new steel-one that would be lighter, 
would machine readily, and yet would take t~e 
enormous firing stresses of even heavier calibers. 

Steels normally used for lightweight barrels gave 
all kinds of trouble to the gunsmith: distortion, 
poor finish, high tool costs, trouble with drilling, 
reaming, rifling. They took this problem to Timken 
Company metallurgists-and got the perfect 

solution. 

This TIMKEN® rifle 
barrel steel is free 

from internal stresses 
Developed by the Timken Company, this new steel 
(center barrel, in picture) made possible a rifle 
barrel 6" shorter, 2 lbs. lighter than the previous 
barrel of the same caliber (left). It withstands the 
wear of thousands of rounds of firing. Machines 
to highest accuracy-and to high finish beauty. 
Machines without distortion. Drills, reams and 
rifles perfectly. Proof tests to 70,000 lbs. per sq. 
inch for safety in a .30/06. Has handled overloads 
up to 100,000 lbs. per sq. inch. Timken Company 
metallurgists are leading specialists in fine alloy 
steels ... as this remarkable new steel will testify. 

Want to learn more about steel 
or iob opportunities? 

Some of the engineering problems 
you'll face after graduation will in
volve steel. "The Story of Timken 
Alloy Steel Quality" will help you 
learn more about steel. And you 
might be interested, too, in the 

excellent job opportunities de
scribed in "Career Opportunities 
at the Timken Company". Drop us 
a card, ask for one or both book
lets. The Timken Roller Bearing 
Company, Canton 6, Ohio. 

oTIMKEN Fine 
Alloy TEEL 

TIADE ·MARK REG U S. PAT Off. 

SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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A LOOK 
AT FUTURE 

DESIGN 
How to prepare for it 

N EEDS for even more efficient ma
chinery are daily presenting new 

demands on the ingenuity of machine 
designers. In the same way, products 
themselves must incorporate even 
greater economies in materials and in 
manufacture to help keep pace with 
the pressures of growing competition. 
This trend in design thinking, there
fore, poses a promising challenge to 
the student engineer. 

Rapid strides in the use of welded 
steel construction point the way to a 
brilliant opportunity to pioneer new 
concepts in the field of product design 
engineering. Fundamentally, steel it
self is the most economical material 
for many products, based on steel's 
inherently high strength, rigidity and 
low cost. The challenge, of course, is 
how to utilize the steel to its maximum 
advantage. 

Here welding holds the answer to 
new savings in cost of manufacture. 
New welding electrodes, new welding 
techniques being introduced almost 
daily offer new avenues to obsolete 
production methods of long standing. 
Typical savings through the use of 
welded steel are shown in the follow
ing example. 

All-welded headstock for power drive 
is made from 16 gauge sheet. Esti
mated to be 20% more rigid, weigh 
28% less, cost 44% less than cast iron 
design. Photo courtesy Oster Manu
facturing Company, Cleveland, Ohio. 

It is to your advantage to keep pace 
with the progress of welding tech
niques. You can start with helpful 
manuals and bulletins available to 

' you by writing .•• 

THE LINCOLN ELECTRIC COMPANY 
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Dept. 6200, Cleveland 17, Ohio 

The World's Largest Manufacturer of 
Arc Welding Equipment 

WANT ADS 

Ads will be printed free of charge in this space for 

all IT students. Write up your add and bring it to the 

'LOG office, 2 ME. 

FOR SALE: Complete 31,4 x 41,4 Speed Graphic outfit: 

127 mm f 3.5 Ektar lens with solenoid and X synchronization, 

Heiland flash gun, 5 film holders, pack adapter, and carry

ing case; like new. ST 9-3735. 

Temperance Lecturer : "And in con· 
elusion, my dear fellows, I will give you 
a practical demonstration of the evils 
of Demon Rum. 

"I have here on the table two glasses. 
One is filled with whiskey, and the other 
with water. I will now place an angle 
worm in the glass of water. See how it 
dives, squirms, vibrates with the very 
spark of life. 

"Now, I place a worm in the glass of 
whiskey. See how it curls up, writhes in 
agony, and finally dies. Now young 
man," pointing to a student in the front 
row, "what moral do you get from this 
story?" 

Student: "If you don't want worms, 
drink whiskey." 

He: "Joe's a lad with a head on 
him?" 

Him: "Why not? His dad's a brew
er." 

Pre-Med Student: "You girls wouldn't 
care to go with us, would you?" 

Arts Student: "Would you girls care to 
go with us?" 

Engineer: "Where do we go, you lucky 
girls?" 

Definition of an extreme optimist: 
A man who sits in the back row ·of 
a burlesque house and winks at the 
chorus. 

Overheard on the radio the other 
day: A commentator in England stated 
that a hotel there boasted they now 
have running ice water in every room. 
"That's nothing," he said. "Lot's of 
British hotels have running ice water 
in every room. You can't drink it, 
but you can feel it- in the radiators!" 

It seems a traveling salesman was 
journeying along a country road in 
the midst of a howling storm when he 
came to a washed-out bridge. He 
could not remain in the car so he got 
out and went to the nearest farm
house. An old, wrinkled man an
swered the door. 

"I'm looking for a place to spend 
the night," said the salesman. 

"Well, you can stay here," said the 
farmer, "but you'll have to sleep with 
my three sons." 

"With your three sons!" 
"That's right." 
"Excuse me," said the salesman, "I 

must be in the wrong joke." 

MINNESOTA TECHNOLOG 



Another engineering first-the Boeing iet transport-tanker 

The KC-135, shown on the production 
lines of Boeing's Transport Division, is 
America's first jet transport-tanker. It 
gives the Air Force a refueling craft that 
matches the performance of today's jet
age fighters and bombers. In its transport 
role, the KC-135 becomes our defense 
forces' first personnel and critical-cargo 
carrier geared to the speed and altitude 
demands of jet-age operations. 

Boeing production engineers - who 
helped turn out 888 piston-driven tankers 
in this same Transport Division plant -
are now working full time on jet-powered 
aircraft. Boeing's big and growing back
log of orders for both commercial and 
military aircraft creates constantly ex
panding opportunities for production en
gineers of all types- civil, mechanical, 
electrical, aeronautical, industrial. 

OCTOBER 1956 

At Boeing, production engineers find 
the kind of challenge that helps them 
grow in professional stature. They en
joy the satisfaction of working on such 
nationally important projects as the B-52 
eight-jet intercontinental bomber, the 
707, America's first jet airliner. Guided 
missiles, supersonic and nuclear-powered 
aircraft are other Boeing projects with a 
long-range, exciting future. 

Here's some measure of your advance
ment potential at Boeing: during the last 
I 0 years, the number of Boeing engineers 
has increased 400%. With that kind of 
growth, there are always oppprtunities for 
advancement. They could be your op
portunities, for Boeing promotes from 
within. Every six months a merit review 
gives you an occasion for recognition, 
advancement, increased income. 

At Boeing, you live in progressive, 
young-spirited communities, with good 
housing and recreational activities. You 
work with men outstanding in the world 
of engineering, on projects of tremendous 
importance to your country. You look 
forward to one of the most liberal retire
ment plans in the industry. There's job 
stability, and a limitless future, at Boeing 
- in production, and in design and re
search as well. 

For further Boeing career information 
consult your Placement Office or write: 

JOHN C. SANDERS, Staff Engineer- Personnel 
Boeing Airplane Company, Seattle 24, Wash. 

F. B. WALLACE, Staff Engineer- Personnel 
Boeing Airplane Company, Wichita, Kansas 

A. J. BERRYMAN- Admin. Engineer 
Boeing Airplane Company, Melbourne, Florida 

IIDEINO 
Aviation leadership since 1916 

Seattle, Washington Wichita, Kansas Melbourne, Florida 
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HARVARD 

M.I.T. 

.RAYTHEON 
GRADUATE 
PROGRAM 
FOR STUDY AT HARVARD 

AND M. I. T. IN 1957·58 

The Raytheon Graduate Program has been established 
to contribute to the technical development of scientists 
and engineers at Raytheon. It provides the opportunity 
to selected persons employed by Raytheon, who are 
accepted as graduate students by Harvard or M.I.T., 
to pursue, at Raytheon's expense, regular courses of 
study leading to a master's degree in science or engi
neering in the institution of their choice. 

The Program requires, in general, two or three semes
ters of study, depending on circumstances, with the 
summer months spent in the Company's research, en
gineering, or manufacturing divisions. It includes full 
tuition, fees, book allowances and a salary while at 
school. Students also receive health, accident, retire
ment and life insurance benefits as well as l}nnual 
vacation and other privileges of full-time Raytheon 
employees. 

To be considered for the Program, applicants must have 
a bachelor's degree in science or engineering, and should 
have outstanding student records, show technical prom
ise, and possess mature personal characteristics. They 
must be under 30 years of age on September 15 of the 
year admitted to the Program. They may apply for 
admission to the Program in anticipation of becoming 
employees of Raytheon. 

YOU ARE INVITED TO ADDRESS YOUR INQUIRY 
to Dr. Ivan A. Getting, Vice President, Engineering 
and Research, outlining your technical background, 
academic record, school preference, and field of interest, 
prior to December 1, 1956. 

Excellence In Electronics - RAYTHEON MANUFACTURING COMPANY 
WALTHAM 54, MASSACHUSEnS 
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Challenging new projects 

The first man-made satellite to be launched by the 
U. S. in 1957 will be directed into its orbit by an 
ultrasensitive missile guidance system developed 
and manufactured by Honeywell. And that is just 
one of the exciting projects in progress at Honeywell. 
They include new instruments basic to automation, 
new firing control systems for national defense 
and new concepts in controls for heating and air 
conditioning offices, homes, buses, trains and ships. 

The latest in scientific equipment 

One of the largest installations of analog computers 
in private industry is an example of the kind of 
facilities and equipment available to Honeywell en
gineers. This installation has 250 computer ampli
fiers plus extensive nonlinear components and 
simulator tie-ins. Equipment like this enables our 
engineers to tackle confidently projects that are 
pushing back frontiers of physical science in fields 
that range from automation to the conquest of space. 

fjl .... ·.···················'·'·'·'·'·'·'·'·'·'·'''"'''""'""""' 
Inside 

Honeywell 
A graphic review of your 
career advantages at the 
world's leading maker of 
automatic controls. 

Outstanding associates 

Dr. Finn Larsen, head of the Honeywell Research 
Center, directs an extremely capable staff of physical 
scientists in fundamental research projects dealing 
with semiconductors, solid state and magnetic and 
dielectric materials. Working with men iike this in 
small groups at Honeywell gives you a tremendous 
backlog of experience to draw on for aid in devel
oping your own ideas. It stimulates your own 
creativity, helps you realize your fulJ potential. 

OCTOBER 1956 

Send for free booklet 

To learn more about Honeywell 
opportunities, see our representative 
when he next visits your campus. And 
write today for our booklet, 
"Your Curve of Opportunity." 
Write H. T. Eckstrom, Personnel 
Administrator, 2753 4th Avenue South, 
Minneapolis 8, Minnesota. 

Choice of location 

Honeywell's fifteen divisions are located throughout 
the United States with factories in Canada, Japan 
and Europe. And, whichever division of Honeywell 
you choose, you can expect a first-rate salary plus 
liberal benefits to insure a prosperous future. Re
member this, too. Honeywell's wide diversification 
offers opportunities for rapid advancement in a 
company whose growth is not dependent on just 
one facet of our country's technological progress. 

noneyweii 
[D.] First in Controls 
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THAT TITLE above refers to what I'm now going to 
say about present-day radio, popular music, and car 
design. (I'm agin 'em all!) 

With regard to radio, I and a goodly number of other 
people still have not forgiven WDGY for cancelling its 
evening classics program. (For the purpose of this edi
torial jazz is considered classical.) There are about 10 or 
11 stations easily received in the Twin Cities area, and 
each of these broadcasts from 10 to 24 hours a day. Taking 
150 hours as the average total broadcasting per day, the 
2lh hours of classics lost are about 1.7 per cent of the 
material broadcast. 

"Just a minute," the stations will cry. "One station car
ries a classics program in the evening from 11 to 12 and 
another has at least an hour and a half each afternoon." 

This is true, but one is seldom allowed to have a radio 
in class, and those who have first hour classes don't make 
staying up until midnight every night a regular policy, 
either. 

Since early evening radio time is presently devoted 
almost solely to rock 'n' roll and other low-type disk
jockey "shows"(?), the station that pioneered a break from 
this monotony would draw a good audience. To the com
plaint that classical music programs don't pay, because of 
no advertising, I reply, "Why don't the stations try to get 
advertisers whose products and message are designed to 
appeal to the audience involved!" 

(P. S. : Note to advertising writers: Please, don't beat 
the commercials you do obtain into raucous over-staged 
blasts.) 

Why rock 'n' roll? The lyrics fall down on grammar, 
syntax, meaning, and wholesomeness. If the beat of these 
"things" is supposed to be their essential reason for being, 
why have lyrics at all? (This would remove about 95 per 
cent of the objections to RnR.) 

Another thing that makes radio and popular music so 
objectionable is the stations' insistence that they play only 
records in the Top 40. Since the Top 40 is to a good part 
determined by what's played on the radio, how are any 
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new tunes going to come to the fore??? (Let's face it, 
boys, here you are goofing). 

WITH RESPECT to new car design, I ask the follow
ing question: 

Designers, have you forgotten the primary purpose of 
the automobile, namely, an instrument of transportation? 

Every year cars longer, lower, wider, with the rear 
fenders sticking up higher and higher. It is hard to make 
critical comments on car design; the designs are their 
own parodies. 

Rather than the objectives of power, style (?), and 
gadgetry, 0 designers, why don't you try for: 

1. Driver visibility 

2. Manuverability 

3. Passenger comfort 

4. Ease of servicing and repair 

5. Durability 

Evidently the ideal of streamlining was cast out when 
higher power became available. Instead of the teardrop 
shape, we now have the dome-on-a-brick and spaceship
type blobs. (If streamlining ever comes back, how about 
streamlining underneath, too?) 

Size, manuverability, and passenger comfort are in
timately related; the trend has gone to the extreme of 
width and lowness, making it easy for the passenger to 
bump his head. With people getting taller, it would seem 
that cars should, too. 

A service-station friend of mine comes forth moaning 
and groaning about oil filters: Where are they, and how 
are they to be gotten out, once found? Is copper tubing 
so expensive that the filter cannot be made accessible 
from above? 

THUS ENDETH the First Book of Lamentations. From 
time to time more of the same will follow, but I hope I will 
be able to fill this space with something a little less de
pressing. (Nevertheless, it still might be controversial, and 
I will welcome letters to the editor in rebuttal.) 

Wm.C. 
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Photography moved in, and ... 
Out went the Doubts about Payroll Arithmetic 

With some 2000 counters on their looms, the Fulton Bag and Cotton Mills faced the task of fast and accu
rate readings. Camera and film do the job in a fraction of former time and provide a conclusive record. 

At Fulton Bag and Cotton Mills, employees are paid 
according to hand and pick "clocks" on their looms. It used 
to take 24 man-hours daily to read those meters. And there 
was always the chance of human error that could not be 
confirmed or denied at a later date. 

So photography was put to work. Now the click of a 
camera shutter gets an accurate permanent record. No 
more doubts-no room for suspicion-everyone is happier. 
And "reading time" has dropped two-thirds. What's more, 
this has given Fulton a daily loom-by-loom check on the 
efficiency of its machines. 

Building employee morale, checking efficiency, saving 
time and money are just samples of what photography is 
doing for business and industry. 

A motion picture camera, adapted for single shots with 
"strobe" flash, snaps thousands of readings on a roll of film. 

Behind the many photographic products becoming 
increasingly valuable today and those planned for 
tomorrow lie challenging opportunities at Kodak 
in research, design, production, and business. 

If you are interested in these interesting opportuni
ties-whether you are a recent graduate or a quali
fied returning serviceman, write to the Business and 
Technical Personnel Dept. 

Eastman Kodak Company, Rochester 4, N.Y. 



ATOMIC RESEARCH at General Electric com
plements Paul Hess' Honors Program Studies. 

MASTER'S STUDY at nearby college helps 
contribute to Hess' professional growth. 

WITH GENERAL ELECTRIC'S HONORS PROGRAM-

You obtain a master's degree, tuition-free, in 18 
months while earning up to 75% of full-time salary 
FACTS ABOUT HONORS PROGRAM 

• Study at a recognized 
university 

• Obtain Masters Degree in 18 
months 

• G.E. pays tuition, fees, and 
books 

• Work 20 to 26 hours per 
week. 

• Earn up to 75% of full-time 
salary 

• Eligible for all employee 
benefits 

MAIN LIBRARY 

'I' #"I"P\I .. A 

To help outstanding engineers and 
scientists improve their technical com
petence in the face of industry's in
creasingly complex engineering prob
lems, the General Electric Company has 
inaugurated a new Honors Program for 
Graduate Study. The Honors Program 
offers high calibre technical graduates 
the opportunity to complete the re
quirements for a Master's Degree in one 
and one-half years while working part
time on a G-E engineering assignment. 

Here is what the program means to 
you, the technical graduate. If you 
qualify, you will attend one of several 
recognized universities located near 
General Electric plants throughout the 
nation. Carrying approximately one
half an academic load and doing your 
thesis work during the summer, you 

could obtain your Master's Degree in 18 
months. General Electric pays for 
tuition, fees, books and other expenses 
related to your studies. 

During the school term you will 
work 20 to 26 hours a week on a reward
ing engineering assignment. Since your 
earnings are proportional to hours 
worked, you can attain up to 75% of a 
regular annual wage through full-time 
employment during summer vacations. 
You are also eligible for all employee 
benefits. 

For more information on General 
Electric's Honors Program, which has 
been designed to help outstanding men 
develop to their fullest capabilities, 
consult your Placement Director or 
write W. S . Hill, Engineering Services, 
General Electric Co., Schenectady, N.Y. 

956-10 

Progress Is Ovr Mosf lmporl#lnf 'Protlv~f 

GENERAL fl ELECTRIC 





Leroy J. Sauter, class of '49, 

speaks from experience when he says~ 

"The variety of jobs open to engineers 

with United States Steel 

offers satisfaction and a great future." 

I N 1949, Leroy J. Sauter was grad
uated from the University of Pitts

burgh with a B .S. in Metallurgical En
gineering. Today, Mr. Sauter holds the 
important post of Superintendent, 
Open Hearth and Bessemer D epart
ment at National Works of United 
States Steel's National Tube Division. 

Before his college days, and as far 
back as October, 1939, Mr. Sauter was 
employed as a chipper, a molding 
helper, and helper on an electric fur
nace at the United States Steel's Johns
town Works. Then, from 1943 until 
1945, he served in the U. S. Navy. He 
entered the University of Pittsburgh in 
1946, graduating within three years. 

In February of 1949, Mr. Sauter was 
employed by United States Steel as a 
student engineer. In October, 1950, he 
became a process engineer in the Open 
Hearth and Bessemer Department. In 
April, 1952, he was advanced to prac
tice engineer in the same department, 
and three months later, July, 1952, 
Mr. Sauter was appointed Assistant 

Superintendent of the Open Hearth and 
Bessemer Department. His elevation to 
his present position of Superintendent 
of this department occurred in D ecem
ber, 1955. 

Today, Mr. Sauter supervil)es 316 
men, being responsible for and assur
ing the productivity, quality of product, 
and general morale of this group. His 
responsibility further extends to the 
complete operation of his department, 
operating costs, meeting ingot require
ments and complete scheduling of 
equipment. 

Mr. Sauter's rapid advancement is 
not unusual at United States Steel. 
USS training programs make it possi
ble for men of vision and energy to 
reach responsible goals within a mini
mum of time. Mr. Sauter says, "With 
the vast expansion of the steel industry, 
opportunities to men presently grad-

uating from colleges and universities 
throughout the country as engineers 
are unlimited. United States Steel offers 
such engineers the opportunity to prac
tice using a large variety and range of 
specific engineering talents. In the steel 
industry practically every craft known 
to man is utilized." 

If you are interested in a challenging 
and rewarding career with United 
States Steel and feel that you can 
qualify, you can obtain further infor
mation from your college placement 
director. Or we will gladly send you our 
informative booklet, "Paths of Oppor
tunity," upon request. Just write to 
United States Steel 
Corporation, Personnel 0 
Division, Room 1622, 
525 William Penn 
Place, Pittsburgh 30, 
Pennsylvania. 

UNITED STATES STEEL 
SEE THE UNITED STATES STEEL HOUR. It's a full-hour TV program presented every 
other week by United States Steel. Consult your local newspaper for time and station. 

AMERICAN BRIDGE •• AMERICAN STEEL & WIRE and CYCLONE FENCE •• COLUMBIA-GENEVA STEEL •• CONSOLIDATED WESTERN STEEL • • GERRARD STEEL STRAPPING •• NATIONAL TUBE 

OIL WELL SUPPLY • • TENNESSEE COAL & IRON •• UNITED STATES STEEL PRODUCTS •• UNITED STATES STEEL SUPPLY •• DivlsiOM ol UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEL HOMES, INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT COMPANY 



MISSILE 

SYSTEMS 

FLIGI-IT 

CONTROLS 

G. D. Schott (second from left). Flight Controls Dept. Head, discusses new 
techniques in the mechanization of autopilots with R. D. Wertz (left). 
Flight Controls Research Engineer; R. J . Niewald. Flight Controls Analysis 
Section Head. and B. C. Axley, Servomechanisms Analysis Group Engineer. 

One of the most critical problems encountered in the development 
of a successful missile system involves attail)ing rapid responses of 
controls consistent with system stability. Moreover, it 'is a problem 
of increasing importance as new aerodynamic configurations 
require major advances in flight controls performance. 
At Lockheed, Flight Controls engineers are developing unique control 
methods to cope with this growing problem. Their expanded activities 
have created new positions for those possessing experience and 
a high order of ability in: 

• Hydraulic servomechanisms 
• Circuit design 
• Aerodynamic stability and control 
• Flight analysis 
• Autopilot simulation 

Positions are open in flight controls and virtually every field of 
engineering and science related to missile systems. 

research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION 

YAN NPYS • PALO AJ.'J'O • ~ll:SNYVAI.B, CAJ.ll•'OR:SIA 



At Wisconsin Electric Power Company, success is a journey 
. . . not a destination. Since all of our engineering work is 
performed by our own engineers, each step along the way is 
marked with the kind of opportunities that breed success. 

Problems are here for you to solve . . . rewards are here 
for you to earn. Opportunities for personal growth and 
advancement are unlimited ... 

You will find working at Wisconsin Elec
tric Power Company a very satisfying ex
perience because most of your time will be 
spent on actual engineering problems. For 
example, you may be engaged in designing 
and building power plants, substations, 
transmission and distribution lines. You 
may be called upon to solve a wide variety 
of chemical engineering problems. 

You may be engaged in creating rate 
schedules, in special engineering and eco
nomic studies. You may work with the 
challenging engineering problems of our in
dustrial and commercial customers. 

As you grow in stature, you may design 
electric systems, supervise operations. It 
is quite possible you may take part in the 

development of the exciting new techniques 
of producing electric power from the atom. 

If you have a desire to put your educa
tion to work and to keep on learning . . . 
success is bound to accompany you every 
step of the way in your Wisconsin Electric 
Power Company career. We cordially in
vite you to find out more about the many 
advantages we have to offer you. 

Ask for "You and Your Future". 
Find out more about career opportunities 
at Wisconsin Electric Power Company by 
picking up a personal copy of the interest
ing booklet, "You and Your Future" now 
available at your Placement Office. At the 
same time, check the interview schedule 
for dates when our representative will be 
on the campus. 

WISCONSIN ELECTRIC POWER COMPANY 
231 WEST MICHIGAN STREET, MILWAUKEE 1, WISCONSIN 
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Saran Wrap is stretched by injecting compressed air to form a bubble Y2 mil in thickness which is then compressed and wound. 

Bubble, bubble, toil and brainwork ... 
Dow engineers create modern new plant for Saran 
Wrap production 

Demand was multiplying for Saran Wrap. Housewives 
across the nation wanted more and more of this clear, 
moistureproof plastic wrap for foods. A new plant was 
needed ... and needed fast. 

Dow's engineering and technical staff went to work. Pro
duction processes were checked and improved. Mechanical 
engineers designed new machinery. Electrical engineers 
introduced new fluorescent lighting {shielded by an entire 
ceiling of corrugated plastic) eliminating glare from Saran 
Wrap which would have tired the eyes. Modern plant 
innovations were widely apparent as the blueprints came 
in from engineer after engineer. 

NOVEMBER 1956 

Then the job was done. Hard work and brainwork had 
produced an enviable new plant ready to produce in excess 
of 5,000,000 Saran Wrap rolls a month. Dow-engineered 
from start to finish, it stands as a testimonial to the depth 
and talent of Dow engineering and planning. 

Dow is interested in all types of engineers and scientists 
who are considering a Dow future. And for the Dow sales pro
gram, in addition to engineers and scientists, those with 
partial engineering and scientilic training are also needed. 

Whether you choose research, production or sales, you 
can find a challenging career with Dow. Write to Technical 
Employment Department, THE DOW CHEMICAL COMPANY, 

Midland, Michigan or Freeport, Texas, for the booklet 
"Opportunities with The Dow Chemical Company"
you'll find it interesting. 

you can depend on DOW 
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1957-1958 

The Ramo-Wooldridge Fellowships 

for Graduate Study at the 

California Institute of Technology 

or the 

Massachusetts Institute of Technology 

Leading toward the Ph. D. or Sc. D. degree as offered by each institution 

Emphasis in the study program at the California Institute of 
Technology will be on Systems Engineering, and at the Massachusetts 
Institute of Technology on Systems Engineering or Operations Research. 

The Ramo-Wooldridge Fellowships have been estab~ 
lished in recognition of the great scarcity of scientists 
and engineers who have the very special qualifications 
required for work in Systems Engineering and Opera
tions Research, and of the rapidly increasing national 
need for such individuals. Recipients of these Fellow
ships will have an opportunity to pursue a broad 
course of graduate study in the fundamental mathe
matics, physics, and engineering required for careers 
in these fields, and will also have an opportunity to 
associate and work with experienced engineers 
and scientists. 

Systems Engineering encompasses difficult advanced 
design problems of the type which involve inter
actions, compromises, and a high degree of optimiza
tion between portions of complex complete systems. 
This includes taking into account the characteristics 
of human beings who must operate and otherwise 
interact with the systems. 

Operations Research involves the application of the 
scientific method of approach to complex manage
ment and operational problems. Important in such ap
plication is the ability to develop mathematical models 
of operational situations and to apply mathematical 
tools to the solution of the problems that emerge. 

The program for each Fellow covers approximately 
a twelve-month period, part of which is spent at The 
Ramo-Wooldridge Corporation, and the remainder at 
the California Institute of Technology or the Massa
chusetts Institute of Technology working toward the 
Doctor's degree, or in post-doctoral study. Fellows in 
good standing may apply for renewal of the Fellow
ship for a second year. 

&LIOIBILJTY The general requirements for eligibil
ity are that the candidate be an American citizen who 
has completed one or more years of graduate study in 
mathematics, engineering or science before July 1957. 
The Fellowships will also be open to persons who have 
already received a Doctor's degree and who wish to 
undertake an additional year of study focused specifi
cally on Systems Engineering or Operations Research. 
AWARDS The awards for each Fellowship granted 
will consist of three portions. The first will be an 
educational grant disbursed through the Institute 
attended of not less than $2,000, with possible upward 
adjustment for candidates with family responsibilities. 
The second portion will be the salary paid to the 
Fellow for summer and part-time work at The Ramo
Wooldridge Corporation. The salary will depend upon 
his age and experience and amount of time worked, 
but will normally be approximately $2,000. The third 
portion will be a grant of $2,100 to the school to cover 
tuition and research expenses. 

.............................................. 

. 

APPLICATION PROCEDURE 

For a descriptive booklet and application forms, 
write to The Ramo- Wooldridge Fellowship 
Committee, The Ramo- Wooldridge Corporation, 
5730 Arbor Vitae Street, Los Angeles 45. Com
pleted applications together with reference forms 
and a transcript of undergraduate and graduate 
courses and grades must be transmitted to the 
Committee not later than january 21, 1957. 

. ............................................ . 

The Ramo-Wooldridge Corporation 
15730 ARBOR VITAE STRIEIET, LOS ANOIELIES •US. CALI,..ORNIA LOS ANGELES TIELIEPMONI!:a OREGON 8·031' 
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Behind this Sperry engineer you see 
a complex development in one of 
the nation's guided missile programs. 
Can you imagine what it is? 

• Imagination is a valuable trait for 
the engineer making his career with 
Sperry. For here there are many 
challenging opportunities to be met 
in such fields as missiles, inertial 
guidance, radar, computers, micro
waves and gunfire control. And while 
you work with the acknowledged 
leaders in these fields you can further 
your formal education-with Sperry 

NOVEMBER 1956 

paying your full tuition for advanced 
or continuing studies. 

• Whether you elect to work with 
Sperry in its modern plant in Long 
Island, or in Florida, California, Vir
ginia or Utah, there is a bright fu
ture for you at Sperry, and one 
limited only by your own desire to 
get ahead. 

• Check your Placement Office for 
dates when Sperry representatives 
will visit your school. Make it "a 
must" to talk with them or write 

J. W. Dwyer, Sperry Gyroscope 
Company, Section 1B5. 

P.S. In case you didn't identify the 
equipment shown above, it is 
part of an 8 ft. Sperry-designed 
radar antenna for long range 
missile guidance. 

BROOKLYN • CLEVELAND • NEW ORLEANS • LOS ANGELES • 

SEATTL E • SAN FRANCISCO. IN CANADA : SPERRY GYROSCOPE 

COMPANY OF CANADA , L TO. , MONTREAL, QUEBEC 
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PROTECTIVE PAVING 
and 

DETECTIVE STAINS 

~ HERE'S' HOW THEY'RE 

ALLIED 

Whenever you drive, you're safer on a highway paved 

with TARVIA road tar- glare-free in summer, heat. 

absorbing in winter to melt snow faster. 

In laboratories, medical technicians use NATIONAL bio

logical stains to identify microscopic organisms and 

disease-causing microbes. 

These strikingly different products show but two of the 

ways .Allied divisions put coal tar to use. Variety marks 

the thousands of Allied chemicals which serve you at 

home, on the farm, in the factory. 

TRADEMARK PRODUCTS INCLUDE: ----------------• 

Tarvia Road Tar • National Biological Stains • Semet-Solvay Coke • Solvay Vinyl Chloride A!!ied 
Orchard Brand Insecticides • Koreon (One-Bath Chrome Tan) • Procadian Urea Feed Mixture ' C,emical 

61 BROADWAY. "NEW YORK 6. N. Y 
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Unbelievable • • • 

PRECISION MEASUREMENT 

H
AVE YOU EVER STOPPED and marveled at the many WOn
derful things modern man can do? He can send his 
voice or his image around the world; hear a radar 

wave strike an object as far distant as the moon; see in the 
black of the night; transport himself on the water, under 
the water, on the land, above the land, and faster than the 
speed of sound; and rival nature itself in producing heat, 
cold, and power. 

He is capable of doing all these things and many more, 
only because he has brought about the harmonious func
tioning of one mechanical part with another mechanical 
part through the practice of "dimensional quality controL" 

Dimensional quality control, the practice of "scientific 
precision measurement," has played such a large part in 
the development of this modern era that measurement, or 
more specifically, precision measurement, has become a 
science in the truest sense of the word. 

This article will give us a look at the progress man has 
made in this field. We wi ll see how he has perfected his 
standards of measurement from parts of the human body, 
to the light waves of certain elements. We will then see 
how he has transferred these light wave standards back 
into physical forms with which he can work every day. 

About 

the 

Author 

Bob Clarkson, a fifth year en!!Jineering student, is a Grand 
Rapids, Minnesota, boy. Upon leaving high school he took pre
engineering at Itasca Junior College. Stubby, as he is known, 
is an IE work-study student co-opping with Seeger Refrigera
tion Company and plans to take his checks there when gradu· 
ated . Stubby is also a member of Sigma Chi Fraternity. 
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by Robert Clarkson 

Yes, we do live in a wonderful world, but let us never 
forget this startling fact: "The difference between the 
machine age in which we live and the stone age of cen
turies ago is no more than a millionth of an inch." 

Measurement has to do with distances and is a com
parative factor. It involves a standard and a means of 
applying that standard between two separate points. 

The first recorded linear standards were usually parts of 
the human body. A cubit was the length of a forearm from 
elbow to end of the middle finger. A digit was the breadth 
of a finger. A fathom was the distance across two out
stretched arms. And the foot was originally designated as 
twelve thumbnail breadths. 

As time progressed, governments, seeing the need for 
standardization in measuring, began setting up lawful 
standards of linear measurement. In the early part of the 
11th Century, H enry I of England decided that the dis
tance from the point of his nose to the end of his thumb 
was to be the lawful yaTd. In the 16th Century, Queen 
Elizabeth found that she d idn't like Henry's yard so she 
changed it to three feet. Queen Elizabeth also had the rod 
standardized as the combined lengths of the left feet of 
sixteen men as they left a certain church on a certain 
Sunday. 

During the time that standards of length varied with the 
whims of every English king and queen, the French gave 
the world the foundation of the metric system- the meteT. 
They computed the diameter and the circumference of 
the earth and divided the circumference into 10 million 
equal parts, each called one mete1·. 

In 1827, it was found that the origina~ computations of 
the French were in error. The meter was recalculated and 
a physical standard was set up. The meter was defined as: 

the distance (at the temperature of melting ice) between the 
centers of two lines traced on the platinum-iridium bar deposit
ed at the International Bureau o~ Weights and Measures, and 
declared prototype of the meter by the first general conference 
on weights and measures, this bar being subjected to normal 
atmospheric pressure and supported by two rollers at least one 
centimeter in diameter situated in the same horizontal plane 
and at a distance of 572 millimeters from each other. 

Realizing that a physical standard, such as the one set 
up for the meter, could be destroyed, scientists and physi
Cists throughout the world searched for a linear standard 
"without physical entity, measurable in infinitesimal incre-
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ments, and unvar.iable by the effects of any · natural con
dition." 

The search was ended .in 1892 when Professor A. A. 
Michelson .invented a device called an "interferometer." 
This. device made .it possible to measure distances in terms 
of light waves and interference bands emitted by mono
-chromatic light. 

The meter was then redefined as 1,553,164.13 wave 
lengths of the red light emitted by a cadmium vapor lamp. 
The standard inch was also redefined as 43,103.95 wave 
lengths of helium light (86,206.90 .interference bands of 
.0000116 inch). 

With the ability to measure distances in terms of mil
lionths of an inch was born mass production and inter
changeability of parts that now characterize the "Machine 
Age" in which we live. Gauges, gauge blocks, micrometers, 
and numerous other measuring devices, calibrated and 
manufactured to unbelievable accuracy, make it possible 
for the same part to be made by people .in all corners of 
the world on many different machines with the expecta
tion of equally high performance. 

The following paragraph, taken from a pamphlet of the 
DoAll Company, provides a fitting closing to this histori
cal account of measuring and also a challenge to man: 

The world's museums are filled with the works of great and 
singular talent. Perhaps, one day, some museum will place side 
by side, two simple metal forms, accurate within a millionth of 
an inch ; parts made by men with the breadth of a continent 
between them and who never saw each other; pans made on 
different machine tools and under different conditions. Should 
that momentous occasion come to pass, these parts should be 
exhibited on a golden tray, as the outstanding achievement of 
m an during his long history on the face of th e earth. 

After a brief look at how man has progressed to the 
science of precision measurement, let us now take a look 
at the devices man has at his disposal to measure precisely. 

No discussion of measurement is complete without some 
mention of "clearances" and "tolerances." These two terms 
are the body and soul of the machine age and yet they, all 
too often, are so little understood; so loosely used; so mis
interpreted, that complete confusion is often the case. 

Clearance is a result attainable only when mating parts 
are assembled or operate together. It is designated as the 
total space difference between the parts, as shown in (A); 
not the concentric space difference, as in (B). 

Every time you step into an automobile, the importance 
of clearance should be very clear to you. It is a well known 
fact that opposing motion between surfaces in contact is 
impossible except for the grace of clearance. Imagine how 
bare our highways would be were it not for the clearances 
found between parts in our automobi le engines and the 
lubrication system made possible by those clearances. 

Tolerance, on the other hand, deals with the extent of 
variation in a plus or minus direction from a nominal 
dimension. Tolerances and limits, which are the maximum 
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and minimum dimensions found by applying tolerances to 
basic sizes, deal with individual parts only; while clear
ances deal with two parts that mate. 

Due to the wearing of tools, differences in raw materials, 
and the human element involved, it is practically impossi
ble to turn out part after part without some slight varia
tion .in size. Tolerances are therefore set up giving the 
machine operator some degree of latitude within which 
to work. 

As previously stated, the unit of linear measurement the 
world over is the length of a light wave. It is quite appar
ent that this standard must be given some physical form in 
order that it may be used economically by both large and 
~mall .industry. The light wave standard takes on this 
physical quality .in the form of gauge blocks. These blocks, 
made of tungsten carbide and machined to accuracies 
within millionths of an .inch, present not just a scribed 
line but a surface as a starting point of measurement. 

The accuracy to which gauge blocks are machined is 

=OJ 
WRINGING GAGE BlOCKS. No matter how the gage blacks 

are wrung together, or the number that are wrung, the dimen
sional accuracy will be the same as that of a single block. The 
arrows shaw how pressure is being applied. 

almost unbelievable. The two faces of a gauge block are 
parallel to each other to within two millionths of an inch 
and are true in their own plane to within a millionth of 
an inch. The faces of gauge blocks are so uniform that a 
number of blocks when "wrung" together will produce a 
dimension of equal accuracy as that of a single block of 
the same dimension . 

Industry uses gauge blocks in several basic ways: ( l) as 
standards for the calibration of adjustable gauging instru
ments; (2) as standards for the production and the check
ing of wear on inspection instruments; (3) as production 
gauging instruments; (4) as standards for measurement by 
light waves with opt ical flats. 

-
TWO of the many uses for gage blocks. On the left, they 

are being used to gage thin material , while the right, o height 
is being checked. 

II 

1/ 

The measurement possibilities of a set of gauge blocks 
are really amazing. As an example, with the "No. 83 Stand
ard Series" of blocks produced by the DoAll Company 
and consisting of 83 units, over 120,000 accurate combina-
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tions of measurement can be made, in steps of 0.0001 in., 
from 0.200 in. to over 25 in. 

Let us take a dimension and follow through the proce
dure of reproducing it with gauge blocks: 

Blor;h Used 
Dimension sought 5.6879" 
Eliminate the 9 .1009 .1009 

Result 5.5870 
Eliminate the 7 .147 . 147 

Result 5.440 
Eliminate 4 .140 .140 

---
Result 5.300 
Eliminate 3 .300 .300 

Result 5.000 
Add the l" and 4" blocks 5.000 5.000 

Result 5.6879 

Gauge blocks are sometimes referred to as "jewels of 
precision." This is not a really true analogy, because they 
are not intended to be preserved and cherished like some 
family jewels. True, they are valuable and are to be han
dled with care, but they are still everyday equipment 
actually no different from fountain pens, motors, and ma
chine tools, except for the fact that without such tools of 
dimensional control, mass production and interchangable 
assembly would be impossible. 

----- 5 "% .00005, ---~ 
A SINE BAR. The extreme accuracy (0.000002 in.) to which this 

instrument is machined enables it to make precise measurement 
of angles. 

Fundamentally, a sine bar is a precision angle-measur
ing instrument. It is a very valuable and useful tool of 
quality control in that, when used with gauge blocks, it 
can be employed to reduce any angle to terms of a right 
angle. Like gauge blocks, a sine bar is also machined to 
great accuracy. The top surface is true to within 2 mil
lionths of an inch and parallel to the bottom of the cylin
ders to within 25 millionths of an inch. The distance 

ILLUSTRATING a very simple and fundamental use of the 
sine bar. The angle is reproduced with the sine bar and the 
piece to be tested is clamped in place. It is now possible to 
check the accuracy of the part using a dial indicator. 

PART BDNG 
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GAGE: 
r---_,_.,.-1 BLOC-KS 

4FT£R 

A!YilLE IS 
ES7ABLIS/f£0 

8Y~4G£BLOCKS 

lHE ANGLE on the piece is measured with a sine bar . 

SIN£ ;0/FF. 
IN CYLINDER 

HEIGHT 

ANOTHER METHOD to determine the angle or slope 
, of the piece. 

_ .... 
.... -- . 

1----"'""""'--- .. -_:' _::._ __ ---

FIRST CLAMP 

P/tRALELJ,. , TO 
--SURFACE" PLAT£ 

THEN FIND 
REQUIRED 
GAG£ BLOCK 

HEIGHT 

CLAMPING to piece in place first the angle is then checked. 

between centers of the cylinders is 5 in. plus or minus 
0.000005 in. 

With the length of the sine bar so accurately deter
mined, the angle and the side opposite the angle are the 
only two factors to be concerned with. The problem is 
then simply one of elementary trigonometry, except that 
again we deal with amazing accuracies. For instance, if 
you know a gauge block height of 3.68497 in. and you 
wish to know the angle obtained using a 5-in. sine bar, 
you will find by the use of a special set of sine bar tables 
that the angle produced is 47° 28' 33". To the average 
student, angle accuracy of this extent means very little, but 
to the men of industry, it can be of the utmost importance. 

The theory of optical measurement has to do with the 
formation and interpretation of visible patterns produced 
when an optical flat is in contact with a polished surface 
and is viewed under a source of monochromatic light. The 
patterns formed are made up of dark bands called inter
ference bands separated by bands of light. 

There are four basic requirements for measuring with 
optical flats: 

1. A source of light. The light used must be mono
chromatic (one color). In the United States, the most com
mon light used is fluorescent helium which gives off a yel
low light with a wave length of 0.0000232 in. Interference 
bands produced by this light are 0.0000116 in. or 11.6 
n1 icroinches. 

2. A surface simultaneously transparent and capable of 
light reflection. An optical flat gives us this surface. In 
most instances, optical flats are made of fused quartz since 
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its low coefficient of expansion makes it a lmost immune 
to distortion from temperature differences. 

3. A surface to be checked. Optical flats are used to 
check only surfaces with a high degree of surfac~ finish and 
llat and smooth enough for measurement by light wave 
standards. 

4. A procedure. The important thing to remember in 
using opticalllats is to maintain as small an angle as possi
ble between your eyes and the source of light. 

The primary function of optical flats are to reveal the 
degree of llatness of work being inspected and the extent 
of variation from true flatness, if there is any. This is done, 
as was previously stated, through the interpretation of in
terference bands. A study of the pattern formed will reveal 
whether the surface is concave or convex. Simple arith
metic provides a measure of the degree of variation from 
true flatness. If all the bands are parallel, the surface is 
perfectly flat. 

It is also possible, using optical fiats, to test the height of 
unknown surfaces by comparison with gauge blocks, to 
check surfaces for parallelism, to measure diameters, to 
check the degree of taper of tapered objects, and to deter
mine grain size. However, all of these operations are fun
damentally the same since they involve simply the inter
pretation of interference band patterns. 
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THE SURFACE being inspected is concave by 1/ 3 of a band 
(1/ 3 of 11 .6 = 3.866 microinches). In other words, the outer 
edges are high by 3.866 millionths of an inch . 

LINE OF" CONTACT 

1 
f 
~ 

HERE the surface is convex. The outer edges are low by 1/ 3 
of a band or 3.866 microinches. 

THE SURFACE being inspected i$ flat at the left end and 
becomes increasingly convex toward the right end. The outer 
edges at the right hand end are 5.8 microinches low. 
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LINE OF CONTACT. 

X 

THE BAND PATTERN here indicates a high r idge near each 
edge. The center is the same height as the outer edges . Tha 
ridges ore 3/ 5 of a band or 6.96 millionths of on inch high . 

X 

POINTS Or CON TACT 

y 

NOTICE in this drawing there ore two points of contact. 
These are the high points on the surface. Note also that there 
are 8 bands between these points, 4 curving toward each con
tact point. Therefcre, the center, along the line x-y, is low by 
4 Y2 bands or 52 .3 millionths of an inch . 

Man has at his disposal many other measuring devices . 
He may use yard sticks, rulers, and steel tapes when meas
uring large objects or when accuracy is not of prime im
portance. As tolerances become tighter, he can use mi
crometers, vernier calipers, or dial indicators. And when 
wishing to reduce the chance of human error to a mini
mum, he has numerous electrical devices. The fact re
mains, however, that the three measuring instruments dis
cussed in this report are man 's closest physical contact 
with the international linear standard- the light wave. 

We have indeed progressed a long way from the cubit 
of the Egyptians and the yard of King Henry I. Through 
dimensional quality control, we have shaped the age in 
which we live, the Machine Age. Yes, precision measure
ment can indeed be classified as a science. 
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need for a 
Frank W. Fink, V.P., Chief Engineer 

successful engin.eering career?" 
Your future is brighter at Ryan because of this unique combination of advantages: 

Jet Aircraft 

Electronics Systems 

Jet Engines 

DIVERSIFICATION- Ryan is in all fields of aviation
Airframe- Propulsion- Electronics. 80 percent of Ryan 
engineering is challenging design work in Jet VTO -
Global Navigation-Jet Drones- Missile Guidance-New 
Planes- Missiles-Jet Engine Metallurgy and Rocket 
Combustion. 

SIZE- With 750 in the Engineering Division, Ryan is 
big enough to be diversified - small enough to be closely 
knit. You will get stimulating, broad experience- never 
feel "lost in the shuffle." 

STABILITY- In 33 years, Ryan has designed and pro
duced 25 different aircraft, missiles, drones and pioneered 
in jet propulsion- after burning- CW Radar. 

GROWTH -Ryan Engineering Division has tripled in 
three years. Ryan leads in Jet VTO-Automatic Naviga
tion- other fast-growing fields. 

CLIMATE- You will enjoy sunny, clear-sky San Diego 
where living is unlimited-where the world's best climate 
lets you swim, yacht, ski, golf, fly the year 'round. Where 
beaches, mountains, parks are minutes away. 

Ryan needs all types of Aeronautical and Electronics Engineers, 
Designers, Analysts, Specialists. Invest in your future. Act now by 
sending in the coupon below. All replies are strictly confidential. 

r----------------------------~ 
1 Mr. James Kerns I 
I Engineering Division, Ryan Aeronautical Company I 
I 2745 Harbor Drive, San Diego.l2, California I 
I Dear Sir: I 
1 Please send me your free illustrated engineering brochure. 1 

I Name I 
I I 
I Address I 
I I 
I I 
-----------------------------~ 

RYAN AERONAUTICAL COMPANY 
NOVEMBER 1956 



What Does 
Phillips Offer 
the Technical 

Graduate? 
To the technical graduate Phillips 
Petroleum Company, one of the na
tion's great integrated oil companies, 
offers a choice of many attractive 
opportunities, including a career in 
petrochemicals ... America's fastest
growing industry. Phillips is a pioneer 
and leader in this field. 

Phillips research and Phillips man
ufacturing operations encompass such 
diversified products as synthetic rub
ber, carbon black, chemical fertilizers, 
plastics, rocket fuels, and a wide variety 
of special chemicals. Phillips also is 
active in the field of atomic energy 
and operates one of the government's 
major reactor installations. As an in
tegrated oil company Phillips is en
gaged in exploration, production, 
manufacturing and distribution, and 
is a major producer of automotive 
fuels and lubricants. 

At Phillips You Choose Your Career 
At Phillips you can decide among 
many promising careers in an industry 
with an unlimited future. And Phillips 
policy of "promotion from within" 
offers you the opportunity for ad
vancement to positions of increasing 
responsibility and importance. 

PHILLIPS PETROLEUM COMPANY 

Bartlesville, Oklahoma 

Send this coupon for the new booklet 
"Career with a Future," describing 
your opportunities with Phillips. 
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D. R. McKeithan 
Technical Employment Consultant 
Phillips Petroleum Company 
Bartlesville, Oklahoma 

Dear Mr. McKeithan: Please send me your new book
let "Career with a Future." 

Name •••••••••••••••••••••••••••••••••••••••••••••• 

Street and Number ••••••••• •••••••••••• ••••••• ••• •••• 
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~esUnghouse Research 

AN INVESTMENT IN YOUR TOMORROW 

NOVEMBER 1956 

From its.earliest days, Westinghouse has built 
a farsighted research program knowing that it 
was an investment in the future of the nation 
and in scientists and engineers like yourself. 
Recent evidence of that faith in tomorrow is 
the new Westinghouse Research Laboratories 
where more than 750 scientists, technicians 
and other staff members strive to make the 
unknown known. 

This research facility is an exciting frontier 
in the fields of Chemistry, Electro mechanics, 
Electronics and Nuclear Physics, Insulation, 
Magnetics, Mathematics, Mechanics, Metal
lurgy, Physics, Semiconductor and Solid State 
Physics, and other technology. Pioneering here 
affects not only Westinghouse activities, but 
serves all industry and defense as well. 

You are cordially invited to become a part of 
Westinghouse research leadership. Challenging 
career opportunities await you in a variety of 
locations, and continued education at Westing
house expense is available in 22 universities. 

Ask your placement officer to arrange a 
date with the Westinghouse Interviewer who · 
will be on campus soon. Meanwhile, write for 
Finding Your Place in Industry, and Continued 
Education in Westinghouse. 

Write: Mr. C. W. Mills, Regional Educational 
Co-ordinator, Westinghouse Electric Corpora
tion, Merchandise Mart Plaza, Chicago 90, Ill. 

~stinghouse 
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A ir Conditioning . . . 

Comfort and 
Productivity 

HUMAN ENGI:'EERING is a phase of engineering devoted 
to the des1gn of human tasks and man-machine sys
tems for the most efficient accomplishment of a desig

nated job. In design of equipment, human engineering 
places a major emphasis upon efficiency as measured by 
speed and accuracy of performance in the use and opera
tion of the equipment. 

Another important efficiency factor is the comfort of the 
operator. That is how human efficiency varies with tern-

...: 
0 

Dry Bulb Temperature, . °F. 

.IZ!ZLZI Average Summer Comfort Zone 

~ twerage Winter Comfort Zone 

- Summer and Winter Overlap 

perature, humidity, and ventilation of the surrounding 
environment. 

The temperature of the human body depends essen
tially upon the balance between heat production and heat 
loss. Metabolism (heat resulting from oxidation in the 

By ROBERT L. ASKE 

body) maintains the body temperature above that of the 
surrounding air in a cool or cold environment and heat 
loss by perspiration keeps the body temperature below that 
of the surrounding air in a warm environment. Althoug·h 
the temperature of the human body varies slightly between 
the active and inactive body states, it is practically a con
stant at 98.6F. Heat transfer between the human body and 
the environment can be described by the equation 

Q=E±S±'R±C 
where 

Q =rate of metabolism, 
E =rate of evaporation, 
S =rate of storage, 
R =rate of radiative heat loss or gain, 

and C =rate of convective heat loss or gain. 
The rate of metabolism, Q, is always positive since it is 

defined as the heat resulting from oxidation within the 
body. The plus and minus signs in front of storage, radia
tion, and convective heat transfer indicate that these quan
tities can be heat transfer to or from the body. vVhen the 
dry-bulb temperature is above the body temperature, heat 
is transferred to the body by radiation, convection, and 
metabolism. The body remains at the same temperature in 
this type of environment solely by evaporation (perspira
tion). For this reason, the relative humidity of the sur
rounding air must be within certain limits (30% to 70% ) 
for maximum comfort and efficiency of the human being. 
There also should be some air movement around a human 
being when the air temperature approaches the body tem
perature to facilitate evaporation. 

The American Society of Heating and Ventilating En
gineers have published a comfort chart which gives sum
mer and winter comfort zones which apply to people in 
the United States. This chart is limited to homes, offices, 
and similar environments where the amount of physical 
work done is normally ligh t. There are two curves above 
and below the main chart which show the percentage of 
people who are comfortable at various summer and winter· 
temperatures. The zones marked off in the center of the 
chart show the conditions under which 50 percent or more 
of the people are comfortable. From this chart, we can 
conclude that most people are comfortable when the effec
tive temperature is between 63F and 71F in the winter 
and between 66F and 75F in the summer. Also, the rela
tive humidity should be between 30 per cent and 70 per 
cent to ensure comfort under all temperatures. 

Another important factor which has a direct effect on 
colilfort is the temperature gradiant of the surrounding 
air. If the air at the floor level is cooler or is moving much 
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faster than the air at head level, some are almost certain 
to experience extreme discomfort. The same is also true 
for those who must move around a lot if there is a sharp 
difference in temperature, air movement, or a combination 
of both in the hallways and different rooms they move 
through. An example of this fact is probably familiar to 
everyone who has stepped out of an air-conditioned drug 
store on a hot day after spending considerable time in the 
store. 

Human efficiency varies from human comfort in that the 
effective rate of work done by a human being does not 
drop off until the temperature is several degrees above that 
of the comfortable range. 
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and 97 degrees Fahrenheit. The results of these experi
ments showed that the average number of mistakes made 
per man per hour during a 3-hour work period increased 
as the room temperature increased above 80 degrees. It is 
clear from this study that although the most comfortable 
working environment may be at a temperature of about 65 
degrees, performance does not begin to deteriorate appreci
ably until temperatures of about 87 or 92 degrees are 
reached. At the highest temperature under which the ex
periment was carried out, the number of mistakes in
creased nearly ten times. 

When the same study is made considering the variable 
time, the relation between temperature and fatigue is ob
tained. This illustrates the vast difference in performance 
between the first hour and the third hour of operation. 
Notice that the performance drops off at a lower tempera
ture during the 3rd hour than the 1st hour of work. From 
these results, it can be predicted that during a 5th or 7th 
hour of work, the performance would drop off at an even 
lower temperature. 

When the heart rate is over 110 beats per minute, fa
tigue and complaints go up. With a constant temperature 
of 99F and humidity of 56 percent, strain on the average 
heart is not unduly severe and within three minutes after 
ceasing work the heart rate returns to less than 90 beats 
per minute. However, with a relative humidity of 80 per
cent, the 99F temperature is much harder on the heart. 
Notice that it takes almost two minutes for the subjects 
resting in the more humid air to stop complaining (see 
gripe line on graph). 

130 r-------.-------r------

'-. TEMP. •99"F. 

~~r------~~-"~----4------~ 
75 80 85 90 95 100 ~ ~ Effective Temperature, °F. 

During the war, a study undertaken by the Applied 
Psychology Research Unit at the University of Cambridge 
investigated the effects of heat on wireless telegraph opera
tors who heard and recorded Morse code messages for sev
eral hours at a time. The experimenter had his subjects 
sit in a room at various temperatures- 79, 85, 87Y2, 92, 
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Upper curve, 80 per cent relative humidity 
lower curve, 56 per cent relative humidity 

Ventilation is defined as the process of supplying air to, 
or removing air from, any space by natural or mechanical 
means. Adequate ventilation of a given enclosed space 
stimulates perspiration of the occupants and removes un
desirable odors and foreign particles from the air. 

The two essential causes for existence of stagnant air in 
a manufacturing or assembly area are (1) the people and 
(2) the machines within the area. 

l.t HOU 
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75 80 85 

_.... 

90 95 

People bring about certain physical and chemical changes 
in the air about them in an enclosed area. The oxygen 

100 content decreases and the carbon dioxide content in-
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creases, but these changes are too slight to be significant. 
Organic matter, which is usually perceived as odors, comes 
from the body and may induce loss of appetite and energy. 

Carbon monoxide is a serious problem in all environ
ments where oils and gases burn as a result of lubrication 
(heat from friction) or combustion in machines and en
gines. It is important because very small amounts o~ car
bon monoxide in the atmosphere may affect the efficiency 
enormously. A concentration of only l part of carbon 
monoxide in 10,000 will produce no symptoms for about 
2 hours. With a concentration of only 4 parts in 10,000, 
however, the air is safe for only l hour. If the concentra
tion rises to 6 or 7 parts in 10,000, headache and unpleas
ant symptoms usually develop in less than one hour. With 
a concentration of more than 10 parts in 10,000, the atmos
phere is dangerous. Lubricating oils give off unpleasant 
odors which affect the efficiency of people if the area is not 
properly ventilated. 

1 

In an experiment conducted by the New York State 
Commission on Ventilation, men were required to lift a 
5-pound dumbbell a distance of 2J;2 feet. These men were 
tested under two temperatures, 68 and 75 degrees Fahren
heit, and with the air both fresh and stagnant. The test 

Data of the New York State Commission on Ventilation 
Decrease in 

Relative Decrease in work done 
amount of work done due to 

Kind of work done, due to stag- increase in 
Temp.,°F. atr percent nant air temp. 

68 Fresh 100 
68 Stagnant 91.1 8.9 
75 Fresh 85.2 14.8 
75 Stagnant 76.6 8.6 14.5 

showed that production, measured in terms of the number 
of times these men performed the operation, was at its 
highest level when the temperature was 68 degrees Fahren
heit and the air was fresh. Stagnant air caused the produc-
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tion to decrease almost 9 percent at both temperatures. 
Under the worst condition, namely that of stagnant air at 
75 degrees Fahrenheit, production was nearly 24 percent 
below that of the most favorable condition. 

The relation between air supply and human occupancy 
has been reported by the Harvard School of Public Health. 
This study gives the minimum outdoor air requirements 
to remove objectionable body odors only, therefore, the 
results are only adaptable to areas in which there is no 
smoking or no large machines functioning. 

Notice that the curve has the shape of a hyperbola. 
From this observation, we can derive an empirical equa
tion expressing the fresh air necessary to remove objection
able body odors within an enclosed area in terms of the 
volume of the room and the number of people within the 
room. If we let n =the number of people within the room 
and V =the volume of the room {ft3), then v/n =the air 
space per person (ft3/person) and 

x(v/n) = cl 
where x =air supply per person and C1 is a constant 
which is found by finding the product of the coordinates 
of any point on the curve. Upon carrying out this opera
tion we find that C1 is approximately equal to 3500. The 
total amount of fresh air needed in the enclosed area can 
now be found by multiplying both sides of the equation 
by n which gives 

T = 3500n2/v 
where T = nx; the total volume of air supply needed 
(cfm). 

Outdoor air requirement for removal of objectionable 
tobacco smoke odors are not accurately known, but avail
able information and current practice indicate the need of 
15 cfm per person or more. Applying this information to 
the last equation, we get 

T = 3500n2/v + 15n 
The outdoor air supply per person when large machines 
are functioning depends on the number and type of ma
chines present. The general equation expressing the neces
sary outdoor air supply to a room with human occupancy 
would read 

T = 3500n2/v + l5n + C3n 
where C3 is a constant which depends on the number of 
machines in the room. 

In conclusion, there are many ways human efficiency 
can be measured; speed, mistake rate, absenteeism rate, 
and accident rate are just a few. Since data on this subject 
is limited, a concern interested in efficiency would be 
necessitated to set up experiments to determine actual sav
ings or losses that might be incurred by a ventilating or 
air-conditioning system in its plants or offices. 
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How wide a world would you like? 
Ten new Norton Plants . .• in six countries within seven years 

e e • tell a story o/ continuing, world-wide leadership 

Plo.nts in Alabama • Arkansas • California • .Massachusetts • New Ham~;~shire • New _York 
Argentina • Canada • England • France • Germany • Italy • Northern Ireland • South Mnca • Australia. 

Want a world just one industry wide? 
Just one country wide? 

Or do you want a world as wide as the 
world really is? 

Since 1885 the Norton Company has 
pioneered the field that carries Norton's 
men and · products into virtually every 
industry, into all corners of the world. 

Almost no industry can exist without 
abrasives, and Norton Company is the 
largest manufacturer of abrasives and· re
lated products in the world. 

Keep the related products in mind. 
Norton started as a pottery in Worcester, 
Mass., with grinding wheels as a related 
product. Norton has now made Worcester 

1948 - WoRCESTER, MAss. Plant No. 7 in 
"Norton City" is the largest, most modern 
ever built for grinding wheel manufacture. 
Here, revolutionary advancements in proc
essing equipment and techniques produce 
gri_ndin!S wheels of unequalled quality and 
unifonmty. 

NOVEMBER 1956 

the abrasives capital of the world. And 
related products of today, fascinating. 
new materials, are now carrying Norton 
into the newest of worlds - the world 
of jets and rockets and nuclear energy. 

In terms of human relationships in in
dustry, in terms of a way of life, Norton 
Company is not merely; another company. 

If you are at all interested 
Norton would like to explain in detail 
what it means by human relationships at 
Norton, by the Norton way of life. This 
story and the story of Norton's world
wide growth and leadership are in a 
brochure- "Your Future with Norton." 

1951 - ISANDO, UNION OF SOUTH AFRICA. 
Located in the Transvaal near Johannes
burg, and serving all Africa, th1s Norton 
plant produces a complete line of abrasive 
products. Thus Norton anticipates the 
!leeds of a .continent that, industrially, is 
JUSt awakerung. 

Write to the Director of Personnel, 
NoRTON CoMPANY, Worcester 6, Mass., 
and he will send you the brochure. 

'(NORTON) 
ABRASIVES 

:;Jaldnf !Jeffer ptwlud$ ••• 
fo 111t1ke ywr ptrxlucls HHr 

NORTON PRODUCTS , Abrasives • Grinding Wheels 
Grinding Machines • Refradories 

IEHR-MANNING PRODUCTS, Caated Abrasives 
Sharpening Stones • Bohr-cat Tapes 

"Trade-Mark Reg. U. S. Pat. Off. and foreign Cauntries 

1953 - CAP-DE-LA-MADELEINE! QUEBEC 
CANADA. Located in a region rich m mineral 
resources, the electric furnace plant pro
duces CRYSTOLON* silicon carbide for abra
sive and refractory uses. Norton's largest 
plant of this type IS in Chippawa, Ontario. 

99 



WHEN YOU WORK with the world's most successful 
industrial corporation-as we do-people often ask 

you that question. 

Folks are naturally curious to know what accounts for 
General Motors' rapid and continued progress-they're 
seeking the magic formula. 

Well, we believe we have an answer that should be of 
especial interest to young engineering seniors just 
about this time of year. 

This answer was stated by a distinguished GM execu
tive, Alfred P. Sloan, Jr., Honorary Chairman of the 
Board of Directors-and it carries a lot of weight. Here 
it is: 
"The only difference between business success and 
failure is the people in the business and how they work 
together ... We have given the people in General Motors 
an opportunity to perform. We have given them respon
sibility with authority. And we have made it worth 
while for them to do worth-while things." 

Those sentiments reflect an attitude that you'll find 
much in evidence throughout GM's 34 decentralized 

manufacturing divisions with 126 plants in 68 U. S. 
cities from coast to coast. 

In this sort of healthful climate, engineering achieve
ment flourishes, and so do engineering careers. 

That's all the magic formula there is behind GM's suc
cess-and the success of so many young engineers who 
join us. 

Why not ask your college placement officer about oppor
tunities in General Motors? Or write us directly. 

GM Positions Now Available 
in These Field~: 

MECHANICAL ENGINEERING • ELECTRICAL 

ENGINEERING • INDUSTRIAL ENGINEERING 

METALLURGICAL ENGINEERING • AERONAUTICAL 

ENGINEERING • CHEMICAL ENGINEERING 

CERAMIC ENGINEERING • CIVIL ENGINEERING 

GENERAL MOTORS CORPORATION 
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How would a 
graduate degree 

affect my chances 
for advancement 

at DuPont? 

Robert .J. auch, M.S., Ch.E., came to the Engineering Devel
opment Section of Du Pont's Grasselli Research Division from 
the University of Louisville four years ago. Since then, he has 
engaged in many kinds of chemical engineering work, from pilot
plant operation to evaluation of the potential of proposed re
search programs. Within the last year, Bob has taken the re
sponsibility of procuring B.S., M.S., and Ph.D. technical gradu
ates in all phases of chemistry and chemical engineering for the 
Grasselli Research Division. 

AN advanced degree would undoubtedly have a favorable 
effect in technical work, John, but let me enlarge on 

that just a little. In your own field (and mine, too) a 
higher degree is considered to be evidence of ability in 
carrying out original research. It is therefore helpful in 
obtaining work in research and development, where that 
skill is definitely important. You might say that it gives a 
man a head start in proving his ability in those areas. 

It's less important in some other areas, though. For 
example, in production or sales work ability for handling 
human relationships is just as important for advancement 
as technical competence. If an engineer is sold on pro
duction work or sales, a graduate degree in marketing 
or business administration might be more helpful to him 
than advanced technical training in getting started. 

NOVEMBER 1956 

.John c. Nettleton expects to receive his B.S. in chemical engineer
ing from Villanova University in June 1957. He has served as presi
dent of the student chapter of A.I.Ch.E., and as secretary of Phi 
Kappa Phi fraternity. John is now wondering about the pros and 
cons of advanced study in his field. 

But I've noticed this at Du Pont. Once a man lands a 
job in his chosen field and actually begins to work, his 
subsequent advancement depends more on demonstrated 
ability than on college degrees. That's true throughout 
the entire company-in scientific work, administration, 
or what not. 

So an advanced degree is not a royal road to anything 
at DuPont, John. But when coupled with proven abili
ties, it is unquestionably helpful to a man in research and 
development work. It often gets him off to a faster start. 

Are you lntereated In reaearch work? 

About 2,000 Du Pont scientists are currently engaged in 
research, aided by some 3,500 other employees. Laboratory 
facilities of the highest quality are available at the Du Pont 
Experimental Station near Wilmington. and elsewhere 
throughout the country. Information about research at 
Du P qnt is given in "Du Pont Research." Write for your 
copy of this free 28-page booklet to the DuPont Company, 
2521 Nemours Building, Wilmington, Delaware. 

lETTER THINGS FOR BETTER LIVING, •• THROUGH CHEMISTRY 

Watch "DuPont Ca~«IC(Iq~ Th~(ltt:r" on television 
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vvhal does 
outer space. 

tnean lo you? 

Because of an unmatched record of scientific ex
perience in upper-air research as builders of the 
Viking Rocket series for the Navy, Martin was 
awarded the prime contract on -the project known as 
ESV VANGUARD-the Earth Satellite Vehicle that 
will take its place in history as man's first exploratory 
step in the conquest of the final frontier, space itself. 

What does space mean to you as an engineer? 
Today, no other aircraft company in the world can 

give you more penetrating answers to that question. 
And tomorrow .•• 

If you are interested in the greatest engineering 
adventure of our time, contact J. M. Hollyday, The 
Martin Company, Baltimore 9, Maryland. 
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The 

MINNESOTA OVERPASS 

T
HE TRAFFIC PROBLEM, of course, afflicts all larger cities. 
The cities of Chicago and Los Angeles have built 
Outer Drives and Free-Ways, which differ from ordi

nary streets only by the requirement that the traffic flow be 
uninterrupted. In sections of many cities the traffic pres
sure is nearly as great, but the cost of underpasses and 
overpasses of concrete postpones the day of relief. 

The main purpose of this article is to propose the first 
overpass at a location where traffic congestion is most wide
ly known. An overpass for East River Road (a boulevard) 
across Franklin Avenue at the approach to the Franklin 
Avenue Bridge in Minneapolis would allow a continuous· 
flow of traffic in the two major directions. At present, on 
the five-street intersection, the four stop signs (or other 
signals) are not practicable with the criss-cross pattern of 
traffic. Several times each day the intersection is choked 
with vehicles, and considerable delay and apprehension is 
experienced by drivers. Even with the minimum of traffic, 
superior caution is required at this crossing. 

The Franklin Avenue artery is one of the main thoro
fares between Minneapolis and St. Paul. Intersecting 
Franklin Avenue at the bridge is traffic flow to and from 
the University of Minnesota. With the many activities at 
the University, including concerts and football games, 
ready access and egress is extremely important. Interfer
ence with inter-city traffic should be minimized. 

The design of the overpass is only a minor part of the 
problem. In a city of workers where individual transporta
tion is the rule, a civic responsibility exists to economically 
and safely conduct the inhabitants to and from their work. 
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By JAMES J. RYAN 

This article represents the efforts of a class in 
mechanical engineering design (ME 121) under 
the direction of Professor ]ames ]. Ryan. The 
class was presented with the problem "To design 
a structural overpass for boulevard traffic on the 
East River Road across the approach to the 
Franklin Avenue Bridge". 

Further, the imminence of atomic destruction requires 
rapid dispersal of urban populations, and every main ar
tery of egress must be capable of carrying an uninterrupted 
flow of traffic. 

Since most urban dwellers have automobiles and buses 
at their disposal, the main problem in the event of an 
atomic bomb attack and the necessity of evacuation would 
be to keep the wheels rolling. Under such conditions, the 
normal traffic signals and controls are not permissible. The 
uninterrupted flow requires an overpass for the passenger 
cars at all points where critical intersecting patterns exist. 

· Although defense and survival are not measured in 
dollars, the present streets and roads must be converted 
into free-ways at the least expense. The bottle-necks are 
the main intersections, and the low-cost overpass is the 
cheapest method for their elimination. 

These bridges, of standard construction, may be erected 
or removed as traffic habits change. Their appearance, al
though not elegant, would be pleasing and functional. 
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THE PRESENT layout of the junction to sca_le. 

They would carry only passenger cars and light trucks, but 
the removal of such vehicles from the congested area 
would materially speed up all traffic. Even at a lower 
speed, continuously moving drivers are more alert and 
responsible. 

The specifications require that the overpass be of light
weight structural steel, similar in construction to transport 
car carriers. Further, it should have a standard two-lane 
twenty foot surface of grating, with approach slopes of 10° 
as on conventional ramps. Passing underneath would be 
two lanes for truck traffic with the legal clearance of 13 
feet. 

The development may proceed with consideration of the 
idea by the engineering departments of the city, the coun
ty, and the state in their formal plans. Interest may be 
engendered through the governing bodies of the political 
divisions of these areas where the traffic problem is im
portant. Further, agencies charged with transportation, 
safety and civil defense may find, in this suggestion, an
other step in the procurement of greater success. 

It is incumbent upon the engineer to seek and carry out 
means for fulfilling the ever-changing needs of the commu
nity. It is believed the application of the Minnesota Over
pass may be useful in alleviating certain traffic problems. 

l04 

N 

Prof. Ryan 
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THE INTERSECTION w ith the overpass in place and the suggested routing of tra ffic on Frankl in Avenue and River Road . 
Ri ght turns may be normally accompl ished as at present, but I eft turns are rest ricted . Turnouts and waiting areas may be made 
avai lable on adjacent streets to facilitate left tu rns. Even thi s re st rict ion would req uire less wa iting t ime t han that to w hich 
al l t raffic is now subjected. 

Engineers take care . 

~tiT'S A WOMAN1S WORLD!'' 
·Engineers are the best marriage prospects, will make 

the best husbands, says Dr. James Bender, director of the 
National Institute for Human Relations. 

"They have the best hearts for marriage" is the way he 
puts it. But, he warns, they are shy, and the girl who 
wants to catch her engineer will have to be somewhat 
aggressive. 

Dr. Bender goes on to enumerate the sterling qualities 
of the typical engineer who, according to his summation, 
appears to be the ideal mate, indeed. One wonders 
whether there is much hope for the girl who marries a 
mere doctor, lawyer, or public accountant. Engineers, it 
seems are the least neurotic of all vocational groups, and 
rarely quarrel. They are "tender lovers" and good parents 
who like large families. They are religious and good 
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church goers. They are homebodies and like to putter 
around the house. They apply logic to morals, economics, 
science, and job loyalty. And while they are a bit shy, they 
are one-woman men who don't get involved with their 
secretaries. 

The lucky, lucky girl who gets an engineer might as 
well know what a paragon he is, according to the scien
tillc analysis undertaken by the institute. It seems proba-
ble that there will be quite a run on the available supply 
of engineers as Dr. Bender's report gains circulation. The 
engineers themselves will take pardonable pride in the 
results of this survey, preen themselves a little in the 
limelight, unaware until now, probably, just what fine 
fellows they really are. 
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ACTUALLY, it's "Andy" Ashburn, Managing Editor of American 
.1"i. Machinist. Andy holds a B.S.E. from the University of Michigan, 
and progressed with his magazine from Assistant Editor to Associate 
Special Projects Editor to Managing Editor since joining McGraw
Hill Publishing Company. Like most of the 485 full-time editors on 
the McGraw-Hill "team", Andy is an engineer first-a writer second. 
And unlike most engineering graduates his age, Andy is already near 
the top of his chosen field. 

Ask him what he thinks about a writing career for engineers and 
he'll tell you this: "All through college, I was a staff member of The 
Michigan Technic, and editor as a senior. And I've never stopped being 
grateful for the decision I made to be an engineer-writer. I've learned 
more about what's going on ... kept in touch with keydevelopments 
in engineering throughout industry ... thanks to that decision." 

McGraw-Hill as a Place to Work 
Consider these advantages of an 
editorial career with McGraw-Hill 
-world's largest publisher of busi
ness and technical magazines. 
When you work with engineers on 
any of the 34 McGraw-Hill maga
zines, you are in constant touch 
with the experimental, the new, 
and the significant. You watch ex
periments, see new techniques come 
into being. And in many ways you 
help develop them yourself. For 
example, the word "automation" 
first appeared in print in Andy's 
magazine. 

As a McGraw-Hill editor, you 
will be on top of events of an entire 
industry, not just a specialist in 
one narrow segment. You'll be 
working with keen, alert men who 
are nationally-respected leaders in 
their fields. You are a welcome 
figure in front offices and inside the 
plants of the leading companies 
here and abroad. If you are the 
man we're looking for, you will 

have a guarantee against boredom 
and stagnation-and a stimulat
ing, rewarding career in your chosen 
field of engineering. 

If you are the right man-both 
an engineer and an alert, inquisi
tive knowledgeable man who likes 
to report, appraise and write, we 
want to talk with you about career 
opportunities as an engineering ed
itor with McGraw-Hill. Get the 
story of McGraw-Hill and what it 
has to offer you today-by writing 
for your free copy of "Successful 
Careers in Publishing At McGraw
Hill." Or tell us about yourself, 
your background, extra-curricular 
activities, college record, summer 
jobs, and career goals. Write to: · 

Peter J. Davies 
Assistant to the Editorial Director 
McGraw-Hill Publishing Co., Inc. 

330 West 42nd Street 
New York 36, N.Y. 

McGra-w-·Hill Magazines 
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McGraw-Hill Publishing Company, Inc. 
330 West 42nd Street, New York 36, New York 
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The Professional Status 

of the Engineer 

ENGINEERS, DURING the past few 
years, have become increasingly 
concerned about the professional 

status *of engineering. Lack of such 
status is the reason for low fees and 
salaries, and the lack of recognition of 
the engineering profession. 

One of the major reasons for the 
existing condition is due to the wide
spread use of the word "engineer" de
scribing occupations such as that of 
the operation of machinery and equip
ment. This problem is being attacked 
by the professional engineers by pro
moting registration and the use of the 
title "professional engineer" so that 
the qualified engineer may be distin
guished from the others. 

Lack of unity within the engineer
ing profession has also contributed to 
the problem of lack of recognition. 
The two major types of organizations 
of engineers are ( l) those including the 
founder societies, the ASCE, ASME, 
etc., whose activities pertain to techni
cal matters; and {2) those including 
the state societies of professional engi-

neers, whose interest is concerned with 
matters other than those · technical. 
There are also many social organiza
tions of the engineers, commonly 
called Engineers Clubs. There are, in 
addition, many scientific organizations. 

The founder societies have a certain 
degree of unity through the Engineers 
Joint Council, and the state societies 
of professional engineers have a very 
real unity through the National So
ciety of Professional Engineers. Unity 
between the two groups has been dis
cussed for a number of years, and it is 
the hope of all engineers that an ac
ceptable basis for unity may be found. 

In the state of Minnesota there is in 
existence a unity organization callef} 
the Minnesota Federation of Engi
neering Societies. Nineteen of the var
ious types of engineering organiza
tions in the state are members. This 
organization is of a federation type, 
meaning that each society has a repre
sentative on the board of directors. 
The primary function of the MF of 
ES is to sponsor the engineers' con-

About the Author 
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By C. W. BRITZIUS 

vention that is held each year, and 
the publication of the Minnesota En
gineer. 

The reluctance of engineers to take 
part in civic affairs has also been a 
deterring factor to their recognition 
as professional people, for engineers 
by nature are, in the majority, intro
verts who love the technical phases of 
their work. They do not often take an 
interest in civic affairs sufficiently to 
be candidates for local office or school 
boards, nor are they active in church, 
PTA, or Boy Scout activities. As each 
engineer gains respect in his com
munity, so will engineering gain pro
fessional stature. Still another hin
drance is the educational processes 
which, up until a few years ago, were 
geared, at least to some degree, to 
train technicians. In later years this 
condition has been corrected by in
creasing the number of years' training 
required for an engineering degree to 
5 years, by adding more courses in the 
humanities, and by eliminating cours
es in drafting and laboratory proce
dure. 

Another recent addition to profes
sional stature has been the increasing 
tendency for engineers to go into pri
vate practice and to function as con
sultants on a fee basis. A deterrent has 
been growth of large organizations 
that employ large numbers of engi
neers. This weakness is being over
come by an educational program to 
promote communication between the 
employed engineer and management. 
The growth of unions among engi
neers is an outgrowth of this large 
number of engineers employed by 
corporations. The present shortage of 
engineers has, to some extent, im
proved the professional status of en
gineers in that it has made the public 
aware of engineering and has raised 
salaries. I am happy to be able to 
report that progress is being made 
and it is hoped that this progress will 
continue. 
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Four top scientists discuss creative thinking before fellow research men and 
engineers at a Joint Technical Conference held in French Lick, Indiana, by 
Standard Oil and its affiliates. Panel members were, left to right above, E. L . 
d'Ouville, G. W. Ritter, P. C. White, and T. A. Abbott. Moderator was 
Joseph K. Roberts, left inset, general manager of research and development 
for the parent company. 

The Very Idea! 
PETROLEUM scientists and engineers have 

a habit of coming up with the very idea to 

solve a problem at the very moment it is 

needed. They have created hundreds of 

new products and have improved others, 

putting the petroleum industry in the van 

of American industrial progress. 

The contributions of Standard Oil scien

tists, working in extensive laboratories 

and with the finest equipment, have been 

outstanding. To give them even greater 

opportunity to exchange and develop ideas, 

Standard Oil uses the most modern tech-

niques for stimulating creative thinking. 

Groups of our scientists now meet in 

informal and relaxed creative sessions. 

Through "brainstorming" and similar de

vices, they contribute fresh, new thinking 

to the solution of specific problems. These 

men are creative by nature, and they 

"pop" even more ideas, faster, at sessions 

where one idea stimulates another. 

In such an atmosphere of progress, 

young scientists and engineers find great 

opportunities to make positive contribu

tions and build interesting careers. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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Honeywell .. . from thermostats 

to inertial guidance for satellites ... 

Two of Honeywell's 12,000 differ
ent automatic controls are the 
Honeywell Round-first entirely 
new thermostat design in 70 years 
-and an ultra-sensitive type of 
inertial guidance system, which 
will direct the rocket placing the 
world's first man-made satellite in 
its orbit. 

Over thirty years ago in the American Mercury the inimi
table journalist H. L. Mencken wrote, "Of all the great 
inventions of modern times, the thermostat has given 
me most comfort and joy. Not for a dozen Marconis, 
a regiment of Bells, or a whole corps of Edisons would 
I swap the great benefactor of humanity who invented 
the incomparable thermostat." 

Honeywell began in a basement, with the invention 
of a simple bimetallic thermostat to open furnace damp
ers on chilly mornings. But extensive research into 
electricity · and electronics, pneumatics, gases, metal
lurgy, chemistry, plastics, and plain and fancy physics 
has diversified Honeywell by means of engineering and 
new-product development into automatic control for al
most every known purpose. 

EXCITING GROWTH: Today, after 72 years, Honeywell has 
grown and is growing still-the world's leading de
signer and manufacturer of all kinds of automatic con
trols. Sales have more than doubled every five years. 
In the last 7 exciting years alone Honeywell has increased 
sales more than fourfold-from $57 million in 1948 to 
$244 million in 1955. In these 7 years over 20,000 new 
employees from all over America have joined Honey
well to find new opportunities. Honeywell now has 31 
factories and 160 sales and service offices throughout 
the world. 

MAIN FIELDS: Basically, Honeywell operates in three main 
fields: heating and air conditioning, industrial instru
mentation, and aeronautical controls and ordnance 
equipment. . But the common de~omi?at<;>r is always 
automatic control. Heat, color, density, hqwd level, hu
midity, weight, or any other measur~bl~ fa~tor-:-such 
as attitude deviations of planes or missiles m flight
can all be recorded and controlled. 

REMARKABLE DIVERSITY OF PRODUCTS: More than 12,000 
different Honeywell products gi':e you . an idea of ~he 
range within which you can bwld a highly rewardmg 
career. Because Honeywell is operating in almost all 
the fields known as growth industries, our continuing 
drive to provide new markets, new products, and new 
systems promises you a rewarding future. 

SMALL UNITS MEAN OPPORTUNITIES FOR YOU: Our employees 
operate primarily through personal contacts with super
visors and fellow workers. Our small units present mul
tiple opportunities for early managerial experience as 
(1) project leaders, (2) section heads, (3) foremen, 
(4) department heads, (5) chief engineers, or (6) sales 
managers. As Honeywell continues to grow, advanced 
positions are filled largely by men who have worked up 
from within. So, as an employee, you too will have 
real opportunities to fill Honeywell's future managerial 
needs. And Honeywell needs restless men who can ac
cept and discharge responsibilities. 
SCIENTIFIC MANAGEMENT: The men who run Honeywell 
are a top management-science team. Year after year 
the American Institute of Management has rated 
Honeywell "excellent"-the top rating among Amer
ica's best-managed companies. Honeywell's manage
ment recognizes that our growth in the challenging 
future depends in the largest measure upon the initia
tive, intelligence, and interest of the young people now 
starting with us. 
MODERN PLANTS NEAR SUBURBAN NEIGHBORHOODS: In these 
expanding units-each conveniently located near pleas
ant suburban areas with adequate housing, schooling, 
and recreational facilities-Honeywell offers you re
warding opportunities to do your best work with the 
most modern facilities: 
l. Heating and air conditioning: Complete engineering 
and manufacturing plants in Minneapolis, Chicago, 
Wabash, and Los Angeles. We now prod'!ce scores of 
dramatic new controls and systems apphcable to all 
types of temperature-control eq~ipme~t ~n homes and 
industry, public and commercial bmldmgs of every 
type, ships, planes, trains, and buses. Included are 
systems of zone control, individual room temperature 
control, pneumatic controls, appliance controls, highly 
flexible electronic controls, control panels, and the en
tire range of air conditioning controls. 
2. Industrial instruments and controls: Complete en
gineering and manufacturing plants in Philadelphia. 
There is hardly a processing industry where Honeywell 
controls do not function as mechanical and electronic 
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brains regulating processes better than could be done 
by human hands or judgement. Honeywell instru
ments, for instance, are presently in use on every 
U . S. atomic reactor. Instrumentation holds sweeping 
potentialities as industry becomes increasingly complex 
and as automation is applied to more and more of its 
processes. Typical industrial products include indicat
ing, recording and control types of potentiometers, 
pyrometers, pressure gauges, industrial thermometers 
and flow meters, electronic control panels, and thou
sands of other devices. 

3. Aeronautical controls: In addition to extensive re
search, engineering and manufacturing facilities in 
Minneapolis, another complete plant is being built in 
St. Petersburg, Florida, expressly for the development 
and manufacture of inertial guidance systems. There is 
also a complete Engineering Development Center for 
aircraft and missile controls in West Los Angeles. Some 
challenging engineering interests include automatic 
flight control systems; hydraulic and pneumatic jet, 
ram jet, and rocket engine controls; instrumentation; 
and airborne digital and analog computers. Honey
well is a major supplier of automatic pilots, bombing 
systems, gyroscopes, and integrated weapons systems 
for aircraft and guided missiles. The Honeywell elec
tronic fuel-measuring system is the standard of the in
dustry, and Honeywell leads in developing transistor
ized instruments for aircraft. 

4. Precision switches: Engineering and manufacturing 
in Freeport, Illinois; with additional plants in Warren, 
Illinois and Independence, Iowa; plus research facili
ties in Denver. Honeywell's 5000 variations of elec
trical MICRO SWITCH snap-action and mercury 
switches are used in countless ways. They permit a 
slight motion or a small physical force to control an 
electric motor or current. They are particularly useful 

where space or weight limitations are important-as in 
aircraft, missiles and rockets, automatic machine tools, 
dictating machines, and automatic transmissions for 
automobiles. 

5. Ordnance: Engineering and manufacturing in Min
neapolis; a complete new Engineering Development 
Center for missiles in Monrovia, California; and engi
neering laboratory facilities in Seattle, Washington. In 
this Division a great many vital defense products and 
systems-such as complete missiles and components, 
fire-control systems, and proximity fuzes are produced. 

6. Servo components: Honeywell engineering and man
ufacturing plants in Boston produce precision synchro 
motors, gyroscopic instruments, and electro-mechan
ical servo components for standard use in jet fighters, 
guided missiles, and bombers. The newest development 
is a vital control device for the automation of manu
facturing processes. 

7. Oscillographic and Photographic equipment: The 
Honeywell plant in Denver produces high speed re
cording oscillographs, scientific laboratory equipment, 
and a complete line of Heiland photographic flash 
equipment. 

8. Transistors: The Boston plant develops and manu
factures high-output power-type transistors. 

9. Research: In a complete Research Center in Hop
kins, a suburb of Minneapolis, emphasis placed on 
fundamentals has led to comprehensive basic research 
programs in the fields of: solid state physics, metallurgy, 
ceramics, magnetic and dielectric materials, physical 
chemistry, electronics, heat transfer, and mechanics. 
Honeywell is continuing its steadily increasing expendi
ture for fundamental research. 

AT HONEYWELL YOU WILL FIND ADVANCEMENT OPPORTUNITIES IN TECHNICAL AND MANAGEMENT FIELDS: 

Research-Development-Production: One of Honey
well's great strengths is the specialized engineering 
knowledge we can concentrate upon each of many 
highly technical operations and products. A consistently 
growing investment in research and engineering proj
ects has in the postwar period increased at a rate almost 
double that of sales increase. The aggressive policy of 
"engineering for tomorrow while producing for today" 
means one out of every ten Honeywell employees is 
engaged in some phase of our engineering activities. · 

Almost every type of technical college training can be 
utilized to advance the art of automatic control. Engi
neers, s::ientists, chemists, physicists, metallurgists, and 
sales engineers are particularly needed. You should pos
sess an intellectual curiosity that compels you to think in
to and through and around a problem. Yet you should 
have something more : the faculty of working in close co
operation with fellow engineers on common problems. 

Whatever scientific or engineering activity you choose 
at Honeywell ... research, design, development, man-

NOW, LET US HEAR FROM YOU! 

If you would like to know more about the opportunities 
for you at Honeywell, contact your College Placement 
Office. Or please write directly to H. T. Eckstrom, Per
sonnel Administrator, (Dept. C56), Minneapolis 8, Minn. 
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ufacturing, application, or sales ... you will enjoy the 
satisfaction of knowing that you are vital to an organ
ization whose growth has helped lead and will continue 
to lead our country's technical advancement. 

Engineering Sales : Honeywell has a great need for the 
man who likes and wants to sell . . . who is able to find 
new product applications and expand markets .. . and 
who can cultivate those markets with consistent energy. 
You will receive up to five months of special training 
in one of Honeywell's well-equipped and expertly 
staffed divisional sales schools. 

Honeywell's Training Program: Training at Honeywell 
is handled in various ways: organized programs for 
"Learning By Doing"; formal classes during and after 
working hours; orientation and development programs 
tailored to individual requirements; and outside study 
programs, on both undergraduate and graduate levels, 
with the Company sharing your tuition costs. Honey
well's various locations furnish access to the nation's 
best technical schools. 

noneywe11 
~t~~ 
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Graduates in engineering, physics, 

applied math., allied sciences: 

You can do much better 

than a "standard" career todayl 

Careers, like cars, come in various models. And now
adays such things as security, adequate compensation, 
vacations-with-pay are not "extras" any more-they're 
just "standard equipment" ! 

As an individual, 
you decide whether 
you want whitewall 
tires or maybe a 
sportscar. You 
should do no less 
in choosing where 
you want to work. 
At North American, 
fringe benefits are 
second -to-none; 

MISSI LE DEVELOPM ENT bUt YOU Can get 
much more than that. Such extras as creative work, 
advanced technology, latest facilities to implement 
your work-these all add up to rewards an ordinary 
job cannot give. You'll work with men of high profes
sional standing. Your personal contribution will earn 
quick recognition. 

It will b.e worth your while personally, as well as 
financially, to find out about the extras that go with 
a position in any of these four pioneering fields. 

MISSILE DEVELOPMENT ENGINEERING 
The SM-64 Navaho Intercontinental Missile is only one 
of the projects here. You can well imagine the exacting 
standards of the 
work, the quality of 
the facilities, the 
caliber of the men. 
Here you will deal 
with speeds well 
up into multiple 
Mach numbers, 
encountering phe
nomena that were 
only being guessed 
at a few years ago. AuroNErlcs 

AUTONETICS DIVISION-Automatic Controls Man Has 
Never Built Before. 

N ORTH A MERICAN 

The techniques 
of Electro-mechan· 
ical Engi neering 
reach their ult i
mate efficiency in 
their application to 
missile guidance 
systems, fire and 

·#$~~-1 flight control sys-
tems, computers 

ao.!"--~'------ and recorders. You 
ATOMICS I NTERNATIONAL Will explore, StUdy, 

test, develop and produce apparatus that can extend 
or supersede the human nervous system. 

ROCKETDYNE DIVISION-Builders of Power for Outer 
Space. 
If you like challenging work, the large liquid-propel
lant rocket engine is your field. This Division operates 
the biggest rocket engine workshop in the Free World: 
the Rocketdyne 
Field Test Labora
tory in the Santa 
Susana Mountains. 
The engineers and 
scientists say the/ 
meet more differ
ent phases of work 
in a week here than 
in a year of "con· 
ventional" practice. 

ROCKETDYNE 

ATOMICS INTERNATIONAL-Pioneers in the Creative 
Use of the Atom. 
At this Division you will see a new industrial era tak· 
ing shape, and play your part in putting the peaceful 
atom to work for mankind. Nuclear Reactors of various 
kinds, for both power and research applications, are 
designed and delivered to order by Atomics Internat
ional. With many " firsts" to their credit, these dedi· 
cated men continue to spearhead the progress in this 
exacting field. 
For more information write: College Relations 
Representative, Dept. 991-20 Col., North American 
Aviation, Inc., Downey, Calif. 

A VIATI.O N, A 
IN C. -~{A 
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I
F YOU EVER need to obtain four-place accuracy with your 
slide rule, here is one method by which it can be 
achieved. This method uses the C scale as a vernier to 

obtain the desired accuracy and involves finding a pair of 
adjacent divisions on the C scale which exactly match the 
distance between the desired answer on the D scale as 
marked by the hairline and the nearest large division on 
the same scale. 

First, note that the divisions on the C and D scales from 
1 to 2, 2 to 4, and 5 and 10 are identical in pattern and 
width. Only between 4 and 5 is there a difference in pat
tern. Thus, matched distances, if not found between 1 and 
2, should be looked for between 4 and 5. 

The best way to illustrate the use of this method is by 
means of the following example: 

320j 74 = 4.32432432 ... 
Doing the above on a slide rule gives an answer of ap

proximately 4.33. However, one more figure can be ob
tained by sl iding the C scale until the distance between 
two of its scale subdivisions coincides exactly with the dis
tance between 4.3 and the hairline. In this case there are 
three possible places where this distance can be matched. 
The first of these is between 179 and 180 on the C scale 
(figure 1 ). The difference between 179 and 180 is l. Read
ing the D scale just under the 1 of the C scale gives ap
proximately 24. This figure is the amount to be added to 
4.3 to give the desired answer: 

4.3 + 0.024 = 4.324 
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Reprinted from the Penn State Engineer 

The distance between the hairline and 4.3 also coincides 
with the difference between these two numbers is 2, the 
amount to be added (again 0.024) is read under the 2 of 
the C scale. The third place where the distances match is 
between 895 and 900; the difference between these two 
numbers is 5, and the amount to be added is read under 
the 5 of the C scale. 

Just as the desired answer may be obtained by addition, 
so may subtraction be employed to obtain the same answer. 
This can be illustrated by the example used previously. 
The distance between the hairline and 4.35 can be 
matched by the 168 and 169 of the C scale {figure 2). This 
gives 0.0026 as the figure to be sub~racted from 4.35. When 
this subtraction is carried out the result is the same as be
fore, 4.324. The same result can be obtained by matching 
the 336 and 338 or 840 and 845 and reading the amount 
to be subtracted under the 2 and 5 respectively. 

With a little practice this method can also be employed 
to obtain an accurate slide rule setting. Suppose 55.79 is to 
be multiplied by some other number. Because the differ
ence between 55.79 and 55.5 is 0.29, place the left index of 
the C scale at approximately 29, so that 191 of the C scale 
is over the 555 of the D scale. Now place the hairline at 
192 of the C scale; this setting corresponds to 55.79 on the 
D scale (figure 3.) Again there are two other places where 
the alignment will occur- between 382 and 384 with the 
2 of the C scale over 29, and between 955 and 960 with the 
5 of the C scale over 29. 
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Fig. 3. The method ca n be used to obtain a setting. 

In order to keep pace with the 
drafting requirements of modern 

industry Dietzgen introduced Master Bows into 
the United States. They have since become an 

indispensable aid to engineers and draftsmen. 

Dietzen Drawing Instruments ore 
constructed of hard nickel silver and 
f ine tool steel to precision stand · 
ards, offering the student unex
celled accuracy and lifetime service. 

University Bookstores 
University of Minnesota 

MAIN ENGINEERING BUILDING 
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The validity of this method can be 
proven as fo llows. If the hairline read
ing is called x, the following is true 
for the first examele: 
(179j l80) (x) = 4.3 

X =(J79j J79)(4.3) 
+ (l j l79) (4.3) 

The slide rule setting (figure 1) shows 
that 4.3 j l79 = 0.024. Therefore the 
answer is 4.3 plus 0.024, which equals 
4.324. For subtraction a similar proof 
can be used : 
(169j l68) (x) = 4.35 

X = (168j l 69) (4.35) 
X = 4.35- (l j l69) (4.35) 
X = 4.35 - 0.026 = 4.324 

Thus, i t can be seen that after a 
little practice four-place accuracy can 
be obtained readi ly with the use of 
only a slide rule. 
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If you have imagination ... if you can bring fresh 

ideas to bear on technical problems that 

are beyond the realm of experience ... 

you are qualified for an unlimited 

future at Chance Vought. 

For an evaluation of your background, 

send a resume of your education 

and experience to: 

Engineering Personnel. Dept. 10·4. 

OUG.I:IT AI.RC'.BAFT 
/NCORPORATII> • I>AI.I.f'#l, TIXA#I 
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In the 17th CENTURY 
this was the last word in blast furnace blowers 

1~AND-OPERATED plungers in hollowed
n out tree stumps provided a crude but 
workable source of compressed air for this 
primitive African iron foundry- mark
ing an early step in the mechanization 
which permitted man's evolution from 
the stone age to the iron age . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TODAY it's the TURBO-BLOWER .•. 
another history-making development by Ingersoll-Rand 

T HE HUGE blast furnaces of 
today gulp air at 130,000 

cubic feet per minute. For it 
takes three tons of air to pro
duce a single ton of pig iron. 

In steel plants from coast to 
coast, you'll find Ingersoll-Rand 
Turbo-Blowers on the job 24 
hours a day, month after month, 
year after year. Their reputation 
for dependable performance is 
the result of Ingersoll-Rand's 
continuous research and devel
opment in the design and con
struction of air power equip 
ment. 

If you'd rather make indus
trial history than read about it, 
be sure to look into the fine job 
opportunities available with In 
gersoll-Rand. For further infor
mation contact your Placement 
Office or write Ingersoll-Rand. 

COMPRESSORS • BLOWERS • GAS & DIESEL ENGINES • PUMPS • VACUUM EQUIPMENT • AIR & ELECTRIC TOOLS • MINING & CONSTRUCTION EQUIPMENT 
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(Shamed be he who evil of it thinks!) 

One day while we were eating, our waitress asked what 
we thought of the new uniforms that the girls had been 
outfitted with. They were black with white trimmings 
around the neck, the sleeves and the pockets and across 
the left breast pocket each waitress had her name em
broidered in white. 

After pirouetting for our benefit she faced us and asked, 
"Well, how do you like it?" 

Jerry, my dinner partner, convulsed .the house by staring 
at her embroidered name and dryly answering, "I like it 
very much~ but tell me, what are you going to name the 
other one?" 

A sharp rap on the door startled the two lovers. 
"Quick, it's my housemother," exclaimed the frightened co-ed. 

"Jump out the window." 
"But we're on the thirteenth floor," the junior ME gasped. 
"Jump," cried the co-ed. "This is no time to be superstitious." 

At a perfume counter in a well-known upper-class 
department store, a young engineer was trying to 
buy a bottle of perfume for his girl. "Now, under
stand," he told the salesgirl, "I want something real
ly good." 

"Well, here's a perfume that sells for $50 an 
ounce. It's called 'Perhaps'." 

The young man shook his head. "For fifty dollars," 
he said, "I don't want ~Perhaps', I want 'Sure'". 

Baseball rules that apply to women: Girls who get to first 
base with the men are always out; those who never make a 
hit are safe at home. 

Then there was the cute young southern coed on cam
pus who is such a slow talker that by the time she got 
through assuring an engineer she wasn't that kind of a girl, 
she was. 

A male patient went to his psychiatrist and told the doctor 
that all he ever dreamed about was baseball. The doc asked, 
" Don't you ever dream about a beautiful girl . .. wining her, 
dining her and holding her tight- listen, don't you ever dream 

about girls?" 
"What," screamed the patient, "and lose my turn at bat?" 

The story is told of a ChE professor who arrived 
at one of his classes on a particular day, left his hat 
and departed to chat with a colleague. 

His students arrived for the class hour but, after 
waiting the customary ten minutes, left. When the 
professor returned to find his class gone, he was high
ly irritated and gave them a stern lecture the next 
period, concluding: "If my hat's here, I'm as good as 
here." 

When the professor arrived for the next class 
meeting, there was nary a student present, but a 
hat had been neatly placed on each seat. 

Father said: "Your mother and I won't be here tonight, 
Johnny. Do you want to sleep alone or with nurse?" 

Johnny said: "What would you do, daddy?" 

The Pi Phi, excited about having been pinned by a fra
ternity man the night before, dressed hurriedly and was 
walking towards Coffman Union when she came upon a 
group of male friends. Stopping in front of them, the girl 
proudly thrust out her chest and commanded happily, 
"Look!" 

But in the excitement, she had forgotten to wear the pin. 

The prairie tourist, marveling at New England's scenery, 
finally asked a New Hampshire farmer where all the rocks came 
from. 

The native replie.d, "The great glacier brought them here." 
"Wel l," demanded the stranger, "'vVhere's the glacier now?" 
" It went back for more rocks," the farmer drawled . 

Lovely Nancy Peterson invites all who are interested- in tennis- to try their hand at a set or two. 
The fact that it's cold out has little to do with it. Besides, who needs to go outside to play games. 
(For those who have to know, Nancy works at the University Hospitals.) 
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Pratt & Whitney Aircraft engineer checks a 
bread board model for a subminiature, 
encapsulated amplifier built with transistors. 

A rig in one of the experimental test cells at P & W A 's Willgoos laboratory. The six large finger-like devices are remotely 
controlled probe positioners used to obtain basic air flow measurements within a turbine. This is one of the techniques 
for obtaini"g scientific data vitally important to the design and development of · the world's most powerful aircraft engines. 
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• • • 
• 1n the fiel'd of INSTRUMENTATION 

Among the many engineering problems relative to 
designing and developing today's tremendously 
powerful aircraft engines is the matter of accumu
lating data - much of it obtained from within the 
engines themselves - and recording it precisely. 
Such is the continuing assignment of those at Pratt 
& Whitney Aircraft who are working in the highly 
complex field of instrumentation. 

'Pressure, temperature, air and fuel flow, vibra
tion - these factors must be accurately measured 
at many significant points. In some cases, the meas
uring device employed must be associated with 
special data-recording equipment capable of con
verting readings to digital values which can, in turn, 
be stored on punch cards or magnetic tape for data 
processing. 

Responsible for assembling this wealth of infor
mation so vital to the entire engineering team at 

Pratt & Whitney Aircraft is a special group of elec
tronic, mechanical and aeronautical engineers and 
physicists. Projects embrace the entire field of 
instrumentation. Often involved is the need for 
providing unique measuring devices, transducers, 
recorders or data-handling equipment. Hot-lfire 
anemometry plays an important role in the drama 
of instrumentation, as do various types of sopic 
orifice probes, high temperature strain gages, tr:in
sistor amplifiers, and miniaturized tape recording 
equipment. 

Instrumentation, of course, is only one part of a 
broadly diversified engineering program at Pratt & 
Whitney Aircraft. That program - with other 
far-reaching activities in the fields of combustion, 
materials problems, mechanical design and aero
dynamics - spells out a gratifying future for many 
of today's engineering students. 

Instrumentation engineer at Pratt & 
Whitney Aircraft is shown investigating 
modes of vibration in a blade of a 
single stage of a jet engine compressor. 

Special-purpose probes designed 
and developed by P & W A engi· 
neers for sensing temperature, 
pressure and air flow direction 
at critical internal locations. 

The "Piottomat", designed by P & W A 
instrumentation engineers, records pres
sure, temperature and air flow direction. 
It is typical of an expanding program in 
automatic data recording and handling. 

World's foremost designer and builder of aircraft engines 

PRAll & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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Engineers, Beware . . ·. 

HAIRLINE ACCURACY- Amazing 
ne w mechanical hands do a ha ir-do job in a 
laboratory demonstration. 

REMOTE CONTROL CHIVALRY -
" Yes-Man," helps with coat during a demon
stration as is s.hown at right. 

Photos by General Electric. 

.. ~'"""' 

. . . The Machine 

\\yEs-i\IAN," the strongest and most dextrous mechanical 
slave ever deve loped was designed to perform me

chanical tasks in hazardous radioactive areas too danger
ous lor human mechan ics. The machine consists of twin 
electro-hydraulic machi nes, a master and a slave, each with 
two arms, elbows, wrists, hands and fi ngers . T he slave is so 
sensitive it could do a mechan ical task in New York at the 
bidding of its master in San Francisco. 

THE AIR FoRCE recently announced 
· the development of a new versa

tile radar unit. The set satisfies a 
long-s tanding need for a long-range, 
high-sensitivi ty, portable radar instal
lation. 

CROSS SECTION- Parabal-

T he air-inflated paraballoon anten
na is the key to a large and truly mo
b ile radar set. An air-supported ra
dome - lightweight, sectionalized, and 
designed to erect directly on the 
ground- protects the radar and elec
tronic equipment operating person
nel, and the paraballoon antenna 
from high winds and ice loads. The 
paraballoon antenna is supported in 
an upright position on a collapsible 

loon and antenna assembly of the 
new U.S. Air Force portable radar 
setup. 
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ntagnesium base by a difference in air 
pressure. The radome can be deflated 
and unzipped into sections and the 
associated supporting structures col
lapsed. As a result, the entire antenna 
system can be dismantled in a matter 
of minutes and packed in small ship
ping containers. The fully packed 
shipping containers weigh approxi
mately 200 lb each, while the entire 
antenna system weighs only 1690 lb. 

The paraballoon antenna for this 
radar system is made from a vinyl 
coated fiberglass fabric, a material of 
especially high modulus of elasticity. 
Two paraboloids of revolution 30 ft 
in diameter joined together at their 
rims and inflated to less than .02 ps i 
above the surrounding pressure form 
the antenna. \-\Then inflated, the two 
paraboloids are stabilized by a 16-inch 
diameter fabric tube that is incorpo
rafed into the rim of the paraballoon 
antenna and inflated to l 0 psi. When 
inflated the antenna system is 30 feet 
high. Lightweight alloys and air-frame 
construction have effected a 10: l 
weight reduction. As uncoa~ed fiber
glass is transparent to a ll radio fre
quencies, an aluminum coated re
flector is attached to the inside of one 
paraboloid. 

A good indication of the unit's mo
bility is given by the fact that the 
assembly of the complete system can 
be accomplished, with no special erec
tion fixtures, by a trained crew in onl y 
two hours. 

-Westinghouse Photo. 
r-~.~----~------------------
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Automatic, Card-programed 
Roughing Mill 

A NF.W reversing roughing mill, now being completed 
for Jones and Laughlin Steel Corporation 's Aliquippa 

\,Yorks, is expected to be the steel industry's first complete
ly automat ic card-programmed rolling mill. Its control 
system, developed by ·westinghouse, will permit an oper
ator to initiate a detailed rolling schedule simply by press

ing a push button. By selecting the proper card from 
several pre-punched for each schedule, it will be possible 
to attain a definite set of reductions while allowing for 
variations in temperature and composition among indi
vidual slabs. 

\Vhen in operation in late 1956, the card programming 
control system will be given the schedu le for any set o( 
rolling operations in the form o( pre-punched IBM cards. 
These cards can be prepared for practically every slab and 
strip size and grade of stee l. Each card wi ll include all the 
requirements of a given schedule: mill screw-down open
ing, edger adjustment, opening mi ll speed, and edger 
speed. Also included will be a notation to indicate when 
the last pass has beeen completed. 

After a stack of punched cards is p laced in the card 
reader, the card applying to the first schedule is read and 
all information is transferred to a transistorized memory 
storage element. The mill is then ready to roll the entering 
slab. Automatic operation takes place when the first pass 
is initiated by the operator's pressing· the pass-advance 
push button. 

As the slab approaches, the control equipment acts 
through magnetic amplifier output units to preset roll 
openings and speeds. After one pass, reversing is brought 
about by sensing devices that read the position of the slab 
and reverse the rolls after a brief period of slowdown. 
After all but the final pass, roll openings and mi ll speeds 
are readjusted in accordance with the schedule filed in the 
memory storage element. \Vhen the final pass is completed, 
an indicator light automatically signals the operator at the 
crop shear that the strip is ready to enter the finishing 
mill. 

The mill will then be preset for the next schedule by 
pressing the schedule advance push button. Ag-ain, a 
punched card is read by the card reader, its information 
is transferred to the memory storage element, and the mill 
is made ready for the schedule required for the next slab. 

\Vhen completed, the new roughing mill wi ll {eed a six
stand continuous hot strip mill. Main horizontal rolls of 
the roughing mill are 42 inches in diameter and 44 inches 
wide. Each edger roll is 24 inches in diameter. 
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Technovelties ... 

Onward 
Marching! 

. · First private reactor 
aids research 

OP ERATION OF THE FIRST nuclear re
actor built for private industrial 
research was begun recently in 

Chicago, at the Illinois Institute of 

PHYSICIST checks core of nuclear re
search reactor. Atomic fission, the "split
ting" of atoms which produces radio· 
activity and neutrons, tokes place in this 
heavy, stainless steel core . . 

Technology. Short lived radio-iso
topes, useful in medical, industrial, 
and scientific research, will be avail
able locally from the reactor. 

The solution-type reactor uses, as 
fuel, enriched uranium dissolved in 
four gallons of water. Atomic fission 
takes place in the reactor core, a steel 
sphere about one foot in diameter. 
The shielding is conventional, con
sisting of a graphite reflector sur
rounded by a thick slab of concrete. 
The control rods in this reactor are 
made of boron. Their distance from 
the core determines rate of neutron 
absorption and the rate of the reac
tion. 

A major problem in a ll reactor de
signs is cooling. This reactor solves 
the problem by way of primary and 
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TECHNICIANS check o shielding p!ug in one of the experimental ports of the world's first 
private nuclear reactor for industrial research. constructed at Armour Research Foundation oi 
Illinois Institute of Technology, Chicago. The reactor was designed and built by Atomics Inter
notional , o division of North American Aviation, Inc. Scientist at right inspects the mechanism 
that closes and opens the 40,000 pound door of the reactor. 

secondary cooling circuits. Heat ener- of the drive mechanism. 'When it is 
gy is removed from the core by the desired to "scram" the reactor- that 
primary coolant, which is distilled is, to effect a sudden shutoff, the elec
water. The heat energ·y is then trans- tromagnets are de-energ·ized, thus per
ferred to the secondary coolant, which mitting the rods to fall freely by gravi
is ordinary city water. The secondary ty into the control rod thimbles ex
coolant is completely isolated from tending within the core tank. 
the primary coolant and hence from This reactor will permit further de
any radioactivity. In case of any mal- ve lopment of radiation techniques 
functioning of the cooling system, the which can be applied to many phases 
monitoring system automatically shuts of industry and science. Several of the 
it off from city water and sewage. mos recent techniques include "neu-

One of the four boron carbide cylin- tron diffraction" and "neutron activa
ders, which comprise the control sys- tion." The latter permits what is per
tern, is connected to a servo-controlled haps the most sensitive method of 
motor and funct ions as an automatic chemical analysis ever discovered. For 
regulating rod. Each control rod is many elements, a sensitivity of detec
held to its drive mechanism by an tion of one-millionth of a gram can 
electromagnet located at the bottom be achieved. 

ARTIST'S SKETCH of the nuclear reactor. The 50,000 watt reactor will be used to develop 
the peacetime applications of atomic energy. Atomic fission, which tokes place in the reactor 
core, center, produces radiations useful in medical industrial and scientific research. The re
actor will be located underground a nd shielded by five feet of dense concrete. A particular 
feature of this reactor is its "self-contained" design which confines all radioactivity inside the 
shield. 
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Communications Super. 
highways of the Future 

Another example of the 

pioneering opportunities at 

Bell Telephone Laboratories 

Careers with Bell Telephone Laboratories 

offer young engineers and scientists the chance 

to take part in pioneering exciting new develop

ments in the field of communications-develop

ments that look ahead to the needs of the future. 

For example, the Bell System anticipates 
greatly increased demands for the transmission 

of telephone conversations and TV pictures. Com

munication links of giant capacity will be needed. 

Bell Labs scientists and engineers are experi-

One type of guide, designed to be flexible, is bent on wooden 
forms to study effect of curvature on transmission. Left is 
A. C. Beck, Radio Research Engineer, E.E. , Rensselaer Poly· 
technic Institute. Right is A. P. King, Radio Research Engi· 
neer, A.B. in Physics and Engineering, California Institute of 
Technology. 
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Experimental waveguide, of tightly coiled copper wire 
in jacket, takes waves around bends. Solid wall pipe 
can be used for straight runs. 

menting with a new kind of long distance 

transmission medium which consists of round 

waveguides-empty pipes-and is theoretically 

capable of carrying hundreds of thousands of 

telephone conversations simultaneously with hun

dreds of television programs. 

A crucial difference between this new wave

guide system and present systems is that the 

higher the frequency of the waves transmitted, 

the less the attenuation. This is exactly the re

verse of what is true for other forms of long 

distance transmission, such as the coaxial cable. 

To explore at frequencies higher than any now 

used, Laboratories scientists are devising new 

techniques and apparatus. Thus, they have de

veloped a new reflex klystron tube able to gener

ate a wide band of frequencies near 60,000 

megacycles per second. 

This new waveguide system is another re
sult of the Bell System's unending effort to 

anticipate America's future communications 

needs. Projects like this are typical of the chal

lenges that offer absorbing careers to able, im

aginative young engineers and scientists. Your 

placement officer has more information about 
careers with Bell Telephone Laboratories, and 

also with Bell Telephone Companies, Western 
Electric and Sandia Corporation. 

BELL TELEPHONE SYSTEM 
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TO HELL WITH ENGINEERS' DAY! What have the engineers done to merit an extra holiday? 
They spend many long hours laboring over books, sweat through many class hours in labs, and cram 
for weekly tests in physics or dynamics, but still they don't seem to mind. When an oportunity for re
laxation or fun presents itself, the beckoning of the books drives the sex-starved engineer to his slide 
rule in vain effort to catch up on two weeks' assignments. That is the woeful tale of the typical engineer 
except for one single weekend of the whole year. 

What would happen if the Engineers' Day Committee decided that, this year, there should be no 
relief for those poor stir-crazy engineers? In the eyes of St. Pat, it would be a dreary weekend if things 
were no different from any other weekend and the tearful engineers were to go to their four hour labs, 
sit through those d - - - - d lectures, and were to take those - - - - - Friday tests. Is the engineer's time too 
valuable to be taken up by parades, operas, picnics, open houses, dances, and such? Certainly not, and 
the Engineers' Day Committee hopes that this year there will be a bigger and better E-Day than ever 
before. 

At the present time, there are several irons sizzling in the fire concerning what the Engineers' Day 
program shall contain in 1957. It has been suggested that the picnic be held on Friday afternoon in
stead of Saturday morning. It has been thought that the parade would continue right on through the 
campus and on to the picnic grounds where it would be disbanded. The spectators, who would other
wise have no transportation to the picnic could hop aboard the float of their choice and thus enter 
into the spirit of the day. 

But, one change of the schedule creates implications elsewhere. The luncheon no longer would be 
held on Friday, so some other time or some substitute event has to be found. 

This problem and others present themselves in many ways. Through a discussion of the problem with 
the E-Day staff, .a decision is flnolly made. These decisions that the E-Day Committee make will concern 
each, and every, loyal subject of St. Pat. It is therefore the r~sponsibility of every IT student to take an 
interest in Engineers' Day as it progresses. 

If you have any ideas, or if you are willing to work, or have a special talent, or just wish to drown 
your woes, these discussions are yours. 

Just remember your responsibility. If this feeling no longer prevails, to hell with Engineers' Day. 
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Ideas grow and grow at 

~"~ UNION CARBIDE 
"~ 

• • • 
~---=-.---

~~ ~ ~~ 

--

. . . . . . . . . . . 
UCC DIVISIONS INCLUDE: 

Bakelite Company 

Carbide and Carbon Chemicals Company 

Electro Meta ll urgical Company 

Haynes Stellite Company 

Linde Air Products Company 

National Carbon Company 

Silicones Division 

Union Carbide Nuclear Company 

Last year, approximatclr one third of Union Carbide's 
total sales were of products not available 15 years ago. 
For the past 25 years, the Corporation has at:eraged one 
new product a month. Now it is introducing them at the 
rate of t1co a month. 

Ideas born in Union Carbide Laboratories grow 
. . . from exploratory and fundamental research to 
applied research and product and process develop
ment . . . through pilot plants to production to sales. 
In all these fields the Divisions of Union Carbide 
need engineers, chemists, physicists, and business 
and liberal arts majors . For more information write 
Co-ordinator of College Recru iting. 

UNION CARBIDE 
AND CARBON CORPORAT I ON 
30 East 42nd St. 00 New York 17, N.Y. 
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((Whatever is wortlt doing 
at all is wortlt doing we!~ )) 

From Lord Chesterfield's Letters 

Oct. 9, 1746 

fltueeAt f:J'te44 1~ee, 
PRINTERS • LITHOGRAPHERS 
5th & 5th SOUTH MINNEAPOLIS 
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J. F. McBrearty, chief structures engineer (left) , discusses fatigue test 
program of integrally-stiffened wing lower surface structure of 
a new transport with E. H. Spaulding, structures division engineer, 
and J.G. Lewolt, stress engineer. Lockheed's 500,000 lb. Force 
Fatigue Machine was used in test program. 

Advanced structures facilities speed 
careers of Lockheed engineers 

Master's Degree 
Work-Study Program 

The program enables graduates in Engineering, 
Mathematics and Physics to attain a Master's Degree 

at the University of California at Los Angeles or 
University of Southern California while gaining 

important practical experience on the engineering 
staff of Lockheed Aircraft Corporation 

in Burbank, California. 

Additional information may be obtained from your 
Placement Officer or Dean of the Engineering School or 

by writing E. W. DesLauriers, Employment Manager 
and Chairman of the Master's Degree 

Work-Study Program. 

Engineers in Lockheed's Structures Division are supported 
by unmatched research and testing facilities in their constant 
effort to increase strength while decreasing weight. 
Among those facilities are the Lockheed-designed 500,000 lb. 
Force Fatigue Machine, first of its size; Shimmy Tower, 
only one in private industry; and Drop Test Tower, 
largest in the nation. 
Facilities such as these give engineers a major advantage 
in making technical advances - and thus advancing their 
careers. Moreover, the large number of projects always in 
motion at Lockheed mean continuing opportunity for 
promotion as well as job security. 

Why Lockheed needs Engineers with Structures training: 
1. "Fail-Safe" Structures -Lockheed has begun an extensive 
pioneering effort in the new concept of "fail-safe" structures. 
Studies are being applied to virtually all phases of Lockheed's 
diversified development program- already the largest 
in the company's history. 
2. New studies in : Effect of high temperatures on structures; 
optimization of thin-wing designs and other aero-elastic 
problems; new materials such as ultra-high heat treat steel, 
panel instability at extremely high speeds. 
You are invited to contact your Placement Officer for a brochure 
describing life and work at Lockheed in the San Fernando Valley. 

LOCKHEED 
California Division • AIRCRAFT coRPORATION • BURBANK 

CALIFORNIA 
NOVEMBER 1956 
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Relax •.• 

"Engineer ... Meet 
Mother Nature." 

Being the usual ambitious engineer that 
you are, you realize that this rugged game 
of archery can soon turn into work. Slyly sug
gesting that a coffee break, with a smoke or 
two thrown in to ease an impending nicotine 
fit, would be the ideal thing to do; you woo 
her off to your favorite hideaway. Your na
tural engineer's personality makes her glow 
and now she only has eyes for you. 
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Have you ever been out enjoying 
the creations of nature and spied 
a natural beauty looking like this? 
It is enough to make any engineer 
put his slide rule down nad take up 
archery- so we do. You cautiously 
approach your little quail and be
gin a detailed explanation on how 
the V - 1 enters into the trajectory 
of cupid's arrows. 

Photos and text by Ronald Rodrigue 
with Robert McKen~o and Gerold Hoss 
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Now is the time to do some real engineer
ing. So very tactfully, in order not to flush 
your little quail, you mention a cozy little 
spot with just the proper atmosphere where 
you can dine a little, dance a little, and may
be sip a little too. She accepts- you're off! 
The evening goes well and soon our little doll 
is wondering why the olive makes the mar
tini taste so good, or is it the other way 
around? Now you are beginning to get some
where, eh! 

Our Miss Nature lover is Gloria Hallin. 
Gloria is a sophomore in SLA, majoring in 

English. 
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The evening has been delightful and to 
show her appreciation she has a something 
special just for you. A goodnight kiss puts 
the frosting on a most enjoyable evening. 

The next day our little wonder 
of nature holds her engineer1s sou
venir and dreams about him/ won
dering if he will ever return. Dream 
on1 little girl, dream on ... 
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RCA-First to bring your home the stereophonic 

sound you've heard at movies 

Now in your own home you can hear 
music in perspective, just as in the 
concert hall. Strings from the left. 
Brass from the right. The secret lies in 
amazing new RCA Victor Stereophonic 
Tape, pre-recorded with 2 sound tracks. 
The RCA High Fidelity Stereotape 
Player reproduces sound through two 
separated groups of speakers ... gives 
recorded music new dimensions. 

RCA, originator of many other 
"firsts" in sound, continues to pioneer 
in "Electronics for Living" at its David 
Sarnoff Research Center in Princeton, 

New Jersey- ''trains'' the electron to 
make life fuller, easier, happier. 

WHERE TO, MR. ENGINEER? 

RCA offers careers in research, de
velopment, design, and manufac
turing for engineers with Bachelor · 
or advanced degrees in E.E., M.E. 
or Physics. For full information, 
write to: Mr. Robert Haklisch, 
Manager, College Relations, Radio 
Corporation of America, Camden 
2, New Jersey. 

"VICTROLA" Stereotape Player. Two 
units-tape transport, amplifiers and 
3 speakers in one; 3 speakers in other. 
8STP2. Both, complete, $350.00. A vail
able also in matched luggage-styled 
cabinets at $295.00. 

~®RADIO CORPORATION 
~ ELECTRONICS FOR LIVING 

OF AMERI-CA 
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~~when I look over the fence ... 
"Since the day when man m~de his first brief airborne flight, the advance in 

aeronautics has been little short of fantastic. Tremendous achievements have opened new 
avenues of progress that were but idle dreams of yesteryear. We live in a new dimension! 

"To the young men of today, these new avenues of progress in aeroaautics and 
the related sciences reveal almost limitless opportunities for success. As an engineer 

in quite another field I am constantly drawn to look over the fence to see what I see. And 
I am fascinated with the great and fast-growing opportunities that are there. So 

much so, that to the potent message of a previous century, 'Go West, young man: I am 
prompted to add ... 'Look up, young man, reach forthestars,fortheylead to great things!"* 

CHARLES LUCKMAN 

Partner- PEREIRA & LUCKMAN 

Planning- Architecture-Engineering 

Out of his own successful engineering career, Charles 
Luckman sets a sure course for today's trained young 
man when he says "reach for the stars!' 

In the aircraft industry, the expression is strikingly 
exemplified by the records of thousands of far-seeing 
young men who have graduated into secure positions 
that offer lasting success. What was yesterday's single 
field has today come to include a multitude of spe-
cialized sciences. · 

At Northrop Aircraft-world leader in the design 
and production of all-weather and pilotless aircraft 
-the young engineer is provided a host of activities 
from which to choose. Each offers success opportuni
ties positively unbounded. 

For detailed information regarding specific openings 
in your field of specialization, write Manager of Engi
neering Industrial Relations, Northrop Aircraft, Inc., 
1001 East Broadway, Hawthorne, California. 

&NORTHROP 
Pioneers in All Weather .and Pilotless Flight 

•F,.om an adduu to 
the AmericAn Society 
of Civil Engine.,.,, 
Lo• Angelea, CAliforniA 

~~ ---- ------------------------
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SLIDING DOWN THE WAYS at Groton, Conn., goes the USS Nautilus, 
newest and fastest member of our underseas fleet. During welding, 
Worthington heavy-duty turning rolls rotated the hull sections. 

How the · world's first atomic sub was welded 
Welding the hull of the USS Nautilus, world's first 

atomic submarine, presented a tough problem. 
Submerged-arc automatic welding seemed to be ideal 

for the job. Question was-could you rotate the hull 
sections of the Nautilus to take advantage of this fast, 
high-quality welding method? 

Worthington's answer to General Dynamics Corpo
ration's Electric Boat Division, builder of the Nautilus, 
was the largest turning roll ever built. 

The result? Welding of the Nautilus hull was accom
plished in record-breaking time - and cost less than 
originally estimated. Unchanged, the Worthington roll 

set-up is also being used in the construction of the 
nation's second atomic sub, the USS Sea Wolf. 

Turning rolls for submarines aren't all that Worth
ington makes. The long list of Worthington-designed, 
Worthington-built equipment includes air conditioning 
units, construction machinery, compressors, Diesel en
gines, steam power equipment and, of course, pumps 
of all kinds. For the complete story of how you can fit 
into the Worthington picture, write F. F . Thompson, 
Manager, Personnel and Training, Worthington Cor
poration, Harrison, New Jersey. You may be glad 
you did. 

See the Worthington representative when he visits your campus 
See the Worthington 
Corporation exhibit in 
New York City. A lively, 
informative display of 
product developments 
for industry, business and 
the home. Park Avenue 
and 40th Street. 

WORTHINGTON 

When you're thinking of a good job-think high-think Worthington 
AIR CONDITIONING AND REFRIGERATION • COMPRESSORS • CONSTRUCTION EQUIPMENT • ENGINES • DEAERATORS • INDUSTRIAL MIXERS 

LIQUID METERS • MECHANICAL POWER TRANSMISSION • PUMPS • STEAM CONDENSERS • STEAM-JET EJECTORS • STEAM TURBINES • WELDING POSITIONER$ 
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GRADUATE TRAINING 

AT ALLISON 

PICKS UP WHERE 

CAMPUS LEAVES OFF 

WITH the completion of your academic training, 

you're basically qualified to start your career in 

engineering. 

What then? 

If you plan to go ahead and further your education 

to prepare for greater things later on you'll be inter

ested in the Allison Training Programs. 

Starting your engineering career at Allison, you are 

OUR ENGINEERS 
WORK HERE 

This is our new Administra
tion Building, hub of the new 
Allison engineering Research 
and Development Center in 
Indianapolis. 
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given the opportunity to continue learning while you 

work alongside top-level engineers in the aircraft 

engine industry. 

Should you want to work toward an advanced 

degree, you can, for we have arrangements with an 

outstanding engineering school which conducts classes 

within the plant. You get your Master's degree in 

engineering while you continue to work and earn. 

A variety of refresher courses at college level and 

other specialized, non-credit courses are always avail

able at Allison. Lectures on curent problems and 

practices are conducted by prominent university men, 

consultants and Allison's own specialists in their 

respective fields. 

We'd like to tell you more about the many benefits, 

advantages and unlimited opportunities awaiting you 

at Allison. Write for full information: Personnel 

Dept., College Relations, Allison Division, General 

Motors Corporation, Indianapolis 6, Indiana. 
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I
T IS QUALITY that makes one product superior to another 
and often makes the difference between a successful 
product and one that does·not sell at all. Quality is the 

job of the inspection department of any firm, no matter 
what they manufacture. The inspection department is not 
only important to you, the purchaser, but also to the firm 
itself. It is the watchdog of the company, for if the depart
ment is not alert, faulty products will be sold to the pub
lic; anyone can imagine what a market flooded by faulty 
products will do to the company's profit and to its name. 

The basic objective of inspection is to maintain a prod
uct standard that will facilitate profitable operation and 
at the same time earn the customer's confidence. Detecting 
defective parts, determining causes of chronic defects, and 
guiding workers in eliminating bad workmanship, are 
duties of each inspector. 

The inspection department is, then, more of a service 
group to aid others in eliminating bad products. But, in 
doing so the inspector must also try to keep friendly rela
tions with other departments. It is sometimes difficult to 
keep friendly cooperation with all the departments when 
workers are trying to meet production schedules. The 
worker has to put the parts out to meet his quota, and yet 
the inspector has to scrap them if they are defective. This 
shows that an inspector's good judgment is often needed. 

To maintain this quality, the inspector needs certain 
precision measuring devices. The most common measuring 
devices are the hand micrometer, vernier caliper and the 
scale. The hand micrometer is carried with the inspector 
at all times and is used more frequently than any other 
measuring device. The most popular hand micrometer for 
jobs that do not have to hold a close tolerance measures 
to the nearest 0.001 in. For close tolerance jobs the 0.0001 
in. micrometer is used. The hand micrometer measures out
side diameters and thicknesses while the vernier caliper is 
used to measure between two points. The calipers can 
sometimes be used in place of the micrometer. However, 
micrometer measurement is more accurate than caliper 
measurement in some cases. The scale's most accurate 
measurement is to the nearest 1/64 in., and is used on frac
tional dimensions which have a large tolerance. The mi
crometer and calipers are generally used unless the dimen
sion is located so the scale has to be used. 
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By CHARLES F. HENRY 

An important instrument for close tolerance measuring 
is the Sheffield comparator. This is used to check pieces 
which have to be an almost exact dimension with very 
little tolerance. The Sheffield comparator measures up to 
0.00001 in., and is usually set by precision gauge blocks. 
These blocks are precision made to exact dimensions. The 
blocks are so smooth that when they are placed together 
they adhere (or stick together). They are put under the 
indicating arm and the Sheffield is set properly. The part 
to be checked is then slid under the indicator arm, and if 
the part is the proper size, the indicator on the Sheffield 
will read the same as it did for the blocks. 

The inspector also uses several different types of gauges 
to determine whether pieces are the right size. The sim
plest types of gauges are the conventional plug and ring 
gauges. The two are fixed gauges, which means that if a 
go-plug fits and the no-go-plug does not fit, the hole or 
slot is in tolerance. If the go plug does not fit, the hole is 
undersized, and if the no go fits, the hole is oversized, and 
the pieces have to be rejected. The plug is used for holes, 
and the ring gauge is used for measuring outside diame
ters. Both plug and ring gauges may be threaded, also, to 
take care of different sized threads, and are used in the 
same manner. 

go plug 
(minimum tolerance) 

no go 
(maximum tolerance) 

Every time a gauge is used it wears a little and even
tually must be discarded. Gauges are checked for wear 
once a week. 
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The acceptable quality (AQL) level for critical dimen
sions is very high. The AQL is lower for standard dimen
sions than for critical dimensions, but standard AQL still 
needs only a small percentage of the parts defective to re
ject the lot. The incidental AQL is for dimensions that 
are not of the utmost importance, and if a few of the 
pieces are defective, they can probably be salvaged. Com
mon to all three AQL's is the fact that if the first five 
pieces of any sample are all defective the lot may be re
jected without further sampling. 

SEQUENTIAC SAMPLING PLAN 
Critical (AQL = 0.5% ) 

SAMPLE SIZE ACCEPT REJECT 

0 to 10 • • 
11 to 40 • 2 
41 to 90 0 3 
91 to 140 l 4 

141 to 190 2 5 
191 to 240 3 6 
241 to 290 4 6 

291 5 6 

Number to be selected- 100. 
* This decision is not possible yet- continue sampling. 

The easiest way to see how the tables work is to take 
an example. Say a shipment of gears came into receiving 
that were supposed to have an inside diameter with a 
tolerance between 0.5365 in. and 0.5375 in. To determine 
whether the part is in tolerance or not, a plug gauge is 
used with a "go" end of 0.5365 and a "no go" end of 0.5375. 
This would be taken as a critical dimension. If out of the 
first forty pieces checked one piece was found which the 
"no go" plug fit into, it would be necessary to sample 
more pieces. The lot could not be rejected because under 
critical AQL for a sample of forty pieces, two defects must 
be found. Neither can the lot be accepted because the 
decision is not yet possible. If out of the next fifty pieces 
checked, two more oversize inside diameters are found, the 
lot can be rejected because out of the first ninety pieces 
checked, there was a total of three defects. If two more 
defects had not been found, sampling would be continued 
until one of the specifications in either the accept or re
ject column was met. 

SAMPLING TABLE FOR PLATING THICKNESS 

LoT SIZE SAMPLE SIZE AccEPT REJECT 

0 to 5 l 0 I 
6-25 2 0 1 
26-100 4 0 1 
101-500 6 0 1 
501-5,000 lO 0 l 
over 5,000 15 0 1 

Every different type of part sampled has a dimension 
specification card and a print to locate the dimension . The 
dimension specification card has each dimension to be 
checked and the AQL to be used. Critical dimensions are 
0.5 per cent AQL, standard dimensions are 3 per cent 
AQL, and incidental dimensions use 10 per cent AQL. 

After complete inspection, if the part meets with speci
fications of the reject column, the inspector fills out a 
receiving inspection report. On this he puts the sample 
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size, the dimension or dimensions that are out of tolerance, 
the amount they are out of tolerance, and the number of 
pieces which are out of tolerance. The report is then 
turned in to the chief inspector to get the final answer on 
whether to reject or accept the lot, or inspect all of the lot 
to find the pieces which are not out of tolerance. The 
100 per cent inspection is usually used on pieces that are 
needed badly. 

SEQUENTIAL SAMPLING PLAN 
Standard (AQL = 3% ) 

SAMPLE SIZE 

0 to IO 
ll to I8 
I9 to 30 
31 to 44 
45 to 57 
58 to 70 
71 to 83 
84 to 96 
97 to 109 

l10tol22 
123 to 135 
136 to 148 
149 to l6I 

I62 

Number to be selected - 50. 

AccEPT 

• 
• 
0 
I 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
ll 

REJECT 

3 
4 
5 
6 
7 
8 
9 

10 
ll 
ll 
12 
12 
12 

• This decision is not possible yet- continue sampling. 

Each different type of part inspected has to be recorded 
on the inspector's receiving inspection report sheet. The 
part number, the company that made or machined the 
part, the total number of pieces in the lot, the sample 
size for each AQL, whether the lot was accepted or re
jected, the report number, and the start and finish time 
are all written down on this sheet. If the lot was inspected 
100 per cent, the number of pieces accepted and the num
ber rejected are written down. This receiving inspection 
report sheet is normally turned in at the end of every day. 

The next inspection department is roving inspection. 
A roving inspector's job is sometimes easy and some

times very difficult. He is given a certain department and 
is supposed to check each machine that is running. That 
is, check parts that the machine has milled (finish surface) 
or bored out. For every operation, the inspector must 
check two pieces (or parts) for all dimensions called for 
on the operation print. If the parts are according to print 
for the particular operation being run, the inspector tells 
the operator and then moves on to the next machine. If 
one of the two pieces is defective, the inspector must 
check up to twenty-five pieces, or until he finds two pieces 
defective. If two pieces are bad, the inspector hangs a scrap 
ticket on the pieces run so far, and writes out a report. On 
this report he puts down the part name and operation 
number, noting just what is out of tolerance. The depart
ment foreman then has to sign the report and put down 
what steps were taken to correct the defect. If the parts 
already run off can be salvaged, the scrap ticket is removed. 
The roving inspector should stop at every operation at 
least four times a day (8 hours). 

The last inspection department checks the finished prod
ucts to find any defective pieces before they are shipped 
and sold. 
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The dial indicator gauge is very important and a great 
time saver for the inspector. An indicator is either cali
brated in 0.001 in. or 0.0001 in., and is used to determine 
whether a piece is flat or if two sides are parallel. If the 
inspector wants to find the distance between two surfaces 
or from one surface to another, he uses the indicator along 
with a height gauge. The height gauge measures vertical 
distances from a smooth table top (a special table with a 
steel or marble top). The height gauge scale is 22\f2 in. 
long but is read just like the Vernier caliper scale. The 
indicator has a ball point feeler connected to the 0.001 in. 
dial scale. Each dial usually has one hundred 0.001 divi
sions. 

For flatness or parallelism, the piece to be checked is 
placed on a smooth, flat-surfaced table. The indicator ball 
point is placed on the surface to be checked until a de
flection occurs on the indicator of at least 0.010 in. The 
indicator is then moved all over the surface and the 
amount of indicator deviation from the original reading 
of at least 0.0 l 0 in. is noted. 

To measure the distance from one finished surface to 
another, a deviation is obtained on the indicator from one 
surface, and the same deviation made on the indicator 
with the height gauge. The height gauge reading is then 
noted, the process repeated on the other surface, and one 
height gauge reading subtracted from the other. The indi
cator and height gauge can be used in many similar ways 
to obtain almost any dimension. 

Other important gauges, which are too complicated to 
explain in the space allowed, are the Sheffield Precisionaire 
Air Gauge and the Microinch Surface-Finish Analyzer. 

The inspector also uses other testing devices to check 
the hardness and finish of the pieces. 

The two most important pieces of test equipment are 
the Rockwell hardness tester and the Shore Durometer. 
The Rockwell hardness tester is used to test the hardness 
of metals, and the Shore Durometer is used to determine 
the hardness of rubber, synthetic rubber, plastics and 
similar materials. 

Each hardness number on the Rockwell scale is based 
upon depth to which a penetrator is forced by a major 
load, into the material being tested. A small load is ap
plied initially to penetrate the surface. 

The Rockwell hardness tester consists .of a sturdy C 
frame, with the penetrator and indicator in the head of 
the frame, the adjustable anvil and testing material being 
supported by the base of the frame. 

The indicator usually has two scales, the "Rockwell B" 
and the "Rockwell C" scales. The "B" scale is used to test 
soft materials like unhardened steel, brass or bronze, 
aluminum alloys, and other materials not very hard. A 
major load of 100 kg and a l/16 in.-diameter steel ball 
as a penetrator are used for the "B" scale. The "C" scale 
is used to test the hardness of heat-treated steel and hard 
alloys. The major load is 150 kg and the penetrator has a 
diamond point ("Brale"). The indicator dial has two 
scales, the red one for the "B" scale, and the black for the 
"C" scale. 

After the minor load is applied to the material by rais
ing the adjustable anvil by means of a jack-screw until the 
indicator pointer is within 10 units either way of the zero 
at the top of the scale, the dial is "zeroed" by turning the 
dial until the pointer is right on zero. The major load is 
then applied and the new reading taken off the dial. 

The Shore Durometer functions by measuring the move· 
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ment of a spring loaded pin of a definite diameter when 
it is forced against the material being tested. The pin is 
linked to a hardness scale. The travel of the pin is pro
portional to the hardness of the material. When the pin 
stops penetrating, the scale stops at its maximum deflec
tion. This indicates the hardness of the material. 

The inspection department is broken down into three 
distinct branches: receiving inspection, roving inspection, 
and final inspection. 

Receiving inspection has the basic function of control
ling the quality of all material purchased by the company 
through careful examination of a sample of every different 
part received. 

SEQUENTIAL SAMPLING PLAN 
Incidential (AQL = 10%) 

SAMPLE SIZE 

0 to 8 
9 to 14 

15 to 20 
21 to 26 
27 to 32 
33 to 38 
39 to 44 
45 to 50 
51 to 56 
57 to 62 
63 to 68 
69 to 74 
75 to 80 

81 

Number to be selected- 25. 

ACCEPT 

• 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

REJECT 

4 
5 
6 
7 
8 
9 

10 
ll 
ll 
12 
12 
13 
13 
13 

• This decision is not possible yet- continue sampling. 

Sequential sampling is the selection and inspection of 
parts one at a time. After each inspection, the cumulated 
r~sults are examined and a decision is made to (I) accept 
the lot, (2) reject the lot, (3) or continue sampling. The 
lot has to be accepted or rejected, but not until certain 
specifications are met. The table used depends on whether 
the dimension being measured is critical, standard, inci
dental, or just the plating thickness of certain parts. A 
critical dimension is one that has a very close tolerance 
and must be perfectly within the tolerance to be accepted. 

About the Author 

Charles F. Henry is a third year 
student in ME. He is a graduate of 
Southwest High in Minneapolis and 
is a first year work-study student. 
His greatest interests are in sports, 
hunting and fishing. 
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Final inspection is the inspection of 
all items as they come off the final as
sembly line. This inspection is partly 
visual and partly manual. 

Visual inspection consists of look
ing over the product for paint runs, 
scratches in the paint, unpainted 
spots, crooked name decals, and in 
general, seeing that the product is 
well assembled. 

Manual inspec tion consists of oper
ati ng the product to be sure it is 
working properly. If any defects are 
found, the product is pulled off the 
line and the defect is written on the 
product tag so a repairman may cor
rect whatever may be wrong. 

If, in the inspector's opinion, the 
product is in perfect condition, then 
the serial number and name plate is 
fastened down with small rivets and 
the product moved on to the packers 
for boxing, and then to the shipping 
clepartmen t. 

GENERAL 
BOOKBINDING 

Gold lettering - Stamping 

Tooling 

Medical 
Chemical 
Magazines 

WE BIND 
Theses 
Pamphlets 
Text-Books 

law Reviews 

COVERS - ALBUMS - BLANKBOOKS 
Made to your specifications 

ERICKSON 
BINDERY 

downstairs 

GRAY'S DRUGSTORE 
1326 4th St. S.E. GE. 5765 
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Travel expenses 
are paid to and 
from Los Alamos. 

1 9 5 7 
graduate student 

summer employment 
program for. .. 

Experimental Physicists Analytical Chemists 
Nuclear Physicists Inorganic Chemists 
Theoretical Physicists Physical Chemists 
Mathematicians Mechanical Engineers 
Metallurgical Engineers Electrical Engineers (Electronics) 

Chemical Engineers 
Summer employment opportunities at the 
Laboratory are open to approximately 100 
graduate students majoring in various physical 
sciences, and undergraduates receiving their 
degrees next June who intend to continue 
their advance studies. 
The program provides for well-paid summer 
work with renowned scientists in one of the 
nation's most important and finest equipped 
research laboratories_ 
Summer employees will become familiar with 
several phases of vital scientific research and 
development activity related as closely as. 
possible to the individual's field of interest. 
This experience will enable students to appraise 
the advantages of a possible career at 
the Laboratory. 
In addition to interesting work, employees 
will enjoy delightful daytime temperatures and 
blanket-cool nights in a timbered, mountainous 
area, only 35 miles from historic old Santa Fe. 
Interested students should make immediate 
inquiry. Completed applications must be 
received by the Laboratory not later than 
February 1, 195 7, in order to allow time for 
necessary security clearance. Applicants 
must be U.S. citizens. 

Mail inquiry to: 

I al am~o S"""' p-~·' 
OF THE~~!~~~~r!~llf!~~oratory 

LOS ALAMOS, NEW MEXICO 
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water has many uses 

Fortunately, not much water is used like this. 

Engineers know that America's greatest natural resource has many other 

vital uses. Supplying homes and industries with adequate water ... today 

and for the future ... is a job both challenging and rewarding ... one that 

merits the talents of America's best young engineers. 

Cast iron pipe plays an important part in that job. Today, practically 

every city in America -large or small-uses it for water and gas mains. Over 

60 American cities are still served by cast iron pipe laid over a century ago. 

That's why engineers turn to cast iron pipe for the efficient, economical 

distribution of water. 

CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Monoging Director, 122 So. Michigan Avenue, Chicago 3, Ill. 

( '. \~,I ~}1 HOX' 

SERVES FOB 
CENTURIES 
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Boeing engineers design America's first iet transport 

Pictured above is the full-scale cabin 
mock-up of the Boeing 707, America's 
first jet transport. In developing this in
terior, Boeing engineers helped design 
features and innovations as advanced as 
the 600-mile-an-hour performance of the 
aircraft itself. 

Pioneering revolutionary new types of 
aircraft like the 707 is one of the sources 
of excitement -and satisfaction - that 
engineers and scientists enjoy at Boeing. 
This new jet-age transport has already 
been ordered by 10 major overseas and 
domestic airlines. These commercial 
orders, together with Boeing's tremendous 
backlog of military contracts, mean that 
this company will continue to expand 
during the years ahead. 

Growth is a Boeing habit. During the 
past 10 years, for instance, the number 
of Boeing engineers has increased 400%. 
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Expansion at this rate spells job stability 
-and plenty of opportunity to move 
ahead. Boeing promotes from within, 
and holds merit reviews every six months 
to give each engineer a personal oppor
tunity for recognition, advancement and 
increased income. 

Boeing engineers don't get lost in the 
crowd. They work in small integrated 
teams - on such projects, in addition to 
the 707, as the advanced B-52 and B-47 
multi-jet bombers, the BOMARC IM-99 
guided missile, the 502 gas turbine, and 
other developments still under security 
wraps. 

Qualified engineers and scientists of 
all types are needed at Boeing- now. 
You'll find high starting salaries, and 
stimulating contact with men outstand
ing in the world of engineering. Other 
advantages include liberal insurance and 

retirement plans, and a choice of modern, 
young-spirited communities in which to 
live. Boeing helps arrange special work 
schedules for engineers taking graduate 
studies, and pays all tuition and fees. 
You're missing a bet if you don't at least 
find out how Boeing can help you get 
ahead in your engineering career. 

For further lloe/ng career i nformation 
consult your Placement Office or write: 

JOHN C. SANDERS, Staff Engineer- Personnel 
Boeing Airplane Company, Seattle 24, Wash. 

F. B. WALLACE, Staff Engineer- Personnel 
Boeing Airplane Company, Wichita, Kansas 

A. J. BERRYMAN -Admin. Engineer 
Boeing Airplane Company, Melbourne, Florida 

BOEING 
Aviation leadership since 1716 

~cattle, Wa~hin&ton Wichita, Kansas Melbourne, Florida 
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JOKES • • • 

"Yes, father," she admitted, "I weigh 
one hundred and forty pounds stripped 
for gym." 

"Who in the thunder is Jim?" 

Harold: "You must have had a terrific 
night last night; your eyes are sure blood
shot!" 

Charles: "You oughta see them from 
this side!" 

"You've read that passage wrong, 
Miss Adams- it's 'All men are created 
equal,' not 'All men are made the same 
way.'" 

He could neither read nor write. 
When a distant relative died and left 
him a small fortune, he arranged with 
the bank to sign his checks with two 
crosses. 

One day he handed the cashier a 
check which was signed with three 
crosses. 

'What's this?" asked the clerk. You 
have put three crosses here." 

"I know," was the reply. "My wife's 
got social ambitions. She says I must 
have a middle name." 

Wife to husband: "You swore terri
bly at me last night in your sleep." 

Husband: "Who was asleep." 

Dean of Women: "Didn't you read 
the letter I sent you?" 

Coed: "Yes, ma'am. I read it inside 
and outside. On the inside it said, 
'You are requested to leave college,' 
and on the outside it said, 'Return in 
Hve days.' So here I am.'' 

Mother: "Now, before you get seri
ous with him, be sure that he is always 
kind." 

Daughter: "Oh, I'm sure he is; he 
told me he put his shirt on a horse that 
was scratched." 
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Signs seen along a highway: 
"Soft shoulders" 
"Try Ethyl" 
"Dangerous curves" 
"Five gals for a dollar" 

and finally, 
"Watch out for children.'' 

Voice on phone: "John Smith is sick 
today, and he can't come to class. He 
requested me to notify you." 

Professor: "All right. Who is this speak
ing?" 

Voice: "This is my roommate." 

Overheard after the dance: 
M.E.: "May I kiss your hand?" 
Co-ed: "Whatsamatter? My 

mouth dirty?" 

You know, they also have a slogan 
in Russia: "Vote for the party. The life 
you save may be your own." 

It was the C.E.'s first date with 
the Coed. 

"No, thank you, I don't smoke.'' 
"Let's go down and sip a beer 

or two." 
"I'd rather not. I never touch 

liquor.'' 
"Well, let's go down to the sta

dium for a while.'' 
"No, I'd rather go out and do 

something new - something excit
ing.'' 

"O.K. Let's go down to the dairy 
building and milk hell out of a cou
ple of cows.'' 

Professor: "Tell us what you know 
about nitrates." 

Engineer: "] don't know much about 
them except that they're cheaper than 
day rates." 

She: Sir, I'll have you know that 
I intend to marry an engineer and 
a gentleman. 

He: You can't; that's bigamy. 

DAFFYNITIONS ... 
Drug store: Where a man goes when 

his wife is ill - to have breakfast. 
Middle age: When you start changing 

your moetions for symptoms. 
Optimist: A person who does cross-

word puzzles in ink. 
Coed: A sweater with an IQ. 
Engagement ring: A Ieamer's permit. 
Doctor: Just another guy out for his 

cut. 
Ash tray: Where you put your ashes 

when there is no floor. 

"Drink broke up my home." 
"Couldn't stop it?" 
"No, the damn still exploded." 

"I seem to have run out of gas,'' he 
said softly. 

Her face, small and white, was 
turned up to his, her eyes glowing 
from beneath heavy lids. Her head 
swam. 

Slowly he bent over her. 
Relax ... He was her dentist. 

"Daddy, if you give me a dime I'll tell 
you what the iceman said to Mamma." 

"All right. Here's your dime." 
"He said: 'Any ice today, Lady?'" 

Mother is always having trouble 
with either father or the furnace. 
Every time she's watching one, the 
other goes out. 

"How much is fqur times three, Jimmy?" 
questioned the teacher. 

"Four times three is twelve," Jimmy 
replied. 

"Correct! That's very good, Jimmy," 
approved the teacher. 

"Good!" echoed Jimmy, "Hell, that's 
perfect!" 

"Now that we're engaged, Dar
ling, you're going to give me a 
ring, aren't you?" 

"Sure, kid, what's your phone 
number?" 

A preacher at the close of his sermon 
discovered one of his deacons asleep. He 
said, "We will now have a few minutes 
of prayer. Deacon Brown, you lead!" 

"Lead?" cried Deacon Brown, sud
denly awakening, "] just dealt!" 

All right-keep repeatin', "They don't 
flunk graduatin' seniors!" 

MINNESOTA TECHNOLOG 



To the engineer ..• 

AiResearch two stage lightweight gas turbine 
compressor provides pneumatic power for aircraft main 

engine starting and serves as auxiliary power source 
for a variety of ground and in-flight services. 

~The rapid scientific advance of our 
modern civilization is the result of 
new ideas from creative minds that 
are focused on the future. Our engi
neers not only have ideas but have 
the ability to engineer them into 
products. 

That's why The Garrett Corpora
tion has grown in both size and 
reputation to leadership in its areas 
of operation. That's why we are seek
ing more creative engineers to help 

us maintain and extend our leader
ship. If you fall in that category, 
you'll find working with us fulfilling 
in stimulation, achievement and 
financial rewards. In addition, finan
cial assistance and encouragement 
will help you continue your educa
tion in the graduate schools of fine 
neighboring universities. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig-

THE CORPORATION 

eration systems, pneumatic valves 
and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer, 
electro-mechanical equipment, elec
tronic computers and controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and expe
rience today to: Mr. G. D. Bradley 

9815f S. SEPULVEDA 8L.VD., L.OS ANGEL.ES 45, CALIFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING, L.OS ANGELES • A/RESEARCH MANUFACTURING, PHOENIX o AIRSUPPL.Y 

AIRESIEARCH INDUSTRIAL. • REX • AERO ENGINEERING • AIR CRUISERS • AIRESEARCH AVIATION SERVICE 
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UNIVERSITY OF CALIFORNIA RADIATION LABORATORY· Berkeley . . £ivermore 

At UCRL's Livermore, California, site- interior view of drift tubes in high-cu rrent 
linear accelerator designed to deliver 250 rna of 3.6 Mev protons or 7.8 Mev deuterons 

Could you help advance these new frontiers? 
New techniques ... new equipment ... new knowledge-all are 
in constant growth at Livermore and Berkeley, California as some 
of America's most challenging nuclear frontiers arc met and passed 
by the University of California Radiation Laboratory's unique 
scientist-engineer task force teams. 

There are many such teams. And wha~ you can do as a member, 
is limited only by yourself-your ability and your interest. 

For UCRL is directed and staffed by some of America's 
most outstanding scientists and engineers. This group offers 
pioneering knowledge in nuclear research-today's most expansive 
facilities in that field ... and wide-open opportunities to do 
what has never been done before. 

fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
photography (including work in the 
new field of shock hydrodynamics) , 
reaction history, critical assembly, 

nuclear physics, high current linear 
accelerator research, and the controlled 
release of thermonuclear entrgy. 

In addition, you will be encouraged 
to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature. 

And for your family-there's pleas
ant living to be had in Northern Cali
fornia's sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac
tions of the San Francisco Bay Area. 

You can help develop 
tomorrow-at UCRL today 

Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy. © UCRL 

IF YOU are a MECHANICAL Or ELEC· 

TRONICS ENGINEER, you may be in· 
volved in a project in any one of 

these fields, as a basic member of the 
task force assigned each research prob
lem. Your major contribution will be to 
design and test the necessary equip
ment, which calls for skill at improvis
ing and the requisite imaginativeness 
to solve a broad scope of consistently 
unfamiliar and novel problems. 

• -;;.;~~;~~:;~;~~; ;;;~;;~=~:~~:---- ---,;;.,--
LIVERMORE, CALIFORNIA If you are a CHEMIST or CHEMICAL 

ENGINEER, you will work on investiga
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob
lems of nuclear rocket propulsion, 
weapons and reactors. 

If you are a PHYSICIST or MATHEMA· 

TICIAN you may be involved in such 
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Please send me complete information describing UCRL facilities, 
projects and opportunities. 

My fields of interest are ______________________ _ 

Name-------------------------------

Addre~·-----------------------------

CitY---------------Zone--State--------
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Boy: Do you like to neck? 
Girl: No, I'm 84 years old. 

She used to be the belle of the town, 
until someone tolled on her. 

In the days of old, when a fellow told 
a girl a naughty story, she blushed. Now
adays she tells him a funnier punch line. 

IT'S THE TRUTH ... 
Some girls go in for necking - oth

ers go out for it. 
Many of the girls you see at col

lege are at the age where 
their voices are changing - from 
no to yes. 

· One thing a girl learns in college 
is how to refuse a kiss - without 
being deprived of it. 

Being a man is difficult - if only for 
the reason that we must deal 
with women. 

lying is permissible on two occa
sions - when flattering a woman 
and when trying to save one's 
life. 

The hardest thing for a man to re
member are the girls he told 
he would never forget. 

A woman looks upon a secret in 
one of two ways. Either is is not 
worth keeping, or it is too good 
to be kept. 

Some girls look upon a bachelor as 
cowardly, cruel and a wholly 
selfish man who is cheating 
some nice woman out of a pro
fitable divorce. 

3 BIG 
STEPS 
to success as an ENGINEER 
1. AMBITION-it is assumed you have this in 
abundance or you wouldn't be where you are. 

2. GOOD SCHOOL-you are fortunate studying 
in a fine school with engineering instructors of national 
renown. 

3. THE A.W.FABER-CASTELL HABIT-shared 
by successful engineers the world over. It only costs 
a few pennies more to use CASTELL, world's finest 
pencil, in 20 superb degrees, 8B to IOH. Choose from 
either imported #9000 wood-encased, Locktite Refill 
Holder with or without new Tel-A-Grade degree In
dicator, and imported 9030 drawing Leads. 

If you hope to be a master in your profession, use 
CASTELL, drawing pencil of the masters. If your 
College store is out of CASTELL, write to us. 

"You look as if you were all in. What's 
wrong?" 

"Last night I called on that new girl 
I was telling you about. The mother 
opened the door and let me in - and 
then and there she demanded to know 
what my intentions were." 

"That must have been very embar

rassing." 

"Yes, but that wasn't the worst of it. 

f ust as the mother had finished speak
ing, the girl shouted down the stairs: 
"'Mother, that isn't the one.'" 

-----------~-----------------------------------
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If You Can~t 
Convinee Ern~ 
Confuse Ern! 

-Minnesota Technolog 
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Behind Man's Conquest ol the Skies 
a Master's Touch in Oil 

• • • 

"Flying Saucer"-experimental military craft today 
-forerunner of your cloud car of tomorrow •.. 

First flight in a heavier-than-air machine-the 
Wright brothers at Kitty Hawk ... 

First plane over the North Pole, first plane over the 
South Pole-Admiral Byrd's ... 

First 'round-the-world flight-U. S. Army ... 

Lindbergh's solo flight,nonstopNewYork toParis ... 

All have one thing in common-SOCONY MOBIL's 

master touch in lubrication. 

Good reason! When firsts are in the making-when 
records are at stake-when schedules must be met 
-the leaders in aviation look to socoNY MOBIL. 

* * * Wherever there's progress in motion-in your car, 
your plane, your farm, your factory, your boat, your 
home-you, too, can look to the leader for lubrication. 

Coast-to-coast propeller plane speed record • . • ~ 

_S_O_C_O_N_Y __ M_O_B_I_L_O_I_L __ C_O_M_P_A NY, I N C. 

LEADER IN LUBRICATION FOR NEARLY A CENTURY 

Affiliates: General Petroleum Corporation, Magnolia Petroleum Company, 

Mobil Oil of Canada, Ltd., Mobil Overseas Oil Company and Mobil Producing Company 

MINNESOTA TECHNOLOG 



Men are as honest and truthful as 
women- that's why women are so sus
picious of them . 

A man ambled into a tennis tourna
ment and sat down on the bench. 

"Whose game?" he asked. 
A shy young thing answered, "Not 

me. " 

She: " I'd better warn you - my hus
band will be home in less than an hour. 

He: But I've done nothing I shouldn't 
do. 

She: Well, I just wanted to warn you 
that if you're going to, you'd better do 
it in a hurry. 

Did you hear about the cannibal's 
son? 

He liked the gals best when they were 
stewed. 

Man of the hour: Engineer whose 
girl friend told him to wait a minute. 

The '57 Model of the 
AMERICAN COLLEGE GIRl -

Swift knee action 
Bigger and better bumpers 
Roomier in all corners 
More trunk room 
Quicker pickup 
Will last a lifetime 
Takes a good paint iob 
Easier to look at 
Softer and larger seats 
Easy on the pocketbook 
Terms to suit your budget. 

Salesman: "Lady, would you be in
terested in buying some egg sham
poo?" 

Young bride: "No, I guess not. We 
seldom have dirty eggs." 

The EE's Lament 
Through the smoke and ozone fumes the 

student slowly rises. 
His hair is singed, his face is b lack, his 

partner he despises. 
He shakes his head and says to him, with 

words so softly spoken, 
"The last thing that you said to me was, 

"Sure, the switch is open." 

Private: "What's that ugly insignia 
on the side of that bomber?" 

Lieutenant: "Shhh! That's the com
manding officer looking out of a port
!OJole. 
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The schoolteacher in a remote section of our country 
was telling one of the old residents some facts about as
tronomy one evening. Pointing to a star in the sky, she 
said: 

"Do you see that star up there? I'm going to tell you its 
name and I want you always to remember it. That's Venus. 
Will you remember it?" 

"That'll be easy," replied the native. "That's the same 
name as my wife." 

Several months passed and the teacher saw the old
timer one evening. Pointing to a star in the sky, she said: 
"There it is, Sam, the same one. What's its name?" 

"Lulubelle," was the old man's reply. 

Then there's the sultan who kept his harem three miles 
from where he lived. Every day he sent his servant to get 
him a girl. The sultan lived to be eighty-seven, but the 
servant died when he was only forty. 

The moral of the story is: It's not the women that kill 
you, but the running after them. 

Two drunks were looking up at the sky. Finally they 
stopped a third drunk. 

First Drunk: "Hey, pal, do me a favor. Is the sun going 
down or the moon coming up?" 

Third Drunk (after deep concentration): "Sorry, buddy, 
can't tell you. I'm a stranger in town myself." 

A little boy went to school for the first time last week 
and the teacher explained to him that if he wanted to go 
to the washroom at any time he should raise two fingers. 

The little boy, looking very puzzled, asked, "How's that 
going to stop it?" 

Progress is so great these days that 
the liberal artist who says it can't be 
done is generally interrupted by an 
engineer doing it. MINNEAPOLIS 

BLUE PRINTING CO. 
He: I understand kisses speak the lan-

guage of love. 
She: Yes? 
He: Let's talk things over. 
He: Say something soft and sweet. 
She: Custard pie. 

Two travelers were discussing 
the careless way in which trunks 
and suitcases were handled by 
some of the railroad companies. 

"I had a very cute idea for pre
venting that once," said one. "I 
labeled each one of my bags 'With 
Care - Breakable - Fragile - Chi-
na.' ,, 

"And did that have any effect?" 
asked the other. 

"Well, I don't know yet," was 
the reply. "You see, they shipped 
the whole lot off to Shanghai." 

The little darling wanted very much 
to wear her mother's girdle - but she 
didn't have the guts. 

612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KUEFFEL & ESSER CO. 
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JOKES ? ? 
A. PROGRAM: any assignment that can't be completed 

by one phone call. 
STATUS QUO: this mess we're in. 
TO EXPEDITE: to confound confusion with commotion. 
EXPEDITER: one who does the same while riding fast 

trains and staying at good hotels. 
EFFICIENCY EXPERT: a guy who trains expediters. 
TO ACTIVATE: to make carbon copies and add names 

to the memorandum. 
COORDINATOR: a guy who has a desk between two 

expediters. 
UNDER CONSIDERATION: never heard of it. 
UNDER ACTIVE CONSIDERATION: we're looking in the 

files for it. 
IN TRANSMITTAL: we're sending it to you because 

we're tired of holding the bag. 
A MODIFICATION OF POLICY: a complete reversal 

which nobody admits. 
LETTER OF TRANSMITTAL: a way to pass the buck. 
AN EXPERT: a person who avoids all the small errors 

as he sweeps forward to the grand fallacy. 
DATA NECESSARY: we've lost your stuff. Send it again. 
CONFIDENTIAL MEMORANDUM: there wasn't time to 

mimeograph this. 
SEE ME, OR "LET'S DISCUSS": come down to my office, 

I'm lonesome. 
LET'S GET TOGETHER ON THIS: I'm assuming you're 

as confused as I am. 
GIVE US THE BENEFIT OF YOUR PRESENT THINKING: 

we' ll listen to what you have to say as long as it 
doesn't interfere with what we've already decided 
to do. 

REFERRED TO HIGHER AUTHORITY: pigeon-holed in a 
more sumptuous office. 

TO GIVE SOMEONE THE PICTURE: a long, confused and 
inaccurate statement to a newcomer. 

RESEARCH WORK: hunting for the guy who moved the 
files. 

POINT UP THE ISSUE: expand one page to 15 pages. 
RESEARCH: copying from one book is plagiarism; 

copying from two books is research. 
STATISTICS: there are three kinds of lies- lies, damn 

lies, and statistics. 
A PROFESSOR: a man who tells you how to solve the 

problems of life which he has avoided by becoming 
a professor. 

A CONFERENCE: a group of people who individually 
can do nothing but who can meet collectively and 
agree that nothing can be done. 

A story going· the rounds in Washington, D.C., is that of a 
12-year-old schoolboy who was asked where the capital of his 
country was. 

"i n tax-exempt securities," he replied. 

Mr. Newlywed: "There's something wrong with ~his 
steak, dear! 

Mrs. Newlywed: There shouldn't be. I burned it a little, 
but I rubbed Vaseline on it right away. 
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WANT ADS 
WANTED! 
The TECHNOLOG will publish free 

want ads brought in by IT students. 
Ads can be on any subject, with only 
nominal restrictions on their length. 
Each ad will be printed once, with 
one ad per submittor per month . So 
if you have something to buy, sell, or 
swap, here's your opportunity! 

Bring Your Ad to 
·the 'Loa Office, 2 ME 

A littl e boy talking to his mother of his recent trip to the cir
cus: "Th.ere were tigers and t igresses, monkeys and monkey
esses, elephants and elephantesses, and bears." 

Now all you boys need to do is to fill in the steps! 

MINNESOTA TECHNO LOG 



ENGINEERS ••• 

JOIN THE TEAM THAT 
DESIGNED THE NAVY'S TERRIER 

AT CONVAIR, POMONA, CALIFORNIA 

CONVAIR ... for over two decades has been 
a respected name in the aeronautical field 
and is today the leader in the Guided Missile 
Field for the design and production of the 
famous TERRIER an Operational Weapon for 
the United States Navy. 

ENGINEERS ... vastly accelerated projects in 
all phases of Engineering including re
search, design, test and production are now 
under way at Convair Pomona. 

POMONA ... just thirty minutes from downtown 
los Angeles, lies in the heart of Pomona Val
ley out of the heavy traffic conditions where 
California outdoor living is at its best. Excel
lent housing is available located within 
close proximity of Convair's new air-condi
tioned plant to eliminate unnecessary time 
of traveling to and from work. 

Write Employment Dept. 4-C 

Complete resume desirable 
for evaluation . 

Information confidential. 

. 09J 
0 "' 0 ' 

'"vv "i'" 
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EDUCATIONAL .•• opportunities offered by Convair 
include a formal program with U.C.L.A. leading to a 
M.S. degree while you are employed at the plant. 
Also many in-plant courses are taught by top eng i
neers with whom you are working , including tran 
sistor electronics, stress analysis, magnetic amplifiers, 
computers, servo-mechanisms, probability theory, 
differential equations, engineering mathematics , hy
draulics and aerodynamics . These courses are so 
designed to give you every opportunity to further 
your career in the engineering field . 

EXCELLENT OPPORTUNITIES IN: 
ELECTRONICS 
AERODYNAMICS 
MECHANICS 
THERMODYNAMICS 
PHYSICS 

CONVAIR 
A D IVISION OF 

GENERAL DYNAMICS CORPORATION 
(POMON A ) 

POMONA, CALIFORNIA 
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Steel is 2 to 3 times stronger 
than gray Iron 

Steel Is 2 Y2 times as rigid as 
gray Iron 

Steel costs a third as much 
as gray Iron 

So products properly de
signed In steel can be manu
factured at savings up to 50% 

WHAT MAKES 
A DESIGNER 

OUTSTANDING? 

T o be successful, a designer must 
first know how to develop 

products that are profitable to his 
company. To be profitable, these 
products must meet competition, 
yet be manufactured for low cost. 

By taking advantage of the bene
fits of welded steel construction, 
the alert design engineer has un
limited opportunities for develop
ing new product ideas. He can add 
improvements to present products; 
'make them stronger, more service
able ... while actually reducing the 
cost of production, as in the ex
ample shown. 

HOW COST IS REDUCED 

Ori~i nal ('Ost S$!.1:1 
.. . steel tl<"Sigu I'Ost 
$39.00. \Vcldc'l slc·cl noa
thinc base is 50% strOHI!:
cr . .. yet weight is cut 
from 269 lbs . to li6 lbs. 

It will pay you to keep pace with 
the newest developments in steel 
design. Latest information is in Lin
coln Procedure Handbook of Arc 
Welded Design and Practice. Write. 

THE LINCOLN ELECTRIC COMPANY 
CLEVELAND 17, OHIO 

THE WORLD'S LARGEST MANUFACTURER OF 

ARC WELDING EQUIPMENT 
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My friend was feeling very badly. He 
was worrying because he had just lost 
110 pounds. She was a blonde. 

"Marry me, Richard! I'm only the 
garbage man's daughter, but-

"That's all right, baby. You ain't to 
be sniffed at." 

M. E.: "Is the boss in?" 
Office Girl: "I'm sorry, he isn't." 
M. E.: "Will he be back after a 

little?" 
Office Girl: "No, I think that's 

what he went out after." 

The aviation instructor, having deliv
ered a lecture on parachute work, con
cluded: 

"and if it doesn't open -well, gentle
men, that's known as jumping to a con
clusion." 

Alimony: A system by which, 
when two people make a mistake, 
one of them continues to pay for it. 

Ch. E.: " Is my face dirty, or is it my 
imagination?" 

E.E.: "Your face is clean. I don't know 
about your imagination!" 

"Doin' anything Saturday nite?" 
"Nope." 
"Kin I use your soap?" 

"I have a riddle to ask you," the en
l~rprising lad said. "Why do you have 
so many boy friends?" 

Innocently she smiled and replied, "I 
give up." 

Hey, Coach, here's a new man from IT! 
' He wants to try out for the team! 

Senior: "Gee, but I'm thirsty." 
Pledge: "Wait a minute, I'l l give you 

some water." 
Senior: " I said I'm thirsty, not dirty." 

Marshall: "Do you think that kiss
ing is unhealthy?" 

Shayne: "I dunno, I've never ... " 
Marshall: "You've never been 

kissed?" 
Shayne: ''I've never been sick." 

"Who's there?" asked St. Peter 
"It is / ," came the reply solemnly. 

"Go to Hell," he answered. "We have 
too many English majors already." 

A young man stood sipping a 
glass of beer at a bar when an
other man came in and ordered an 
Inverted Boilermaker. Upon gulp
ing it down he proceeded to walk 
up one wall, across the ceiling, 
down the opposite wall, and out 
the door . 

The beer drinker was astonished. 
Calling the bartender over, he 
asked, "What kind of a guy is 
that?" 

He's a queer one all right. 
Never says good night when he 
leaves." 

"I wish that we'd get a few ship
wrecked sailors washed ashore," 
mused the cannibal king. "What I 
need is a good dose of - salts." 

"Frequent water drinking," said 
the specialist, "prevents you from 
becoming stiff at the ioints.'' 

"Yes," said the Engineer, "but 
some of the ioints don't serve 
water!" 

Host: "There are my grandmother's 
ashes over there." 

Guest: "Oh, so the poor soul passed 
away?" 

Host: "No, she's too damned lazy to 
look for an ash tray." 

He asked for burning kisses, 
She replied in accents cruel: 

"1 may be a red-hot mama, 
But I ain't nobody's fuel!" 

"How long did it take your wife to 
learn to drive?" 

"It'll be ten years this fall." 

MINNESOTA TECHNOLOG 
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·Another page for YOUR BEARING NOTEBOOK 
How to keep cranes flying 

When engineers designed the over
head cranes for the world's largest 
line maintenance hangar, they faced 
the' problem of taking the enormous 
thrust arid radial loads imposed by 
swinging aircraft engines. To assure 
dependability, keep the cranes on 
the job, and keep the engines mov
ing, they specified Timken® tapered 
roller bearings . 

• Tapered design lets 
Timken® bearings take both 

radial and thrust loads .. 
Because of their tapered design, Timken bearings can 
take radial or thrust loads or any combination. And be
cause the load is carried along a full line of contact be-
tween rollers and races, Timken bearings have extra ~ 
load-carrying capacity. 

t 
Want to learn more about bearings 

or iob opportunities? 
Some of the engineering prob
lems you'll face after graduation 
will involve bearing applications. 
For help in learning more about 
bearings, write for the 270-page 
General Information Manual on 
Timken bearings. And for infor-

mation about the excellent job 
opportunities at the Timken 
Company, write for a copy of 
"Career Opportunities at the 
Timken Company". The Timken 
Roller Bearing Company, Canton 
6, Ohio. 

o TIMKEN IIOT JUST l IRL 0 IIOT JUST A ROLL£R o TR£ TIMK£N TAPERED ROLLER to 

8WING TAX£$ Will ~ AND THRUST -tl- LOADS OR ANY COMBINATION * TRADE· MARK REG. U.S , PAT. OFF. 

TAPERED ROLLER BEARINGS 
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E.E.'s, M.E.'s, A.E.'s, Math, 

Physics&Chemistry Majors: 

APL announces 
openings for young 

men of exceptional 

talent 
The Applied Physics Laboratory (APL) of The 

Johns Hopkins University, one of the country's 
leading R & D organizations, offers a unique 
opportunity for young men of exceptional talent 
because it is directed solely by technical men and 
scientists, and it has a single objective: technical 
progress. 

Because of its predominantly professional na
ture, and the high calibre of its staff members, 
APL has been able to consistently maintain its 
reputation as an R & D pioneer. APL developed 
the first proximity fuze, the first supersonic ramjet 
engine, and the Navy's Bumblebee family of 
missiles, which includes TERRIER, TALOS and 
TARTAR. 

Location & Facilities 

The APL laboratories, covering over 350,000 
square feet, are located in rolling countryside mid
way between Washington, D. C. and Baltimore, 
and in Silver Spring, Md. The facilities of APL 
combined with those of its 21 associate and sub
contractors and Government test stations provide 
exceptional opportunities for its staff members to 
develop and extend their capabilities. 

A strong program of financial assistance for 
graduate study is offered. Salaries at APL com
pare favorably with those of industrial R & D 
organizations. Young men of talent and higher~ 
than-average grades are invited to inquire about 
staff opportunities. All inquiries will be answered 
in detail. Contact your Placement Officer or write: 

PROFESSlONAL STAFF APPOINTMENTS 

The Johns Hopkins University 
Applied Physics Laboratory 

8621 GEORGIA AVENUE, SILVER SPRING, MD. 

IT Societies ... 

TECHNOTE·S 
(This space is given over to information on th e 

activities of the student chapters of the various 
pmfessional m-ganizations in IT.) 

(Note to organization publicity chairmen: If we 
don't receive any information from you, nothing 
about your Ol'ganization will get into the 'Loc; 
so, we're looking for something fmrn all of you.) 

ASCE 
The student chapter of the American Society of Civil 

Engineers is an organization which tries to create better 
relationships between professional men and students. At 
the past meetings, John Swanberg of the Minnesota High
way Department talked on the organization and work of 
the Seabees, Saul Fidelman of the Corps of Engineers gave 
an illustrated talk on the St. Lawrence Seaway Project, am. 
Joe Burns of Hurd Mapping Co. talked on aerial survey
ing and mapping. A movie of the construction of the UN 
Secretariat Building was also shown. 

To help students learn about the available summer 
employment, several students gave short talks at each meet
ing, each describing what he did during the summer. Paul 
Knopp talked on working in the Sanitary Engineering 
Laboratory; Robert Hanson, on working in New Mexico 
for the U.S. Bureau of Land Management. One evening's 
program was the movie on E-Day 1956, recalling fond 
memories to many of the members. 

ASME 
The first meeting of the American Society of Mechanic

al Engineers was held October 9, with the program con
sisting of a talk by John MacKenzie, plant manager of 
Toro Manufacturing, on the place of mechanical en
gineers in manufacturing. 

Norm Albrecht of Remington Rand Univac spoke at the 
Oct. 24 meeting on computer systems and their uses. 

The ASME held its national convention. The Minne
sota student chapter was 'represented by its president, John 
Kreuthmeier. 

Meetings in November included talks on "Automation 
and its Economic Values," by Jack Buffington, M.E. from 
General Mills, and "Tracing Cosmic Rays in Photographic 
Emulsionss," by Dr. Peter Fowler, visiting professor from 
the University of Bristol (England). 

November 16 the group were guests of Minnesota Min
ing and Manufacturing for a trip through the 3-M tape 
plant in St. Paul. 

More interesting trips and speakers are on the program 
for winter quarter. 

MINNESOTA TECHNOLOG 



G r e e k 

Attention is again being focused architecturally on the 

University of Minnesota campus as delegates and officers 

of Alpha Rho Chi, national architecture 

APX fraternity, make final plans for their bi

annual national convention, to be held at 

their local chapter house, 605 Ontario St. S.E. 

N 0 t e s 

Other highlights of the conclave will be seven general 

sessions, a design forum for students and delegates, and 

an evening of entertain1nent by the host chapter. The dele

gates will be treated .to a "M innesota Christmas Open 

House," complete with skating on a landscaped and color

lighted skating rink in the back yard of the house. A big 

Christmas tree in the main lounge, with plenty of "Christ

Dec. 27 will be the opening date of the 3-day meet, the mas cheer" for refreshments, will complete and comple-

25th (silver jubilee) convention of the fraternity. The local ment the event. 

chapter, as host, will be welcoming fraternity brothers to 

Minnesota for the first time si nee the early 1930's. 

Alpha Rho Chi, limiting its membership to students of 

architecture and the allied professions, was founded in 

1914 by the union of architectural societies at the Uni

versities of Michigan and Illinois, and today has student 

chapters at the schools of architecture in Ohio State, 

Pennsylvania State, Virginia, Michigan, Illinois, Southern 

California, and Minnesota. 

The objects of this group are to organize and unite in 

fellowship the architectural students in the universities 

and colleges of America, and to combine their efforts, so 

as to promote the artistic, scientific, and practical efficiency 

of the younger members of the profession. 

With this in mind, the members of the local chapter, 

named for the Greek architect Mnesicles, have scheduled 

for the delegates and officers of the fraternity a meeting 

profitable to them both personally and organizationally. 

The main event for all will be the traditional conven

tion banquet, to be held the evening of December 29, at 

the Calhoun Beach Hotel. The guest of honor and main 

address speaker of the everiing will be Mr. Richard Buck

minster Fuller, world renowned design architect-engineer, 

who is an honorary brother of the Mnesicles group. 

"Bucky," as he is affectionately known to the students, is 

a resident of the chapter house during his teaching, stays 

at the University School of Architecture. He has been 

guest lecturer at the school during the past three years. 

NOVEMBER 1956 

The Mnesicles group hopes to share with the conven

tion-goers their enthusiasm of the newest fraternity build

ing of Alpha Rho Chi, first occupied in January, 1953. 

Designed by APX alumni and coordinated through the 

office of local architect Glynne Shifflett, the brick and 

frame contemporary structure contains dormitory and 

study facilities, kitchen, lounge, and a chapter room. 

The students and convention officers will tour the 

School of Architecture, where they will see an exhibit of 

student APX work from throughout the nation, and visit 

selected local buildings. The chairmen for the meeting, 

beside national president Robert Calrow, are Orrin D. 

field, Mnesicles Alumni Association President, and Rob

ert '\1\T. Peters, IT senior, president of the local chapter. 

APX Mnesicles Chapter House 
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for America's young 
engineers with capacity for 
continuing achievements in 

radio and electronics 

Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower ... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
... a great development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 
America ... opportunity to be 
associated with leaders in the 
electronic field ... to work with 
the finest facilities . .. to win rec
ognition ... to achieve advance
ment commensurate with 
capacity. 

Learn more about this noted 
Tower of Opportunity ... its long
range program and generous em
ployee benefits. See your Place
ment Officer today for further in
formation about FTL. 

156 

INTERESTING 
ASSIGNMENTS IN-

Radio Communication Systems 
Electron Tubes 

Microwave Components 
Electronic Countermeasures 

Air Navigation Systems 
Missile Guidance 

Transistors and other 
Semiconductor Devices 

Rectifiers • Computers • Antennas 
Telephone and 

Wire Transmission Systems 

Fedeml 
Telwmmnnication 

.la/Jomtonesll!i!J 
A Division of International 

Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N.J. 

Since we call professors "profs," it's 
easy to figure out what we ought to call 
assistants. 

Not only is it proper to hold an en
gineer's hand in the dark, but is usual
ly necessary. 

The only thing worse than a bachelor 
is being a bachelor's son . 

"This university turns out some great 
" men. 

"When did you graduate?" 
"I didn't graduate. I was turned out." 

Engineers wonder why girls with 
streamlined figures offer the most re
sistance. 

Instructor: "Before we start this final 
exam, are there any questions?" 

E.E.: " What's the name of this course?" 

EE: "Well, what would you like 
to drink?" 

Coed: "I guess I'll have cham-
pagne." , 

EE: "Well, guess again!" 

Four-year-old Bobby was stroking his 
cat before the fire in perfect content. The 
cat, also happy, began to purr loudly. 
Bobby gazed at her for a while, then 
suddenly seized her by the tail and 
dragged her roughly away from the 
hearth. His mother said: 

"You must not hurt the kitty, Bobby." 
"I'm not," said Bobby, "but I've got to 

get her away from the fire. She's begin
ning to boil." 

M.E.: A gal and an automobile are 
alike. A good paint job conceals the 
years, but the lines tell the story. 

He: "You remind me of the ocean." 
She: "You mean I'm wild, romantic, 

and restless?" 
He: "No, you make me sick." 

The difference between a dress-tie and 
a noose is that one is worn without a 
collar. 

Angry father: "What do you mean 
bringing my daughter in at this hour 
of the morning?" 

Engineer: "Have to be at clasi at 
8:30." 

Then there was the chemical en
gineer who died from drinking 
shellac. The boys all said he had 
a good finish. 

Sign in a local shop: "Our Lingerie 
is the Finest. Smart Women Wear 
Nothing Else." 

A horsepower is the amount of 
work done by a theoretical horse. 

"Who gave the bride away?" 
"Nobody. I could have, but I kept 

my mouth shut." 

Anyone who claims it is impossi
ble to attain absolute zero hasn't 
taken a quiz in thermo lately. 

Co-eds are temperamental: 90 per 
cent temper and 10 per cent mental. 

Her dainty foot brushed a potted flow
er, upsetting it. She looked at the spilled 
dirt gravely, then raised her childlike 
eyes to the sedate face of the minister 
and said, " That's a hell of a place to put 
a lily." 

Some girls are cold sober. Oth
ers are always cold. 

A true lover of music is a man who, 
upon hearing a soprano voice in the 
bathroom, puts his ear to the keyhole. 

He: "I gave her a kiss that lasted al
most three hours." 

She: "How can you do it?" 
He: "Do you have three hours?" 

First strawberry to second straw
berry: If we hadn't been in the same 
bed we wouldn't be in this jam. 

Professor: Who was the first man? 
Co-ed (blushing): I'd rather not tell. 

New Parson: "I'm certainly glad to 
have such a wonderful congregation." 

Parishioner: "And we're delighted to 
have you. You have been so informative. 
Why, we didn't know what sin was before 

you came." 

One skunk to another: I just haven't 
got it any more. Somebody must have 
slipped me a slug of chlorophyll. 

MINNESOTA TECHNOLOG 



AVIATION, INC .• 

ONVAIR 

~
~~ 

c~~--
-rUGHT AIRCRAFT 

.; •• users o/1 or more o/ these current 

Hamilton Standard products 

' 
Engineers at Hamilton Standard are "in" on the ~iggest, 
most dynamic advances in World-wide Aviation ... be
cause they are working with the greatest names in aviation. 
The proof that we can design and develop products such 
as these is our long record of association with these proud 
names and our continued success in providing vital com
ponents of today's and tomorrow's aircraft and missiles. 

HAMILTON STANDARD DIVISION 
UNITED AIRCRAFT CORPORATION 

47 Bradley Field Road, Windsor Locks, Connecticut 
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Overheard on a bus: 
First Old Lady: "We really must get better instructors 

for the Electrical Engineering Dept. at the U." 
Second Old Lady: "Why?" 
First Old Lady: "My son says that they have too many 

transients there." 

loan:' " Why did you park here, Bob, when there are nicer 
places farther on?" 

Bob: "I'm the impatient type, I guess. With me, this is a 
case of love at first site." 

Marriage is like a poker game. It starts with a pair; 
he shows a diamond; she shows a flush, and they end 
up with a full house. 

It was a day late in 1980, when socialized medicine had 
become the law of the land. A man was seized with a 
violent cramp in his stomach and sought relief at the 
modem white structure erected for the purpose in his 
home town. Upon entering the building he found himself 
in a hall with two doors. One was marked "male" and the 
other "female." Naturally, he entered the door marked 
"male." 

He found himself in a room with two doors. One was 
marked "Over 21," the other "Under 21." 

He found himself in a room with two doors. One was 
marked "Serious Illness," the other "Minor Indisposition." 
Since he was doubled up with pain by this time, he stag
gered through the door marked "Serious Illness." 

He found himself in a room with two doors. One was 
marked "Democrats," the other "Republicans." Since he 
had voted a straight Republican ticket all his life, he en
tered the door marked "Republicans" - and found himself 
out on the street. 

The reason it takes men less time to dress than women is 
that the men don't have to slow down for the curves. 

Scene: Street in London slum. Three urchins 8 to l 0 years, 
playing in gutter. Rolls Royce stops opposite side of street. 
Alights a beautiful, expensively dressed blonde. She crossed 
over to boys, picks up the youngest, hugs him, kisses him, gives 
him box of candies, parcel of toys, opens silk purse, fills his 
two d irty hands with money, hugs and kisses him again, waves 
her l ily hands, gets into car and departs. Other two boys 
goggle-eyed . Then one says, "Gorblimey, Tommy, woz that yer 
fairy godmother?" The beneflciQry looks at him with scorn: 
" Now, 'that woz my sister wot woz ruined.'" 

A well-known zoology professor was unwrapping a par
cel before his class which, he explained to his pupils, was 
a fine specimen of a dissected frog. Upon disclosing two 
sandwiches, a hard-boiled egg, and a banana, he was very 
surprised and exclaimed, "But surely I ate my lunch." 

A man went into the Army, and, right after induc
tion, he went to see a doctor. 

"What's wrong with you?" asked the doctor. 
"Well, I just got in the Army, and look at the uni

form they gave mel The pants are just the right 
length, the sleeves are just right, the hat fits perfect
ly, and the shoes are also perfect." 

"Well?" asked the doctor. 
"My problem is this," said the inductee. "Am I 

deformed?" 

A college senior entered a professor's office one morning 
and said: 

" Last night, professor, your daughter accepted my proposal 
of marriage. Fully realizing the importance of the step, I have 
called upon you to see you and to inquire if there is any in
sanity in your fam ily." 

The prof~ssor looked up over his glasses and surveyed the 
young man in silence for a moment, then sadly nooded his head 
and remarked : 

" Yes, yes. There must be." 

"Won't your wife hit the ceiling 
when you come home tonight." 

Managing Editor: My girl friend 
never does anything wrong. 

PELIKAN DRAWING INKS 

at 

PERINE'S 
315 14th Ave. S.E. 

Harvard and Washington Ave. 
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"She probably will, she's a hell 
of a shot." 

And then there was the Arts student 
who let his EE roommate fix him up for 
a date with Allis-Chalmers. 

Comment overheard at Military Ball : 
She: "What's the difference between 

dancing and marching?" 
ROTC Student: "I don't know." 
She: " I didn 't think you did . Let's sit 

down." 

Wisdom: Knowing what to do. 
Skill: Knowing how to do it. 
Virtue: Not doing it. 

She was only a gearmaker's daughter, 
but she could outstrip them all. 

Editor-in-Chief: She doesn't? 
Man. Ed.: Nope-she says if a thing 

is worth doing at all it's worth doing 
right. 

Fred : "May I take you home?" 
lnga: "Sure. Where do you live?" 

"I know a guy who swallows 
swords." 

"That's nothing, I inhale Cam
els." 

The instructor was teaching a cute 
young thing to drive. 

"This," he said, "is the hand brake. 
You put it on quickly in case of an 
emergency." 

"Oh, I see," she giggled, "It's like a 
bathrobe." 

MINNESOTA TECHNOLOG 



F::.1giD.eers ••• 

They can ... if you start your 
Douglas career now! 

Douglas has many things to offer the career
minded engineer! 
... there's the stimulating daily contacts with 
men who have d~signed and built some of the 
world's finest aircraft and missiles! 
.. . there's enough scope to the Douglas opera
tion so a man can select the kind of work he 
likes best! 
... there's security in the company's $2 Billion 
backlog of military and commercial contracts! 
. . . and there's every prospect that in 10 years 
you'll be where you want to be professionally, 
and you'll be in both the income level and geo
graphical location to enjoy life to its full. 

NOVEMBER 1956 

Will your income 

and location 

allow you to live 

in a home 

like this ... 

spend your 

leisure time 

like this? 

Brochures and employment applications are 
available at your college placement office • 

For further information ~bout opportunities with 
Douglas in Santa Monica, El Segundo and Long 
Beach, Calif. and Tulsa, Okla., write today to: 

DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. La Vene, 3000 Ocean Park Blvd. 

Santa Monica, California 

First in Aviation 
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N 1\ ED SOME MONEY? Then come down to 2 ME, the 

'Loc office, and g- lance through the stack of material 

on prizes lor papers on various subjects. 

For instance, the James F. Lincoln Arc Welding Foun

dation is offering 46 awards (totaling $3500, with two first 

prizes of $500) for "submitting papers describing the de
sign of either a machine, machine component, structure, 

or structural part in the construction of which significant 

use is made of arc welding." 

The Glenn L. Martin Co. is offering 10 awards totaling 

$12,000 for essays on Earth satellites. 

The complete rules and directions for entering these 

contests are available in the 'LoG office; if you're inter

ested, you're welcome to come down and look. 

* * * 
coNGRATULATIONs to KSTP for its "KSTP Concert Hall''! 

This program, which was started after last month's 

editorial was written and before the magazine was dis

tributed, approaches the ideal of classical music programs. 

It is broadcast at a convenient time; the commentator (the 

term "disk-jockey" applies to a different situation and is al

lllost a dirty word) has a calm, restrained style, and he 

avoids the trap most others fall into: talking a lot and 

saying very little; the advertising is low-pressure; and the 

selections broadcast arc well balanced. 

This, however, is the one bright spot in a picture that 

i~ otherwise worsening. The organization, which shall be 

nameless here (after all, the 'LoG has enough troubles 

with censorship), that this column from time to time ha~ 

been taking pot-shots at, has slipped even more. This busi

ness of attaching their name to every activity broadcasting 

by them becomes nauseating within 2 or 3 minutes. (Short 

pause for silent retching.) The regular listeners to this offal 

(who seem to be entranced by it, so great is their objection 
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to anyone attacking it or suggesting it really ISN'T the 

greatest) must either, (I) enjoy or, (2) be inured to it by 

now. 

The fact that only one of these electromagnetic execra

tions is picked out for especial notice does not mean that 

all the others are tolerable; it simply reflects the fact the 

one is the leader of the group, with all the rest following 

close behind. 

Note to aggrieved listeners: the address of the FCC is: 

Washington 25, D.C. Sic semper "world's dog gonedest 

yammering"! 

ORIGIN of the term seminar: Semi from the Latin, 

Nan· from the German. (At least according to one version 

heard in the Chemistry Building.) 

* * * 
A TTENTION Messrs. Oleson and Gimpl: Please note the 

following: The "Finagle Factors" in the April and .May 

'LoG of last year consisted of 5 (Count 'em! 5) pages_ They 

were printed twice because the first time around several 

lines of the material were shifted vertically, putting the 

wrong factors in place. Time 2 was to correct this. The 

defense rests! 

P.S.: The 'LoG can always use a couple of good humor 

writers. 

* * * 
JF YOU HAVE been able to wade through this so far, here 

is a slight reward: Knock off some Thursday night and 

go over to the Twin City Terminal [model] Railroad at 

the St. Paul Union Depot. 

MINNESOTA TECHNOLOG 



PHOTOGRAPHY AT WORK-No. 24 in a Kodak Series 

Theyi-e coming in for a first 
landing at a "new" airport 

American Airlines uses wide-screen color slides 
to familiarize pilots with every detail in 

approaching an airport that is new to tltem 

BEFORE an American Airlines' pilot sets his aircraft 
and passengers down at a new airport, the field 

and surrounding territory are as familiar as though 
he'd come in many times before. 

As part of American Airlines' comprehensive air
port familiarization program, he has seen the field 
from many directions, many heights. He has gone over 
the approach to each runway-correlated what he has 
seen with the radio and instrument aids. 

All this is done through color slide films shown on 
a wide screen to simulate actual vision from the cock
pit. American makes one for each airport added to its 
system. As a matter of fact, American uses similar 
slide films to train many of its staff-flight engineers, 
stewardesses, maintenance employees, cargo handlers, 

line personnel and ticket agents. It means greater effi
ciency and money saved. 

Photography works in many ways to save money 
and improve operations for all kinds of businesses, 
large and small. In research, in development, in pro
duction, in sales, it saves time and cuts costs. 

Behind the many photographic products becom
ing increasingly valuable today and those planned for 
tomorrow lie intriguing and challenging opportunities 
at Kodak in research, design and production. 

If you are interested in these opportunities in sci
ence and engineering-whether you are a recent 
graduate or a qualified returning serviceman, 
write to the Business and Technical 
Personnel Dept. 

EASTMAN KODAK COMPANY, Rochester 4, N.Y. 



I 
A General Electric • • • 
/ 

Here's how your engineering background fits you 
for the broad field of Technical Marketing 

IN PRODUCT SPECIALIZATION complete knowledge 
of certain product lines assures their proper applica
tion to best serve the customer's requirements. 

IN HEADQUARTERS MARKETING product planning, 
marketing research, and sales direction all contribute 
to successful marketing of General Electric products. 

IN INSTALLATION AND SERVICE ENGINEERING cus
tomer satisfaction is assured by proper installation 
and service of equipment supplied by General Electric. 

IN SALES ENGINEERING lies the prime responsibility 
for the integration of all sales and engineering 
activities between General Electric and the customer. 

IN APPLICATION ENGINEERING electrical and mechan
ical components are engineered into the customer's 
product, power system, or manufacturing process. 

.------------------l 
I MAIL COUPON FOR FULL INFORMATION 

ON THESE TECHNICAL MARKETING CAREERS 

Mr. George E. Mullin, Jr. 

Technical Marketing Program 

Building 2 Section 956-8 

General Electric Company, Schenectady 5, New York 

Please send me your descriptive bulletin on the Technical 
Marketing Program, GEZ-5158. 
Name ____________________________ _ 

Colleget ______________ Degree & Year·-----

Addre••·-------------------------------

L-------------------~ 
GENERAL. ELECTRIC 

3 COPIES 
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Thomas A. Beattie, class of '47, 
speaks from experience when he says: 

"At U.S. Steel one has a great amount 

of varied experiences. 

There is truly never a dull moment." 

After receiving his B.S. in Mechani
cal Engineering in 1947, Mr. Beattie 
entered the employ of U.S. Steel as 
a student engineer. That was on Sep
tember 22,1947, and included service 
in the United States Navy from 1943 
to 1946. 

Mr. Beattie's progress from that 
date onward is typical of that of 
many engineering graduates who 
plan their future with U. S. Steel. 
For, within two years, we find Mr. 
Beattie advanced to the position of 
Process Engineer, Maintenance De
partment. Then on April 16, 1.951, 
he was promoted to Relief Foreman, 
Shops, Maintenance Department. 
On March 1, 1952, he was made 
Turn Foreman, Blooming and Bar 
Mills, Mechanical Maintenance De
partment. And on January 1, 1955, 
he was promoted to his present post 
of Assistant Superintendent, Main
tenance Department, of U. S. Steel's 
National Tube Division's National 
Works. 

In this position, Mr. Beattie's re
sponsibilities are numerous. They in
clude the Service Power House and 
Skelp Mill area; maintenance of 
four blast furnaces and blast furnace 
auxiliaries, plus a sintering plant; 
maintenance of two blooming mills 
and soaking pits; maintenance of one 
bar mill; maintenance of three Bes
semer converters, three open hearth 
furnaces, three open hearth auxili
aries, and seventy overhead cranes 
ranging from two to 200 tons. He 
supervises 680 men. 

As Mr. Beattie remarks: "A steel 
plant includes all departments . . . 
every craft known to industry. In 
the space of three years, aU. S. Steel 
engineer can obtain experience that 
may take three times as long under 
different employment circumstances. 

One meets all types of problems and 
personnel. Each day is varied, cer
tainly not dull, and yet no problem 
is insurmountable. Certainly, there 
is no possibility of getting 'into a 
rut' here." 

Should you be interested in a 
challenging and rewarding career 
with United States Steel and feel 
that you can qualify, consult your 
college placement director for fur
ther information. Upon request, we 
shall be glad to send you a copy of 
our informative booklet, "Paths of 
Opportunity." Simply 
write to United States 
Steel Corporation, 
Personnel Division, e 
Room 1662, 525 Wil- ~ 
liam Penn Place, Pitts-
burgh 30, Pa. 

UNITED STATES STEEL 
SEE THE UNITED STATES STEEL HOUR. It's a full ·hour TV program presented every 
other week by United States Steel. Consult your local newspaper for lime and station. 

AMERICAN BRIDGE. AMERICAN STEEL & WIRE and CYCLONE FENCE • COLUMBIA·GENEVA STEEL • CONSOLIDATED WESTERN STEEL • GERRARD STEEL STRAPPING • NATIONAL TUBE 
OIL \'/ELL SUPPLY. TENNESSCECDAL&IRON ·UNITED STATES STEEL PRODUCTS • UNITED STATES STEEL SUPPLY· Divls/oasol UNITED· STATES STEEL CORPORATION, PITTSBURGH 

UNITED STIITES STEEL HOMES, INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT COMPANY 



Building the first large liquid-fuel 
reactor for a utility power plant . 

. . . A PROBLEM IN ATOMIC POWER 

DECEMBER 1956 

The first large homogeneous reactor for a utility 
power plant is now being designed by Westing
house engineers and scientists, in partnership 
with the Pennsylvania Power and Light Com
pany, for whom the plant will be built. The 
plant will have a capacity of 150,000 kw. 

Liquid fuel will be circulated throughout the 
nuclear power plant and carry heat to steam 
generators. 

This is only one of many daring research 
and engineering projects young engineers can 
work on at Westinghouse. 

Here you can work in your chosen :field .•• 
electrical, mechanical, chemical and industrial 
engineering; physics; mathematics; metallurgy 
and many others. And, you can pick the type 
of work you prefer. 

Rapid expansion of manufacturing capacity 
and entry into new fields like radar, automation 
and semiconductors, enable capable young men 
to advance rapidly. 

Your opportunity to build a career at 
Westinghouse is not left to chance. A well
planned program of training . • . continued 
education at graduate school level (at company 
cost), and advanced management and profes
sional development courses . . . all create a 
favorable and exciting climate in which to grow. 

For further information, talk to your place
ment officer or ask him to make a date with the 
Westinghouse interviewer. Meanwhile, write for 
Finding Your Place in Industry and Continued 
Education at Westinghouse. 

Write: Mr. C. W. Mills, Regional Educational 
Co-ordinator, Westinghouse Electric Corpora
tion, Merchandise Mart Plaza, Chicago 90, Ill. 

\\estinghOUSe 
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"POWER OFF I" Test operations are directed from this central control room, where 
special measuring instruments greatly speed up the collection of pump performance 
data. That's one way Worthington products are made more reliable by using ..• 

• • • the world's most versatile hydraulic proving ground 

COMPREHENSIVE TESTS are run on a Worthington centrifugal 
refrigeration unit (lower left) now in ser~ice as .o.ne ?f the .Ar?
bian American Oil Company's central atr conditlonmg umts m 
Dhahran, Saudi Arabia. 

When you make pumping equipment that has to stand up and 
deliver year after year anywhere in the world, you've got to be sure 
it will perform as specified. 

That's why we built one of the world's largest hydraulic test 
stands at our plant in Harrison, New Jersey. Here, over a half
acre "lake," we can check the performance of anything from a 
fractional horsepower unit to pumps handling over 100,000 gallons 
a minute. When you realize there are thousands of sizes and types 
of centrifugal pumps alone, you get an idea of the versatility we 
had to build into our proving-ground. 

Naturally, our new test equipment is a big help to our research 
engineers, as well as our customers. Now they get performance 
data on products quickly and accurately. Using it, we can save 
months, even years, in developing new Worthington fluid and air
handling devices-equipment for which this company has been 
famous for over a century. For the complete story of how you can 
fit into the Worthington picture, write F. F . Thompson, Mgr., 
Personnel & Training, Worthington Corporation, Harrison, N. J. 

See the Worthington representative when he visits your campus 
See the Worthington 
Cor·poration exhibit in 
New York City. A lively, 
informative display of 
product developments 
for industry, business and 
the home. Park Avenue 
and 40th Street. 

WORTHINGTON 

When you're thinking of a good job-think high-think Worthington 
AIR CONDITIONING AND REFRIGERATION • COMPRESSORS • CONSTRUCTION EQUIPMENT • ENGINES • DEAERATORS • INDUSTRIAL MIXERS 

LIQUID METERS • MECHANICAL POWER TRANSMISSION • PUMPS • STEAM CONDENSERS • STEAM-JET EJECTORS • STEAM TURBINES • WELDING POSITIONERS 
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GUIDED MISSILE 

RESEARCH and DEVELOPMENT 

A major guided missile research and development program has several 
significant characteristics that are of particular interest to the scientist 
and engineer. 

First, it requires concurrent development work in a number of dif
ferent technical areas such as guidance and control, aerodynamics, struc
tures, propulsion and warhead. Each of these large areas in turn contains 
a wide variety of specialized technical activities. As an example, digital 
computer projects in the guidance and control area involve logical design, 
circuit design, programming, data conversion and handling, component 
and system reliability, input-output design, and environmental and 
mechanical design. 

A second characteristic is frequently the requirement for important 
state-of-the-art advances in several of the technical areas. For instance, the 
supersonic airframe needed for a new missile may necessitate not only 
novel theoretical calculations, but also the design and performance of new 
kinds of experiments. 

A third characteristic of missile development work is that such close 
interrelationships exist among the various technical areas that the entire 
project must be treated as a single, indivisible entity. For example, what 
is done in the guidance portion of the system can affect directly what must 
be done in the propulsion and airframe portions of the system, and 
vice versa. 

These characteristics make it clear why such work must be organized 
around strong teams of scientists and engineers. Further, for such teams 
to realize their full potential, they must be headed by competent scientists 
and engineers to provide the proper technical management. And finally, 
all aspects of the organization and its procedures must be tailored care
fully to maximize the effectiveness of the technical people. 

Principles such as these have guided The Ramo-Wooldridge Corpora
tion in carrying out its responsibility for overall systems engineering and 
technical direction for the Air Force Intercontinental and Intermediate 
Range Ballistic Missiles. These major programs are characterized by their 
importance to the national welfare and by the high degree of challenge 
they offer to the qualified engineer and scientist. 

. . . . . . . . . . . . . . . . . . . . . . . . .............. . 

Openings exist /or · 
s&ientists and engineers 

in these fields of 
&urrent activity: 

Guided Missile Research and Development 
Aerodynamics and Propulsion Systems 
Communications Systems 
Automation and Data Processing 
Digital Computers and Control Systems 
Airborne Electronic .and Control Systems 

The Ramo-Wooldridge Corporation 
5730 ARBOR VITAE STREET • LOS ANGELES 45, CALl FORNIA 
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Artist Wes Loomer's "Snowflake Engineer
ing ." 

Frontispiece 
The tiny perforated plate, whose size is in
dicated by the pencil tip in the lower left 
hand corner, is the heart of a new electronic 
memory system which will enable electronic 
computers to store a million bits of informa
tion in a space no larger than a shoe box 
and to recall any or all of them in millionths 
of a second! 
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JENKINS VALVES 
for another mid-town 

Manhattan record-maker 

SOCONY MOBIL BUILDING 

Control vital pipe lines 

in giant network serving 

"vertical city'' of 1 0,000 

In an area where news-making structures greet the eye on every 
side, the new Socony Mobil Building sets some impressive records. 
It is New York's biggest in 25 years. With its stainless-steel skin, 
it is the world's largest metal-clad building. It is the first big office 
building in New York to use a high-voltage wiring system, and 
the first to use self-service elevators exclusively. 

In choosing Jenkins Valves, however, the builders followed a 
familiar precedent. They took the same future-minded view of 
operating economy as the planners of so many of the other notable 
buildings that shape Manhattan's famous skyline ••• who also 
specified Jenkins Valves. 

For plant operating engineers in every industry, ~swell as builders, 
the Jenkins Diamond trade mark is the reliable guide to lasting 
valve ~conomy. Jenkins Bros., 100 Park Ave., New York 17. 

SOLD' THROUGH PLUMBING-HEATING AND INDUSTRIAL DISTRIBUTORS 
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Assod11td Architects: fu1uusoN & ABilAMOVITZ 

and joHN B . PETEilKIN 

Gnural Contractor: TuRNER CONSTRUCTION Co. 
Mechanical Contractors: ]ARos, BAUM & BoLLES 

Plumbing Contractor: EuGENE DuKLAUEil, INc;, 

A DAILY "POPULAnON" of 10,000 office
workers requires, for modern standards of 
comfort and convenience, piping compar
able in volume and variety to that of some 
cities. The thousands of Jenkins Valves 
chosen for reliable, efficient, and safe con
trol of major systems in this complex net
work include Iron Gates and Checks on the 
main city water supply; Cast Steel Gates 
witb motor operation for remote control on 
fire lines; and Bronze Valves of all patterns 
on water, oil, air, and gas lines. 

MINNESOTA TECHNOLOG 



Behind this Sperry engineer you see 
a complex development in one of 
the nation's guided missile programs. 
Can you imagine what it is? 

• Imagination is a valuable trait for 
the engineer making his career with 
Sperry. For here there are many 
challenging opportunities to be met 
in such fields as missiles, inertial 
guidance, radar, computers, micro
waves and gunfire control. And while 
you work with the acknowledged 
leaders in these fields you can further 
your formal education-with Sperry 
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paying your full tuition for advanced 
or continuing studies. 

• Whether you elect to work with 
Sperry in its modern plant in Long 
Island, or in Florida, California, Vir
ginia or Utah, there is a bright fu
ture for you at Sperry, and one 
limited only by your own desire to 
get ahead. 

• Check your Placement Office for 
dates when Sperry representatives 
will visit your school. Make it "a 
must" to talk with them or write 

J. W. Dwyer, Sperry Gyroscope 
Company, Section 1B5. 

P.S. In case you didn't identify the 
equipment shown above, it is 
part of an 8 ft. Sperry-designed 
radar antenna for long range 
missile guidance. 

BROOKLYN • CL EVELAND • N EW ORLEANS • LOS ANGELES • 

SEATTLE • SAN FRANCISCO . IN CANADA : SPERRY GYROSCOPE 

COMPANY OF CANADA . L TO. , MONTREAL, QUEBEC 
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IF YOU' E TN• II.STLIISS TYN1 
COME To WoRK FOR US ! 

We want YOU! The kind of engineer who won't 
stand still for the ordinary, the "pat", the obvious. 
The kind of engineer who's constantly explor
ing new approaches. The Creative Engineer! 

What company offers the most to this "restless" 
kind of engineer? We believe it is The Standard 
Oil Company of Ohio! We are engineering
minded. Seven per cent of all our employees are 
engineers. One-half of the president's staff-our 
top management-are engineering graduates. 

Our training programs for engineers are among 
the most complete in the country. And as a 
Standard Oil of Ohio engineer, you would be 
working in one of America's largest and most 
challenging growth industries-oil! 
So before you decide on any company, look into 
Standard Oil of Ohio-where creative engineer
ing counts! Contact the placement director of 
your school. Or write Mr. E. G. Glass, Jr., 
Standard Oil Company (Ohio), Midland Build
ing, Cleveland, Ohio. 

?HB STANDA D OIL OOMPANY (OHIO) 
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L. K. Edwards (center), advanced design and systems 
analysis department head, discusses launching of a ballistic 
missile with W. P. Gruner (left) , head of weapons systems 
integration, and Systems Analyst G. W. Flynn. 

the creative approach to MISSILE SYSTEMS . ANALYSIS 

There are few areas in which engineers and !'cientists can apply 

their abilities so broadly as in Lockheed's concept of systems 

analysis. Lockheed systems analysis staff members engage 

importantly in virtually every phase of missile preliminary design 

and development as they: 

• formulate overall analytical treatment 

• perform original analyses when problems defy conventional 
handling 

• coordinate analytical activities among different departments 

Because Lockheed is involved primarily in frontier activities, its 
systems analysis emphasis is op new approaches, new techniques, 

new ideas. It is work that calls for flexible, creative minds. 

Positions are open in systems analysis and virtually every field 

of engineering and science related to missile systems. 

MISSILE SYSTEMS DIVISION 

research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION 

YAN l'IIUYS • PALO ALTO • SUN~YVAL:J<: 

CALIFOR~IA 
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.Rocket Sleds 

TH E ADVENT of the modern high-speed aircraft, both 
m~nned and unmanned, has not only brought on a 
mlJltitucle of design problems, but has also caused an 

entirely i1~w field to be opened up in the realm of testing 
these new; devices which have been developed. 

It has always been necessary to include one important 
step ip the development of any new aircraft. Between the 
paper design and operating prototype, there must always 
be ~ series of tests. The extent and scope of the tests 
naturally depend on the complexity and uses of the ma
chine which is being built. 

This intermediate step has assumed new proportions 
since the end of ·world War II, and the introduction of 
new, complex, high-speed and sometimes strange aircraft 
has been the disturbing factor. 

Prior to 1946-47, aircraft testing consisted chiefly of 
some wind tunnel work to determine the proper shape of 
the plane, static and dynamic load tests to check the struc
tural strength, and finally the flight tests to see if the plane 
would actually do the job for which it was intended. 

Even when guided missiles first came into use, the 
standard method of testing was to check the wind tunnel 
and design work by firing numerous vehicles, visually ob
serving the performance, and telemetering certain data 
back to receiving stations. This method is still being used. 
It must be used for the final over-all checking of the per
formance of the missile. However, a way was found to 
eliminate many of the firings, thus cutting clown the ex
pense by preventing a great many lost or destroyed mis
siles. Not only could this new method of testing be used 
for missiles, but manned aircraft had many features which 
could be tried out without actually putting the plane into 
the air. 
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Reprinted from the Oklahoma State Engineer 

So was born the rocket sled. There can be no single 
description of the body of a sled. Each configuration de
pends on the mission of that particular test. Essentially 
the rocket sled consists of a framework supported by slip
pers which grip and ride on a track that looks much like 
an ordinary railroad track. The main difference is that 
these tracks are aligned with an accuracy measured in 
thousandths of an. inc4. This is necessary to provide as 
smooth a ride as possible for the sled as it scoots down the 
track with velocities up . to 1500 miles per hour. 

The framework is usually covered over in some manner 
in order to ~llow a smooth air-flow across the sled. This is 
especially tn,1e with the high-speed sleds. 

The power for these runs is provided by either solid or 
liquid propellant rockets. The solid propellant rockets 
have the advantage of low weig·ht and availability. The 
liquid propellant rockets have the advantage of providing 
a thrust which does not vary in magnitude during the 
run. It also has lower cost once the initial engine is pro
cured. 

The sleds are stopped at the end of the run by a series of 
water dams located in a trough which runs the entire 
length of the track between the rails. The dams increase 
in height along the track according to a definite progres
sion, thus providing a gradually increasing depth of water 
to be picked up by the brake. The brakes are scoop-like 
affairs projecting from the bottom of the sled so as to pick 
up the water and turn it through some angle. By taking 
into account the design of the scoop and velocity of the 
sled, it is possible to program the dam heights so that any 
value of deceleration may be obtained. 

The potential of the rocket sleds has not yet been real
ized since new uses appear with every advance in the sci-
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ence of air power. Most important, the sleds allow much 
of the testing once done only by firing missiles to be ac
complished without expending a complete vehicle. Then, 
too, many of the tests run on the sleds could not be 
handled by any of the wind tunnels. Originally, this was 
because the United States lacked transonic and supersonic 
tunnels when the need for them first arose. Sleds and mis
sile firings provided a stop-gap measure and took some of 
the load off the first high-speed tunnels. 

Now the sleds are used because many of the conditions 
for certain tests could not possibly be set up in any tunnel, 
either due to space limitations or other reasons. 

Probably the most publicized use of the sleds has been 
that of Col. John P. Stapp in his work to determine the 
human limits and tolerances to wind blast and deceleration 
such as is encountered in high-speed bailouts. This series 
of experiments is only one of a great many, few of which 
receive any notice at all except where it counts- in the 
development of safer and better aircraft. 

In the field of manned aircraft, ejection mechanisms 
and deceleration and stabilizing chutes have been thor
oughly tested on the sleds. Especially in this category of 
testing, the sleds have the advantage of being able to pro
vide facilities for the test, accurate data on velocity, ac
celeration and deceleration, and plenty of places for re
cording cameras, both on the sled and along the track. 

The drag chutes now used by most of toclay's high-speed 
aircraft in landing were first tested for suitability and ef
fectiveness on the rocket sleds. Various types of seat har
nesses and materials were also su bjectecl to deceleration 
tests on the sleds to determine which would be the best 
to put into the aircraft. 

How much jar can the firing mechanism of a bomb sus
tain before it explodes the bomb prematurely? How much 
jar can the arming mechanism sustain before it becomes 
inoperative? Exactly how long does it take the firing 
mechanism to explode the warhead after it strikes the tar
get? These questions also have been answered by the 
rocket sleds. 

To determine what happened to the pilot when a cer
tain type of aircraft was forced to crash land, a fifteen
foot tower was mounted on a low-speed sled. At the top 
of the tower was the subject, strapped in a standard bucket 
seat which was rigged to be fired downward just after the 
sled hit the water brake. As soon as the braking action 
started, the seat was fired downward, after which the sled 
was brought to a complete stop. The combination of down
ward movement with sudden stop and the deceleration of 
forward movement duplicating the results of a crash land
ing of this plane coming in with its characteristic nose
high attitude. 

As can be seen, a great deal of the testing being done on 
rocket sleds consists of experiments aimed at protecting 
the men who must fly these new craft. 
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Many of the tests performed on the sleds apply both to 
manned and unmanned aircraft, particularly in the field 
of measuring aerodynamic properties. The wind tunnels, 
here, have the advantage of not having to contend with 
recording data from a fast-moving vehicle. The limitations 
of the wind tunnels are their size, their unavailability, and 
the fact that so much power is required for runs of all 
durations in a high-speed . tunnel. It is cheaper in the long 
run to use either the rocket sleds or a test vehicle. 

If it is desired to determine the flutter characteristics of 
a particular tail assembly, the component can be built to 
full-scale and exactly in the manner it will be when in 
mass production. This assembly can then be mounted on 
a sled, driven a~ the required velocity and accurate data 
obtained. 

This is where the sleds excel over the tunnels. They 
have the capacity to use full-size models of such items as 
tail assemblies, nose cones, landing gear, etc. Scale models 
of complete aircraft are also tested. 

One test in particular was characteristic of the versatility 
of the rocket sleds. It was desired to know the effects on 
the nose section of an aircraft when it encountered a rain 
storm at high velocities. Such a test was set up and valua
ble information obtained. Along the same lines was the 
development of better cockpit windshields so as to better 
withstand collisions with · birds. 

Missiles are normally launched from what are known as 
zero-length launchers. The operating velocity must be 
reached in a very short period of time. This calls for much 
higher accelerations than required for manned aircraft 
which use runways. 

The various components and sub-assemblies, such as 
guidance and fuel systems, control mechanisms, and arm
ing devices, must be constructed so as to withstand these 
acceleration forces. However, the weight must be kept to a 
minimum and thus there is a continuous development 
prog-ram going on to devise new types of previous men
tioned systems. 

The decision, of when to "beef up" the components or 
when to cut clown as much as possible on the take-off 
acceleration of the missile, can be based on information 
obtained from rocket sled tests. The maximum permissible 
limits of all components must be known. If this limit is 
too low, then some change must be made and the place to 
test the revision is on the sled where moving pictures and 
other data can be measured and recovered. 

The taxpayer is saved a great deal of money since a 
complete missile is not risked until every component is 
checked out. 

The science of sled testing is relatively new, but in only 
a few years, it has grown to become an indispensible tool 
of the aircraft designer. Its capabilities are as yet unlimited 
and no other single testing device can match its versatili
ty. The future will hear a great deal more of the rocket 
sleds. 
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NORTH AMERICAN AVIATION, INC .• 

CONVA ·IR 

~. 
~~ 

.•• users of 1 or more of these current 

Hamilton Standard products 

REFRIGERATION UNIT 

Engineers at Hamilton Standard are "in" on the biggest, 
most dynamic advances in World-wide Aviation ... be
cause they are working with the greatest names in aviation . • 
The proof that we can design and develop products such 
as these is our long record of association with these proud 
names and our continued success in providing vital com
ponents of today's and tomorrow's aircraft and missiles. 

HAMILTON STANDARD DI.VISION 
UNITED AIRCRAFT CORPORATION 

47 Bradley Field Road, Windsor Locks, Conn..ecticut 
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An array of standard types and grades of Asphalt comes from refineries in volume for a wide variety of engineering and industrial applications. 

Asphalt is a · versatile family of materials 

"AsPHALT" denotes a class of material 
produced from crude petroleum ... it 
is inherently durable, waterproof and 
adhesive. 

Asphalt is produced in a variety of 
consistencies from hard solids to 
liquids. The harder types are called 
Asphalt cements. The more fluid types 
are called liquid Asphaltic materials. 

ASPHALT CEMENTS 

By far the largest proportion of the 
Asphalt family. Semi-solid to solid, 
Asphalt cements answer virtually any 
logical demand for the properties 
desired in hot-mix types of pavement, 
pipe-coating, water-proofing and simi
lar engineering and industrial products. 

LIQUID ASPHALTIC MATERIALS 

Fluid at normal temperatures, but 
developing high-binding ability shortly 

after application, liquid Asphaltic 
materials are comprised of: ( l) Cut
back Asphalts and Road Oils, and (2) 
Emulsified Asphalts. 

The first are blends of Asphalt 
cements and various amounts and 
types of petroleum diluents, in three 
standard types: Slow Curing, Medium 
Curing, Rapid Curing. The Rapid Cur
ing type contains, relatively, the most 
volatile diluent. "Cutback" Asphalts 
are versatile paving materials. They 
also fulfill various industrial needs. 

The emulsified Asphalts consist of 
minute Asphalt globules suspended in 
chemically-treated water. Also, in 
three standard types: Rapid Setting, 
Medium Setting, Slow Setting. When 
deposited upon stone or soil, as in road 
construction, the emulsions "break," 
allowing the water to escape and 

e THE ASPHALT I NSnTUTE, AepW• ln"h••• Bnildlng, Collngn Puk, M..,.Lmd 

DECEMBER 1956 

leaving an Asphalt film on the aggre
gate. Names of the types indicate 
relative rates at which their Asphalt 
globules coalesce. 

Study the characteristics and appli
cations of Asphalt. Keep a complete 
file of these bulletins. 
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Dollars Make Sense 

1 
• 

-By Rodger Benson 
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Roger Benson graduated from the Institute of 
Technology, University of Minnesota in 1952, re
ceiving the degree of Bachelor of Civil Engineer
ing with distinction. Upon graduation he began 
working with Rilco Laminated Products, Inc., of 
St. Paul, as a Structural Engineer. He changed 
jobs in 1954 to become assistant to Walter H. 
Wheeler, Consulting Engineer of Minneapolis, the 
position which he still holds. 

Mr. Benson is at present vice-chairman of the 
state Young Engineers' Committee of the Minne
sota Society of Professional Engineers and is a 
member of the American Society of Civil Engineers. 
He is a member of the Official Board of Hennepin 
Avanue Methodist Church, Minneapolis. 

FEW OF us would quarrel with the observation that 
"Money isn' t everything"; but, on the other hand, few 
of us would struggle through a five-year engineering 

course unless we fully expected to profit financially as a 
result of our labor. And, indeed, our country's economy 
would collapse if this were not true, for the desire to ac
quire more material wealth is the incentive which makes 
capitalism work. Consequently, it is not surprising that 
students in engineering should be curious about the kind 
of earnings they might expect in their chosen field. 

Which branches of engineering do pay the best? In what 
part of the country can an engineer earn the most? Is pri
vate practice more profitable than a job in industry? Are 
those in the administrative phase of engineering better 
paid than those in design or sales? These are legitimate 
questions, and an engineering student should know as 
many of the answers as can be had. A frequent comment 
among young engineers out of school a few years is, "if 
I had only known the facts whi le I was in school, I would 
have done things differently." 

The National Society of Professional Engineers has 
made available many of these facts in its recent publica
tion, "Professional Engineers' Income and Salary Survey." 
The information in this publication is based on a national 
survey of the 1954 income of NSPE members, all of 
whom are registered professional engineers or engineers
in-training. Replies from over 14,000 engineers were used 
in the tabulations. Fifty-one per cent of these engineers 
had entered the profession twenty or more years before, so, 
in terms of experience, the cross-section of respondents was 
quite broad. 

Here are sortie of the findings: 
OVERALL EARNINGS IN 1954: 
90% of these engineers earned at least $5,570. 
75% of these engineers earned at least $6,690. 
50% of these engineers earned at least $B,460. 
25% of these engineers earned at least $11,700. 
10% of these engineers earned at least $1B,210. 
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HR t\ :"C II 
Lowr.R 
DrciLF. 

LOWER 
i\JEI>IAN 

QUARTILE 
UPPF.R UPPER 

QUARTILE DECILE 

Ci,·il $5.360 $6.360 S7.880 ')10,730 17 ,450 

Electrical ,;,,i70 6,730 8,:>60 ll.ii20 16,390 

l\lechanical 5,7:,o 6,910 8.780 12,300 18,630 

Chemical 6,140 7,510 9,730 13,680 21,600 

l\fining and 
l\f ela llurgical 6,170 7,2,)0 8,980 12,5,)0 17,8:>0 

Other 5,700 6,920 8,990 12,760 19,920 

Figure I 

The table above shows that the median income of chem
ical engineers led the profession, while that of civil engi
neers trailed. Before a mass exodus from the C.E. depart
n•ent begins, however, it should be pointed out that a pro
portionately larger number of civil eng·ineers work for the 
government than of any other branch, and government 
work is low paying, as will be seen in Figure 2. 

Assuming that you're interested in a high income, Fig
ure 2 could be sumnied up by saying that if you can't work 
for yourself, at least don't choose a government agency 
for your employer. As the chart indicates, private practice 
is by far the most remunerative of all of the employment 
fields, while federal, state, and local governments are the 

f.I ·-----------------Pf1VAT[ .J:l:. f'•ACTICE 
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~------------- I!>JOUSI~'{ 
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-1 -----------· ECU(.t.110N 

~----------· i£0!-i! Al (jQVfRNM[NI 
.. A, ----------SIA TEC0VftNM£NI l"fl ·---------·COUNTY Of! l.niD.... 1.\UNI(IPAl GOVfRNMENT 

OOllAIS '·"" ""' o.COO '·""' 10,000 

Fig. 2. Earnings by field of employment. 

11.000 

least remunerative. Construction and industry are the only 
other fields where the median income is higher than of the 
surveyed group as a whole. 

One reason for private practice showing up so well is 
that this group includes only self-employed persons and 
is therefore a more experienced group. However, accord
ing to the publication, "Income differences according to 
field of employment are especially marked at the upper 
income and age levels ... And incomes in excess of $15,000 
which are not common in several fields of employment are 
practically unattainable in government service or work in 
education, regardless of the number of years of experi
ence." 

To pinpoint the difference between the two groups, the 
respondents were further classified into just the two cate
gories, "self-employed" and "employees", and the results 
showed that self-employed persons consistently earned 
more than those who work for others. This is illustrated 
by Figure 3. 

This agrees quite closely with Figure 2, where the engi
neers in private practice (all of whom are self-employed) 
and construction contractors (the majority of whom are 
self-employed) led the field. 

Apparently it does not pay to confine oneself too close-

DECEMBER 1956 

Fig. 3. Earnings by states. 

ly to engineering for respondents in executive-administra
tive positions and in sales work earned the highest pay. 
(See Figure 4) All others were below the median income 

of the surveyed group as a whole, including those which 

MEDIAN, QUARTILE, AND DECILE EARNINGS, 1954, 
ACCORDING TO TYPE OF WORK PERFORMED 

TYPE OF '"'ORK 
LOWER LoWER 

MEDIAN 
UPPER UPPER 

DECILE QUARTILE QUARTILE DECILE 

Executive-
Administrative 6,740 S8,240 SI0,890 Sl6,050 S26,380 

Sales 5,730 7,050 9,300 12,760 18,680 

Research and 
Development 5,550 6,510 7,960 10,090 13,730 

Teaching 5,210 6,080 7,650 9,330 11,630 

Design 5,450 6,120 7,440 9,360 12,300 

Production 5,420 6,150 7,330 9,120 11,560 

Construction 
Supervision 5,180 6,000 7,210 8,890 11,970 

Other 5,160 5,950 7,350 9,350 12,920 

Figure 4 

did confine themselves most closely to the technical phases 
of engineering, that is, those in research and develop
ment, teaching and design. Engineers in production and 
construction supervision earned the least of any. 

(Continued on Page 234) 

Fig. 5. Earnings by region. 
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Convair R3Y -1 and R3Y -2 Lockheed C-130 

Convair XFY-1 

Northrop F-89D Convair YC-131C 

Tlu~y"•·r ALL . 
AtLIS()l':-P()'''EHf:l) 

Martin TM-61 (missile) 
And, Allison Engineering will 

continue to play a leading role in 

future development of greater 

McDonald F3H-2N 

AIRCRAFT POWER 

Chance Vought Regulus (missile) 

Allison Turbo-Liner 

ALLISON ENGINES have accumulated an impressive 

record of flight time in many different types of turbo

jet and turbo-prop aircraft. Included in the wide 

variety of aircraft are single and multi-engine planes 

-both land based and water based-as well as ex

pendable missiles. 

TODAY, with this valuable accumulation of engi

neering experience-coupled with our vastly expanded 

engineering research and development facilities-we 

look to the future. And, what a future it promises 

to be in this era of supersonic speeds ... nuclear 

OUR ENGINEERS 

WORK HERE 

This is our Administration 

Building, the hub of the new 

Allison Engineering Research 

and Development Center in 

Indianapolis. 
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Douglas RB-66 & B-66 

Lockheed T2V-1 

energy application, and-well, the sky is the limit. 

Opportunities at Allison are equally unlimited for 

engineering graduates, ambitious young men who 

recognize the advantages of being identified with an 

established leader in the design, development and 

production of high performance aircraft engines. 

• • • 
Write for information about your future career at 

Allison: Personnel Dept., College Relations, Allison 

Division, General Motors Corporation, Indianapolis 

6, Indiana. 
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Oil spotter: IBM computers sift 
thousands of oil samples, enable 
geophysicists to strike gushers sooner. 

DECEMBER 1956 

nic 
"giants" search criminal dossiers in 
seconds, speed law enforcement. 

.. 

Machine 
with ''Dlillions" 
on its ''Dlind" 

These whirling disks are the heart of RAMAO!L 
IBM's revolutionary new random access memory 
data accounting system. Capable of storing from 
6 to 24 million digits in its metal mind, RAMAC 
offers an entirely new approach to the problems 
of data maintenance and storage. 

RAM A C . is' a storage instrument permitting man
agement to reach facts almost instantly, without 
searching or sorting. It supplies immediate, auto
matically typed answers to queries put to it. For 
the first time, it makes possible "single step" data 
proc;essing-the simultaneous processing of trans
actions as they occur. This new wonder tool for 
American business means record keeping wit.h 
greater speed, range flexibility and economy than 
was ever before possible. 

What YOU should remember 

RAMAC typifies the electronic wonders being 
brought to reality at IBM. If you are preparing 
yourself for an electronics career, you'll find IBM 
offers excellent opportunities for rapid advance
ment in the virtually "unlimited" field of electronic 
computers. A growing company in a growing field, 
IBM means a chance for you to develop quickly 
to the fullest extent of your capabilities. 

POR PURTHER INFORMATION 
about IBM opportunities, 

see your Placement Director 
or write toR. W. Hubner, 

Director of Recruitment, Dept. 3312, 
International Business Machines Corporation, 

590 Madison Avenue, New York 22, N.Y. 

IBM INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 

e DATA PROCESSING 

• ELECTRIC TYPEWRITERS 

• TIME EQUIPMENT 

e MILITARY PRODUCTS 
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Behind the Ships that Set the Pace 
a Master's Touch in Oil 

••• 

World's mightiest ship, the Navy's newest ocean
going airfield-D. S. S. Saratoga ... 

Maiden voyage of the world's first atomic-powered 
submarine ... 

All the Atlantic Blue Ribbon Winners, from the 
Mauretania to the S. S. United States ... 

World's fastest boat, 225 miles an hour-Donald 
Campbell's Bluebird ... 

Two-fifths of all the world's freighters ... 

The race horses and the work horses of the seas 

have one thing in common-SOCONY MOBIL's 

master touch in lubrication. 

Good reason! When the chips are down-when 
records are at stake-when schedules must be met
the men who know marine machinery look to 
SOCONY MOBIL for its protection. 

* * * 
Wherever there's progress in motion-in your car, 
your ship, your plane, your factory, your farm or 
your home-you, too, can look to the leader for 
lubrication. 

_S_O_C_O_N_V __ M_O_B_I_L __ O_I_L_C_O_M_P_A ~I N C. 

LEADER IN LUBRICATION FOR 90 YEARS 

Affiliates: General Petroleum Corporation, Magnolia Petroleum Company, 

Mobil Oil of Canada, Ltd., Mobil Overseas Oil Company..and Mobil Producing Company 
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HOW A 3¢ STAMP MAY CHANGE YOUR LIFE 

It's tough-trying to decide which company you'd 
like to work for, where you'd advance fastest, be 
happiest, and have the brightest future. 

To help you make up your mind, let us send you 
this interesting 16-page brochure that answers 
many of your questions-and we'll answer others 
by special letter. 

WHAT THIS FREE BOOK CONTAINS 1 

RAYTHEON'S RESEARCH PROGRAM- A digest of 
Raytheon's current work in the basic fields of physics 
and electronics. 

RAYTHEON'S DEVELOPMENT AND DESIGN PROGRAM 
How the results of research are utilized in new elec
tronic products and components. 

RAYTHEON'S MANUFACTURING PROGRAM -Typical 
examples of up-to-the-minute production techniques in 
a rapidly expanding industry. 

RAYTHEON'S APPLICATION AND SALES PROGRAM 
Sales and field engineering careers that lead to many 
interesting activities and opportunities. 

AND -quick facts on chances for advancement, gradu
ate studies, individualized training, company policies 
and benefits, plant locations, living and recreational 
advantages. 

FOR YOUR FREE COPY- MAIL THIS COUPON I 
•••••.••••••••••••••••••••••••••••••••••••••• i 
• ro 

, Roytheon Mo""f'ct"';ng Co. - : 
Leonard B. Landall : 
College Relations Department ' 

1 I '" 
• Waltham 54, Massachusetts 

Please send me, without cost or obligation, ENGINEER
ING and RESEARCH CAREERS. 

• Name ______________________________ ___ 

• Address, ______________________________ _ 

City ________________ Zone __ State ___ _ 

• Name of College or University _________ ----rc.J
2

• 
• •••••••••••••••••••••••••••••••••••••••••••• ! 



FOUR GATE LOGIC 

I
T IS A REMARKABLE and useful fact that extremely com
plex logical manipulations and numerical computations 
can be built up from a few simple operations. The basis 

for such operations is a form of symbolic logic which deals 
with the question of whether a certain relationship is true 
or false under a given set of conditions. These two true 
and false alternatives are of great practical value since 
they can be represented conveniently by physical equip
ment; for example, by a light being on or off, an open or 
closed relay, a conducting or nonconducting vacuum tube, 
or a voltage pulse being present or absent. As is shown 
later, this type of instrumentation is ideal for computa
tions with binary numbers. 

Logical relationships, or statements, are built up by the 
use of three connectives: and, or, and not, represented 

Condition 

symbolically in Fig. l. Not represents negation, or oppo
sition. For example, if condition A is true, then condition 
not A is false. The connective and may join two condi
tions to indicate that A and B is true only when both A 
and B are true. The connective and is thus restrictive, in 
the sense, that it requires that two conditions be simul
taneously true. The connective or indicates that A M B 
is true whenever, either A or B, or both A and B is true. 
The connective or is thus less restrictive in that it can be 
true under three possible conditions. 

Several graphical methods have been devised for repre
senting a logical relationship among variables. A simple 
tabular method employs I to indicate true and 0 to indi
C<!te false. For two variables A and B there are four pos
sibilities shown in the truth table of Fig. 2. The effect of 

Connective 

true false, not 
and ·or 

(assertion) 

Written 
Symbol A 

Schematic 

1 
6 

Representation 
0 

positive 

Common d-e voltage 
(through feed) Equipment ---

Forms pulse 
present 

180 

(negation) 

a (A· B) 

X ~=[)-
gate 

d-e voltage 
polarity 
reversal coincidence 
-- detector 

no 
pulse 

Fig. 1. Representation of conditions and 
connectives of symbolic logic. 

(A v B) 

~ 
buffer 

summing 
circuit 

and 
limiter 
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4 Basic 
Truth not and or not-and not-or (etc . ) 

Conditions 

A B a b (A · B) (A v B) (a · b) (a v b) (a· B) (A v b) 

0 0 1 1 (j 0 1 1 0 1 

0 1 1 0 0 1 0 1 1 0 

1 1 0 0 1 1 0 0 0 1 

1 0 0 1 0 1 0 1 0 1 

1 = true 0 = false 

Fig. 2. Truth table showing 4 basic conditions of 
2 variables and effects of connectives. 

the three connectives on the truth statements can also be 
seen. 

The four combinations of two variables can also be 
represented conveniently on a rectangular chart having 
four squares, as in Fig. 3. The shaded squares indicate 
true and the unshaded squares indicate false. The charts 
for two variables and effect of the three connectives are 
shown in Fig. 3. There are 16 possible combinations or 2211 

with n being the number of variables. 

All combinations of three variables A, B, and C can be 
represented on the logic chart, Fig. 4, having eight squares. 
The number of such possibilities is 22 · 4 = 2s = 256. The 
method for building up a simple logical statement in three 
variables such as (a · B) v (C), is also shown in Fig. 4. 

To implement logical statements with physical equip
ment, it is necessary merely to have signals which repre
sent the true and false conditions (for example, positive 
and negative voltages), and physical components which 
symbolize the three connectives defined in Fig. I. The 
connective not is represented by a form of "inverter" 
which might, for example, produce a negative signal when 
it receives a pulse. Such a not component will thus pro
duce not A (a) when it receives A, or will produce B ·when 
it receives not B (b). 

A 0 

oc=EJ 
I~ 
2-varioble 
logic chart 

A 0 

0 ~&!/i: 2 

~:::::: ~· 
::.: 3 :·~ ... ........ :. 

b 
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8 A 

0 

8 A 

0 

0 8 

' ;;~}·:·:: : .. :.~ ·· ~t.:~ 
:~ ~.;·. ;!~ ·-·4 ·' 

~·;: : .. :: .... 

A 

0 B 

2 
~:, .. ...... 

3 ~:4·::.· .. :;_~~ ~··.. . 

(A . 8) 
Fig. 3. Logic charts showing 

The and connective is represented by a gate, shown sym
bolically in Fig. I. Physically, the gate is a component 
which requires that all of its inputs be true in order that 
the output be true. If there is one false input, the output 
will be false. 

The element which produces the or connective is called 
a buffer. In effect, the buffer is merely a direct connection 
between several variables so that if one or more of the 
variables is true, a truth will appear at the buffer output. 

To represent any function of three variables, the com
bined gate and buffer instrumentation of Fig. 5 can be 
used. This consists of eight separate gates each having 
three input legs. Each of these gates corresponds to one of 
the eight squares in the three-variable table of Fig. 4. The 
truth of a statement can be determined by implementing 
the truth, or the shaded squares of the table. The eight
gate structure of Fig. 5 is shown set up to represent the 
truth of the simple statement (a · B) v (C), of Fig. 4. The 
false of a statement can be represented by merely imple
menting the unshaded squares of the logic chart. 

In Fig. 6, a block diagram of a four-gate unit is shown. 
This simple, four-gate package can perform all of the func
tions possible with the eight-gate package of Fig. 5. In ad
dition to being able to handle all functions of three varia
bles, the unit can handle 51,358 functions of four variables 

A 0 8 A 0 8 
;a7··~~~) .. \ 

0 .:~Zl~ 
~· .. ~·-- ·~j 

~;!:;.j .. ::.\.'-:!1':-
0 >;/1/oJ. -!lz..~ 

., .-..... t i :·.·:~ <•··· 
3 

,:., .... ,.4.\\ :.·,.1,: 
.. ~'"-;, l'} 
·,~ .. ·~· i 3 4 

8 a 

A 0 B A 0 8 
., . ,. 

0 I ~:f"'.: · ... Z··:; ·. ~.(· .. ~ .·,· .. ......... 
... ~.f.t,!:"'~ ~~.!··:::: 

~-~: . ·r~·i.. 
4' • • • \;;; .. ,~. ..... -

0 
I;~·~~~ z. I • I ... 
r{.f.~.:~:: 

J 4 

(A v B) (Q . b) 
conditions of 2 variables ... 
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A8 o I c A B 0 c 0 c 
0 0 I 2 0 0 

!..:~-"!, .. 

.~ll.!-1 t;~·: 

A 8 

0 0 

0 I 
• ~ """ 0 "" 

... ~ ... 
·-~ (~-

3 4-
·-~~ ...... 

0 ( ,-~:3 .~: ,~4~·.; ;_.:,- .. : ... ·~ 0 

I I 5 6 I 5 6 I I 

I 0 7 8 

3 -t.-arioble 

lo,g/c chart 

A 6 0 

0 0 I z 
'-i~:J~ 

.... 
0 :... .. ; -:4·~~ 

:<;.~.~.· t.;.:~· 

5 6 

0 7 8 

(a· B) 

c 

I 0 

AB 

0 0 

0 I 

I 0 

7 8 

a 

0 

I 
.r .. ·~·,. :.2:,: 
~ .. , .. 

J 
:; ... ,,:: 
,,4:;, , ... ,: .. . .,.,. 

5 ::·s·:~· 
.', .. · i(: ....... _~ 

7 i'_i8~~ .. 
... ~ii. 

c 

c 

I 0 

AB 

0 0 

0 I 

I I 

I 0 

7 8 

b 

0 I c 

f• (a·B)vC 
Fig. 4. Three-variable logic chert end const ruction 

of the funct ion (a · B)v C. 

and many functions of five or more variables. 

This unit can replace the eight-gate package of Fig. 5 
because of the use of the inverter at the output. (The 
purpose of the one-pulse-period delay is described later.) 
The output inverter permits either the truth or the false 
of the output to be selected as desired. The gates are used 
to represent either the shaded or the unshaded squares in 
the chart, whichever is the lesser in number. It can be 
seen that four is the maximum number of gates required, 
and many three-variable functions can be represented by 
using three or fewer gates. 

The general rules for implementing any function of 
three-variables with the four-gate circuit package are as 
follows: 

1. Shade in the squares of the three-variable chart 
that represent the truth of the defined function, f. 

2. H the number of shaded squares is four or less, 
implement the function, f, by making the connec
tion that corresponds to the shaded squares. The 
positive output lead indicates the truth of the 
function; the negative output lead represents the 
false. 

3. H the number of shaded squares is greater than 
four, implement the function, f, by making the 
connections that correspond to the unshaded 
squares (i.e., implement the false of the function). 
The negative output lead represents the truth 
of the described function; the positive output lead 
represents the false of the function. 

?!?Y?f 
1 

? 
a b C 

~ 
l 

f•(cr . ll)vC 

Fig . 5 . Use of 8 gates and buffer for 3-varioble function. 
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In Fig. 7, the unit is shown set up to represent the same 
three-variable function (a · B) v (C), treated in Figs. 4 and 
5. Note that the three unshaded, or false, squares are im
plemented, and that the true function is taken from the 

· negation output. 

The block diagram of F~g. 6 can be seen to h ave two 
4-leg gates. Later, it is shown how the addition of these 
two legs grea tly extends the usefulness of the un it when 
functions involving four or more variables are being used. 

The discus~ion of symbolic lcgic in the preceding· sec
tions has not been li mited to any particular type of true or 
f(, lse signals. They cou ld very well be d-e voltage signals 
of positive or negative polarity to represent assertion or 
negation. Many logical man ipulations and comp utations, 
however, must be performed at very high speed to be use
ful. 

+F 

AMPLIFIER 
& INVERTER 

Fig. 6. A simple and versat ile gating package. 

In operation, synchronized pulse trains enter the gate 
legs, and pass through the gates and buffer to provide a 
resultant output pulse train. The result of this operation 
is carried over for use during the next pulse period. The 
one-pulse-period delay is used to perform this carry-over 
functio n, and aids in the synchronization of pulse signals. 
It will be shown later how the use of serial or parallel 

(Continued on Page 196) 
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so CHALLENGING 

this industry ... 

so REWARDING 

its opportunities 

... and so VARIED 

the careers it offers ... 

Alcoa wrote this book to tell the story 

Few basic industries can match aluminum for speed of 
growth and diversity of activities. And Alcoa sets the 
pace for the aluminum industry. 

Because of this growth and diversity, Alcoa needs 
outstanding young engineers who, someday, will take 
over many important management functions at Alcoa. 
Alcoa's book tells you this story. 

If you are earning a degree in metallurgical, mechani
cal, electrical, industrial, chemical, civil or other engi
neering field, Alcoa wants to discuss your future with 
you. Alcoa's book tells you how to go ;;tbout this. 

Engineers who select a career with Alcoa will earn 
their professional recognition under the men who built 
the aluminum business. They'll gain their experience 
with the industry's foremost production equipment, 
such as America's biggest forging press. 

Your Guide to the Best in Aluminum Value 

Tune in the ALCOA HOUR, television's finest 
hour of live drama, alternate Sunday evenings . 

DECEMBER 1956 

They can share in new and startling research and 
development triumphs sure to come from Alcoa . . . for 
these new engineers will work with research teams that 
developed such products as the first 330-kv transmission 
line . . . the first aluminum curtain walls . . . all the 
important basic families of aluminum alloys. Alcoa's 
new book outlines this exciting future. 

Or, if you prefer selling, Alcoa provides opportunities 
in sales engineering and sales development where sales
manship of the highest order is needed ... and where 
recognition comes quickly. You'll find this excitingly 
portrayed in Alcoa's book. 

See your Placement Director, or write directly for 
your copy of A Career for You With Alcoa. You'll find 
it stimulating and rewarding reading. Use the coupon 
for convenience. 

Write lor your copy 
r--------------------------~ 

ALUMINUM COMPANY OF AMERICA 
1825 Alcoa Building 

Pittsburgh I 9, Pennsylvania 

Please send me a copy of A Career for You With Alcoa. 

Name'--------------------------------------

Address'-----------------------------------

City and State'---------------------------------

College ___________ D gree, _ _ _ Date of Graduation _ _ 

~--------------------------
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a combination hard to match . .. ANYWHERE! 

Important, interesting Congenial Associate• 
work YOUR CAREER 

IN THESE 
Creative Opportunity DIVISIONS OF Finest Facilities 

NORTH AMERICAN 
High Professional AVIATION, INC. Advancement on Merit 

Standing 

The faaors that make the difference between a satisfaaory job and 
a rewarding career are hard to describe, but easy to recognize. We 
believe you find them in full measure in any one of these exciting 
fields at North American : 

MISSILE DEVELOPMENT ROCKETDYNE 
DIVISION OF NORTH AMERICAN AVIATION, INC. DIVI SION OF NORTH AMERICAN AVIATION, INC, 

Over 100 sub and major projects under 
way, including the SM-64 Navaho Inter
continental Missile. 

The mightiest propulsion plants ever built 
-large, liquid propellant rocket engines, 
the power for outer space. 

AUTONETICS ATOMICS INTERNATIONAL 
DIVISION OF NORTH AMERICAN AVIATION, INC. DIVISION OF NORTH AMERICAN AVIATION, INC. 

Electro-mechanical systems for missiles and 
aircraft- automatic flight and fire control, 
inertial guidance and navigation, advanced 
computer techniques. 

A complete organization, engaged in every 
phase from research to production on 
nuclear reactors for power, industry, medi
cine and research. 

OPPORTUNITIES FOR: 
Aerodynamicists 
Thermodynamicists 
Dynamicists 
Stress Engineers 
Structural Test Engineers 
Flight Test Engineers 
Electrical & Electronic Engineers 
Power Plant Engineers 
Research & Development Engineers 
Weights Engineers 
Environmental Test Engineers 
Instrumentation Engineers 
Fire Control Systems Engineers 
Flight Control Systems Engineers 
Civil Engineers 
Design & Development Engineers 
Test Engineers 

Equipment Design Engineers 
Engine Systems Engineers 
Reliability Engineers 
Standards Engineers 
Hydraulic, Pneumatic & Servo Engineers 
Mechanical, Structural & Electrical Designers 
Wind Tunnel Model Designers & Builders 
Physicists 
Chemists 
Metallurgists 
Ceramicists 
Computer Application Engineers 
Automatic Controls Engineers 
Inertial Instrument Development Engineers 
Preliminary Analysis & Design Engineers 
Systems Engineers 
Armament Engineers 
Servomechanism Engineers 

Weight Control Engineers 
Aero-Thermodynamicists 
Aeroelasticity Engineers 
Mechanical Engineers 
Structures Engineers 
Controls Engineers 
Rubber Compounding Engineers 
Computer Specialists 
Electro-Mechanical Designers 
Electronic Component Evaluators 
Electronics Research Specialists 
Computer Programmers 
Electronic Engineering Writers 
Mathematicians 
Electronics Technicians 
Specific;ttions Engineers 
Engineering Drawing Checkers 
Air Frame Designers 

For more information write: College Relations Representative, Mr. J. J. Kimbark, Dept. 991-20 Col., 

NORTH AMERICAN AVIATION, INC. 
12214 Lakewood Blvd., Downey, California 
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SPAUE LABORATORY 

M
AN HAS LONG DREAMED of flight into the yet unex

plored regions beyond the earth's dense atmosphere. 
For centuries scientists have studied the movements 

of stellar bodies in order to unveil the vast mysteries that 
surround this globe and to provide more knowledge of our 
planet, Earth. 

Until recent years, man, in his quest for knowledge, has 
been hampered by Earth's blanket-like atmosphere. Due 
to its composition only limited success has been realized in 
astronomical observations using optical devices. This hand
icap is slowly but surely being overcome. One can imagine 
the Earth's atmosphere as a giant wall with windows rising 
vertically, corresponding to the degree of width of the 
spectra that is not absorbed by the atmosphere and is avail-

. able for observation. The very lowest window would in
clude only the visible spectrum. As we climb higher on 
this giant wall, the ultra-violet, infra-red, and X-ray por
tions of the spectrum are included in our range qf visible 
wave length until, at last, we reach the uppermost window 
where we are no longer limited in our observations. This, 
among other things, is the purpose of the satellite program. 

The need for a satellite has long been recognized and 
the economics of such a project has been debated for an 
equal period of time. In October 1954, while plans for the 
International Geophysical Year were in progress, a special 
committee requested participating nations to consider a 
plan for a satellite program. The United States National 
Committee for the International Geophysica l Year, USNC
IGY, responded by initiating studies as to the feasibility of 
such a project. In May 1955, the findings of the committee 
were submitted to the President of the United States, for 
federal support. President Dwight D. Eisenhower and his 
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Reprinted from the Oklahoma State Engineer 

cabinet approved the project and, in July 1955, announced 
that the United States would provide funds (40 million 
dollars) for the development and launching of small, un
manned, earth-circling satellites as part of the United 
States' participation in the International Geophysical Year 
which will take place between July 1957 and December 
1958. 

Since this historic announcement, the Department of 
Defense has provided indispensable aid and cooperation 
to USNC-IGY by establishing Project VANGUARD which 
is the code name for the joint Army-Navy Air Force pro
gram. Project VANGUARD is managed by the Navy and 
directed by Dr. John P. Hagen, who is attached to the 
Naval Research Laboratories . 

The Glen L. Martin Company of Baltimore, Maryland, 
which is engaged in the actual construction of the satellite, 
announced that the satellite would take the shape of a 
sphere 20 inches in diameter and would have a maximum 
payload of approximately lOJ;2 pounds. In this relatively 
small ingenious contraption will be miniature instruments 
with which the satellite will measure temperature, pres
sures, radiation, and light. In addition, there will be trans
mitters and receivers to track the satellite during its exist
ence. To deliver such a small object to an orbit 300 miles 
above the earth would appear to be an easy job as com
pared to keeping it there and observing it once it has 
arrived, but the contrary is true. Perhaps the most fasci
nating aspect of the sa tellite is the manner in which it is 
to be sent on its journey. 

It has been proposed that the VANGUARD launching 
vehicle be a three stage rocket-type device. The first stage 
will be an improved and enlarged V-2, liquid-propellent 
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type rocket, whose purpose will be to raise the second and 
third stages and the satellite sections to an altitude of 36 
miles. The second stage, also a liquid-propellent type 
rocket, will contain the steering devices necessary to guide 
the satellite to its orbit, and will carry the third stage and 
satellite to an altitude of 140 miles. When the first stage 
burnout occurs, the first stage will immediately detach from 
the missile and fall to the earth. However, when the second
stage burnout occurs, the missile will coast at a speed of 
approximately 6000 m.p.h. to an altitude of 300 miles at 
which time the missile will have reached its orbital alti
tude. Here, the second stage will become detached, and the 
third stage, a solid rocket propellent device, will accelerate 
the satellite to a speed of 18,000 m.p.h. When orbital 
speed will have been reached, the third stage will detach 
from the orbit tangentially, thus leaving the satellite free 
to rotate in its circular orbit. An interesting question at 
this point might be: "Where does the third stage go?" Sci
entists are vague concerning this question, replying that 
it will travel in space. (Perhaps a Martian space traveler 
will supply a more definite answer, should it collide with 
his spacemobile while he is returning from his vacation 
on Venus!) 

In choosing the location and angle at which the satellite 
should be launched required some serious considerations. 
The earth, by virtue of its rotation, imparts to a launched 
missile an initial velocity relative to free space. This im
parted velocity naturally varies depending on the location 
of the launching. For this reason Cape Canaveral on the 
east coast of Florida was chosen as the launching site for 
VANGUARD. Here, the rotational velocity of the earth is 
1340 feet per second and full rotational velocity can only 
be achieved by launching the missile in an easterly direc
tion. This orbital path, however, would not transverse 
areas which are best suited for observation stations so it 
was decided to give the orbit an inclination of approxi
mately 45 degrees, such that the satellite will pass over 
temperate areas of dense scientific population. Once the 
satellite leaves the launching platform it becomes a sep
arate entity and exists in space with an orbit of its o":n, 
free from the rotation of the earth. However, the satellite 
in its orbit will still be a part of the earth's system in its 
rotation about the sun and present estimates are that the 
satellite will have a period of about 90 minutes. 

Much valuable information about upper air conditions, 
radiation from the sun before it is modified by the earth's 
atmosphere, magnetic radiation from the sun and solar 
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spectra has been accumulated in recent years using ex
perimental rockets. The disadvantage in using this means 
of acquiring information lies with the fact that the period 
of time that a missile remains in outer space to gather 
information is relatively short. In many instances this peri
od of time does not exceed three minutes. Because condi
tions in space vary considerably and constantly due to air 
density and solar disturbances, to mention only two rea
sons, a longer period would greatly enlarge our present 
store of information. This, then, is another factor to be 
considered in choosing the orbit of the satellite. 

Present estimates are that in the lower, more dense re
gions of the atmosphere, approximately 100 miles altitude, 
the satellite would enjoy a life span of less than one hour 
before it would be destroyed by the heat created by drag. 
At 200 miles altitude, where the air is considerably lighter, 
the satellite might exist as long as 15 days. At an altitude 
of 300 miles where the air is lighter still, the satellite might 
last as long as a year. It is at this altitude that Project 
VANGUARD hopes to place the satellite. If this goal .is 
realized, the magnitude of information that will be stock
piled for analysis and future study is beyond comprehen
sion. Should the satellite remain in its orbit for only one 
week, more information concerning air density, radiation, 
and related subjects will be obtained than has been gath
ered in the past 10 years by using rockets. 

Thus, we have investigated only a few of the problems 
and possibilities of the satellite program. No doubt, when 
the historic flight occurs, there will be a multitude of 
words printed and transmitted suggesting space flight and 
interplanetary travel by man. However, we must not for
get that the manipulation and endurance capabilities of 
man's physical structure are still such that they prohibit 
exposure to the rigors of such a flight. In addition, the 

' first flight into space will be made by an object slightly 
larger than the one we have discussed, which is only as 
large as a basketball and possesses a payload of only 1012 
pounds. To carry a human being and his necessities, a 
much larger vehicle will be required, introducing many 
practical problems whose solution can be found only after 
continued and exhaustive research has been conducted. 
Nevertheless, the true significance of this tremendous 
project cannot be denied. The ultra-fortunate generation 
of which we are a part will have witnessed the advent of 
the machine age, the air age, the atomic age, and now the 
age of space flight. 
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Boeing research produces a new defense weapons system 

Boeing's BOMARC IM-99 is a long
range guided missile designed to strike 
enemy bombers while still over areas 
away from vital targets. It's a supersonic 
spearhead of an entire defense weapons 
system that includes communications, 
bases, logistics. 

Engineers and scientists of all types 
contributed to the research that produced 
this vital weapons system. And they are 
continuing their contributions, not only 
to BOMARC, but to other significant ad
vanced projects. Boeing engineers are 
coming up with solutions that will give 
direction to developments of the future. 
If this kind of pioneering appeals to you , 
and if you enjoy working with engineers 
of outstanding professional stature, you'll 
like Boeing. 

And you'll find plenty of room for ad
vancement. Boeing's growth -a 400% 

DECEMBER 1956 

jump in the number of Boeing engineers 
in the last 1 0 years - assures openings 
ahead, and job stability. Boeing promotes 
from within, and every six months a merit 
review gives each engineer a personal 
opportunity for recognition, advance
ment, increased income. 

Starting salaries at Boeing are high. 
If you are interested in continuing gradu
ate studies, Boeing will arrange a special 
work schedule for you and pay all tuition 
and fees. 

Other Boeing advantages include a 
liberal retirement program and the back
ing of outstanding research and test 
facilities. 

You will enjoy life in any of the three 
young-spirited communities in which 
Boeing is located. Pick the climate and 
living advantages that suit you best. 
Each offers an abundance of tecreatiopal 

activities, plus good housing, schools, 
convenient shopping centers. 

You'll be proud to be associated with 
a leader in one of the most exciting-and 
promising- industries in the country. 
Why not find out how Boeing can help 
you get ahead in your engineering career? 

For further Boeing career information 

consult your Placement Office or write: 

JOHN C. SANDERS, Staff Engineer- Personnel 

Boeing Airplane Company, Seattle 24, Wash. 

F. B. WALLACE, Staff Engineer- Personnel 

Boeing Airplane Company, Wichita, Kansas 

A. J. BERRYMAN -Admin. Engineer 

Boeing Airplane Company, Melbourne, Florida 

BDEINO 
Aviation leadership since 1916 

Seanle, Washington Wichita, Kansas Melbourne, florida 
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UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 

Can you help add 

to these achievements? 

These accomplishments in pure and applied science are 
widely known. To this impressive list, scientists and 
engineers at the Laboratory's Livermore site are making equally 
important contributions in the fields of nuclear weapons design, 
nuclear rocke-t propulsion, controlled thermonuclear energy 
(Project Sherwood) and high current accelerators. 

What you''can do to help add to these accomplishments is 
limited only by yourself-your ability and your interest. 

For the University of California Radiation Laboratory is 
managed and directed by outstanding scientists and engineers. 

These men are your 11 team-mates/J ... offering pioneering 
knowledge of the nuclear field and the newest, most 
expansive laboratory facilities. Here-where new ideas 
and techniques are traditional-initiative is constantly 
encouraged and developed. 

photography (including work in the 
new field of shock hydrodynamics), 
reaction history, critical assembly, 
nuclear physics, high current linear 
accelerator research, and the controlled 
release of thermonuclear energy. 

In addition, you will be encomaged 
to explore fundamental problems of 
your own choosing and to publish your 
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UCRL 

BERKELEY 

LIVERMORE 

The cyclotron 

The synchrotron 

The proton 
linear accelerator 

The Bevatron 

Electromagnetic 
separation of 
uranium-235 

Discovery of plutonium 
and many other 
transuranium elements 

Discovery of 
URANIUM-233 
TRITIUM 
CARBON-14 
IRON-59 
IODINE-131 

Discovery of 
the antiproton 
and antineutron 

Artificial production 
of mesons 

findings in the open literature. 
And for your family-there's pleas

ant living to be had in Northern Cali
fornia's sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac
tions of the San Francisco Bay Area. 

You can help develop 
tomorrow-at UCRL today 

Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy. C UCRL 

I
F YOU are a MECHANICAL Or ELEC· 

TRONICS ENGINEER, you may be in
volved in a project in any one of 

many interesting fields, as a basic 
member of the task force assigned each 
research problem. Your major contribu
tion will be to design and test the nec
essary equipment, which calls for skill 
at improvising and the requisite imagi
nativeness to solve a broad scope of con
sistently unfamiliar and novel problems. 

If you are a CHEMIST or CHEMICAL 

ENGINEER, you will work on investiga
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob
lems of nuclear rocket propulsion, 
weapons and reactors. 

~-;;;~;;~~;:;;,~~~;;;~~~~:::::,~:-------~~:;; 

If you are a PHYSICIST or MATHEMA· 

TICIAN you may be involved in such 
fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 

LIVERMORE, CALIFORNIA 

Please send me complete information describing UCRL facilities, 
projects and opportunities. 

My specialty is-----------------------

My degree(s) are 

Name----------------------------

Address:--------------------------

CitY--------------Zone __ State--------
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"If you are 21 or over, enjoy a properly dispensed schooner." 

Infrequently, when spare moments arise, the junior and senior engineers, troubled with their studies, 
feel the urge to "chug-a-lug" a schooner of beer. And it always seems that Manning's or Stub and Herb's 
is ~appy to entertain them. But the freshmen or sophomore students are usually not so eagerly welcomed 
(which is only proper). The· question is, therefore, what do the freshman and sophomore students do with 
their spare moments? 

I remember my first two years in school. I must have really been an eager and devoted engineer, for I 
would sit behind my desk, way up on the top floor in Pioneer Hall, and do nothing but study all the time. 
That was only for a couple of weeks though, for as studying became too boresome, more interesting past
times were adopted. Often times they became rather strenuous, like our wrestling matches, but always 
entertaining. 

Can you imagine coming back from supper and finding the contents of your room, bed, desk, clothes, 
curtains, and everything, all neatly arranged and set up for living in the bathroom? Or can you picture a 
room filled with feathers, the results of a pillow-fight? 

Our indoor sports arena was drawing capacity crowds all year long. The main events of course fol
lowed the athletic seasons, hallway hockey, football basketball, softball, and a little golf. Those hockey 
pucks were awfully hard on the walls and doors, but complaints about the noise raised the biggest fuss. 

If we felt that we needed some mountain climbing to take our minds off the books, an excursion on 
the roof would be all we wanted. These expeditions required a sure foot and fool-hardy courage. 

I remember, best of all though, the night before my fall quarter physics final. It started out with a 
carefully aimed glassful of water which promptly drew another from my opponent. As water-fights prog
ress, the glasses grew to cans, then from cans to buckets, from buckets to trash cans, and from trash cans 
to larger trash cans. (The fire hose had been removed so we had to stop there.) After everything was 
thoroughly soaked, in moved the crew of mid-night janitors, who began picking the water up by the dust
panful and dumping it into the mop-bucket. The water was up to the windows, as we were told by the 
night watchman. 

Our case was turned over to the Pioneer J-Board and, of course, they seemed to think that study 
breaks spent in such mischievious activities were worthless. Since the board's purpose is of rehabilitation and 
developing good citizens, they proposed that we do something constructive during our spare time which 
would profit us. 

It was at that time that I saw a poster which said, "Sign up for E-Day now." I thought over the past 
and all the fun I had, and then of all the time spent in those frequent, and sometimes long, study-breaks. 
Water fights, pillow fights, and hockey games are all fine for keeping the body in top physical condition, 
but was I making the most of my spare moments? I then chose one of the committees, signed the slip of 
paper, and placed it in the envelope. 

I soon fou~d out that, while E-Day is a big project, when the work is shared by many, each individual 
burden is small. When all cooperate, a student who helps is not over-taxed with work, and no loss is 
suffered in grades. I found it is to the advantage of every student to spend those spare moments engaged 
in such a worthwhile activity as E-Day. 

This year, the 1957 Engineers' Day Committee is holding an initial meeting on Wednesday, February 
6 at 7:30 PM in room 4 ME. This is your chance to make the best of those spare moments. Whatever you 
do, don't wait until your senior year, when you will be asking yourself, "Why didn't I put some of those 
spare moments to good use." 
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The Mechanics of Making Records 

Puffing Presley in the Groove 

I
N THE DAYS of Edison and Bell records were wax cylin
ders or discs which were played on handcrank-operated 
machines. Recording was achieved by talking directly 

into the large end of a megaphone-type horn. At the small 
end of the horn was placed a diaphragm, to which a cut
ting needle was rigidly attached. As the wax record was 
turned the vibrating needle cut grooves into its surface in 
accordance with the sound that was directed into the 
horn. This purely mechanical means of trapping sound 
is known as acoustical recording. Reproduction was 
achieved in the same manner except that a round-tip play
back needle was used instead of the sharp cutting needle. 

The first steps toward the electrical recording tech
niques used today were taken in 1927, when carbon, mag
netic, and capacity-type pickup cartridges were introduced. 
These advantages were, of course, forestalled until the de
velopment of the radio, microphone, and vacuum-tube 
amplifier, but did appear shortly thereafter. The results 
of these innovations were immediate. Most of the har-
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monies and overtones, and even some of the fundamental 
notes were lost in the early acoustical recording; but the 
electrically operated cutting stylus and pickup, coupled 
with the microphone amplifier reproduced a far wider 
range of notes with considerably less distortion. This was 
the real beginning of high-fidelity recording. 

In today's recording techniques, the magnetic cutting· 
head is used almost exclusively. When a magnetic head is 
used to cut a disc at constant groove speed, it provides for 
a flat frequency response if the disc is played back at con
stant hub speed. This sentence may, at first glance, seem 
rather formidable, but will become quite clear after a few 
terms are defined. 

There are two popular methods of lateral disc record
ing: constant groove speed and constant hub speed. The 
name of the latter is self explanatory and the former is by 
far the most widely used, so only the former will be dis
cussed in any detail. Using the constant groove speed 
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Fig. 1. Frequency response for "constont velocity" recording. 
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Fig. 2. Low frequency attenuation and proper play-back. 

method, the turntable speed is varied in order to main
tain the linear velocity of the groove being cut at 12 fe(!t 
per second, as opposed to 48 fps at the circumference and 
12 fps at the innermost groove using constant hub speed. 

A magnetic cutter operates according to the principle 
that its speed of movement is proportional to the magni
tude of the voltage applied to it and its sideways displace
ment is inversely proportional to the frequency of the ap
plied voltage. This method of recording is also known as 
the constant velocity method because of the characteristics 
of the cutter which maintain a constant stylus speed, re
gardless of amplitude or frequency. This observation may 
be verified by application of the basic physics formula: 

v=fxa · 
or velocity of the cutter is equal to the frequency of the 
applied audio voltage multiplied by the amplitude of the 
groove cut into the record. 

This may seem at first to be a rather inconsequential ob
servation, but further scrutiny shows it to be a crucial re
lationship. It states that for every increasing octave, the 
physical size of the recorded amplitude (fig. 1.) is halved. 
This implies an upper limit to recorded frequency set by 
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the minimum recorded amplitude that_ will be distinguish
able from surface noise. It may also be inferred that a low
er frequency limit also exists by nature of how close the 
grooves are to . each other. Is it not then conceivable that 
these two limitations could drastically hinder the progress 
of high fidelity recording? This was, in fact, the case un
til the problem was finally solved by what is commonly 
known today as equalization. 

The first problem to be dealt with was overcutting. If 
we assume 100 grooves to the inch the groove centers are 
.010 inch apart. This means that the cutter may not exceed 
.005 inch of travel on either side of the groove center, for 
if the tone persists throughout arc revolution, the adja
cent grooves will cross. Using the equation mentioned pre
viously 

v = fxa 
3=fx.Ol0 
f= 300cps 

it is seen that no frequencies below 300 cps may be record
ed. The solution to this problem is illustrated graphically 
in figure 2 and is achieved through an attenuation of six 
decibels per octave of all frequencies below 500 cycles. 
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This means that all tones below 500 cps are recorded with 
equal amplitude. (An attenuation of 6db per octave results 
in halving of the amplitude for each lower octave. Re
calling fig. 1, this creates equal amplitudes regardless of 
frequency). The name given to this process is base turn
over and 500 cps is known as the turnover frequency. 0£ 
course some compensation must be incorporated into the 
playback equipment in order to retain the flat response 
which was originally desired. This compensation is simply 
a bass boost of 6db per octave below 500 cps. 

In the treble range, at or near 2000 cps, problems begin 
to arise. In this range the amplitude of the surface noise 
begins to approach the amplitude of the recorded ma
terial. At P.igher frequencies the problem is still more 
severe, because the level of the noise rises above the pro
gram material, making it useless to try to record. This is 
overcome by giving a gradual treble boost (pre-emphasis) 
to the recorded 'material. At playback, of course, the treble 
must be attenuated by the same amount in order to main
tain balance. This is called treble rolloff and is shown 
graphically in fig. 3. 

When rolloff and turnover are combined, the result 
looks like fig. 4. A flat frequency response has been 
achieved. 

It must be understood at this point that the figures and 
specifications mentioned must not be assumed universal. 
Each record company uses the recording characteristics 
that it considers best; and although the figures quoted are 
a representative example of the many similar methods 
used, there is no single standard. Due to this lack of uni
formity, amplifier and equalizer manufacturers are com
pelled to incorporate four or six different positions o~ c.om
pensation into their units. As a result of these capncwus 
methods of manufacture, the audiophile is confronted 
with a hodge-podge of equalization charts, record labels, 
knobs and settings on pre-amplifiers, and a host of other 
annoyances, which invariably cost money and produce 
more confusion than results. The chaos has been some
what alleviated by the standardization of a few of the vari
ous schemes. The N ART B (N at'l Ass'n of Radio and TV 
broadcasters, formerly NAB) set up an equalization curve 
which was accepted as satisfactory and adopted by the 
AES (Audio Engineering Society) RIAA (Record Industry 
Ass'n of America). 
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Since most records were recorded according to one of 
these three curves, much was accomplished by this move. 
Although there are still some obstinate independents, the 
differences in characteristics are, in most cases, small 
enough to be overlooked. 

In the few years since microgroove recording has come 
into its own, record manufacturers have managed quite 
well to keep abreast of technological advances in record
ing. Because microgroove recording employs finer groove 
spacing and vinylite discs, many advantages over standard 
transcriptions result: longer playing time, greater range of 
frequency response, light stylus pressures, and a relative 
absence of needle scratch. 

With a narrower groove of .0023 inches, 200-300 lines per 
inch may be obtained. Needless to say, dimensional toler
ances are difficult to hold to a minimum in order to obtain 
excellent sounding records. 

Records are first cut in the sound studio by a sapphire, 
alloy, or steel cutting stylus. Steel styli have a useful life 
of about 30 minutes and cannot be resharpened. Sapphires, 
due to their quality of sharpenability, give many hours of 
useful service and are by far the most widely used. Only 
one record is actually cut in the studio. This record is 
called the "master," and from it many duplications are 
made. The master is a metal disc, coated with soft lacquer, 
into which the grooves are cut. Recently the work of the 
cutting stylus has been reduced from cutting and modulat
ing a groove to just modulating it. This has been achieved 
by using pregrooved blanks. Of course, the stylus still must 
remove some lacquer, but the amount is greatly dimin
ished. 

Having completed cutting and inspecting a "master," 
the recording engineer sends it to the processing plant, 
where a number of metal reproductions are made from it. 
The "master" is first sensitized in a stannous chloride solu
tion and then silver pl~ted by a chemical solution in order 
to make it a good electrical conductor. A film of copper 
can now be electroplated on the silvered surface. After 
.032 inch has been plated on, the copper negative is re
moved from the "master." This metal "master" is no·w 
lightly nickel-plated to form a thin. protect.ive ~lm and is 
coated with a molecular film of oxide. This oxide allows 

(Continued on Page 208) 

MINNESOTA TECHNOLOG 



IMPORTANT ON-CAMPUS INTERVIEWS FOR POSITIONS AT 

NORTH AMERICAN'S 
COLUMBUS ~ DIVISION 

North American Aviation, foremost in the design and production of 
military aircraft, has an established engineering team at its Columbus 
Division with prime responsibility for complete design and development 
of Navy aircraft. 

The New FJ-4-Navy's latest and fastest FuRY JET-is the most 
recent achievement at Columbus. Other, even more advanced designs 
are now being developed from initial concept to actual flight ... creating 
top opportunities for virtually all types of graduate engineers. 

Contact your Placement Office for an appointment with North 
American representatives. 

Or write: Engineering Personnel Office, Dept. COL, North American 
Aviation, Columbus 16, Ohio. 

NO RTH AMER I CAN H A S BUILT MO RE AIRPLANES T HAN ANY OT H ER CO MPA NY IN T H E W OR L D 
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Here's how graduate engineers 

move up in the 6J45 industry 

•.. the nation's sixth largest 

The Gas industry-the sixth largest in the nation 
-has a total investment of over $15 billion. Last 
year the industry set a new all-time record in 
number of customers, volume of gas sold, and 
dollar revenue. In fact, Gas contributed 25% of 
the total energy needs of the nation as compared 
with 11.3% in 1940. The Gas industry is a major 
force in the growth development and economic 
health of this country. 

There are many opportunities for you in the Gas 
industry. The industry needs engineers, and does 
not overhire. You won't be regimented. There's 
always room for advancement. With utility com
panies and with manufacturers of Gas equipment, 
there's a future for you as an engineer. Call your 
nearest Gas Utility. They'll be glad to talk with 
you about your opportunity in the Gas industry. 
American Gas Association. 
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Charles C. Ingram, Jr. became Vice President of 
Oklahoma Natural Gas Company in less than 15 years 

CHARLES c. INGRAM, ]R. 

B.S. in Petroleum Engineering, 1940 

University of Oklahoma 

Charles Ingram has been Vice Presi
dent of the Land and Geological De
partment of Oklahoma Natural Gas 
Company since June of 1955. Mr. 
Ingram joined the company immedi
ately after his graduation from Okla-

homa, and was soon called into service. 
Following his discharge, 5 years later, 
he rejoined the Engineering Depart
ment in Tulsa. He was quickly pro
moted to Assistant Chief Engineer 
and then took over the position of 
Superintendent of Gas Purchase and 
Reserves, and by 1954 was District 
Superintendent of the Oklahoma City 
district. 

After 6 years with Lone Star Gas, Bill Collins 
took over a new job in a new field for the company 

WILLIAM A. CoLLINs, ]R 
B.S. in Mechanical Engineering, 1947 
A (!! M College of Texas 

Bill Collins is employed by the Lone 
Star Gas Company in Dallas as Co
ordinator of Air Conditioning and 
Utilization. Bill operates over 400 
square miles in North Texas and 
Southern Oklahoma. Since joining Lone 
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Star, Bill has worked primarily in the 
desjgn, sales and installation of air 
conditioning equipment, with some 
time devoted to industrial gas appli
cations. When it was found that a 
large scale air conditioning program 
requires close attention to design and 
installation as well as sales and service 
policies, a special department was or
ganized in 1955. Bill was put in charge. 

) 
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methods of instrumentation affect the time sequence of the o 
different pulse operations. Delay equipment may be used 
when it is desired to hold an output pulse train for greater 
than one pulse period. 

0 

(1X2)+1 (3X2)+1 (7X2) 

t 3 7 14 

0 = 28 

In logical analyses, the puls.e, no-pulse conditions can 
serve to determine the tme or false o£ complex logical 
reasoning. These two physical pulse, no-pulse conditions 
are also well sui ted to binary digital computation . 

The basis for both decimal and binary number systems 
is shown in Fig. 8. The decimal number system is built up 
from powers of 10. The binary number system, consisting 
of only two digits 1 and 0, is built up from powers of 2. 

The double or dabble method of evaluating binary num
bers is illustrated with the number 0 lll 00. Starting with i 
at the highest order of 1, the l is dabbled; i.e., doubled 
plus 1 to equal 3. This process is repeated with accumu
lated total as follows: 

Fig. 8. Decimal and binary number systems. 

hundreds tens units 

102 101 10° 

8 7 3 

873 = 8 X 102 + 7 X 101 + 3 X 100 

Decimal 

eights fours twos units 

23 22 21 20 . 

9 = 1 0 0 1 

9 = 1 X 23 + 0 X 22 + 0 X 21 + 1 X 2° 

Binary 
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dabble dabble double double 

Binary addition and subtraction follow the simple rules 
set forth in Fig. 9. Binary addition and subtraction are also 
illustrated in this figure. As might be expected, it is nee· 
essary to carry and borrow in binary addition and sub
traction in essentially the same manner as in decimal ad
dition and subtraction. 

Addition 
Rules : 

Sample: 
0 Ill 

0100 

Subtraction 
Rules: 

Sample: 

0 
+o 

0 

0 
+I +o +1 

10 

carry 1 
to next 
higher 
column 

7 
4 

and 
o 1 o borrow 1 

-o -o - 1 - 1 from next 
o o o higher 

·-- -- -- -- column 

011101 = o+16+8+4+o+1 = 29 
-010101 =-0-!6-0-4-0-1 =-21 

oo1ooo= o+ S+o+o+o+o=--8 

Fig. 9. Addition and subtraction of binary numbers. 

The most common method for performing binary ad
dition is called the serial method. By this method, two 
binary numbers such as 29 and 21, illustrated in Fig. 10, 
are added by commencing with the right-hand column and 
progressing to the left, carrying a l to the next high coi-

(Con tinued on Page 198) 

MINNESOTA TECHNOLOG 



FARMING FORESTS 
and 

FASHIONING FIBERS 

HERE'S HOW THEY'RE 

ALLIED 

A low-flying plane spreads ARCADIAN fertilizer on forest 

land and - for the first time - a new technique is 

available for making a vital crop grow faster. 

That smart coat - fashioned of exciting CAPROLAN 

deep-dye nylon- seems remote indeed from growing 

trees. But both these new concepts in fibers and forestry 

depend upon Allied's creative use of nitrogen. Together 

they spell chemical diversity. 

Some of Allied Chemical's 3000 products for farm, 

home and factory are described in a new booklet, "Intro

ducing Allied Chemical." Wnte for a copy. 

TRADEMARK PRODUCTS INCLUDE:------------------ AAed Arcadian fertilizers • Caprolan nylon • Plaskon resins • Motual chromic acid 
Genetron aerosol propellants • Wilputte coke ovens • Solvay chloromethanes 
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61 BROADWAY, NEW YORK 6, N . Y 
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Logic ••• 
A • 2 3 .:: 00 I I I 0 I 

B c 21 = 001o101 1------s 
c' 

0 car'Fy 

~~tl~ 
1) 1st pulse period prior to addition 

A 0 0 I I I 0 

8 001010 0 t--.;__ ___ s 
I carry 

delay 
2) addition of 1st column - 1st pulse 

period 
A 0011 I 

B 0 0 I 0 I 

c' 

3) 2nd pulse period 

A 0 0 I I 

B 0 0 I 0 

c' 

0 

0 

delay 

10 1--------s 
0 

-~. 

.--------, 

010 
1-----•S 

4) 3rd pulse period 

A 0 0' 

8 001 

5) 4th pulse period 

A 00 

8 0 0 

c' 

6) 5th pulse period 

A 

B 

C' 

7) 6th pulse period 

A 

8 

c'r 

0 

de/a.:f 

0 

0 

de/a~ 

0 

0 

0 

--

0 0 I 0 
t------+S 

I 0 0 I 0 r-----+S 

I 0 0 I 0 
t--___;_...;;._;;___;_- s 

0 

0 I I 0 0 I 0 
0 

8) addition 
completed 32 + 16 + 0 + 0 + 2 + 0 = 50 

Fig. 10. Steps in serial binary addition . 

umn when a (1-\- 1) addition is indicated. The two num
bers A and B can be thought of as two pulse trains enter
ing an adding device. The O's represent no pulse and the 
1's represent a pulse. The pulse trains A and B are syn
chronized so that corresponding columns enter the adding 
network precisely at successive pulse periods. As will be 
shown, the adding device must merely be a digital network 
arranged to perform the addition table defined in Fig. 9. 

-A carrying circuit supplies a third pulse input C. The 
carry signals are fed back from the output through the one
pulse-period delay. The carry digit is thus added to the 
next higher-order column, and is indicated with a prime 
{C') to show that it is generated one-pulse-period earlier 
than the A and B inputs. Fig. 10 shows how the two digital 
numbers, A and B are added in six pulse periods. 
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A =Incoming binary digit of augend. 
B =Incoming binary digit of addend. 
C =Carry digit determined by addition performed 

one-pulse-period earlier. 
S =Sum digit of column being added. 

Two logical expressions can be written to represent the 
carry and sum functions: 

. C =(a· B ·C') v (A· b·C') v (A· B · c') v (A· B·C'). 

S = (A· b ·c') v (a· B·c') v (a· b ·C') v (A· B·C'). 

Set up in the form of logic charts, the carry and sum frac
tions appear as shown in Fig. 11. These adding functions 

(Continued on Page 227) 

MINNESOTA TECHNOLOG 



Does DuPont 

hire men who 
have definite 

m i I itary 

commitments? 

Donald G. Sutherland graduated from Virginia Polytechnic 
Institute in 1953 with an M.S. degree in chemical engineering and 
an R.O.T.C. commission. He was hired by DuPont's plant at 
Victoria, Texas. After two years in the service, Don returned to 
his career in engineering, and is now doing plant-assistance work 
in the technical section at Victoria. 

YES, Oran, we certainly do! We've employed quite a 
number of college graduates with definite military 

commitments, even when we knew they could work no 
more than a few weeks before reporting for duty. Take 
my own case. I was hired in November of 1953. and 
worked for only four weeks before leaving for the Army. 
Two years later I returned to Du Pont. 

You see, we're primarily interested in men on a long
range basis. The fact that they're temporarily unavail
able, for a good reason like military service, isn't any bar 
to their being considered for employment. After working 
only one day, an employee is guaranteed full re-employ
ment rights-that's the law. And if a man works for 
DuPont a full year before entering the service for two or 
more years, he receives an extra two months' salary. If he 
goes into the service for six months, he's paid a half 

DECEMBER I 956 

Oran A. Ritter, .Jr., expects to receive his B.S. in chemical engineer
ing from Louisiana State University in June 1957. He's now editor
in-chief of the "L.S.U. Engineer," local president of Tau Beta Pi, and 
senior member of the Honor Council of his university. Oran's ques
tion is on the minds of many men planning a technical career. 

month's salary. When he's entitled to a vacation but 
doesn't have time to take it before leaving, Du Pont 
gives him equivalent pay instead. 

Even if present employment is impossible, Oran, we 
definitely recommend your talking with DuPont's repre
sentatives as well as those of other companies. The very 
least you'll gain will be valuable background and some 
contacts of real benefit to you when you leave military 
service. 

WANT TO KNOW MORE about working with DuPont? 
Send for a free copy of "The Du Pont Company and the 
College Graduate," a booklet that tells you about oppor
tunities for work in all departments of the Company. Write 
to the Du Pont Company, 2521 Nemours Building, Wil
mington, Delaware. 

BETTER THINGS FOR BETTER LIVING , •• THROUGH CHEMISTIIY 

Watch "Du Pont Theater" on telelliaion 
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This special periscope gives Pratt & Whitney Aircraft engineer a close-up view of combustion process actually taking place within the after
burner of an advanced jet engine on test What the engineer observes is simultaneously recorded by a high-speed motion picture camera. 
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at Pratt & Whitney Aircraft 
in the field of Combustion::~ 
Historically, the process of combus
tion has excited man's insatiable 
hunger for knowledge. Since his 
most primitive attempts to make 
use of this phenomenon, he has 
found tremendous fascination in its 

potentials. 
Perhaps at no time in history has 

that fascination been greater than 
it is today with respect' to the use 
of combustion principles in the 
modern aircraft engine. 

At Pratt & Whitney Aircraft, 
theorems of many sciences are being 
applied to the design and develop
ment of high heat release rate de
vices. In spite of the apparent sim
plicity of a combustion system, the 

Mounting an afterburner in a special high-altitude test 
chamber in P&WA's Willgoos Turbine laboratory permits 
study of a variety of combustion problems which 
may be encountered during later development stages. 

bringing together of f uel and air in 
proper proportions, the ignition of 
the mixture, and the rapid mixing 
of burned and unburned gases in
volves a most complex series of 
interrelated events - events ocur
ring simultaneously in time and 
space. 

Although the combustion engi
neer draws on many fields of science 
(inc! uding thermodynamics, aero
dynamics, fluid mechanics, heat 
transfer, applied mechanics, metal
lurgy and chemistry), the design of 
combustion systems has not yet 
been reduced to really scientific 
principles. Therefore, the highly 
successful performance of engines 

like the J-57, J-75 and others stands 

as a tribute to the vision, imagina

tion and pioneering efforts of those 

at Pratt & Whitney Aircraft en

gaged in combustion work. 
While combustion assignments, 

themselves, involve a diversity of 
engineering talent, the field is only 
one of a broadly diversified engi
neering program at Pratt & Whitney 
Aircraft. That program-with other 
far-reaching activities in the fields 
of instrumentation, materials prob
lems, mechanical design and aero
dynamics - spells out a gratifying 
future for many of today's engi
neering students. 

Microflash photo illustrates one continuing 
problem: design and development of fuel 
injection systems which properly atomize 
and distribute under all flight conditions. 

Pratt & Wh itney Aircraft engineer manipulates probe in 
exit of two-dimensional research diffuser. Diffuser 
design for advanced power plants is one of many 
air flow problems that exist in combustion work. 

"' Watch for campus availability of P & W A color strip film on combustion. 

World's foremost designer and builder of aircraft engines 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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We prefer camels, two to one. 

);lisea!eulations 
Once upon a time a beautiful girl was walking through 

the woods when she came upon a poor little frog who 
spoke as follows: "Lovely princess, once upon a time I was 
a handsome prince but a big black witch turned me into 
a frog." 

"Oh, that's terrible," said the beautiful girl. "Is there 
anything I can do to help you?" 

"Yes, indeed," replied the frog. "If you will take me 
home with you and put me on your pillow, I will be 
saved." 

So the beautiful girl took the poor little frog home with 
her, and the next morning when she awoke there beside 
her was a handsome young prince. And, do you know, to 
this day her mother still doesn't believe that story. 

Husband: "If I'm unable to get back from this trip 
tonight, I'll send you a note." 

Wife: "Never mind. I found the note in your pocket 
last night." 

A salesman making a week's stay in town bought some 
Iimburger cheese to eat in his room. When he got ready to 
leave, he still had part of it left. Not wanting to pack it 
or leave it lying open in the room, he went to the window
sill, carefully removed a plant from the pot, buried the 
cheese and replaced the plant. 

A few days later he got a telegram from the hotel : 
"O.K., we give up . Where in hell did you hide it?" 

The British barmaid was a flirt, and when the corporal 
went out to buy a paper she pursed her lips invitingly and 
leaned over the bar towards the shy young private. 

Putting her face against his, she whispered: "Now's your 
chance, darling." The private looked around the empty 
room. "So it is," he remarked, and promptly drank the 
corporal's beer. 

The magician walked down to the footlights and asked 
a young lady to step up on the stage. 

"Now, as the climax to my act, ladies and gentlemen," 
he said, "I am going to saw this lady in two right before 
before your eyes." 

The crowd cheered and stamped its feet. 
"As is customary before doing this trick," he continued, 

"I'd like first to make sure you all want to see-" 
A thundering "Sure!" 
"And that there are no objections to my performing-" 
A "No" rocked the house. 
"The girl's sorority sisters-do they object?" 
"Not at all." 
"How about you?" he asked, turning to the girl . "Do 

you mind being sawed in two?" 
The girl shook her head. 
So, he sawed the young lady in two. 
We all thought it was funny as heck at the time, but the 

police made quite a fuss over it. 

Some pictures need a caption or an angle to put them across. This 
month we have an exception where all you~re required to do is look 
... pretty isn't she! 
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This month's pinup is Miss Carolynne Noreen. She is 18 years old, 
stands 5' -6", and weighs a trim 120 pounds. Carolynne is a freshman 
in SLA, majoring in Social Work. 
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TECHNOVELTIES 
New Arc-Quenching Process 

TH E STUDY of the breakdown of elec
tric arcs in gases is one of the oldest 

fields of research since the discovery 
of electricity_ One phenomenon about 
which very little is known, however, 
and which offers great promise in 
quenching electric arcs, is the role 
played by certain types of gases whose 
properties include the unique ability 
to capture electrons. 

Because these gases can capture 
electrons, they can be used to quench 
such arcs by virtually immobilizing 
the electrons. 

One gas currently under investiga
tion is sulfur hexafluoride. Like the 
other gases in this category, it is called 
an electronegative gas because its mol
ecules will a ttach themselves to an 
electron, thus becoming negatively 
charged, the scientists said. 

Why is sulphur hexafluoride such a 
good insulating gas? Present studies of 
this and other gases to determine their 
insulating properties are finding ti;e 
answer. 

Sulphur hexafluoride is much like 
a "sponge" for low-energy electrons, 
soaking them up by forming negative 
ions of low mobility and velocity, so 
that no further ionization can result. 
This electron attachment process has 
been studied with a mass spectrom
eter. Electrons of a single energy are 
projected into the gas and the result
ing negative ions measured. This yields 
much more exact information than 
could be obtained in previous studies 
where the incident electrons possessed 
a wide range of energies. 

From the studies, the cross section 
(probability of the atom being hit) of 
sulphur hexafluoride was found to be 
much greater than that which had 
previously been measured. This large 
cross section of sulphur hexafluoride 
molecule makes it at least 10 times 
more efficient than any other attach
ment process yet discovered. 

204 

Wm. M. Hickam, Westinghouse re

search scientist, g ives an electric arc 

o "shot in the arm." The material in

jected is sulphur hexafluoride gas, 

which quenches the arc by "soaking up" 

electrons. 

There's Gold 
in them there cars 

ATOMS of pure gold are being used experimentally at 
Ford Motor Company to insulate automobile wind

shields and window glass agai nst summer heat rays. 

When glass samples are coated with a gold film 30,000 
times thinner than a human hair, they filter out the sun's 
heat-producing rays but allow cooler beams of light to 
pass. 

Light-insulating experiments also are being conducted 
with silver, aluminum, zinc, copper, vanadium, tantalum, 
titanium, and uranium, as well as with minerals having 
unusual optical properties. 

The procedure is to place a gold foi l and a sample of 
glass plate in a bell jar and then pump a vacuum in the 
jar comparable to that in a common radio tube. 

Electric current then melts the gold. The gold "evapo
rates" in the vacuum and sprays atoms in all directions 
at speeds above 5000 miles an hour. This puts a gold 
coating on the glass plate. 

While the atomic bombardment coats the glass, a light 
meter continuously measures the amount of light passing 
through the glass. The meter halts the depositing process 
before the coating becomes heavy enough to affect the 
transparency of the glass plate. 

The coating process is halted when the deposit of gold 
atoms is one thousand times thinner than a machinist's 
micrometer can measure. 
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THE HORIZONS ARE UNLIMITED 
for college graduates 

at UNION CARBIDE 

ALLOYS AND METALS 
1 

ELectro MetallwgicaL Company 
Haynes StelLitc Company 

CARBON PRODUCTS 
NationaL Carbon Company 

CHEMICALS 

Carbide and Carbon Chernicals Company 

INDUSTRIAL GASES 
Linde Air Products Company 

NUCLEAR ENERGY 

~ Union Carbide NucLear Company 

PLASTICS 
Bakelite Company 

SILICONES 
Silicones Division 

Union Carbide offers to college gradua tes 
opportunities in some of the most rapidly expanding 
fields in industry. In all these fields the Divisions 
of Union Carbide need engineers, chemis ts, physicists, 
and business and liberal arts graduates. 
For more information write 
Co-ordinator of College Recruiting. 

UNION CARBIDE 
AND CARBON CORPORAT IO N 
30 East 42nd St. 00 New York 17, N . Y. 
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Vibrating masses, similar in principle 
to the balancing mechanism of the 
common housefly, ore the heort of the 
vibrogyro held by K. A. Oplinger, ad
visory engineer at Westinghouse. The 
model in the foreground demonstrates 
the vibratory motion that substitutes for 
the usual rotating tyroscope wheel. 

. l UNIVERSITY BOOKSTORES 
University of Minnesota 

Main Engineering Building 
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IF PRESENT efforts toward system simplification are success
ful, Pennsylvania Power and Light Company's nuclear 

power reactor will offer the first real competition to con
ventional fuel-burning power plants. For its projected 
atomic power plant, P P & L has selected a homogenous
type reactor in which the fissionable material is contained 
in a slurry in the reactor circuit. 

Similar to the circulating system on a home aquarium, 
a pumping system circulates the slurry between the reactor 
and pipe coils in a steam boiler. The rate at which fission 
occurs is controlled by carrying the level or amount of 
slurry in the reactor. Since this fissioning heats the slurry, 
the steam boiler, in generating steam to run the turbine
generator, acts as a cooler for the reactor. 

The competitive prospects of P P & L's installation arise 
from the fact that the reactor selected offers excellent pos
sibilities as a "breeder," reactor, one which generates more 
atomic fuel than it burns. This means zero or nearly zero 
fuel cost. Therefore, if capital and operating costs can be 
kept low enough, competitive electrical power is at hand. 

It is estimated that the thermal efficiency (per cent of 
heat generated in the reactor which ends up as usable 
electrical energy) of the plant may be in the neighborhood 
of 27.5 per cent, considerably lower than our most effi
cient conventional fuel-burning generating stations. But 
there is little economic incentive in going to higher ther
mal efficiencies in a plant which has extremely low incre
mental fuel costs. 

(Continued on Page 210) 

ALBAN ENE 
TRACING PAPER 

Projects created by engineers, architects, designers, scientists 

start with drawings . . . on tracing paper. Modern needs offered 

a difficult challenge ... to produce a tracing paper combin-

ing permanent strength, permanent transparency and the ideal 

drawing surface. K+E has achieved this with ALBANENE, the 

acknowledged leader of quality papers. 
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HERCULES WILL BUILD 
$10, 000, 000 PLASTICS 
PLANT AT PARLIN, N.J. 

Di"loaea 
Ita Pltu~~ to Enter 
Into Entirely New 
Field ol Chemiatry 

A CHEMICAL HEADLINE MAKER 
OFFERS CAREERS WITH A FUTURE 
When the editors of the nation's business press 
devote cover stories to a company, it's a good 
sign that tbe company is setting a fast pace in 
today's competitive world. By branching off 
into new fields of creative chemistry, by build
ing its sales from $7,000,000 in 1913 to more 
than $226,000,000 in 1955, Hercules Powder 
Company was one of the big stories of 1955. 
With an investment of more than $28,000,000 

going into new plant facilities this year alone 
Hercules will continue to be a growth leader in 
the years ahead. This is the type of company in 
which ability finds its opportunity for advance
ment; where a young man can grow into the 
type of job he will find most rewarding. Why 
not find out more about careers with Hercules 
from your placement officer? Or write direct to 
Hercules for additional information. 

Personnel Department 

If f~'RC'U I~E'S HERCULES POWDER. COMPANY 
I NCORDORATf; O 

968 Market Street, Wilmington 99, Del. GR56·2 
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Records . . . ; 
the subsequent coating of copper to conform precisely to I 
every contour without bonding to the nickel surface. (An I 
application of a dichromate solution to the oxide makes I 
the nickle passive.) After ten hours of copper plating the I 
new replica, the "mother," is peeled away from the metal 
"tnaster." 

Aptly named, because it is the "mother" from which a 
number of stamper plates are formed, the "mother" is an 
exact copper replica of the "master" which may be played 
to test the fidelity of reproduction thus far. Having passed 
inspection, the "mother" is nickeled and prepared for the 
making of the "stamper," the third metal part. The 
"stamper" is made on the "mother" in the same manner in 
which the "mother" was made from the "master." After 
removal from the "mother," the "stamper" is dimensioned, 
center punched and plated with chromium to provide a 
hard surface to resist the abrasive effect of the vinylite 
pressing material. Once mounted in the record die, the 
stamper is ready to turn out many pressings of vinylite or 
shellac under heat and pressure. Should a stamper show 
wear before the order is completed, a new one may be 
readily made from the "mother" which is catalogued and 
kept on file. 

Prodigious progress has been made in the field of sound 
recording since Edison and Bell, it is true, but only with 
interest and knowledge on the part of the listeners will 
such progress continue. Too many enthusiasts know and 
care little or nothing about the records they play on their 
expensive hi-fi machinery. 1. -----------------------Audiophile, know the heart of high fidelity-the record. 

STEAM 
AND THE WORLD'S 
LARGEST BAKERY 
This new boiler plant at Nabisco's huge 
Chicago bakery was planned to provide, 
efficiently and economicaliy, the steam 
that the bakery must have on tap at all 
times for heat, hot water and various 
processing operations. 

Because the reliability, efficiency and 
economy of its steam source are so vital 
to this world-famous company, they 
selected B&W boilers. 

Think a moment of most companies' 
use · of steam-and its cost. Take a fast 
turn around a boiler plant. Spend a 
little time chatting-perhaps quite prof
itably-with engineers. Get the facts on 
a company's invested steam dollars in 
relation to the return they're getting. If 
the facts add up to problems, B&W en
gineers can and will help industrial com
panies and their consulting engineers 
solve these problems. 

When a B&W boiler is chosen, long
range performance is assured. And isn't 
that what the buyer really wants? Not the 
boiler but its end product, the steam, 
and the assurance of an efficient, de
pendable, economical steam source. The 
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service records of thousands of B&W 
boilers, in thousands of large, small and t 

medium sized industrial and utility 
plants, supply that assurance. 

The . Babcock & Wilcox Company, 
Boiler Division, 161 East 42nd Street, 
New York 17, N.Y. N·213 
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How to shape a vacuum cleaner like a basketball 

TO make their new vacuum cleaner 
functional as well as handsome, 

engineers at the Hoover Company 
developed a nearly round design. 
The problem was how to produce 
it economically. 

Th~. first ring dies they used to pro
duce the shape from sheet steel picked 
up bits of steel and scored following 
pieces. Production had to be shut 
down while the dies were polished. 
Finishing costs ran high. 

After studying the pra blem, Timken 
Company metallurgists recommend
ed a special analysis of tool steel 
for the dies. Graph-Mo<~>, developed 
by the Timken Company. Minute par
ticles of graphite in Graph-Mo act as 
a built-in lubricant-keep parts from 
galling. Diamond-hard carbides in 
its structure make it wear, give it 
longer life. 

With the new Graph-Mo dies, down
time was cut 50%. Production rolled 
smoothly. The dies outlasted previous 
ones 3 to 1. It's another example of 
how Timken pioneering in fine alloy 
steels helps solve knotty industrial 
problems. 

Want to learn more about steel 
or iob opportunities? 

For help in learning more about steel, write for your free copy of 
"The Story of Timken Alloy Steel Quality" . And for more about jobs 
at the Timken Company, send for a copy of "Career Opportunities 
at the Timken Company". Address: The Timken Roller Bearing 
Company, Canton 6, Ohio. 

TIMKEJ~;STIIL 
TR_~DE·Mt-RK ~EG. U. S. PAT. Off. 

SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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Tech novelties 

New Brain ..• 

WESTINGHOUSE has announced the 
development of a new "electronic 

brain" called Automex with a built 
in intelligence, enabling it to dis
tinguish between right and wrong de
cisions. 

The key to Automex's function is 
that it will, by repeated experimenta
tion, try to reach a given goal with a 
capacity for dispassionate judgment 
in distinguishing between success and 
failure. 

This machine can profit from its 
own mistakes. It has intelligence built 
into it and decides at every step wheth
er the step just taken was right or 
wrong. The next step that Automex 
takes is based on this decision and is 
the one most likely to lead to success. 

As a possible analogy, consider a 
man climbing a mountain in total 
darkness. The climber can see neither 

Photocell ... 

the peak nor the ground u'nder his 
feet. Nonetheless, he is able to detect 
whethe he has gone up after he has 
taken a step. With only this as a guide, 
he must get to the top of the moun
tain in a minimum amount of time, 
that is with the least possible number 
of steps. 

Automex's initial steps may be 
rather sweeping as it cuts the problem 
down into smaller areas, but the com
puter then takes smaller and smaller 
steps as it seeks its way toward the 
goal. Occasionally, it may take a de
liberate false step as it "makes up its 
mind" about or as to the most suc
cessful course. 

In an imaginary sense, Automex 
would make a good after-dark moun
tain climber, but it has many, many 
other applications which are consider
ably more useful. Automex was de-

signed to fulfill the need for a ma
chine that is capable of controlling 
various factors to obtain a desired re
sult. 

In one application, Au tom ex would 
be useful to a chemist who is adding 
two or more solutions together to 
obtain a reaction in a heated con
tainer. The Automex would enable 
him to find out how changes in the 
temperature or certain amounts of 
the solutions would affect the reac
tion. 

In another possible application, 
aeronautical engineers who want to 
get "more miles to the gallon" for a 
jet engine could feed Automex such 
variable factors as fuel consumption, 
temperatures, altitude, and speed and 
obtain more efficient operation. 

Automex is not limited to control of 
a process involving only two variables. 
The scheme is applicable to as many 
variables as one may encounter in any 
real process. · 

Automex, which can differentiate 
between right and wrong decisions 
and can profit from its own mis
takes, is being operated by ·Dr. 
Robert Hooke, the Westinghouse re
search scientist who developed it. 
Pictured is the sel·up of a problem 
analogous to a man trying to climb 
a mountain in total darkness. The 
computer is required to "gel to 
the top" in the shortest possible time 
and with the least possible number 
of steps, knowing only whether it 
has gone up or down after each 
"step." 

A NEW photocell, no larger than the eraser on the end of 
a pencil, is capable of sensing with a high degree of 

accuracy both the direction and intensity of a source of 
light. It is capable of performing with improved accuracy 
and efficiency many functions which have been handled 
previously only with as many as four separate conventional 
photocells. 

is changed so that a point of light strikes the junction to 
one side or the other of its center, a voltage also is devel
oped along the junction from side to side. 

This lateral voltage is an additional photo-output that 
varies from a positive to a ~egative value over its surface. 
The result is achieved by use of three electrical connections 
instead of the usual two in conventional cells. 

The development is based on the recent discovery of a 
phenomenon that occurs when a light is focused on a 
semiconductor junction like those used in transistors to 
generate and control a flow of electrons. It has long been 
known that when light shines directly on such a junction, 
a small voltage is generated across the junction from front 
to rear. In addition to this previously known effect, it has 
now been discovered that when the position of the light 
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This means that a point of light, focused on the photo
cell by a lens, will produce a signal between two of the 
connectiom that varies with the angle between the direc
tion to the light and the axis of the cell. These signals can 
be read with high accuracy to determine the direction and 
intensity of the light source. At the same time, the third 
electrical connection produces a normal photocell signal 
in response to the intensity of the light and independent 
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of its direction. 

The photocell could be used to receive light signals 
from a transmitter. The transmitted message is picked up 
by the photocell using the normal connection, while the 
new direction-sensitive connections may be used for lining 
up or "tracking" receivers and transmitters continuously 
even if one or both stations are moving. 

Since the photocell is capable of detecting the center 
point of the $Un "with great accuracy," it could form the 
heart of an automatic navigation system employing the 
sun as a guide. 

Cells could detect a sudden flash of light at a distance, 
such as that caused by the firing of a gun, and could de
termine the direction to the light. The intersection of 
these directional lines extending from each cell would 
then locate accurately the position and the distance of the 
gun. The photocell would also be capable of locating 
sources of infra-red or ultra-violet light as well as visible 
light. 

The extreme compactness of the new photocell would 
make possible the design of a lens and photocell assembly 
small enough to mount on a finger in the manner of a ring. 
The cell would signal the direction to an indicator lamp 
locating a call on the switchboard. The signal from the 
photocell would be fed through a special circuit that would 
translate it into a low audible frequency for transmission 
into an earphone. This audible signal would fade as the 
operator's hand neared the right location on the switch
board. 

In addition to these applications, the new cell might be 
used also in a variety of detecting and measuring functions 

in which signals provided by a light source are translated 
into various mechanical effects. As an example, the pro
duction of sound from a film sound track. 

Hard Rubber • • • 

AN ULTRA fast method of using "bullets" to vulcanize sili
cone rubber has been devised. The process beams two

million-volt electrons at a silicone gun and almost instant
ly converts it into silicone rubber. Its discoverers say that 
the technique produces a better rubber in two seconds 
than conventional vulcanizing methods yield in several 
hours. 

While not yet ready for commercial application, irradi
ation with high-energy electrons will eventually become 
an important method of vulcanizing silicones industrially. 
It duplicates all the good features of chemical vulcaniza
tion without introducting chemical agents which remain 
in the rubber and spoil some of its desirable properties
especially those required for electrical insulation. 

Another advantage of this new technique is the e~se 
and precision with which it can be controlled. Curing of 
the rubber is accomplished by exposure at ordinary room 
temperatures. No heat, no pressure, and no chemicals are 
required. Control of the process consists merely of regulat
ing the voltage which speeds up the electrons and govern
ing the length of time of exposure to the radiation. 

The high-energy electrons required for the process can 
be obtained from a standard electrostatic generator. This 
is similar, in a way, to what occurs in a television picture 
tube, where electrons are accelerated and then focused on 
a screen. However, the voltages used in the television tube 
are only a fraction as high as those used in the vulcanizing 
process. 

Vulcanization takes place when the speeding electrons 
smash into the silicone molecules and cause them to cross
link, changing the silicone from a non-elastic, putty-like 
mass into a solid with the bounce of natural rubber. 

MARCH OF DIMES 

• FIGHT 
INFANTILE 
PARALYSIS 

' A miniature photocell than can sense accurately both direction and intensity of a 
light sour~e is shown mounted on plastic block behind a lens which focuses light on its 
surface. It may be used to guide missiles by sunlight, spot flashes of distant artillery, or 
enable blind operators Ia find plug-in positions on a telephone switchboard . 

JANUARY 2·31 
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They can ... if you start your 

Douglas career now! 

Douglas has many things to offer the career

minded engineer! 

... there's the stimulating daily contacts with 

men who have designed and built some of the 

world's finest aircraft and missiles! 

... there's enough scope to the Douglas opera· 

tion so a man can select the kind of work he 

likes best! 

. . . there's security in the company's $2 Billion 

backlog of military and commercial contracts! 

... and there's every prospect that in 10 years 

you'll be where you want to be professionally, 

DOUGLAS 

and you 'II be in both the income level and geo

graphical location to enjoy life to its full. 

Brochures and employment applications are 
available at your college placement oHice • 

For further information about opportunities with 

Douglas in Santa Monica, El Segundo and Long 

Beach, Calif. and Tulsa, Okla., write today to: 

DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. La Vene, 3000 Ocean Park Blvd. 

Santa Monica, California 

First in Aviation 

MINNESOTA TECHNOLOG 



New careers for engineers, now that 

• 
oor IS 

RCA's pioneering in this exciting medium means unlimited 
opportunities for you in every phase from laboratory to TV studio 

Now, more than ever, new 
engineering skills and tech
niques are needed in the 
television industry - to keep 
abreast of the tremendous 
strides being made in Color 
TV. RCA - world leader in 
electronics - invites young 
engineers to investigate these 
challenging opportunities. 
Only with RCA will you find 
a scientific climate particular
ly suited to the needs of young 
engineers. Your knowledge 
and imagination will be given 
full rein. Rewards are many. 

Your talents are needed in 
research- in TV receiver de
sign - in network operations 
- even "backstage" at TV stu
dios. The experience and 
knowledge you gain can take 
you anywhere! 

WHERE TO, 

MR. ENGINEER? 

RCA offers careers in TV and 
allied fields - in research, devel
opment, design and manufactur
ing-for engineers with Bachelor 
or advanced degrees in E.E., 
M.E. or Physics. Join the RCA 
family. For full information 
write to: Mr. Robert Haklisch, 
Manager, College Relations, 
Radio Corporation of America, 
Camden 2, New Jersey. 
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Like 2 sets in 1-get Color and black-and
white shows, tool It's RCA Victor Compatible 
Color TV. See the great Color shows in "Living 
Color"-regulor shows in crisp, clear black-and
white. With Big Color, you see everything. 

Color every night - right now! Something 
for everyone! You'll have "two on the aisle" 
for the best shows ever- drama, comedies, Spec
taculars, children's shows, local telecasts. For now 
216 TV stations ore equipped to telecast Color. 

Practical and trouble-free! Service at new 
low cost! Big Color is dependable Color. And 
RCA Victor Factory Service is available in most 
areas (but only to RCA Victor owners). $39.95 
covers installation and service for ninety days. 

Now starts at $495 - no more than once 
paid for black-and-white. This is the lowest 
price lor Big Color TV in RCA Victor history! There 
ore 10 stunning Big Color sets to choose from
table, consolette, lowboys, and consoles, too. 

RADIO CORPORATION 
ELECTRONICS FOR LIVING 

Big-as-life 21-inch picture tube - overall 
diameter. Actually 254 square inches of view
able picture area. And every inch a masterpiece 
of "Living Color." Here are the most natural 
tones you've ever seen-on a big-as-life screen I 

Big Color TV Is so easy to tune, even a 
child can do it! Turn two color knobs and 
there's your Big Color picture! It's easy, quick, 
accurate. It's a new thrill when the picture pops 
onto the screen in glowing "Living Color." 

Color TV is a common-sense investment
costs only a few cents a day. It's sure to be
come the standard in home entertainment for 
years to come-yet you can enjoy Color every night 
right now! And you can buy on easy budget terms. 

t -~~= 

Make sure the Color TV you buy carries 
this symbol of quality. Because RCA pioneered 
and developed Compatible Color television, RCA 
Victor Big Color TV-like RCA Victor black-and
white- is First Choice in TV. 

OF AMERICA 
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Modern and advanced engines log up hundreds of test hours daily in Standard's automotive 
laboratory at Whiting. Radioactive carbon traces deposits in the guarded engine (foreground). 

Would you like to work on 
the same team as this man? 

LAMONT ELTINGE is a group 
leader in the Automotive Research 

Division of Standard Oil's great Research and 
Engineering Laboratories at Whiting, Indiana. 
He and his group dig freely and fruitfully into 
just about every area you can think of in diesel, 
automotive, gas turbine, and jet fuels. Current 
studies range from air pollution problems 
arising from diesel smoke to laboratory use of 
radioactive carbon tracers for the basic study 
of deposits in gasoline engines. 

Mr. Eltinge earned his B.S. in mechanical 
engineering at Purdue in 1947. He is a member 
of SAE, Tau Beta Pi, Sigma Tau, and Pi Tau 
Sigma. Along with the important contributions 

he makes to Standard as a regular member of 
our team, he finds time to attend Illinois Insti
tute of Technology where he recently received 
his M.S., and takes an active interest in church 
work. 

Lamont Eltinge and hundreds of young men 
like him are going places and doing things at 
Standard Oil. Each concentrates on his own 
special field of interest and experience, but 
none is limited to it. Chemists, metallurgists, 
engineers, physicists and others maintain a 
continuous relationship for the broad exchange 
of ideas. Perhaps you, too, would enjoy mem
bership on Standard's team of engineers and 
scientists. 

Standard Oil Company 
910 South Michigan Avenue, Chicago, 80 Illinois 
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Hey man, what's this? I wonder if ... now, 

she wouldn't! Oh well, what can I lose by 

trying? My life! No loss there. My slide rule! 

Good grief, Charlie Brown, you've been at 

the books too long. 

Say there, you lovely, luscious, blonde, fem

inine component of an Engineer's calculations, 

how about leaping out for a movie or some

thing? 
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H ello! You'1·e an enginee1·, aTen't you? I 
could tell, yoU?· slide m le is showing. Go to 
a 'movie - now? But it's so cold out. Oh, 
you'll keep me waTm, eh- that's what I 1vas 
afmid of. 

I didn't mean it that way, honest, on my 

honor, as an engineer. 

I didn't know you people had any. Well, 
I'll go, but I have to get 1·eady ji1·st. 
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If we're going, we have to get 
rolling. 

Okay dad, I'm ready. Where's my 
coat? 

Right here, angel eyes, let's leap. 

How do I look to you now? 

Well, ah, technically speaking, 
things couldn't have been better, 
but you look great just the way you 
are. 



Say, what's this? 

This is a genuine, home movie, 
gal. It includes the movie and some
thing, all rolled into one. 
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Well, it looks like fun. 

Yeah-- and you look like fun 
too, perched · on there like that. 
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"Halt! vVIw goes there?" 
"British soldiers." 
"Pass British soldiers." 
"Halt! Who goes there?" 
"French soldiers." 
" Pass French soldi.ers." 
"Halt! Who goes there?" 
"Who in hell wants to know?" 
"Pass, Yanhs." 

The ROTC instructor was never 
hampered by a sense of false modesty. 
While duck hunting one time, he 
spied a bird soaring overhead, tool! 
careful aim, and fired, but the bird 
sailed on undistw·bed over the hori
zon. 

The marksman watched in a shocked 
silence, then dashed his gun to the 
ground and cried out. "Fly on you 
blanhety-blanh fool bi1·d. Fly on witft 
yom gol-damed heart shot out!" 

Bob drove his girl out one mile in 
the country and said, "Are you a Cam
el girl or a Cheste1·jield girl?" 

She said, "How is that?" 
"That means do )'Ott walk a mile 

or do you satisfy." 

A gol[e1· leaving a bm·, 
Cave his parents quite a jaY; 
He picked up his putte1·, 
Smashed the head of his mutter, 
And finished with one over paT. 

Give a woman an inch and she be
comes a ruler. 

"No," said the centipede, cTossing 
her legs, "a hund1·ed times no." 

"My heaTt is in the ocean," cried 
the poet. 

"You've gone me one betleT," said 
the seasick friend taking a fimur grip 
on the rail. 

First little Boy: "I don't like the new 
little girl in our block. Her's neck's dirty." 

Second little Boy: "Her does?" 

As they say in Mechanics: "Every 
couple has its moments." 

An E.E. stared into a mirror one 
morning and, noting his bloodshot 
eyes, resolved never to go into a bar 
again. "That television," he muttered, 
" is ruining my eyes." 

C.E. Prof.: "Describe the mecha
nism of a steamshovel." 

C.E. Student: "Don't kid me, you 
can't shovel steam." 
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For the "\Norld's L 

Most Powerful "\N 

The USS SARATOGA, the Navy's new 60,000-ton super-carrier, paues down 
the East River and under the Manhattan Bridge on her initial sea triaL 

In size and striking power, the USS 
SARATOGA represents the most 
formidable fighting ship afloat. As 
with the USS FORREST AL, another 
in the Navy's growing fleet of super
carriers .•• Grinnell pipe hangers 
and supports were used for the 
superheat-ed steam lines serving the 
power plant aboard this huge ship. 

Grinnell- America's # 1 supplier 
of pipe hangers and supports- de
signed, as well as furnished, the 
hanger systems for the . important 
high-temperature, high-pressure 
piping on-the USS SARATOGA. In 
addition, other hanger assemblies 
were furnished for . shipboard use. 

Officio/ U.S. Navy Photo 

Included in the SARATOGA in
stallation were: 468 Model L Con
stant-support Hangers .•• 516 Pre- · 
Engineered Spring Hangers ••• 141 
Vibration Control and Sway Braces, 
and many types of rigid hangers. 

Grinnell, backed by a century of 
practical piping experience, is 
skilled in all types of hanger in
stallations - everywhere. Grinnell 
facilities include research, design, 
and application engineering. Also, 
nation-wide distribution and un
equaled manufacturing capacity. 

On your next piping job, it will 
pay you to consult with a Grinnell 
engineer. 

GRINNELL 
AMERICA'S ,#1 SUPPLIER OF 
P I P E HAN G E R'S A•N D S U P P 0 R T S 

rg_est, 

rsh i p ... 

PIPE 
HANGERS 
lay 
GRIIIIIELL 

GRINNELL CON
STANT-SUPPORT HANGERS 
maintain full safety factor 

_in high temperature, high 
'pressure systems. Available 
In 82 spring sizes. Travels 
from 1 ~ to 12 inches. Load 
ranges from 31 lbs. to 
32,260 lbs. 

GRINNELL PRE-ENGI· 
NEERED SPRING HANGERS 
-maximum variation in sup
porting force per W' of de
flection is 10~% of rated 
capacity - in all sizes. 20 
sizes available from 1tock -
load range from 50 pounds 
to 21,230 pounds. 

~HAn oN 
CONTROL AND SWAY BRACES
dampen vibration, oppose pipe sway and 
absorb shock. 3 sizes give full deflection 
forces from 200 to 1800 lbs.; have Initial 
precompressed aprlng forces from SO to 
450 lbs. respectively. 

Grinnell Company, Inc., Providence,.Rhode Island Coast-to-Coast Network of Branch Warehouses and Distributors 

pipe c;rnd J ube fittings welding fittings engineered pipe hangers and supports Thermolier unit heaters valves 
Grinnell-Saunders diaphragm val\.es • pipe • prefabricated piping • plumbing and heating specialties • water works supplies 
industrial supplies it/;•_ Grinnell automatic sprinkler fire protection systems Amco air conditioning systems 

ENGINEERING GRADUATES HAVE FOU NO ATTRACTIVE OPPORTUNITIES WITH GRINNEll 
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Tech notes 
ASME 

The first meeting of the American 
Society of Mechanical Engineers dur
ing winter quarter was held in con
junction with the Institute of Aero
nautical Sciences. A guest speaker 
from the General Electric Corporation 
spoke on the topic "Jet Engines" to 
the group. Immediately following, the 
1956 E-Day movie was shown and 
Warren Anderson, Engineers' Day 
chairman, outlined the plans for E
Day 1957. Jerry Jensen, new 'Log edi
tor, also spoke briefly on the Techno
log. 

Many more interesting meetings are 
now being planned for the rest of the 
quarter. If you have some ideas for a 
program, why not contact Le Dell 
Benson. 

All mechanical engineers are cor
dially invited to attend ASME meet
ings. Notices of meetings will be posted 
on the blue bulletin board in the Me
chanical Engineering lobby-watch for 
them. 

If you have not already joined the 
ASME's, drop down to room 13 ME 
and find out more about the advan
tages of becoming a member. 

SAM 

SAM., the Society for Advancement 
of Management has a full slate of 
meetings and activities lined up for 
Winter and Spring quarters. Mr. 
Harry Hanson, State Labor Conci li a
tor, will speak on "The State Labor 
Conciliation Service" at the January 
17th meeting. Mr. Marv Donnette, 
Adviser on Employee Relations, 3M, 
will speak on Supervisory Selection at 
the February 7th meeting. The last 
meeting of the quarter will be on Feb
ruary 28th. 
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Other activities include an Indus
trial Relations Conference in April at 
the Lemington Hotel, a dinner meet
ing with the Twin City Chapter of 
SAM in May, and an annual picnic 
in June. Planned tours include a tour 
of the Toni Company in February, a 
tour of a Brewery in March, and a 
tour of the Anderson Window Com
pany at Bayport in the Spring. 

A special project for all the me!Jl
bers is planned to begin between quar
ters and extend into Spring quarter. 
Each student member will have an op
portunity to get out into industry for 
a few hours and talk with experienced 
men in their respective field of study 
by signing up to participate in a Big 
Brother program. 

The Minnesota University Chapter 
is affiliated with a national organiza
tion and sponsored locally by the Twin 
City Chapter of SAM. Its members are 
mostly engineering or business stu
dents with a common interest of man
agement. Any engineering student 
above the freshman level who feels he 
would eventually like to work in a 
management position and is interested 
in attending informal meetings with 
leading executives of Twin City area 
is cordially invited to come to any 
meeting. 

AlEE-IRE 

This organization is going all out 
for Engineers Day this year. We are 
planning to enter the following E
Day events: Open house queen con
test, field events, and ticket sales. A 
meeting will be held on January 24 
at 3:30PM to discuss the various events 
and assign committees. The 1956 E
Day movie will be shown to give the 
members some idea of the fun in-

valved in these events. 
Another important date is Feb. 7, 

when Audio Development Company 
of Minneapolis will treat all of the 4th 
and 5th year members of AlEE-IRE to 
a free dinner. The plans are not com
pletely set. but the dinner will prob
ably be at the Minneapolis Athletic 
Club. NO EE CAN AFFORD TO 
MISS THIS. 

ASCE 

The American Society of Civil Engi
neers student chapter meets regularly 
twice a month on alternating Tues
day and Wednesday evenings. Notices 
of time and place are located in Main 
Engineering· halls. Although the or
ganization is more active this year 
than in the past, new members are al
ways welcome. At each meeting, stu
dents give talks on summer jobs and 
a prize of a subscription to the Civil 
EngineeTing Magazine will be awarded 
for the best talk. 

On Saturday, January 18, the chap
ter went on a sleigh ride at McNellis' 
Stables, with about 30 couples attend
ing. After the ride, square dancing 
and refreshments were enjoyed. 

The following is a schedule of meet
ings for winter quarter: 

Jan. 9, Wed. H . J. Westin 
Engineer and 

Contractor 
Jan. 19, Sat. Sleigh Ride 
Jan . 22, Tues. Randolph Johnson 

Bureau of Public 
Roads 

Feb. 6, Wed. Twin City Testing 
Laboratory 

Feb. 19, Tues. (Noon Meeting) Movie 
"Columbia Frontier" 

Mar. 12, Tues. Boeing Airplane Com

pany 
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''Whatever is wortlt doing 
at all is wortlt doing welL JJ 

From Lord Chesterfield 's Lette.rs 
Oct. 9, 1746 

PRINTERS • 
5th & 5th SOUTH 

LITHOGRAPHERS 
MINNEAPOLIS 
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A young school teacher said to her 
best student, aged seven, "Tommy, 
if I lay one egg on the table and two 
on the chair, how many will I have 
altogether?" 

"Personally," answered Tommy, "I 
don't think you can do it." 

The owner of a big furniture store was 
in New York to buy some stock and he 
met a really beautiful girl in the hotel 
elevator. But she was French and they 
couldn't understand a word of each 
other's language. So he took out a pen
cil and notebook and drew a sketch 
of a taxi. She nodded her head and 
laughed and they went for a ride in the 
park. Then he drew a picture of a table 
in a restaurant with a question mark and 
she nodded, so they went to dinner. 
After dinner he sketched two dancers and 
she was delighted. They went to a night 
club and danced and had a lovely eve
ning . At length, she asked for a pencil 
and drew a picture of a four-poster bed. 
He was dumbfounded. He's never yet 
been able to figure out how she knew 
he was in the furniture business. 

Rose's are red, 
Violet's are blue, 
Lillie's are pink-
I know. I saw them on the wash 

line. 

The click of knitting needles, the 
creak of the rocker, the ticking of the 
clock were all that disturbed the si
lence of the room. With childish curi
osity little Ellen asked, "Why do you 
knit, Grandma?" 

"Oh, just for the hell of it," the old 
lady replied. 

He: "Do you smoke?" 
She: "No, I don't smoke." 
He: "Do you drink?" 
She: "No, I don't drink." 
He: "Do you neck?" 
She: "No, I don't neck." 
He: "Well, then, what do you doi'" 
She: "I tell lies." 

Jens Jenson who left here last year 
has now got a soft job in Minneapolis. 
He's in a big bloomer factory pulling 
down about 500 a year. 

In 1905 when girls did swim 
They dressed like Mother Hubbard, 
But now they have a different whim, -
They dress more like her cuboard. 

And then there was the pious old lady 
who was shocked because men and wom
en at the state university use the same 
curriculum. 
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your firs.t move 
CAN DECIDE THE GAME 

your firs_t job 
CAN DECIDE YOUR FUTURE 

~ ~ That important first job can start you off in 
the wrong direction-or it can lead you straight toward your 
goal. If your ambitions are high, Motorola has a place that will 
give you the finest chance possible for the advancement you 
want. You'll get security and good salary, but, more important, 
you'll be working on projects with a future, like missile guid· 
ance, radar, and microwave. The door is wide open at Motorola, 
and the opportunity to fUlfill your ambitions is yours. 

If you are an ELECTRICAL ENGINEER, MECHANICAL ENGINEER or PHYSICIST, 
contact Motorola today. 

CHICAGO, ILL.: MR. L. B. WRENN, Dept. CO., 4501 Augusta Blvd. 
Challenging positions in Two-Way Communications, Microwave, Radar and 
Military equipment, Television (Color) and Radio Engineering. 

PHOENIX, ARIZ.: 
RESEARCH LAB., MR. R. COULTER, Dept. CO., 31 02 N. 56th St. 
SEMI -CONDUCTOR DIY., V. SORENSON, Dept. CO., 5005 E. McDowell Rd. 

Outstanding opportunities in the development and production of Military 
equipment and Transistor products. 

RIVERSIDE, CAL.: MR. C. KOZIOL, Dept. CO., Box 2072 
This new modem research laboratory, located 65 miles from Los Angeles, 
needs men in Missile and Militsry equipment systems analysis and design. 

Contact your Placement Officer for further Information regarding Interview 
date on your campus or write to one of the above addresses. 

fl.' MOTOROLA 
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y, .electronically-gllided planes take off and land without human touch. 
sky missiles seek and destroy invisible targets with uncanny precision. And still other 

; fll!Witie achievements in both man-controlled and pilotless flight ~ now in the offing. 

l!Wb.en men go to the moon aml ~,.Neetroni~·d'OntrQlled skycraft will take them 
there. Aviation tnaps will be stu44eJlrii;Ji. stars es w~ as with cities. New developments 
in aeronautics will go on and on.~ opPottuni~ and careers will continue to develop 
for ambitious young men in this ~~ ftdld w~ ~ new era is beginning!'* 

~priately qualified to speak for aeronautics and 
other fields in which his own scientifiC achievements 
.qy an important part, Dr. Lee de Fore$t gives help
ful counsel to young graduates headed for successful, 
rewarding careers. 

His expression, "a new era is beginning:' has parti
cular significance at Northrop, world leader in the 
design, development and production of all-weather 
and pilotless aircraf:t. 

At Northrop, permanent positions are available that 
oiler full play for individual talent and ambition. Here 
the graduate engineer will find interesting assign
ments for which he is best fitted. Surroundings are 
-ttractive, co-workers congenial, opportunities for 
advancement unceasing, the compensation good. 

For detailed information regarding specific openings 
ift. your field of specialization, write Manager of Engi
Meiing Industrial Relations, Northrop Airc:raft, Inc., 
1001 East Broadway, Hawthorne, California. 

~NORTHROP 
.Noneers in AU Weather and Pilotle.ss Flight 

• A stcltement by 
Dr. Lee de Forest, 
pioneer in ,.odio. 

LEE De FOREST 
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A worried-looking little man dashed into a bar and or
dered a ginger-ale in a voice shaking with rage. 

"What's the trouble, bud?" asked the sympathetic bar
tender, "You look upset?" 

"With every reason," said the little man. "I came home 
just now to find my wife in the anns of another man." 

"Indeed!" offered the bartender, "and what did you do?" 
"What did I do?" cried the injured man jubilantly. "I 

threw his umbrella out of the window and I hope it rains!" 

Then there is the sad story of the EE who went nuts 
trying to hook up a Laplace transformer. 

The house guests were assembled with their hosts in 
the living room after dinner, chatting pleasantly, when 
the five-year-old daughter of the host appeared suddenly 
in the room, her clothes dripping with water. She could 
scarcely articulate, so great was her emotion, and her par
ents rose in consternation as she entered: 

"You - - you," the little girl babbled, pointing to the 
male of the house guests, "You're the one who left the seat 
up." 

A temperance union lady member was lecturing on the 
evils of rum. She said that if anyone should drink a half 
pint of whiskey a day for a year, his stomach would be 
completely destroyed. A man arose and said he wanted to 
take issue with that statement. That he had drunk more 
than a half pint of whiskey a day for many years and that 
he was wi}ling to put his stomach up against hers any
time. 

He: "How much does it take to make you dizzzy?" 
She: "Two dollars, and the name is not 'Dizzy' it's 

'Daisy'." 

"Say sonny is your papa at home?" 
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WHY CERTAIN 
DESIGNS SUCCEED 

an idea to help 
you advance faster 

SUCCESSFUL designers state that 
costs are the most important 

factor in the success of any product 
development today. Manufacturers 
recognize this and, as a result, seek 
out the engineers who are cost 
minded. 

Industry's stress on lower costs 
comes from the increasing competi
tion for buyers. Rising costs of ma
terials and labor must be offset by 
good designs to keep selling prices 
down to realize a profit from sales. 

Ingenious use of materials is the 
best way you can eliminate needless 
expense in manufacture. By using 
steel as the basic material and weld
ing for fabrication, you have a de
cided advantage in saving mone-y 
for a manufacturing company . . . 
and getting your designs accepted. 

Cast Construction- Costs $28.13 

Welded Steel C!lnstruction- Costs $6.49 

Results from using welded steel 
instead of gray iron are shown in 
the above design comparison of a 
typical bracket used on modern 
machinery. The cast bracket costs 
$28.13. The welded steel bracket 
costs $6.49, weighs 65% less, yet is 
stronger and more rigid than the 
cast design. 

Similar savings are possible in 
many types of mechanical parts. 
Therefore, it will pay you to know 
how to utilize steel. Why not write 
us for latest design bulletins. 

THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 

The World's Largest Manufacturer of 
Arc W'elding Equipment 
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A 
FROM THE 1920's 
•.. TO THE 1950's ..... 

owes this veteran furnace 
a deep bow 

From this very furnace (and its fellows) came the special 
hear-resistant steels for aircraft engine exhaust valves that 
first let men fly an ocean: Lindbergh, Chamberlain, Byrd. 
From it and its successors in various A-L mills came the 
high-temperature alloys that made possible the first air
craft superchargers ... and later, the first ventures into jet 
and rocket-propelled flight. • In your future business life, 
whenever you have a problem of resisting heat, corrosion, 
wear, or great stress-or of satisfying special electrical re
quirements-remember to see us about it, won't you? 
Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 

PIONEERING on the Horizons of Sfeef 

Allegheny Ludlum 
MINNESOTA TECHNOLOG 



Logic ... 
are easily implemented using two four-g"te units, inter
connected as shown in Fig. l 1. 

The serial method of addition requires as many pulse 
periods of time as there are columns of digits to be added. 
H a faster addition is required, the parallel method may 
be used. This method is shown in Fig. 12. The parallel 

Ab 

/4. 8 o 1 e.: II.!!> 0 I <:: 
0 • 

0 I 

I I 

I 0 

SumS Carry C 

a 8 a b A 8 a 8 A b 

s 
Fig. 11. Logic cherts end connections 

for serial binory addition. 

A 8 A 8 

method, however, requires as many sets of cany and sum 
units as there are columns to be added. The two numbers 
to be added enter the parallel adding system of Fig. 12 re
peatedly, for as many pulse periods as there are carries. 
The correct sum will then appear as shown. The parallel 
addition system of Fig. 12 can be implemented with twelve 
units. Signal leads of cany and sum circuits are intercon
nected in the same manner shown in Fig. 11. 

Binary subtraction is performed as shown in Fig. 9. 

A =Incoming binary digit of minuend 
B = Incoming binary digit of subtrahend 
C' = Borrow digit determined by subtraction of pre

ceding column 
D = Difference digit of colum11 being subtracted 

From the definitions the following logical expressions for 
the Borrow and Difference functions can be written: 

C = (a·b·C')v (a·B·c') v (a·B·C') v (A·B·C'). 
D = (A·b·c')v (a·B·c') v (a·b·C') v (A·B·C'). 

The logic charts for the serial method of binary subtrac
tion are shown in Fig. 12. These borrow and difference 
functions can be implemented with two units intercon· 
nected as shown in Fig. 13. 

For the utmost flexibility in binary computation, both 
addition and subtraction can be performed with three 4-

Carry 
Pkgs. 

Sum 
Pkgs. 

Fig. 12. Parallel method of binary addition . 

(SO) 
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Q 
0 

gate units, connected as shown in Fig. 14. An additional 
add-subtract command function X is required. This is in 
the form of a pulse train which causes addition to v be 
performed when a pulse is present, and subtraction when 
a pulse is absent. The variables required for the serial 
adder-subtracter are: 

A = augend or minuend 
B =addend or subtrahend 
C =carry or borrow (delayed from preceding pulse 

period) 
X = add command 
x = subtract command 
D = difference 
S =sum, 
f 1 =(X · A) v (X · A) computing function. 

A b o 1 c' AB o 1 c' 
0 0 

0 I 

I I 

I 0 

bOiflfOW C 

D 

Fig. 13. Logic charts and connections for 
se rial binary subtraction . 

Using these variables, the serial adder-subtracter of Fig. 14 
can be achieved using gates. ' 

The logic chart for a four-variable function is shown in 
Fig. 15. On this chart all possible functions of four varia· 
b1es can be defined. There are 65,536 such combinations, 
51,358 of which can be implemented by a single unit. To 
implement a separate square of this chart would require 
one 4-leg gate. Implementing all squares separately would 
thus require sixteen such gates. To lessen the number of 
gates required, it is possible to represent blocks of ad
jacent squares with a single gate. In defining such blocks, 
the first and last columns of the chart and the top and 
bottom rows can be considered adjacent. 

If shaded or unshacled squares are grouped together they 
can be implemented as follows: 

(a) Eight adjacent squares forming a 2 X 4 rec
tangle can be represented by a 1-leg gate. 

(b) Four adjacent squares forming either a 2 X 2 or 
a 4 X 1 rectangle can be represented by a 2-leg 
gate. 

(c) Two adjacent squares sharing the same row or 
column can be represented by a 3-leg gate. 

(d) Remaining single squares require a 4-leg gate 
for representation. 

As described previously, either the true (shaded) or false 
(unshacled) squares can be instrumented, depending upon 
which is the more convenient or lesser in number. If the 
unshaded (false) squares are represented, it must be re
membered to reverse the output polarity of the unit. 
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Examples of using the unit for four-variable logical func
tions are shown in Fig. 15. Example l is best implemented 
as three sets of 2 X 2 squares. As shown, these require only 
three 2-Ieg gates. Thus the four-variable fun ction of Ex
ample 1 can be implemented by a single unit, using only 
three of the gates. 

Example 2 of Fig. 15 can be implemented as two sets ot 
two adjacent squares (2 X 1) and one single square. This 
complete fo ur-variable function thus requires only three 
of the gate units. 

Computing function 

r1 .. (X·AI vtX·A) Carry or Borrow 

SvD 

Sum or Difference 

Fig. 14. Combined ser ial addition and subtraction. 

Nearly all other mathematical operations can be re
duced basically to addition and subtraction operations. 
Accessory operations may be required, such as register 
shifting discussed next. 

In Fig_ 16, the multiplication of decimal and binary 
numbers by register shifting and addition is depicted. 
Binary division by the conventional method of trial multi
plication (or addition) and subtraction is shown in Fig. 17. 

Function generation is performed by implementing an 
algebraic series expansion of the desired relationship. In
tegration and differentiation are handled by binary nu
merical ,methods. These involve basic addition and sub
traction operations, programmed by the logical intercon
nection of units. 

Decimal Binary 

2 1 1011 -

X 14 X 101 

21 1011 

21 + 0000 

+ 21 1011 

21 101111 
21 

294 

Fig . 16. Decimal and binary multiplication by 
register shifting and addition . 

11 

5 

55 

Registers serve as repositories for digital information. 
While storing such digital information, it is often desired 
to shift the time sequence or relative space position of the 
pulses. The functions of shift registers may thus include 
serial read-in and read-out, parallel read-in and read-out, 
shifting of information to right or left, etc. These opera
tions are used in parallel-to-serial and serial-to-parallel 

000110 6 

7 ~ 101010 42 

1 1 1 

011 1 

11 I 

0000 

0000 

Fig . 17. Binary division by the conventional method 
af trial multiplication and subtraction . 

code conversion, storage of information, binary arithmetic 
operations, conversion of pulse information between low
speed and high-speed systems. 

Fig. 15. Four-variable logic chart and implementation . 

Basic 
4-variable 
logic chart 

Example 1: f1 (A· B · C)v(A · b · D)v(A · C" d)v(B ·D) 

0 I I 0 

A B .---o--.--o_..---1 -r--~ -t 
0 0 

0 I 

I 

I 0 
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I ~ .J 4 

c 
D 

A c 

·~ 
8 0 

~ 
A D 

~ 

A B 
0 0 

0 1 

1 1 

1 0 

0 
0 

1 

5 

9 

13 

1 
0 

2 

6 

10 

14 

1 
1 

3 

7 

11 

15 

0 

1 

4 

8 

12 

16 

c 
D 

Example 2: 
f2 (A-B-c)v(a·b)· c·d)v(C"D) 

0 I 0 

A 8 _o __ o_,..,.,.,....______, 
o o B.t~1~. 2 llt~:w 4 

~~+----~~~---~ 

0 I S' 6 s 
I I 

[vA·b·c-oJ 

c CbD 
D 

~ 
ABc 

~ 
abed 

~ 
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Meet Dick Foster 
Western Electric development engineer 

Dick Foster joined Western Electric, the manufacturing and supply unit of the 
Bell Sysrem, in February 1952, shortly after earning his B.S. in mechanical 
engineering at the University of lllinois. As a development engineer on a 
11ew automation process Dick first worked at the Hawth orne Works in 
Chicago. Later, he moved to the Montgomery pla111 at Aurora, Illinois 
where he is pictured above driving illlo the parking afea. 

Dick's day may begin in one of several ways: an informal office chat 
with his boss, a department "brain session" to tackle a particularly 
tough engineering problem (above); working with skilled machine 
builders in the mechanical development laboratory; or "on the line" 
(below) where he checks performance and quality and looks for new 
ways to do things. 

Here Dick and a set-up man check over the automatic production line used to man
ufacture a wire spring relay part for complex telephone switching equipment. This 
automatic line carries a component of the relay on a reciprocating conveyor 
through as many as nine different and very precise operations-such as percussive 
welding in which small block contacts of palladium are attached to the tips of 
wires to within a tolerance of ± .002". 

Dick finds time for many Westem Electric employee activities. Here he is 
scoring up a spare while tuning up for the engineers' bowling league. He is 
a~tive also in the golf club, camera club, and a professional engineering so
crety. Drck, an Army veteran, keeps bachelor quarters in suburban Chicago 
where he is able to enjoy the outdoor life as well as the advantages of the city. 

Examining the plastic molded "comb" components of the wire 
spring relay Dick recalls his early work when he was in volved 
in working-up forming and coining tools for the pilot model of 
the automation line for fabrication of wire spring sub-assemblies 
for relays. At present he is associated with the expansion of 
these awomation lines at the Montgomery Plant. 

Western Electric offers a variety of interesting and 
important career opportunities for engineers in all 
fields of specialization in both our day-to-day job as 
the manufacturing and supply unit of the Bell System 
and in our Armed Forces job. 
If you'd like to know more about us, we'll be glad to 
send you a copy of "Your Opportunity at Western 
Electric" which outlines the Company operations and 
specific job opportunities in detail. Write: Colleg;! 
Relations Department, Room 1030, Western Electric 
Co., 195 Broadway, New York 7, N. Y. 

MANUFACTURING AND SUPPLY UN IT OF THE BELL SYSTEM 

Manufacturing plant.s in Chicago, Ill.; Kearny, N. J.; Baltimore, Md .; Indianapolis, Ind .; Allentown and Laureldale, Po .; Burlington, 
Greensboro and Wmston-Salem, N. C.; Buffalo, N. Y.; Haverhill and Lawrence, Mass.; Lincoln, Neb.; St. Paul and Duluth, Minn. 
Distributing Centers in 29 cities and Installation headquarters in 16 cities. Company headquarters, 195 Broadway, New York City. 
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The ferocious lion ate a bu ll. Afterward he felt so won
derful he roared and roared. A hunter heard him roar and 
shot him. 

Moral: When you're full of bull, you had better keep 
your mouth shut! 

An asylum patient who had been pronounced cured was 
saying farewell to th e director of the institution. 

A customer waiting fo ·r a small job to be done on his 
car watched a mechanic change the oil in another ca1· 
without spilling a dmp, check the mdiatoi· cm·efully, clean 
the windshield, wipe away the greasy {tnge1· marks, place a 
clean cloth over the upholste1y, wash his hands thoroughly 
and drive the em· slowly out to the st1·eet curb. 

"And what are you going to do when you go out into 
the world?" asked the director. 

"Now there's a 1·eal mechanic," the custome1· observed 
to the foreman. 

" Oh," explained the foreman, " that's his own car." 

"Well," said the patient. "I have passed my bar exami
nations, so I may practice Jaw. I have also had quite a bit 
of experience in college dramatics, so I might try acting." 

Getting a joke column is fun, but it's no picnic. 
If we dont' print jokes, we are too serious. 

He paused for a minute, lost in thought. "Then, on the 
other hand," he continued, "I may be a t eakettle." 

If we print jokes, we are silly . 
If we tahe them from other magazines, we are too lazy 

to write them ourselves. 

They were huddled close, the lights were low. H e 
pressed his lips into her pink ear and whispered, "What 
are you thinking about darling?" 

If we don't print contributions, we don't appreciate true 
genzus. 

If we do print them, the pages are full of junk. 

"The same thing you are, sweetheart ," she whispered 
shyly. 

And now, like as not, someone will say we stole these 
from some other magazine. 

"Then I'll race you to th e ice box!" he shouted gaily. We did . 

FAFNIR 
BALL BEARINGS 
MOST COMPLITI • Lilli Ill AMitiCA 
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How a precision 
grinder holds its 
precision-for years 
In pre-loading super-precision ball bearings, a 
precision surface grinder is used for close
tolerance grinding of bearing ring faces (see 
photo). In the grinder diagrammed here, mov
ing parts are mounted on Fafnir ball bearings 
to assure the absolute rigidity essential for this 
exacting work. 

All bearings indicated, except the thrust bear· 
ings at the bottom of the column supporting the 
wheelhead arm, are Fafnir pre-loaded, super· 
precision types. The oscillating wheelhead is 
similarly mounted. Original bearings in column 
and workhead have been in operation and have 
maintained their precision for over 15 years. 

A long history of such successful bearing 
applications is a big reason why engineers 
throughout industry look to Fafnir for help 
with special bearing problems. The Fafnir Bear• 
ing Company, New Britain, Conn. (23 Branch 
Offices) 

• • • 
An interesting aspect of an engineering career with 
Fafnir is the opportunity for first-hand observation of 
Fafnir products actually on-the-job in Fafnir plants. 
Fafnir bearings are widely used in equipment neces
sary for bearing manufacture, including machines such 
as the precision surface grinder above. 

The opportunity for on·the-job evaluation of bearing 
performance is invaluable as. a source of information -
and, often, inspiration -in the vital, diversified work 
of designing, developing, and assisting in the applica• 
tion of bearings for all of industry. Perhaps Fafnir offers 
you the challenges Gnd satisfactions you want in ell• 
glneering, or sales engineering. We'd be glad to hear 
from you. 

MINNEAPOLIS 
BLUE PRINTING CO. 

612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KUEFFEL & ESSER CO. 
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WANT ADS 
WANTED! 
The TECHNOLOG will publish free 

want ads brought in by IT students. 
Ads can be on any subject, with only 
nominal restrictions on their length. 
Each ad will be printed once, with 
one ad per submittor per month. So 
if you have something to buy, sell, or 
swap, here's your opportunity! 

Bring Your Ad to 
the 'Loa Office, 2 ME 

Wanted: STANLEY STEAMER, any condition 
and any model from 1903 to 1925. 

For Sale: 4" x 5" Speed Graphic Camera. Anni
versary model with f4.7 lens and flash gun, 
Kalart range-finder, and coldlight enlarger 
for same. Numerous accessories. Make offer 
for lot. 

Roy T. Shelso 
4825 38th Avenue South 
Minneapolis 17, Minnesota 
PArkway 4-4677 

A college professor bought a parrot from a pet store 
only to learn that ~t cursed every time that it said any
thing. He put up with it as long as he could, but finally 
one day he lost his patience. 

"If I eve.~ hear you curse again," he declared, 'Til wring 
your neck. 

A few minutes later he remarked casually that it was a 
fine day. Whereupon the parrot said, "It's a hell of a fine 
day today." The professor immediately took the parrot 
by the head and spun him around in the air until he was 
almost dead. 

"Now then," he said, "it's a fine day today, isn't it?" 
"Fine day," sputtered the parrot, "where the hell were 

you when the cyclone struck?" 
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E.E.'s, M.E.'s, A.E.'s, Math, 
Physics&Chemistry Majors: 

APL announces 
openings for young 

men of exceptional 

talent 
The Applied Physics Laboratory (APL) of The 

Johns Hopkins University, one of the country's 
leading R & D organizations, offers a unique 
opportunity for young men of exceptional talent 
because it is directed solely by technical men and 
scientists, and it has a single objective: technical 
progress. 

Because of its predominantly professional na
ture, and the high calibre of its staff members, 
APL has been able to consistently maintain its 
reputation as an R & D pioneer. APL developed 
the first proximity fuze, the first supersonic ramjet 
engine, and the Navy's Bumblebee family of 
missiles, which includes TERRIER, TALOS and 
TARTAR. 

Location & Facilities 

• The APL laboratories, covering over 350,000 
square feet, are located in rolling countryside mid
way between Washington, D. C. and Baltimore, 
and in Silver Spring, Md. The facilities of APL 
combined with those of its 21 associate and sub
contractors and Government test stations provide 
exceptional opportunities for its staff members to 
develop and extend their capabilities. 

A strong program of financial assistance for 
graduate study is offered. Salaries at APL com
pare favorably with those of industrial R & D 
organizations. Young men of talent and higher
than-average grades are invited to inquire about 
staff opportunities. All inquiries will be answered 
in detail. Contact your Placement Officer or write: 

PROFESSIONAL STAFF APPOINTMENTS 

The Johns Hopkins University 
Applied Physics Laboratory 

8621 GEORGIA AVENUE, SILVER SPRING, MD. 
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Growing .. . 

A Threat to Research · 
As a people, we are proud of our 

modern society with its widespread 
bounty, modern conveniences, health 
protection, and hopeful future of our 
children. Most Americans accept all of 
this without thinking. A few, however, 
have realized that these attributes are 
created by technological advances 
made possible through research. But 
how very few indeed understand that 
our way of life and our national 
strength can only be maintained and 
improved if the spirit and activities of 
research are continually nourished 
and kept vigorous. Failure to under
stand the importance of research could 
easily lead to a serious decline of our 
economy. Even now there are signs of 
what might come. To insure the fu
ture for ourselves requires not only 
timely recognition of our shortcom
ings, but also that prompt corrective 
action be taken. 

Research is not something which 
concerns only industry, government, 
and a few special people in labora-

GENERAL 
BOOKBINDING 

Gold Lettering - Stomping 

Tooling 

Medical 
Chemical 
Magazines 

WE BIND 
Theses 
Pamphlets 
Text-Books 

Law Reviews 

COVERS - ALBUMS - BLANKBOOKS 
Made to your specifications 

BINDING 

ERICKSON 
BINDERY 

downstairs 

GRAY'S DRUGSTORE 
1326 4th St. S.E. GE. 5765 
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tories; as a vital feature of our whole 
economic structure, it is everyone's 
business. 

Of course no one except those spe
cially trained expects to be familiar 
with all of the theory and detail of re
search work. In fact, the term "re
search" implies so much that it al
most defies simple, yet adequate, defi
nition. Even those directly engaged in 
research can themselves encompass 
only a limited area, and they do well 
merely to keep in touch with the 
progress of others. However, everyone, 
whether he is technical or not, can be 
fully aware of the necessity for re
search. Everyone should be aware that 
our creative system based on research 
will endure only as long as there exists 
an ample flow of new workers- a 
stream of well-trained, ambitious, im
aginative young people eager to tackle 
the unknown. 

It is unnecessary to dwell on the 
present serious shortage of engineers 
and scientists. Some people minimize 
it as an inconvenience of the present 
time. Others maintain that the situa
tion will correct itself and that high 
salaries will eventually attract more 
young men into the technical profes
sions. Th~y forget that it takes from 

IZIP-A 
,.. .. all I -, .e. I .. .. 
J·.·.·.·.· 
I ••• ' 

~ c~; T 
~ SCREENS N 

PERINE BOOK CO. 

1:~,~ .~.:T~R.~;:~,:;;, ~.~.::,. 

four to ten years to educate and train 
an effective research worker. To in
spire this worker requires top-notch 
teachers on the high school and col
lege levels. And the low academic sal
aries in comparison with those of in
dustry strongly encourage the poten
tial teacher or professor of science to 
pass up a career in the classroom and 
join the rush. 

Besides an inadequate number of re
search workers, there is a disturbing 
tendency toward fewer dedicated re
search workers in the ranks of new
comers. This condition, of course, is 
associated with the absence of compe
tition for jobs. Some young graduates 
are professed opportunists who shop 
unashamedly for the "softest deal." 
Perhaps this attitude conforms with 
an economic law. It does not create a 
healthy future for research. 

People who consider our national 
strength have turned to research as an 
essential policy. In the Soviet Union, 
for example, enormous effort is ex
pended on the education and training 
of young scientists and engineers. 
While we are beginning to falter in 
our training program, they are vigor
ous and expanding in theirs. Should 
we therefore be astonished to find that 
we are rapidly being overtaken in tech
nology? 

It is not our purpose to reiterate 
what so many already know very well. 
But it must be made perfectly clear 
to everyone that whatever threatens 
the quality and vigor of our research 
threatens our strength as a nation. 
This threat now exists at a time of 
world disquiet when we can ill afford 
to sacrifice our strength. 

Various solutions to the problem 
have been proposed. Higher salaries 
for teachers are essential, of course. In 
Massachusetts, a promising start has 
been made with the Lexington Plan 
by which teachers alternate classroom 
duties with an industrial position. Al
so, the suggestion that retired scien
tists and engineers be allowed to teach 
technical subjects in high schools and 
colleges has merit and certainly shows 
progressive thinking. 

By adding our voice of concern to 
others, we hope that the cry will be 
heard, so that eventually the coopera
tive effort of government, industry, 
and schools will be able to correct the 
present faults. Only then can we look 
ahead with confidence. 

MINNESOTA TECHNOLOG 
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many rnooris 

Less than 5,000 working hours from now, 
Martin will launch the world's first earth satel
lite. As with the famed Martin Viking Rocket 
program, this is to be No.1 of a continuing series 
of astronautical research vehicles-man-made 
moons which will chart the way toward the con
quest of the final frontier, space itself. 

If you are interested in the greatest engineer
ing adventure of our time, contact J. M. 
Hollyday, The Martin Company, Baltimore 3, 
Maryland. 
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Earnings . . . 

Judging by the map in Figure 5, an engineer will earn 
considerably more money if he works east of the 1\I ississip
pi River. However, if he wants to earn more than the 
median income of the surveyed group as a whole, he must 
move all the way to the northeastern states, wh ich include 
:r\ew York and Pennsylvania. In this area the median in
come is more than $1600 above that in our own area, 
which is the lowest in the country. However, there is very 
little variation among the regions west of the Mississippi 
and, since the regions are large, it seems likely that local 
variations within a region might be greater than the re
gional variations themselves. Nevertheless, the general pat
tern is unmistakable, and the writer can only comment 
that living in the "wide open spaces" is probably worth 
$1000 or so a year. 

In evaluating the results of this survey, it is important 
to remember that a single survey of one year's earnings is 
only one scene from 4 constantly changing panorama. 
What is true in 1954 is not necessarily true in 1974. For 
example, in inf-lationary periods the pay of civil service 
employees will always lag behind that of employees in in
dustry, while in a depressionary period, the civil servant 
fares much better. Furthermore, at the present time there 
is great pressure at all levels of government, including our 
own state legislature and the United States Congress, to in
crease pay of engineers and scientists, so that the pay of 
engineers working for government agencies may be con
siderably higher one year from now than at the present 
time. 

It is also important to remember that the survey does 
not take into account the comparative educations of the 
respondent nor the hours per week spent in earning the 
salaries. For instance, it seems likely that chemical engi
neers on the whole reg uire more education~ to earn their 
higher salaries which the survey indicates. It is also likely 
that self employed engineers spend more time at their jobs 
than employees. However, this survey certainly gives a fair 
indication of the general picture of engineering· salaries. 

lf any of the readers would like to have a copy of the 
complete report on which this article is based, the iinne
sota Society of Professional Engineers will be glad to pre
sent him with one. Merely call or write Mr. Robert New
bury, Executive Secretary of MSPE, 619 Guardian Build
ing, St. Paul I, Capitol 4-1244. 

The latest story in interplanetary travel circles has 
to do with the little Martian who made a forced land
ing near an air field and was promptly impounded 
by the Air Force. The Martian, a wierd looking crea
ture about two feet high with a green skin and purple 
eyes, was placed under careful study by scientists, 
who finally established communication with him. The 
Martian was brought before a panel of defense de
partment brass for interrogation. Being obviously of 
superior intelligence, the little green man answered 
every question satisfactorily. 

Finally he was asked, " How do you breed on 
Mars?" 

The Martian looked puzzled. 
" How do you reproduce your kind?" the query 

was reworded. 
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Experience 
"Until a student, or an engineer, has by the sweat of his 

brow created a design and realized his own inadequacies, 
he cannot be fully motivated to study, observe and appre- • 
ciate the mass of information with which he must be 
familiar." 

The use of actual industrial problems, instead of aca
demic problems in college courses is a much overlooked 
point. 

In the typical academic problem, the method to be used 
is indicated by the subject matter currently being taught, 
and the assumptions, if any, are all stated, with the result 
that there is little opportunity for using imagination and 
ingenuity. 

On the other hand, the typical industrial problem is 
seldom clearly stated. Data available are usually incom
plete or broadly stated. Extraneous and irrelevant data 
may be present. Assumptions are a matter of engineering 
judgement. The method of solution is a matter of choice 
and involves such factors as the degree of accuracy re
quired, the time available, and the economics of the 
problem. 

One of the more important concepts of academic instruc
tion should be the consideration of proportions. Past de
signs, successful or unsuccessful, can be of tremendous help 
in creating new designs. A thing looks weak or strong in 
proportion to something in our past experience. 

Actually, we make considerable use of past experience or 
observation and proport:ons, but we tend to teach students 
to avoid such solutions. Proportions can give an over-all 
concept, or mental picture of what the device to be de
signed will look like, though giving no data on design 
parameters. If proportions can be used to carry pertinent 
information over to a second design, considerable valuable 
time and effort may be saved. Likewise, an engineering 
student exposed to this type of training will not require 
lengthy cadet training by his employer. 

Taken from the con text of a speech by Mr. Louis G. 
Gitzendanne1·, manage1· of mechanical systems engineering 
fo1· General Electric Company, delivered at a meeting of 
Th e American Society of Mechanical Engineers. 

" Oh, that's simple," the little man from Mars 
beamed. " We have factories. One factory makes 
arms, another torsos, another heads and so forth -
these are all shipped to an assembly plant and put 
together to make us. By the way, how do you do it 
here?" 

The brass proceeded to explain human love mak
ing as best they could and as their explanation 
reached its climax, the man from Mars began to 

laugh hilariously. 
" What are you laughing about?" he was asked. 
" Ho! Hoi Ho! What do you know!! On Mars that's 

the way we make automobiles! 

Gent to waiter: "I want a good, stiff d1·ink for a pick-up." 
Waiter: "Yes, sir, and what will you have for yourself?" 
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Upward and onward is an art 
Going upward and onward from short fields, or from a standing start is an art 
being studied at Grumman. If you lean towards the STOL and VTOL school, 
Grumman may be just the place for you to go upward and onward as an 
engineer. Even if yours is a different field, Grumman embraces all from missiles 
to high Mach jets to revolutionary amphibians. 
Get the word by writing for: ENGINEERING FOR PRODUCTION. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE • LONG ISLAND • NEW YORK 

Designers and builders also of the supersonic FllF-1 Tiger, transonic F9F-9 Cougar, 
S2-F anti-submarine Tracker, Metal Boats and Aerobilt truck bodies. 
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... a combination that's hard to beat! 
laminated plastics ••• fqr a combination of properties that can't be beat 

SYNTHANE is a favorite material among engineers, de· 
signers, and product-conscious executives because it pos
sesses a combination of many properties. It is light in 
weight, strong; has high dimensional stC!bility, excellent 
electrical properties and chemical resistance. It's also easy 
to fabricate. 

Synthane makes excellent ball bearing retainers. 
High dimensional stability, wear resistance and non· 
galling properties keep bearings humming smoothly 
at 100,000 rpm and up! Synthane's light weight 
minimizes the effect of any eccentricities, provides 
lower starting torques, less bearing weight. The 
Synthane plant has facilities for producing practi· 
cally every type of laminated plastic retainer known. 

Property combinations! Synthane has 
them ••• in over 30 individual grades ••• 
sheets, rods, tubes, moldings and com• 
pletely fabricated parts. Send for free 
illustrated catalog today. 

EASILY MACHINED DIELECTRIC STRENGTH 

TENSILE STRENGTH CHEMICAL RESISTANCE 

($YN111AN~ 
~ 

SYNTHANE CORPORATION, 13 RIVER ROAD, OAKS, PA. 
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Shape your 
own future 

• Grow with the world's basic industries! Here at Allis
Chalmers is a range of product applications from earth 
moving to atomic energy ... a choice of training assign
ments ... plus professional development and advancement. 

Allis-Chalmers Graduate Training Course allows you 
to develop skill through application of theoretical 
knowledge. For example: 

THERMODYNAMICS-steam turbines, internal com
bustion engines 

ELECTRICITY -transformers, motors, generators 

HYDRAULICS-hydraulic turbines, centrifugal pumps 

-and many more make up a course designed to develop 
industrial leaders. 

Whatever your engineering goal, there's a place for 
you at Allis-Chalmers. Find out more from the A-C rep
resentative visiting your campus, or write Allis-Chalmers, 
Graduate Training Section, Milwaukee 1, Wisconsin. 

at 
Allis-Chalmers 

Facts of the Course 

The Course-Offers maximum of 24 months' 
training. Established in 1904. Recognized as a 
model for industry since that time. 

Optional Program-You plan your own pro
gram and may revise it as your interests change. 
Competent counselors are always available. 

Objectives-Program is designed to put the 
right man in the right job and develop men of 
management caliber. 

Results-Many members of Allis-Chalmers man
agement team are graduates of this program. 

L--------------~--J 

ALLIS·CHALMERS ~4 
DECEMBER 1956 
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E-DAY 
REVUE 

"O ut'o the way, Mac. We're going to the E-Day meeting." 

"What doesn't go in the script?" 

ean lfO'U eilk.~z. 

tlunh 011. ttPUte? 
{ 0.'1. 6.otlt,) 

THEN YOUR HELP IS NEEDED 

TO WRITE THE· E-DAY REVUE. 

Come to the 

1957 E-DAY MEETING 

Wednesday 

7:30 P.M. 
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Feb. 6 Room 4 ME 

Everyone invited 
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To the engineer vvho intends 

to blaze~ trails ••• 

~Great engineering advances are now 
taking place in America, and The 
Garrett Corporation is playing a 
vital part in making them possible. 

Reason for our important role is 
the forward looking approach of our 
engineers, who develop new solutions 
for industry as needed. If stimulat· 
ing assignments and recognition for 
achievement is what you're looking 
for, you'll enjoy working with us. 

THE 

Six inch long compressor-turbine assembly in a midget 
AiResearch air expansion refrigeration unit which 
operates at 100,000 r.p.m., can drop temperature more 
than 600° F. in a second. 

And if you like pleasant living, too, 
our plants are located in the most 
desirable areas in America. Also, 
financial assistance and encourage· 
ment will help you continue your 
education in the graduate schools of 
fine neighboring universities. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig· 
eration systems, pneumatic valves 

CORPORATION 

and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer, 
electro-mechanical equipment, elec
tronic computers and controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and expe· 
rience today to: Mr. G. D. Bradley 

9851 S. SEPULVEDA BL.VD., L.OS ANGEL.ES 45. CAL.IFORNIA 

~IVI!JIONS: A/RESEARCH MANUFACTURING, L.OS ANGELES • A/RESEARCH MANUFACTURING, PHOENIX • AIRSUPPLY 

A/RESEARCH INDUSTRIAL. • REX • AERO ENGINEERING • AIR CRUISERS • A/RESEARCH AVIATION SERVICE 
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rltillk it over 

One of the topics that was discussed informally at 
small "get togethers" at the last convention 6f the 
Engineers College Magazine Association (ECMA) at 
Fayetteville, Arkansas was: What does the college en
gineering magazine mean to the student and what 
should it mean? 

To most editors, their magazine represented a means 
for the students to tell others of their work and a way 
to gain printed recognition for themselves and their 
accomplishments. To other editors, the magazine 
meant a way to t<;:ll the students what was happening in 
industry, to keep them up to date, while they studied 
the basic fundamentals of their profession, and to allow 
them to express themselves. Very few, if any editors 
stated that their magazine was the college humor maga
zine of the school. 

The engineering magazine does not exist to supply 
the student with his monthly installment of jokes. One 
quarter will buy a magazine that has many more, and 
better jokes, than the college engineering publication. 

These joke books exist for the purp~se of supplying the 
public with entertainment. They can afford to hire 
writers For this purpose. If one of these jokes is good, 
fit to print, and acceptable to the school, chances are 
that it will eventually appear in one of the engineering 
magazines ,not to compete with the magazine that cre
ated the joke, but to give the student one moment of 
humor in an otherwise, unexciting grind with the text 

books. 
The Minnesota Tecbnolog has had some difficul

ties this year, as most of you know. Jokes have filled 
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most of the back section of the magazine, not because 
they were wanted, but because there was no student 
written material to fill these pages. No, I'm not asking 
you again to write your fool heads off for the 'Log. If 
the two $so prizes are not incentive enough for you, 
well 

But to get back to the subject, what does the 'Log 
mean to you? Is it a college humor magazine? I, for one, 
prefer Playboy. No, the Technolog is not a humor 
magazine. Why do you read the 'good old 'Log' when 
it comes out? Careful, the quality (and the quantity, 
for that matter) of your mind may show, if you answer 
that question truthfully. Many, many well written and 
interesting student articles have appeared from time to 
time. Granted that not every article we print will in
terest you, but at least some of them should. Any stu- • 
dent who takes pride in the profession for which he is 
studying, should and usually does, read any article that 
concerns his field. 

But should he stop there? At one time or another 
he will be called upon to do something that will in
volve working with another engineer that is not in 
his field. vVould you respect this other man's knowl
edge if, in doing his part of the job, he called upon you 
to produce something that was not possible. For in
stance, if he left you half the space you needed for 

your part? 
We need many students to help us down here in the 

'Log office. I was just christened with the editorship, 
and I feel that, with some help, we can place the Tech
nolog on a higher level than it has been lately. 
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Stores" Lounges aBd 
Coffee Shops fit in a 
Salesman"s case 

Design Inc. sells highly specialized services with photography
uses 3-D color slides to show how their work has paid off. 

DESIGN INC. of St. Louis, Missouri, 
turns empty space into high

profit, low-maintenance areas for 
hotels, motels, and restaurants. The 
work they've done and the people 
they hope to sell, stretch across the 
country. And buyers like to be 
shown. 

So the answer is photography
especially three-dimension photog
raphy in color. Every representative 
carries a collection of slides showing 

outstanding projects. In addition, 
anyone interested can send for pic
ture samples. It's like taking a trip 
and seeing the places themselves. 

Doing hard sales jobs is just one 
of the ways photography works for 
business and industry. In small busi
ness-in large-it aids product de
sign, facilitates production and 
expedites office routine. 

Behind the many photographic 
products becoming increasingly val-

EASTMAN KODAK COMPANY 
Rochester 4, N.Y. 

uable today and those planned for 
tomorrow lie challenging opportuni
ties at Kodak in research, design, 
production, and business. 

If you are interested in these in
teresting opportunities -whether 
you are a recent graduate or a 
qualified returning service
man, write to the Busi-
ness and Technical 
Personnel Depart
ment. 



SILICONE RESEARCH in 1940 has resulted in a . . . GROWING BUSINESS supplying over 5000 customers 

INVENTION AND INNOVATION . . . 

Keys to your future with General Electric 
Research provides 

11
growth from within

11 
as Company 

builds new products, businesses from 42 major laboratories 

NEW G-E BUSINESSES 
THROUGH RESEARCH 

• Atomic Reactors 

• Electronic Computers 

• Semi-Conductors 

• Rocket Engines 

• Heat Pumps 

• Gas Turbines 

• Silicone Products 

• Electronic Ovens 

MAIN LIBRARY 

Research is the life-blood of General 
Electric. Through the inventions and 
innovations of its 42 major laboratories, 
G .E. has become one of the world's 
fastest-growing and most diversified 
enterprises, manufacturing over 200,000 
different products in a variety of fields . 
The effectiveness of General Electric's 
research investment is evidenced by the 
fact that 70,000 G-E employees now 
work on products the Company did not 
make in 1939. 

The development of silicone chemical 
materials is an example of G-E research 
being translated into a growing new 
business. From a laboratory curiosity in 
1940, silicone research has evolved into 
a major business at the Waterford, N. Y. 

plant. Expansion into the silicone field 
is just one area where research has 
opened rewarding careers in engineering, 
manufacturing, and technical marketing 
for qualified technical personnel. 

General Electric's investment in re
search can mean much to you, the tech
nical student. Continued expansion in 
new product lines offers boundless op
portunities in General Electric's engi
neering, manufacturing, and technical 
marketing training programs. To see 
how you can share in this progress 
through research, consult your Place
ment Director or write to Mr. Gregory 
Ellis, General Electric Company, Sec
tion 959-1, Schenectady, New York. 

~ogress Is Ovr Mosf lmporlt~nf Pmtlvcf 

GENERALfj ELECTRIC 

3 COPIES 
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James R. Bachman, class of '51, 

speaks from experience when he says ••• 

"I find the Applied Research Laboratory 
of U. S. Steel an interesting and 

rewarding place in which to work." 

The rapid rise of Mr. Bachman at 
United States Steel's Applied Re
search Laboratory in Monroeville, 
Pa., is typical of that of many scien
tists and engineers who have come to 
U. S. Steel from college and who 
have staked their future with this 
organization. 

Mr. Bachman received his B.S. 
Degree in 1951 and his M. S. Degree 
in 1952. Both of these degrees were 
in Ceramic Engineering. While at 
college, he served as a Research As
sistant on a commercial research 
refractories problem. 

In June, 1952, Mr. Bachman was 
employed in the Refractories Divi
sion of the Applied Research Labora
tory as Assistant Technologist. Dur
ing his four years of employment, he 
has received two promotions. Today, 
he is the Supervising Technologist, 

Refractories Division, at this labora
tory. 

Mr. Bachman has said: "At U.S. 
Steel's Applied Research Labora
tory, we are actively solving prob
lems that are of vital importance to 
the steel industry. These problems 
are many and varied, including as 
they do activities in the fields of 
physics, chemistry, mathematics, 
and electrical, mechanical and met
allurgical engineering." 

Today, more than ever before, the 
young man graduating from college 
will find every opportunity for rapid 
growth opened to him at U. S. Steel 
-whether in research or in hundreds 

of other engrossing operations which 
make up the daily work of this con
stantly expanding industry. If you 
are interested in a challenging and 
rewarding career with United States 
Steel and feel that you can qualify, 
why not get in touch with your col
lege placement director for further 
information? Moreover, we shall be 
pleased to send you a copy of our 
informative booklet, Paths of Op
portunity, upon request. Simply 
write to United States 
Steel Corporation, Per- G 
sonnel Division, Room " 
1662, 525 William Penn 
Place, Pittsburgh 30, Pa. 

UNITED STATES STEEL 
SEE THE UNITED STATES STEEL HOUR. It's a full-hour TV program presented every 
other week by United States Steel. Consult your local newspaper for time and station. 

AMERICAN BRIDGE .. AMERICAN STEEL & WIRE and CYCLONE FENCE .. COLUMBIA·GENEVA STEEL. .CONSOLIDATED WESTERN STEEL. .GERRARD STEEL STRAPPING .. NATIONAL TUBE 
OIL WEll SUPPLY .. TENNESSEE COAL & I RON .. UN IT ED STATES STEEL PRODUCTS . . UN I TED STATES STEEL SUPPLY .. OivisloOJ ol UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEL HOMES. INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT COMPANY 
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How keen is your 

IMAGINEERING1 

This young Sperry engineer is developing a 
component in a new control system to be 
used on intercontinental multi-jet bombers. 
Can your imagination tell you what it is? 

Whether your guess is right or wrong, 
there's no question that at Sperry "imagi
neering" is the order of the day, every day. 
It takes imagination of a high order, after 
all, to lead in such headlined fields as: 

Guided missiles 

Advanced radars 

Automatic flight controls 

Inertial navigation 

Aircraft engine controls • Fire control systems 

When you take the title of "Sperry Engi
neer" you also take the line of work that 
appeals most to your special interests. The 
choice is almost endless at Sperry because 
we're busy on projects that span the engi
neering spectrum. 

You'll work shoulder-to-shoulder with 
men rated tops in their fields. Just as impor
tant to your career as this inspiring daily con
tact is the chance Sperry gives you to study 
for advanced degrees - and pays your full 
tuition! Each Sperry plant-whether in Cali
fornia, Florida, New York, Utah, or Virginia 
- is conveniently located close to leading 
engineering colleges. 

Your Placement Office can tell you when 
Sperry representatives will call at your school 
-be sure to talk to them. If you prefer, write 
for more facts to J. W. Dwyer, Sperry Gyro
scope Company, Section 1B5. 

ANSWER: 

This Sperry engineer is testing transistor-magnetic 
amplifier servomechanism used in computer of 
advanced turbine control system. 

DIVISION OF SPERRY RAND CORPORATION 

BROOKLYN • CLEVELAND • NEW OR LEANS • LOS ANGELES 

SEATILE • SAN FRANCISCO· IN CANADA: SPERRY GYROSCOPE 

COMPANY OF CANADA, Ll M I TED, MONTREAL, QUEBEC 
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HERCULES WILL BUILD 
$10, 000, 000 PLASTICS 
PLANT AT PARLIN, N. J. 

Dixltnea 
It• Plaru to Enter 
Into Entirely New 
Field of Chemi.tr)' 

A CHEMICAL HEADLINE MAKER 
OFFERS CAREERS WITH A FUTURE 

When the editors of the nation's business press 
devote cover stories to a company, it's a good 
sign that tbe company is setting a fast pace in 
today's competitive world. By branching off 
into new fields of creative chemistry, by build
ing its sales from $7,000,000 in 1913 to more 
than $226,000,000 in 1955, Hercules Powder 
Company was one of the big stories of 1955. 
With an investment of more than $28,000,000 

going into new plant facilities this year alone 
Hercules will continue to be a growth leader in 
the years ahead. This is the type of company in 
which ability finds its opportunity for advance
ment; where a young man can grow into the 
type of job he will find most rewarding. Why 
not find out more about careers with Hercules 
from your placement officer? Or write direct to 
Hercules for additional information. 

Personnel Department 

1-IERCUI~ES HERCULES POWDER. COMPANY 
INCOAPORATl';C 

968 Market Street, Wilmington 99, Del. GR56-2 
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NATIONAL ENGINEERS' WEEK 

In a world where understanding · 

is the only hope, it is needful that we pay tribute to the engineer. 

To the man. Not his muscle of machines and minerals, 

not the might of the atom or industry. But more his knowledge, 

JANUARY 1957 

his compassion, his humility . . . more his mind and attitude 

that are our building stone for progress in peace. 

THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 
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CHALLENGING 
OPPORTUNITIES 

IN • Avionics • Inertial Systems\ 
• Computers • Missile Guidance 
• Jet Engine Fuel Controls 

WITH " THE ELECTRONICS DIVISION OF 

ALL GRADUATE ENGINEERS are offered permanent job 

opportunities. We extend a cordial invitation to every deserving Engineer and Designer 

to write us their wants. We may be able to supply the square hole for the square peg! 

YOUR FUTURE depends on your making the right connection with the right firm as 

quickly as possible. 

The men hired will enjoy working with some of the top men in the field and with the 

finest test, research and development facilities. GM's long-standing policy of decentral· 

ization creates individual opportunity and recognition. 

Why not send us full facts about your education, work background, etc. 

We will do all we con to treat your application with the fullest confidence. 



You· and 

Y
ou, AS AN ENGINEER, at one time or another may have 
to take out a patent on some invention or a new pro
cedure for some process. The purpose of this article is 

to inform you about patents, their purpose and how to ob
tain one. 

If a person invents something which is deemed patenta
ble by the U.S. Patent Office then the Patent Office will 
grant him a patent, i.e., the sole right to use, manufacture, 
or sell that invention. This is provided in the Constitution 
to wit: "The Congress shall have power . .. to promote 
the progress of science and the useful arts by securing for 
limited times to authors and inventors the exclusive right 
to their respective writings and discoveries." 

The reason for giving an inventor exclusive right to his 
invention is manyfold. First it encourages inventors to 
continue to search for new and better ways of doing things, 
and new and better machines and thus ultimately to bene
fit society further, it induces inventors to make their in
ventions known, "An inventor deprives the public of 
nothing which it enjoyed before his discovery, but gives 
something of value to the community by adding to the 
sum of human knowledge." 

Although the nature of an invention is a matter of de
bate, a definition subject to interpretation is the follow
ing: "Invention is a mental concept of a new and useful 
result inclusive of the make of its physical attainment 
characterized by an idea or ideas that are new, original 
and creative, and add to the sum of knowledge in the art 
to which the concept pertains." In deciding whether an 
invention is patentable, it must be kept in mind that "A 
conception of the mind is not an invention until it is 
reduced to practice." Thus the idea of harnessing light
ning is not an invention or discovery and hence is not 
patentable. Only a machine which does successfully har
ness lightning is such. An invention need not be wholly 
new. A modification may be patented. "'If the machine, as 
changed and modified, produces a new and useful result, it 
may be patented ... .'" An idea which in general opinion, 
but which is proved true by a series of tests may not be 
patented. Applying an old process to a new subject is not 
patentable. A device which is merely the product of skill 
or clever work is, in general now patentable, for "'The 
new device, however useful it may be, must reveal the flash 
of creative genius, not merely the skill of calling.' " Finally 
"'It is well settled that not every improvement in an 
article is patentable. The test is that the improvement 
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Patents 

by James Anderson 

must be the product of an original conception .... And 
a merely carrying forward or more extended application 
of an original conception ... and a mere improvement in 
degree- is not invention.'" 

To get a patent it is necessary to fill out an application 
and send it to the U.S. Patent Office in Washington, D.C. 
It is necessary to pay $30, swear as to citizenship and place 
of residence, and swear that one is the true and first in
ventor described in the specification. The precise forms 
of the petition and the oath are given in the Rules of 
Practice. A complete and accurate description of the in
vention must accompany the application. This is very im
portant and should be checked, for mistakes can be costly 
or even fatal. If there is a mistake in the description such 
that it appears that the invention is not original or won't 
work, the examiner may deny the patent. 

For instance, clue to a designing error in a recent appli
cation on a glass making machine, every sheet of glass 
would have been broken. This was only a draftsman's 
error, but it cost thousands of dollars to correct. Before any 
positive action it is advisable to consult a patent lawyer. 
The company will cooperate in this respect in hiring what
ever legal counsel is necessary for a patent application. 

MINNESOTA TECHNOLOG 
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Building the world's largest 
wind tunnel 

IN PROPULSION 

ENGINEERS AT WESTINGHOUSE FACE CREATIVE 

CHALLENGES LIKE THIS EVERY DAY 

Engineering, mathematics, physics, metallurgy 
... all had a part in solving the propulsion and 
structural problems of the world's largest wind 
tunnel at Tullahoma, Tenn. 

Westinghouse offers you work on similar stimu
lating projects. Investigate the wide range of 
career opportunities at Westinghouse, where our 
bi'g expansion program means real chance for 
growth and progress for Electrical, Mechanical, 
Chemical and Industrial Engineers, Physicists, 
Mathematicians and Metallurgists. 

In this one diversified company, you can do 
the kind of work you prefer . . • in the field of 
your choice-radar, decision devices, automa
tion, electronics, nuclear energy, to mention just 
a few. There's plenty of room at Westinghouse 
to move around-and up! 

The million-dollar Educational Center offers 
a complete training program. Master's and Ph.D. 
degrees can be earned at company cost. 

Have your Placement Officer make a date for 
you now with the Westinghouse Interviewer, who 
will be on the campus soon. 

Meanwhile, write for Finding Your Place in 
Industry, and Continued Education at Westing
house. 

~stinghOUse 
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TO MAKE YOUR 

BLOOD B-OIL 
The jet speedway, that outer envelope of air 10 to 15 _ 

miles above the earth, could be a chamber of death 
to today's pilots because of the lack of air density. 

If the pilot were not protected by ingenious 
accessories to provide an artificial climate, his blood 

would bubble like fizz water. Advanced, space
conquering equipment such OS these air COnditioning 
units ore now being produced by Hamilton Standard 

for America 's most modern aircraft . It is a dynamic, 
exhilarating engineering environment where the 

accent is on tomorrow. 

UNLIMITED OPPORTUNITIES 
exist for engineers in the fields of design, test, 
liaison, development, vibration, analysis, with 

Hamilton Standard. It's a GREAT place to work. 
Write to Ted C. Fisher, Administrative Engineer. 

HAMILTON STANDARD 
Air Conditioning Unit 

SION 
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Printed Circuit Technique 

I
N COMMUNICATIONS EQUIPMENT, especially of the airborne 
type, the ideal equipment will occupy a minimum 
amount of space while producing maximum perform

ance ability. Naturally, a certain law of diminishing· re
turns places this goal beyond the practical limit; however, 
progress is being made toward the combination of size re
duction and increased performance. This is readily seen 
by a comparison of airborne radios used during World 
War II and those of the present day. 

Possibly two developments in the electronics industry 
are most responsible for the recent advances. They are: 
subminiaturization of electrical components and the de
velopment of the printed circuit techniques. 

The latter process was first devised by Centralab, divi
sion of the Globe-Union, Inc., during World War II. The 
printed circuits were used in the production of miniature 
radio sets for proximity fuses in projectiles. In this faculty, 
the compact design value of a printed type circuit was 
proven. The process was kept secret until the war's end at 
which time civilian production was again possible and 
commercial adaptations of it were attempted. Since then, 
extensive use and development of printed circuits have 
been made, particularly in fields where mass production is 
possible. 

The dictionary definition of printing is described as, 
"any manner of making or leaving an impression on some
thing." Under this definition, all of the different methods 
of placing an electrical circuit on an insulating base with
out the use of wire may be included in the term "printed 
wiring." There are many methods known to be in use to
day, but they all may be grouped into six categories: paint
ing, spraying, dusting, chemical deposition, vacuum proc
esses and die stamping. 

The most commonly used conductors are copper or sil
ver, depending upon the method of application and the 
intended use of the circuit. 

Printed circuits have been utilized successfully in a wide 
variety of electronics applications, including: electronic 
controls, hearing aids, IF strips for radar and UHF equip
ment, subminiature portable radios, recording equipment, 
telephones, and other devices. In nearly all of these appli-
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cations, there is a specially suited base material as deter
mined by the size of the product, electrical loads, and the 
economy of the product. 

Selection of the correct base material depends primarily 
upon the application of the product. 

Paper base phenolic laminate is the most popular base 
material in the radio and television industry. This ma
terial is produced in several different grades to supplement 
the various demands. 

Laminate 
Chassis 

Phenolic 

Melamine
Fiberglas G-5 

Epoxy-Fiberglas 

Silicone
Fiberglas G-7 

Teflon
Fiberglas 

5- 10 4.0 

5- 9 8.5 2.0% 

5-12 4.9 1.2% 

1- 5 4.2 0.3% 

1.3% 

2.7% 

0.3 % 

0.5% 

u .... 
< 

Poor 

Very 
Good 

Very 
Good 

Very 
Good 

300°F 3 

340°F 4 

3- 9 2.6 0.1% 0.1 % Very 400°}' 13 
Good 

Properties of Common Bose Materials 

However, communications and radar equipment with 
their higher operating potentials plus rigid electrical and 
mechanical specifications require base materials which are 
stronger and provide better insulation. For this purpose, 
a glass base material is used. There are several glass base 
materials in the industry today, but the most widely used 
i-; a Glass Epoxy Laminate base. 

Mechanically, this material combines good machina
bility with the highest strength found in base materials. 
Electrically, it has a low loss factor, excellent arc resist
ance, low moisture absorption, and is good for operating 

(Next Page) 
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PRINTED WIRE TECHNIQUES 
temperatures up to 340°F. Together, these qualities make 
Glass Epoxy the most efficient base material for all but 
special applications in the high frequency type equipment. 

Other glass base materials such as melamine-glass base, 
silicone impregnated glass base, and teflon glass base, differ 
in some electrical or economic aspects. A comparison of 
these differences may be seen in Figure l. 

As mentioned earlier, a conductor (usually copper) 
plated insulator board is used as a base for the circuit. 
This base is coated with an acid resistant gelatin contain
ing potassium dichromate for photosensitivity. The base is 
then ready for the application of the circuit design. 

The transfer of the circuit from the photo-negative is 
accomplished by positioning the photo-negative above the 
base, and then exposing the setup to ultraviolet light. The 
ultraviolet light reacts chemically with the gelatin exposed 
by the photo-negative, and hardens it, while the unex
posed portions remain water soluble. The excess gelatin 
is then removed, and the base material is ready for an 
acid bath. 

The acid bath dissolves the conductive plating from the 
surfaces of the base material not protected by the acid 
resistant gelatin. Upon removal from the acid, the base 
material is first given a water bath, and then immersed in 
a solution to dissolve the hardened gelatin . This completes 
the transfer of the circuit design to the base material. 

The final operation for the circuit is the drilling of the 
terminal holes. When this has been completed, the circuit 
is ready for installation. 

The use of the printed wiring technique has been most 
widely developed in the radio and television industry 
rather than the communications and radar field up to the 
present time. The reason for this is not a lack of applica
tion opportunity, but is due to inherent application prob
lems in the latter type equipments. 

The chief differences and resultant problems lie in vi
bration and the operational temperature range. Also, 
radar and communications systems must be more reliable 
for obvious reasons. 

Vibrations cause wear at unsoldered connections, and 
tend to loosen or break connections of components mount
ed on the circuit boards. In many applications it is de
sirable to apply a protective plating to the conductor. 

Three platings commonly used are silver, rhodium and 
gold. The improved properties obtained by using these 
platings are respectively: better solderability, be_!ter wear 
resistance and increased resistance to corrosion. 

Each of the platings serves its purpose very well, how
ever, a difficulty arises in the application of the plating. 
In the plating operation, the circuit boards are immersed 
in an electrolyte solution of the plating metal. The cir
cuit is used as the cathode, and the plating process is car
ried out by electrolytic action. 

During this process, there are actually two effects taking 
place: the intended plating action, and a reaction with the 
plating solution which attacks the bond between the base 
material and the conductor. Consequently, the plating 
solution serves to defeat the purpose of plating. 

The wearing forces at such places as switches or coaxial 
cable connections would be sufficient to break the weak
ened bond between the conductor and the board. With 
the bond broken, the conductor could move about, and 
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upon contact with another part of the conducting pattern, 
short the circuit. · 

One method of circumventing this problem is to plate 
the circuit before etching it on the board. This method is 
satisfactory, but more expensive· since it requires two oper
ations of the type described in the fabrication process. 

The problem associated with the temperature ranges 
arise chiefly from moisture condensation. For instance, at 
high altitude, the temperature is usually between -30°F 
to -40°F. The radio compartment of an aircraft would be 
considerably warmer, but heat from the tubes would still 
produce condensation on the cooler components in the 
radio. 

A printed circuit board affords an excellent area for 
condensation to take place. The problem of insulating the 
circuit wiring was one of the first encountered with com
munications systems. 

The solution to this problem has been developed in the 
form of an epoxy resin coating. This _coating is painted, 
in the liquid state, on a circuit board after all of the elec
trical components have been fastened in place. As the 
resin dries, it forms a transparent boat ~hich provides pro
tection against the condensation of moisture. 

A disadvantage to the coating arises when it becomes 
necessary to replace an electrical component on the circuit 
board. The coating must then be removed at the compo
nent's terminals tp present an area for the solder connec
tions. The coating is difficult to remove, and when the 
component is replaced, the coating must also be replaced. 
If additional coating is not available, excess coating can 
be melted around the terminal to cover the exposed area. 

Printed wiring effectively reduces complicated circuit pat
terns to a two dimensional problem. Components may be 
mounted on the circuit without regard for space normally 
required to faci litate soldering and wiring operations. 

This ease of assembly represents a considerable reduc
tion in fabrication time and money. Exactly what the 
savings are, is difficult to determine as it depends largely 
on the quantities involved. Naturally, the larger the pro
duction run, the greater the savings. 

Another important feature of the printed wiring tech
nique is its standardized nature. For mass production, 
standard size boards may be used for different circuits and 
stocks of wire and solder may be eliminated. Inspection 
of the finished product is vastly simplified, since all the 
circuit is plainly in view. Also, minor repairs to the cir
cuit are easily made with a soldering iron. 

Printed wiring has proven to be a valuable asset to the 
electronics industry economically, as a space saving device, 
and as an important step towards increased reliability. 
Some types of products are able to use printed circuits 
more advantageously one way than another, while for 
others it is an ideal solution for several problems. 

An amoeba named Joe and his brother 
Went out to drink toasts to each other, 

In the midst of their quaffing 
They split their sides iaughing, 

And found that each one was a mother. 
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To help you plan fOUr future! 
Send for your copy of our new booklet describing 
careers in the petroleum industry-and especially, 
careers in the rapidly expanding petrochemical field. 
Let us help you evaluate your opportunities in this 
"industry of the future." 

Phillips is engaged in exploration, production, 
manufacturing and distribution of petroleum and its 
hundreds of products. As a leader in petrochemicals, 
Phillips has major interests in plastics, synthetic 
rubber, carbon black, chemical fertilizers, rocket 
fuels and special chemicals. The company is also 
active in the field of atomic energy and operates one 
of the government's major reactor installations. 
Choose a career in the field that interests you most. 
Phillips policy of promotion from within offers 
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exceptional opportunities for future advancement. 
Mail the coupon below for the new booklet de

scribing opportunities with Phillips. 

PHILLIPS PETROLEUM COMPANY 
Bardesville, Oklahoma 

•••••••••••••••• •••••• 
• 
• D. R. McKeithan • 
• Technical Employment Consultant 
• Phillips Petroleum Company 

• • 
• 
• 
• • • 
• • Bartlesville, Oklahoma • • 

• • 
• Please send me your new booklet, "Career with a Future." • 
• 
• • 

• 
• NAME........ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • 
• • • • 
e NUMBER and STREI!T. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • e 
• • • • • CITY ........ .. ........................ STATE.............. • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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Pittsburgh Palnh are a favorite of Mr. ond Mrs. Homeowner the nation over. 

_G stands for leadership 
and expansion in many fields 
Pittsburgh Plate Glass Company-the 
best-known name in glass-is also a 
leader in paints, brushes, plastics, fiber 
glass and chemicals. 

PPG's paints and brushes, for example, 
are sold in volume from coast-to-coast 
through nearly 14,000 dealers and 
through 230 company branches. It has 
17 plants producing paints and brushes. 

Pittsburgh-made industrial finishings 
and coatings extend into a galaxy of 
markets ... from automobiles and agri
cultural implements to household appli
ances and textiles. 

PPG pioneered in the functional use 
of color through the Principles of Color 
Dynamics. This method of using color 
scientifically has helped increase produc
tion efficiency in plants and has created 
pleasant working conditions in offices. 

If you are interested in building a 
successful lifetime career with an estab
lished, progressive organization that is 
constantly moving ahead in many fields, 
write today for additional information to 
Pittsburgh Plate Glass Company, General 
Personnel Director, One Gateway Center, 
Pittsburgh 22, Pennsylvania. 

Columbia-Southern Chemical Corpo
ration, a subsidiary of PPG, is a lead· 
lng producer of Industrial chemicals. 

PPG produces large quantities of 
glass for automotive, home building, 
commercial and Industrial uses. 

PPG's flber glass and PPG plastics 
are used for many applications. 

PAINTS • GLASS • CHEMICALS • BRUSHES • PLASTICS • FIBER GLASS 

p I T- T S B U-~ R G H P L A T E G L A S S C 0 M P A N Y 

345 PLANTS, MERC::HANDISING BRANC::HES, AND SALES OFFIC::ES LOC::A TED IN 250 C::ITIES 
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Keeping up with progress can be a full-time iob, but making progress is the key to adventure. This is the province of the engineer, 

and today his are sparking dramatic technical advancements. Chance Vought's 

respect for a new idea has attracted selective engineers for 39 years. Here, the young engineer needn't settle initially on modest 

goals, for lack of experience. His ideas can elevate him to positions of leadership. To draw technical opinions from all levels, 

"'"".,." opens to each engineer a wide view of his own iob and its relation to others. This broadening begins in the first weeks of 

orientation. As it continues, the engineer's contributions become more valuable. Spectacular weapons like our Crusader fighter have 

been one result. Spectacular careers, another. If you'd like a chance to speak up and step up in a growing company, check your 

OUG.EIT AIRCRAFT 
capacity for a Vought career. Send a resume of your background to: INCORPORATED . DALLAS . TEXAS 
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THE MODERN STEAMER 

ALTHOUGH most people think the steam automobile has 
joined the ranks of antiquity, there are still many who 
would sell their present gasoline cars if they could buy 

a steamer. Steam cars definitely do have advantage over 
the modern gasoline-powered car for many reasons, such 
as: ease of control, absence of shock or noise, lack of the 
need for a transmission, flexibility, better tire life, and no 
ignition difficulty. The steam car is also simpler in design 
without an internal combustion engine or a highly com
plicated automatic transmission as todays' cars have. 

A steam car needs no transmission. The steam engine 
is directly coupled to the differential and depends upon 
the thermal expansion of the steam for power. The car 
can go at the slowest speed or up the steepest hill without 
jerking. It can slowly move away from a stop with abso
lutely no noise or vibration. The principle underlying 
these feats is that steam can be admitted to the engine in 
any quantity desired. This type of smoothness is the goal 
for which present-day automobile makers are striving. No 
automatic transmission can match the steamer's low-speed 
power or its fast acceleration from a stop. 

Way back in 1907, a steam racer set an official record of 
more than two miles per minute. In 1908, an attempt was 
made to lower this mark. However, a rather poor race 
track caused the car to overturn, but it was estimated that 
it was doing better than three miles a minute, or almost 
200 miles per hour. This car had a two-cylinder steam en
gine and a boiler with a 30-inch diameter and an 18-inch 
length. Actual production of the car lasted until 1932. 
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After this it was only a museum article or a laboratory toy 
of some fanatic engineer. Then in 1954, a rendition of the 
old '32 model appeared in the Indianapolis 500 Mile 
Race. The car made very good time during the first 100 
laps; however, it developed engine trouble during the 
final portion of the race and was not able to finish. 

When evaluating the steam car, it is seen that it gets 
along very well without an ignition system, a transmission, 
a clutch, a right-angle drive at the differential, or a drive
shaft. In fact, the . Stanley steamer had only 32 moving 
parts, including the wheels. The steam car can burn almost 
any liquid fuel and will not freeze up in winter weather. 
It can store steam to be used for sudden bursts of speed 
or for steep hills. It cannot stall and can pull away from a 
stop either at a "snails pace" or so fast that it "burns rub
ber". With all of these advantages it almost seems unbe
lievable that the gasoline engine was ever used in automo
biles. At the start of the century, when gasoline, steam, 
and electric cars were in direct competition, the steam car 
had its share of faults. It was necessary to fire up the 
boiler, then wait until there was enough steam to drive 
away. Since the early steamer had no means of condensing 
steam the expended steam would be lost necessitating re
plenishment of the water source every fifty miles. For this 
purpose many of the cars had a hose that would suck 
water from roadside streams. The car's supply tank held 
about 50 gallons, enough to empty a horse trough; the 
car, thereby, earned the title of "many thirsty horses." 
There were other troubles such a breakage of gauge 
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glasses, regulation of fuel and water feed, and capacity of 
eater feed pumps. All of these faults have been overcome 
in the late steamers. 

The Doble, an outstanding steam car, was produced 
until 1932, when lack of sufficient demand made it too 
unprofitable to build. It had only four cylinders, but since 
each stroke was a power stroke, this gave an equivalent 
number of impulses as compared to a sixteen-cylinder gas 
engine. The force exerted by the smooth expansion of 
steam cannot be compared to the explosion of gas in a 
cylinder. The cut-off, the point in the stroke where no 
more steam is admitted, could be set in three positions as 
determined by the power expanding. Therefore, the soon
er the cut-off, the more economically the engine runs. The 
boiler or steam generator was a single steel tube, 5.75 feet 
long, tested to 7,000 lb. pressure and operated at 750 lb. 
pressure. Starting the boiler when cold took about 30 
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seconds. There was no danger of explosion. Enough steam 
was generated to maintain a speed of 75 miles per hour. 
Kerosene was used as fuel, and the exhaust steam went to 
a condenser. 

Probably the chief reason for the passing of the steam 
car was the lack of enough financing and the high price 
of the cars. There was also some difficult machining to be 
done, and this was expensive at a low production rate. 
The development of steam cars, however, has by no means 
ended, and much thought is still being given to the inher
ent problems involved in the car, especially production. 
In the forth-coming models it is probable that a closed 
cycle will be used with a high expansion ratio. Of course 
all present-day gasoline engine technology and steam 
power engineering would be employed. Therefore, it 
seems the steam car is not dead, but just in the develop
ment stage. 
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How else can you 

At the Belleville, N. J., plant of 
Walter Kidde & Company, Inc., 
Walt Wagner (left) gets Vice Pres
ident Paul W. Eberhardt's views. 
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use your training? 
Walt Wagner, MIT '49, Tells How 

McGraw-Hill Editors Combine Writing and Engineering 

Meet Walt Wagner-SB and SM in Business and Engineering Administra
tion . . . and an editor wlw never wrote a word for publication before he joined 
McGraw-Hill! Today, barely six years out of college, Walt is near the top of 
his chosen profession as Assistant Managing Editor of FACTORY -the 
McGraw-Hill Publishing Company's magazine for production-minded en
gineers and plant-operating executives. 

Let Walt tell you how this successful and challenging career of his came 
about: 

"During my last year at MIT, I often wondered whether 
I could use my background and training in some field 
other than engineering alone. Since FACTORY was one 
of our more important classroom texts, I wrote to the 
editors for guidance. Mter considerable correspondence 
and meetings with members of the editorial staff, I was 
offered a job as an editorial assistant on the magazine. 

Why I Like An Engineering- Writing Career 

"There are many reasons for my liking my career as an 
engineering-writer. Mter thorough training, the editor 
started me on a couple of major feature stories. Later, 
I was sent to Chicago where, as Westem Field Editor, 
I visited more than 100 plants of every type and size. 

"I worked with keen, alert men in front offices and 
inside the plants of America's leading industries. I was 
right there interviewing for the story, as new industrial 
advances were made. I wrote on new production tech
niques, new systems, new processes, new labor and 
management ideas. In short-the new frontiers in en
gineering. 

"In 1954 I was appointed Assistant Managing Editor 
of FACTORY. Today, I work mainly on big engineering 
stories-play a major part along with another Assistant 
Managing Editor, the Editor and the Managing Editor 
in the complete planning of the magazine. 

"That's the story-and it's one of the reasons why 
I'm glad I found a way to put my engineering training 
to work for me." 

McGraw-Hill as a Place to Work 

With McGraw-Hill-world's largest publisher of busi
ness and technical magazines-you can work with en-

McGraw-Hill Magazines 
McGraw-Hill Publishing Company, Inc. 

330 West 42nd Street, New York 36, New York 
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gineers, for engineers. Working on any of the 34 McGraw
Hill magazines keeps you in constant touch with the 
experimental, the new and the significant. You see the 
over-all view, not a narrow segment of specialization in 
your field. You know whole industries . . . not just a 
small part of one company's activities. You rapidly 
become a sought after authority-and McGraw-Hill's 
policy permits outside assignments for editors with 
government projects, industrial associations, and the 
like. 

McGraw-Hill is looking right now for people like you. 
We want engineers who are alert, inquisitive, knowledge
able. Career opportunities exist in virtually every field 
of engineering as editors with McGraw-Hill, and it's 
easy to learn what these opportunities are in specific 
detail. Write for your copy of "Successful Careers in 
Publishing at McGraw-Hill", or tell us about yourself, 
your background, extra-curricular activities, college 
record, summer jobs and career goals. Write to: 

Peter J. Davies 
Assistant to The Editorial Director 

McGraw-Hill Publishing Company, Inc. 
330 West 42nd Street 

f 

L 

New York 36, N. Y. 

Advertising 0 pportunities, 
too! 

E xcellent job 0 . 

many McGraw~~gs exis~ on 
domestic and · magaZines, 
advertising International, for 
C careers "S areers" Will . · uccessful 

give You the facts. 

-
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Submarine Diving 

W
ATER covers over three-fourths of our globe, varying 
in depths to over 35,640 feet (the Challenger Depths, 
near Guam); the land surfaces vary only from 1,286 

feet below sea level (the shores of the Dead Sea) to 29,002 
feet above sea level (Mt. Everest), totaling 30,288. But 
despite this apparent preeminence of the oceans over the 
land of the earth, relatively little was known of anything 
but the water's surface until the early nineteenth century. 
True, there were mentions of diving as early as 750 B.C. 
(Homer's Iliad) and 460 B.C. (Herodotus), but they were 
unequipped divers or swimmers, depending entirely on 
their own lung capacity and swimming endurance. 

Through the ages, .there have been occasional mentions 
or sketches of equipment to enable divers to stay under 
water longer than their own breath would sustain them, 
such as an Assyrian bas-relief of about 900 B.C., showing 
a swimmer with an inflated air bladder strapped to his 
body, but these appear to have been mainly theoretical, 
and never put to use. Most were obviously impractical. 
The earliest diving equipment that seems to have been 
actually used was the diving bell, employed by Alexander 
the Great in 333 B.C. In a modified form, it is still used 
occasionally even today for construction work on river 
and ocean bottoms, in shallow depths. It consists simply 
of a large air-tight container, open at the bottom, con
taining a large bubble of breathable air that can be 
forced down to the riverbed and held there. 

No o:rHER divi_ng equipment of any particular practicality 
existed until 1819 when the German Augustus Siebe 

invented his "open dress," a metal helmet attached to a 
leather shirt. He appears to have been the first to realize 
that air would have to be forced down to the diver by 
means of a pump. He pumped fresh air into the helmet, 
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and the excess air escaped around the diver's waist. It was 
a great milestone, but the diver was forced to remain up
right, in order to retain the air in the helmet. Then, in 
1837, Siebe invented his "closed dress," using the helmet 
attached to a closed, airtight, flexible dress covering the 
entrie body, and giving the diver valves controlling both 
the incoming air and the exhaust air. This suit, with 
minor refinements, such as the two-way telephone, is still 
the conventional Navy and commercial deep-sea diving 
suit. It is versatile, sturdy, and offers good protection, but 
it is expensive, complex, very bulky and awkward (it 
weighs about 200 pounds out of water), and requires a 
tender, pump, and a fairly large boat. 

In the early twentieth century, a number of men began 
experimenting with less cumbersome, more versatile self
contained apparatus. In 1925 Commander Le Prieur, a 
Frenchman, designed a system in which the diver, wear
ing weighted shoes for walking upright, carried a cylinder 
of compressed air, feeding a continuous stream of air 
through a manual control valve into a face mask, with the 
excess and exhaled air passing out under the edges of 
the mask. Although wasteful of air, this was the forerun
ner of the open circuit Self-Contained Underwater Breath
ing Apparatus (SCUBA) and the direct inspiration for the 
famous Aqualung as designed by Cousteau and Gagnan. 

In 1926, another Frenchman, Captain Corlieu, invented 
the rubber frog feet or swimming fins that modern skin 
divers wear. Although these didn't help the diver to go 
any deeper or stay under any longer, they opened an en
tirely new type of diving, whereby the diver could swim 
easily up, down, or in any direction, instead of being an
chored to the bottom by heavy equipment. 

(Continued on Page 300) 
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Highlights of your future 
with Honeywell! 

"Here are some of the facts about Honeywell that 

have been of real interest to the young engineering 

graduates we talk to." 

Glen Siedel, Vice President in Charge 
o{Engineering B.M.E. Minnesota '36 

HONEYWELL IS A GROWTH COMPANY! 
A growth company is one where men move ahead be
cause of opportunity and challenge ... where problems 
are turned into progress . · .. where employment, sales 
and income increase steadily year after year. 

Honeywell, today's world leader in the automatic 
control field, is such a company. For the past 30 years, 
sales have doubled or tripled every five years ($1,084,-
259 in 1926; $244,482,068 in 1955). Employment has 
increased from 720 to over 25,000 in the same period, 
and net earnings have climbed from $424,241 to 
$19,278,648. 

This healthy growth of Honeywell is shown in the 
table below. 

The future is even more challenging. Planned diver
sification puts Honeywell in such new fields as office and 
factory automation, process control, transistors, plas
tics, atomic energy, electronics, missiles and satellites. 

Net Plant Space 
Year Sales Earnings (Square Ft.) 

($000,000} ($000,000) (000) 

1926 1.1 .4 158 

1931 5.4 .6 200 

1936 13.5 3.0 432 

1941 24.3 2.6 603 

1946 45.9 5.7 1,284 

1951 135.2 8.9 2,296 

1955 244.5 19.3 3,460 

Honeywell has the proven skills to design, engineer and 
build the equipment required by an increasingly auto
matic world and to sell its products profitably. 

RESEARCH AND ENGINEERING ARE 
IMPORTANT AT HONEYWELL! 

Research, design-development and product engineering 
are indispensable for continued growth. Honeywell's 
research and engineering have advanced twice as fast 
as growth in sales. 

Honeywell's growth from a small thermostat com
pany has been stimulated by research. And today re
search and development work in metallurgy, ceramics, 
heat transfer, piastics, vacuum tubes, ultrasonics, 
magnetic materials, semi-conductors, and combustion 
suggests new growth. Never in history has the potential 
of these and similar Honeywell development programs 
looked so promising. 

Employees 

Total Hourly % Salaried % 

720* 540* 75* 180* 25 

1,150 839* 73* 311* 27* 

3,139 2,200 70 933 30 

4,240 2,859 67 1,381 33 

9,474 6,490 68 2,984 32 

17,182 10,796 63 6,386 37 

25,608 14,853 58 10,755 42 

*Estimated 
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HONEYWELL MEN ADVANCE RAPIDLY! 
The ability to accept and discharge responsibility, and 
to plan and execute programs mean advancement. Men 
who get things done, get better jobs. 

Such is the case at Honeywell. Ability, drive and the 
spirit of team play-combined with education and ex
perience-determine where and how fast you progress. 
And our growth means we are always eager to find men 
with capacity for greater responsibility. 

Who measures this? Your immediate supervisor does. 
He will speed your progress by seeking your ideas and 
opinions, by stimulating your interest and enthusiasm 
and by giving you additional responsibilities as you are 
ready to accept them. 

Then, twice a year he will review your accomplish
ments with you and determine your salary increases. 
A program like this is assurance that contributions are 
rewarded by compensation and advancement. 

There are other factors that accelerate advancement. 
Engineers predominate among our vice-presidents, 

divisional executives and departmental managers. So, 
attitudes and opinions of our scientists and engineers 
are understood and supported by management. 

Honeywell is composed of small units working as a 
team. These units multiply opportunities for early 
managerial experience and lay the foundation for more 
important management assignments in future years. 
HONEYWELL OFFERS MANY EXTRA BENEFITS! 
The importance of benefits in career planning cannot 
be underestimated. Honeywell's program ranks as one 
of the most liberal in industry. There's free group life 
insurance ... free accident and sickness insurance ... 
free hospital insurance. You will find a liberal policy on 
paid vacations and holidays and modern pension and 
retirement program paying lifetime benefits. 
HONEYWELL PLANTS ARE LOCATED 
ALL ACROSS THE COUNTRY AND ABROAD! 
If you have a geographical preference either in the 
U. S. or abroad, consider Honeywell's many engineer
ing and production locations. You'll find challenging 
opportunities for a variety of engineering specialties 
with Honeywell in Beltsville, Md.; Boston; Chicago; 
Denver; Freeport and Warren, Ill.; Independence, 
Iowa; Los Angeles; Minneapolis; Philadelphia; St. 
Petersburg, Florida; Wabash, Ind.; and Toronto, 
Ontario. 

Abroad, Honeywell factories are located in Amiens, 
France; Amsterdam, Netherlands; Frankfurt, Germany; 
Newhouse, Scotland and Tokyo, Japan. 

If you prefer sales and application engineering you'll 
find 127 sales and service offices in principal cities 
across the nation and Canada, and 45 countries abroad. 
HONEYWELL'S MAIN FIELDS AND 
LOCATIONS ARE: 
Heating and Air Conditioning Controls: Engineering 
and manufacturing plants in Minneapolis, Chicago, 
Wabash and Los Angeles. 
Industrial Instruments and Controls: Research, engi
neering and manufacturing plants in Philadelphia and 
Beltsville, Md. 
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Aeronautical Controls: Research, engineering and 
manufacturing plants in Minneapolis, St. Petersburg 
and Los Angeles. 
Precision Switches: Engineering and manufacturing iri 
Freeport and Warren, Illinois, and Independence, Iowa; 
research facilities in Denver. 
Ordnance and Missiles: Engineering and manufactur· 
ing in Minneapolis, Monrovia, Calif., and Seattle, Wash. 
Servo Components and Controls: Engineering and 
manufacturing plants in Boston. 
Oscillographic and Photographic Equipment: Re
search, engineering and manufacturing facilities in 
Denver. 
Transistors: Research, engineering and manufacturing 
plants in Boston. 
Research: In addition to research and engineering 
activities carried on by various divisions, Honeywell 
also maintains a Research Center in the Minneapolis 
suburb of Hopkins. Prime concern of the Center is 
basic projects of interest to the entire organization. 

Whichever Honeywell division or location you 
choose, you'll be assured of special training to help you 
grow in your job. This training includes regular on-the
job instruction, formal classes at the company and 
tuition-aid courses at nearby institutions. 

HOW TO LEARN MORE ABOUT HONEYWELL! 
A Honeywell representative can answer your questions 
and give you additional information about opportuni
ties at Honeywell. Please consult your college place
ment office for the date of his next visit to your campus. 

Meanwhile, you will want to read a booklet titled 
"Your Curve of Opportunity in Automatic Controls.'~ 
Write H. T. Eckstrom, Personnel Administrator, Dept. 
CM, Minneapolis-Honeywell Regulator Company, 2753 
Fourth Avenue, South, Minneapolis 8, Minnesota. 

*Indicates location of Engineering-Research facilities 

Sales Offices in 127 Cities in the U.S. and Canada 

uoneywe11 
First in Controls [!I] · 
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Repetitive flash photography makes it plain how ordinary (flake graphite) cast 
iron, when stressed, will break off short without bending. 

Slow-Motion Proof 
that Inca-developed Ductile Cast Iron 

has exceptional ductility -can be bent like mild steel 

Under the watchful eye of the strobe camera, Ductile Cast Iron bends and bends. 
No break! 

& International Nickel 
Producers of !nco Nickel, Nickel Alloys, Copper, Cobalt, Iron Ore, 
Tellurium, Selenium and Platinum, Palladium and Other Precious Metals 
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WHY Ductile Cast Iron is different: 
In conventional cast iron (left) the 
graphite is in flake form, making for 
brittleness. In Ductile Cast Iron (right) 
it's formed into tiny spheres - this 
makes for toughness, plus greate·
strength. (Magnified 100 times.) 

HOW Ductile Cast Iron can be twisted 
and bent without breaking is shown 
above. 

TODAY, Ductile Cast Iron is a material 
of many varied uses. Everything from 
pinking shears to plowshares-washing 
machine gears to jet plane parts! And 
industry is rapidly expanding its uses 
of this economical cast material. 

An lnco development, Ductile Cast 
Iron is a new material that combines 
the best features of cast iron and 
steel. 

Like cast iron, Ductile Iron has 
good fluidity. It's easy to cast. It 
machines well. 

Like steel, Ductile Iron is strong 
(the picture at left proves it). Its 
ductility is outstanding. 

With Ductile Iron, industry is cut
ting costs on materials, production, 
maintenance. Write for "Ductile 
Iron, the Cast Iron that Can Be 
Bent." This booklet will be helpful 
to you in your engineering courses 
and also later on, when you face 
problems as a practicing engineer. 
The International Nickel Company, 
Inc., Dept. 128e, New York 5, N.Y. 

@1 9 56, T . I . N . Co . , Inc. 
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ro the engineer capable 
ol original thinking ..• 

Highly accurate AiResearch electronic amplifier used in 
recision analogue computer networks. Built to withstand 

50 G's vibration, has over 20 megohm input impedance 
and less than 1 ohm output impedance • 

.... .... .... 
The Garrett Corporation has built an 
outstanding reputation for pioneer· 
ing because of engineers whose 
minds are not shackled to the past 
... or even the present. We concen· 
trate on the future. 

If you're the sort of engineer to 
whom an obstacle is only a chal
lenge, you'll be interested in working 
with us. You'll have the finest 
research and laboratory facilities at 

THE 

your disposal ... have your choice 
of location among the Los Angeles, 
Phoenix and New York areas. Also, 
financial assistance and encourage
ment will help you continue your 
education in the graduate schools of 
fine neighboring universities. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig
eration systems, pneumatic valves 

CORPORATION 

and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer, 
electro-mechanical equipment, elec
tronic computers and controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and expe
rience today to: Mr. G. D. Bradley 

9851 S. SEPUL.VEDA BL.VD., L.OS ANGEL.ES 45, CAL.IFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING, L.OS ANGEL.ES • A/RESEARCH MANUFACTURING, PHOENIX o AIRSUPPL.Y 

A/RESEARCH INDUSTRIAL. o REX o AERO ENGINEERING o AIR CRUISERS o A/RESEARCH AVIATION SERVICE 
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& MANUFACTURING 

T URNING OFF SEVENTH STREET in east St. Paul, we ap
proach a number of buildings so similar in architec
ture we are reminded of a military installation. The 

guard at the visitor's parking lot directs us to the far end 
of the lot. Soon, we find ourselves in the lobby of the 
main office of one of the nation's most progressive com
panies, Minnesota Mining and Manufacturing Company. 

An attractive receptionist asks that we be seated while 
she announces us. As we wait, several salesmen, and com
pany representatives pass through this, the main gate to 
3M, into the strange interior that is the Company. Before 
we know it, we ourselves are entering into this exciting 
company. 

We can't help but notice how spotless and orderly the 
corridors and offices are. Passing by a long show window 
containing a neat display of 3M products, we enter the 
personnel department. It is here that future 3M em
ployees are formally introduced to the company. 

After an interesting chat with two personnel men, we 
are led upstairs to the public relations department. It is 
this department's function to advise, edit, and supervise 
any matters in which the company's name is used. 

Next stop is the abrasives factory across the street. A 
young industrial engineer is our guide. He explains how 
a large roll of paper, about a yard wide and 2¥2 miles 
long, is fed into the machine. The paper is first printed 
with the 3M trade name and the grit. An adhesives is 
then applied to the other side by a set of rollers immersed 
in the glue. The abrasive is next applied using one of two 
methods, gravity feed or electrostatic. A bonding coat 
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by Royal Dossett 

of adhesive is applied and the paper enters the oven for 
drying. After about an hour of progressively hotter and 
more humid atmospheres, the paper is rolled and stored. 
Running full tilt, it is possible to turn out 400 miles of 
yard-wide abrasive paper a day. 

In the converting areas, hundreds of rolls of various 
types and grits of abrasive paper and cloth are stored by 
suspending them from the ceiling. A roll is taken from 
storage and placed in the cutting machine. A series of 
rollers flex the paper to break the coating into thousands 
of small "islands" of abrasive to make the paper more 
flexible . Blades then cut the paper into sheets, discs, or 
configurations to be made into belts and rolls. The abra
sive paper or cloth is then packed and shipped to cus
tomers. Coated abrasives, 3M's first product, are still one 
of the firm's major items. 

In still another building, an industrial engineer of five 
years service escorts us through the tape factory. Bales of 
crude rubber from Indonesia are cut into easily handled 
chunks and tossed into the mill. The mill consists of two 
large steel rollers, operating quite like a washing machine 
wringer except the rollers are side-by-side and one is ro
tating faster than the other. About 150 pounds of rubber 
is masticated between these rollers. Many compounds are 
now added and kneaded into the rubber by the mill 
rollers. After 30 minutes of this torture, the now not-so
crude rubber is placed in 500 gallon churns where solvents 
are added to change its consistency. All equipment and 
machines from the churns on down are completely 

(Next Page) 
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grounded and every precaution is taken to guard against 
static electricity which might cause an explosion. 

The mixture is then placed in hoppers. From here it is 
fed to a pair of rollers which force or squeeze it into pa
per similar to towel paper. After the impregnated paper 
is cured, an adhesive is applied and the tape rolled and 
stored. The end result is masking tape with which we are 
all familiar. 

Cellophane and plastic-backed tapes are produced by 
feeding large rolls of plastic and cellophane into adhesive 
applicating machines. After the tapes have been rolled, 
they are stored in vertical racks holding six or seven large 
rolls in a column. Many of the tapes have to be stored in 
a conditioned atmosphere of high humidity or low tem
peratures. All told, 3M produces more than 300 varieties 
of pressure-sensitive "SCOTCH" Brand tapes. 

In 3M's pressure-sensitive tape plant, huge ralls of 
tape are converted into smaller ralls an this and simi

lar machines. 

Next, these rolls of tape are drawn out of storage and 
placed in a cutting machine. These machines u~roll the 
tape, cut it into the desired width, and roll the stnps t~pon 
cardboard or plastic cylinders. When a predtermmed 
number of turns are on the spools, the operator stops the 
1uachine, applies a strip of paper imprinted with the 
scotch plaid, cuts the tape, finishes rolling it, and re-
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3M's Central Research laboratory on Hudson road 

in St. Paul. 

moves the individual rolls. The rolls of tape are now ready 
for packaging and shipping. 

The most interesting division, and probably the most 
important to 3M, is the Central Research Center. This 
group, housed in a modern building out on Hudson Road, 
i~ the backbone of 3M. 

Its function is two-fold: (I) to assist the divisional 
laboratories (each operating division has a lab of its own) 
on special project requiring equipment or know-how 
available only at Central Research, and (2) to do basic, 
long-range exploration of every field known to modern 
chemistry and physics- as part of an endless search for 
better and cheaper products for world-wide consumption. 

3M is proud of its research facilities, but it is far proud
er of the men who man them. Its top research people will 
tell you that 3M firmly believes it has some of the best 
scientists in the country. Nearly all graduate chemists and 
physicists hired by 3M start their career at the Center. 
Due to the wide variety of projects undertaken here, it is 
not long before the young scientist finds a particular proj
ect which utilizes his knowledge and interests to the high
est degree, either at Central Research or with one of the 
division labs. There are presently about 240 people at the 
Center, over half of whom are technical personnel. 

Our gu ide here is a very charming lady Ph.D. from the 
Polymer Lab. She explains that the Center is broken down 
into highly specialized sections. The first section we visit, 
naturally, is Polymer. In a well lighted room, several 
chemists are busy performing experiments in polymeriza
tion using the most modern equipment obtainable. Next 
door is the high vacuum room. Experiments in polymeri
zation, and other fields, may be made here in evacuated 
tubes and jars. Numerous precautions are taken to protect 
against implosions. 

Much of the work done at the Center is chemical in 
nature, but a good deal of it overlaps physics. The Physics 
section is staffed with highly trained physicists capable of 
assisting the chemists in their special projects or running 
experiments of their own. 

In another section, several men are operating a spec
trophotometer, used to analyze compounds by the spec
trometer method using infrared light rays. These same 
compounds may also go to the Analytical section for 
analysis. 

A new acquisition of the Center is its electron micro
scope. The unimpressiveness and simple exterior appear
ance of this instrument hides a complex and extremely 
useful scientific tool, when properly operated by a trained 
specialist. 

In the Chemical Processes section, miniatures of large 

(Continued on Page 271) 
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A LIED ... for creative research 

IN SYNTHETIC FIBERS 

To create is chemistry's business. All Allied 
Chemical activities reflect its research goals and 
accomplishments-like those on this page. Allied 
offers a diversity of operation in its Central 
Research Laboratory and 11 divisional labora
tories, each backed up by the resources of one 
of America's largest chemical companies. 

Urethane foam based on NACCONATE isocyanates 

DIVISIONS 

BARRETT, first in roofing for over a century, now offers a full line of 
building materials. Barrett's trademark covers a host of chemical 
products, as well as the growing line of PLASKON resins and 'plastics. 

GENERAL CHEMICAL, famous as a dependable source of supply for 
heavy chemicals and BAKER & ADAMSON laboratory reagents and fine 
chemicals, now also produces GENETRON refrigerants used in refrig
erators and air conditioners, and as propellants for aerosol sprays. 

Am_ed 

NATIONAL ANILINE, long a leader in dyes, certified food colors and 
intermediates, is now also producing CAPROLAN- the new concept 
in nylon-and NACCONATE isocyanates for urethane. 

NITROGEN, the world's foremost producer of fixed nitrogen in its many 
forms, offers a wide line of ARCADIAN fertilizers. Its industrial line 
includes ammonia, ethylene oxide, ethylene glycols and ethanolamines. 

SEMET-SOLVAY,first in merchant coke production, builds WllPUITE 
by-product coke ovens. It supplies A-C Polyethylenes for use in food 

cartons and paper, in printing inks, waxes and polishes. 

SOLVAY PROCESS, long-established leader in alkali 
production, has found new markets with chloro· 

MUTUAL CHEMICAL, the principal American pro
ducer of chromium chemicals for pigments and 
chrome plating, and KOREON for leather tanning, 
is constantly broadening the fields of application 
for · these versatile products. ' 0emical 

methanes, hydrogen peroxide, vinyl chloride mon
omer and aluminum chloride. 
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61 BROADWAY, NEW YORK 6, N. Y. 
C APROI.AN, N ACCONATE 

and G ENETRON are Allied Chemical tra demarks ---·--··.....,..1. !!.., .. ! ... , "1'1\'IMH "'<l"• _ _ ___,.., ·~ 
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ENGINEERS ••• 
&OOK I'EN YEARS JIHEADI 

Will your income and location 

allow you to live in a home 

like this . .. spend your 

leisure time like this? 

They can ... if you start your 
career now at Douglas I 

Take that ten year ahead look. There's 
a fine career opportunity in the engi
neering field you like best waiting for 
you at Douglas. 

And what about the Douglas Aircraft 
Company? It's the biggest, most suc
cessful, most stable unit in one of the 
fastest growing industries in the world. 
It has giant military contracts involv
ing some of the most exciting projects 
ever conceived ... yet its commercial 
business is greater than that of any 
other aviation company. 

The Douglas Company's size and 
variety mean that you'll be in the 
work you like best- side by side with 

the men who have engmeered the finest 
aircraft and missiles on the American 
scene today. And you'll have every 
prospect that ten years from now you'll 
be where you want to be career-wise, 
money-wise and location-wise. 

Brochures and employment applications are 
available at your college placement office 

For further information about opportunities 
with Douglas at Santa Monica, El Segundo and 
Long Beach, California and Tulsa, Oklahoma, 
write today to : 

DOUGLAS AIRCRAFT COMPANY, INC, 

C. C. LaVene, 3000 Ocean Park Blvd. 

Santa Monica, California 

First in Aviation 
• 

270 MINNESOTA TECHNOLOG 



A view of one of the many 3M research laboratories. 

most of whom are the more mechanically minded en
gineers, evaluate the machine and the process in terms of 
scale production machines are constructed. The personnel, 
large scale production. They then determine what changes 
must be made to the machine and the process before a 
given new product can become a profitable addition to 
the company. 

The Center contains many facilities to assist its chemists 
and physicists. A modern glass blowing unit in the base
ment can supply any type of apparatus required. Also in 
the basement is a machine shop staffed by skilled engineers 
and technicians. A constant-humidity-constant-tempera
ture room is available for delicate experiments. 

In the Technical Library, a group of people is con
stantly abstracting books and periodicals. An abstract of 
about 100 pages or so of articles and writings pertinent to 
to the work of the Center is published every other week. 
By keeping in constant touch with work that is being 
clone, and has been done, 3M's scientists can increase 
their knowledge of special subjects and avoid wasting 
energy and money on unnecessary experiments. 

In one section of the library, we meet a research asso
ciate, a person who has shown particular skill and in
genuity and is given free rein to do anything he feels will 
ultimately aiel the company. On the average, every 3M 
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researcher is allotted 15% of his or her time to be de
voted to projects purely ·of his own choosing. 

An interesting application of radioactive tracers is used 
at the Center. A radioactive material is added to the ad
hesive material or the coating on a tape. The minute 
amount of adhesive left behind when a tape is removed 
from a surface may then be measured. Also, the uniformity 
of any coating may be determined. 

As we leave the center, our guide points out that 3M's 
research policies are aimed at attracting the best minds 
to the company's laboratories, and at developing imagi
nation, vision and creativity to the highest possible level. 

Our guide quotes Dr. Carl E. Barnes, central research 
director: 

"We encourage a flow of ideas from the bottom of the 
research organization to the top, thereby assuring us of 
the gTeatest possible number of new ideas. Also, we resist 
blaming a researcher for an idea which fails. We must 
maintain the morale and confidence of our people, and 
we do not want to discourage bold imagination. 

"Our policy of allowing each researcher to spend some 
time in projects purely of his own choosing has led to 
several profitable ideas. Perhaps even more important, it 
prevents the feeling of frustration and regimentation that 
sometimes afflicts creative men when attempts are made 
to confine their thinking and stifle their curiosity." 

After seeing the Center, it is easy to see why 3M has 
always been the leader in any field of endeavor it has 
undertaken. 

HISTORY 

On July 15, 1902, the Two Harbors, Minnes~ta, weekly 
newspaper "Iron News" announce~ the founchng of t~e 
Minnesota Mining and Manufactunng Company. The m
tentions of this company, which was founded by a doctor, 
a lawyer, a merchant, and two railroad executives, all 
North Shore citizens, was to quarry North Shore corun
dum and ~ell it to grinding wheel manufacturers. In Janu
ary, 1903, this new company bought controlling interest in 
Minnesota Abrasives Company, their only competitor on 
the North Shore. Thus began the story of 3M. 

3M was unsuccessful at first. Despite the energetic ef
forts of general manager Hermon Cable, 3M corundum 
did not sell. It was decided that the only way the company 
could survive was to manufacture its own sandpaper. In 
May, 1905, E. B. Ober, a stockholder and L. P. Ordway, 
wealthy vice president of Crane and Ordway Plumbing, 
were persuaded to purchase 60% of the stock in 3M, with 
Ordway agreeing to build a sandpaper plant. Several 
months and over $100,000 later, the first batch of sand
paper was produced in the factory in Duluth. The first 
sale of 3M sandpaper was to the South Bend Toy Com
pany for two dollars, the second to the Fort Madison 
Chair Company for four dollars. 

Again, ' however, 3M's efforts proved not-so-successful. 
More money had to obtained, mostly from Ordway, to 
sustain the company. Eventually, sales began to balance 
expenses, but the profit was very meager. 3M was ham
pered by serious quality problems and price wars. 

In 1910, the company moved its plant from Duluth to 
St. Paul, mainly for climatic reasons, but also to enable 
Ordway to keep an eye on his investment. From this time 
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until 1914, the situation was a precarious one for 3M. 
Plagued by poor quality sandpaper and stiff competition, 
3M barely managed to survive. 

In 1914 came a crisis which nearly drove the company 
out of business. The abrasive kept falling off the paper 
backing, and customers were in an uproar. After several 
months of investigation is was discovered- more or less by 
accident- that the garnet abrasive being used had become 
contaminated with olive oil while being shipped to the 
United States from Spain. The oil was promptly removed, 
and 3M was able to weather the storm. 

William McKnight, a farm boy from South Dakota who 
had worked his way up to general manager, decided then 
and there that 3M should have a place for systematic 
checking of 3M sandpaper. And so began 3M's awareness 
of the need for quality control and research. 

In June, 1914, 3M started marketing its first new prod
uct, an abrasive cloth made with aluminum oxide abras
ive. Between 1914 and 1916, the company's sales grew 
rapidly as the infant automobile industry and the machine 
tool industry gobbled up large quantities of this superior 
abrasive. World War I also brought about a need for large 
supplies of a good abrasive cloth. By the end of World 
War I, 3M was a million-dollar company. 

Since the close of the first World War, 3M's story has 
been one on continuous gTowth. Today, 3M has 25 domes
tic manufacturing plants from Los Angeles to Schenec
tady, and eight foreign manufacturing operations. 3M's 
growth has been so great that stock bought before World 
War I for $300 would today be worth slightly over a mil
lion dollars. 

A glass fabrication shop is a vital part of the Cen
tral Research laboratory. Here, workmen produce all 
glass instruments far use in the laboratories. 

3M's major product lines, in addition to coated abra
sives and tapes, include: adhesives and coatings, roofing 
granules, electrical insulating products, magnetic record
ing tape, reflective sheeting, prin~ing products,. offic~ copy
ing machines and paper, chemiCals, decorative nbbon, 
and reinforced plastics. 

Some of its most familiar trade marks (3M is extremely 
conscious of both patents and trademarks) include 
"SCOTCH" Brand pressure-sensitive tapes, "Productio_n" 
Brand sandpaper, "SCOTCHLITE" Brand. reflect~ve 
sheeting, "THERMO-FAX" Brand office copymg· eqUip
ment, and "SASHEE " Brand decorative ribbon. 
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THE CoMPANY 

3M's net sales have grown from $20,000 in 1906 to 4.6 
million in 1931,$32 million in 1941, $170 million in 1951, 
to $282 million in 1955. 1956 income is estimated at $325 
million. Net income after taxes for 1955 was $34.7 million. 
Of this, nearly 14 million was paid as dividends at $1.65 
per share of common stock and $4.00 per share of pre
ferred stock. The rest was turned back into the company 
for expansion and research. Total surplus retained at the 
end of 1955 amounted to 128.9 million. 

A youthful researcher explains his project to two 
of 3M's top research experts. 

The executive organization of 3M consists of the Fi
nance Committee, the Executive Committee with A. G. 
Bush as Chairman, and the president, H. P. Buetow (mem
ber of both committees), all responsible to the Board of 
Directors with W. L. McKnight as Chairman of the Board. 
A management committee reports to the presid~nt. 

There are two executive vice presidents, Louts F. Wey
and, director of sales, and Clarence B. Sampair, head of 
the tape and ribbon products group and president of 3M 
International. In addition, there are 10 staff officers head
ing up such functions as Central_ Research, E~gineering 
and Staff Manufacturing, Purchasmg, Corporation Coun
sel, Personnel and Public Relations. 

There are six officers (most of them vice presidents) 
heading up product groups or other product uni~s .. T?e 
heads of each of the operating divisions and substdtanes 
report to these officers. The entire executive staff reports, 
of course, to the president. 

With its acute awareness of the need for research and 
development, 3M offers the college graduate a promisi_ng 
future. 3M maintains starting wages comparable wtth 
those of other leading industrial firms throughout the 
nation. Its benefit program also compares favorably with 
those of other leading companies. 3M's rapid growth 
makes opportunities for ambitious, capable employees 
very good. 

An advocate of "on-the-job" training, 3M has not 
stressed formal training programs for newly hired college 
graduates. Most incoming en?ine~rs go through a two
week orientation program whtch mtroduces them to the 
company. 

(Continued on Page 295) 
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Why? 
Age old question. Need? Brilliant new answers. How? Brains-time-most 
advanced research tools. Grumman short on time. Solution? More brains. 
You've got one. Hit likes to answer, "Why?" you're worth Grumman's time. 
Grumman will make it worth your time, too. Find out how Grumman is 
turning their answers into higher Mach fighters, better missiles, STOL's and 
VTOL's, revolutionary amphibians, even boats that fly on sea wings. Drop a 
line asking why you should work at Grumman to Mr. A. T. Wilder, 
Engineering Personnel Director. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE • LONG ISLAND • NEW YORK 

Designers and builders of the supersonic Fl1F-1 Tiger, transonic F9F-8 Cougar jet fighter, 
F9F-8T Cougar fighter-trainer, F9F-8P Cougar photo-reconnaissance, S2F anti-submarine 
Tracker, SA-16 Albatross rescue amphibian, metal boats and Aerobilt Truck Bodies. 
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We predict ... 

: r 
-4--+-~ 
. I 

. . . Wisconsin Electric Power Company engineers predict the electromechanical stability or instability of our 
electric system far into the future. System disturbances create "swings" of generators which would be disastrous 
if the system were not properly planned. Our engineers, with the use of analog and digital computers as aids, 
are planning a system that doubles in size every 10 years. They must produce a system that is both technically 
and economically feasible. 

Your chances for success are excellent. • • 

Are you one of those engineers 
eager to put your education to 
work and to keep on learning? 
Then we predict that your chan
ces for success are excellent -
especially at Wisconsin Electric 
Power Company where engineer
ing problems are solved by our 
own staff engineers. Here you 
will find the kind of opportuni
ties that breed success. Chances 
for personal growth and advance
ment are unlimited. 

The start of your career here 
may be in designing or building 
power plants, substations, trans
mission and distribution lines. 

WISCONSIN 

You may face problems that are 
electrical, mechanical, civil or 
chemical in nature. You may be 
engaged in creating rate schedules 
or in special engineering and eco
nomic studies. You may help 
solve some of the challenging en
gineering problems of our indus
trial and commercial customers. 

As you grow in stature, you 
may design electric systems, su
pervise operations ... or advance 
into an administrative position, 
of which many are now held by 
engineers. You may take part in 
the development of the exciting 
new techniques of producing elec-

tric power from the atom. 
Take a step now into a suc

cessful future. Find out more 
about the many advantages that 
will be yours when you begin 
your career at Wisconsin Electric 
Power Company. 

Ask for 
YOU AND YOUR FUTURE 

Find out more about career opportuni
ties at Wisconsin Electric Power Com
pany by picking up a personal copy of 
the interesting booklet, "You and Your 
Future" now available at your Placement 
Office. 

At the same time, check the interview 
schedule for dates when our represen
tatives will be on the campus. 

ELECTRIC POWER COMPANY 
231 West Michigan St., Milwaukee 1, Wisconsin 
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Not All Challenges 
Are Technical 

by Hibbert Hill 

E
ARLY, I suspect, in the millenniums of human develop· 
ment individuals were recognized who contributed to 
the community something more than the earnings of 

faithful labor, and something more even than the fruits 
of brilliant ideas and energetic actions. These individuals 
pursued their affairs in apparent response to some inward 
compulsion, some invisible call, toward an objective be
yond the usual rewards of trade, with a purpose of service 
to their community and to all men who had a need for 
this service. 

While the highest evidences of this attitude are peculiar 
to individuals, it is an ingredient of certain occupations 
which have been termed the professions. The priesthood 
must have been the first of these, followed by the military 
and legal professions; and now we recognize the same in· 
gredient in many more callings. 

A variety of terms descriptive of aspects of the profes· 
sional status has come into use. We speak of a calling; its 
members have been called upon to accept responsibilities 
and burdens through some spiritual compulsion which 
~ecognizes a need to carry these burdens in the general 
mterest: Noblesse Oblige is another term in this category. 
It _re~und_s us that with privileges, whether of ability, 
trammg, mcome or prestige, go also responsibilities to 
our community, our clients, and our profession. 

A profes~ion ~e~ls with the basic needs of humanity, 
peace of mmd, hfe s purpose, health, safety from enemies 
and from want. It is founded upon a special body of 
knowledge which its practitioners are alone trained to 
apply. The generality of mankind, when confronted with 
the need for the services of the profession, must assume 
tha_t the memb~rs of the profession have been adequately 
tramed, and will apply their training in the best interest 
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of those having need of those services. In this a profession 
undertakes a great responsibility. 

IN furtherance of this responsibilty the members of a 
profession assume the right to prescribe qualifications 

for entry into the profession and to judge the competence 
of its practitioners. In fact the members of the profession 
are the most competent, and perhaps the only persons 
competent, to do this. For this reason every profession 
requires that its members give a part of their time to the 
.affairs of the profession, to the training of its neophytes, 
to the ethics of its practice, to the advancement of its 
knowledge and methods. Thus we find in all professions 
insistence upon an obligation to participate in the activi· 
ties of professional societies, to write papers, to keep 
abreast of new knowledge, and to be aware of the needs 
of the profession and of those it serves. 

A profession provides a field in which its practitioners 
earn their living and in which they hope to receive those 
rewards, material and spiritual, which give purpose to 
effort and satisfaction in accomplishment. Every practi· 
tioner of a profession, thus on occasion, is tempted to 
neglect his obligation to clients and employers, and to the 
good name of his profession, in order to enhance his im· 
mediate personal gain. For this reason the medical profes· 
sion has its Hippocratic oath, and for this reason every 
profession has its code of ethics; a continual reminder 
that the obligations which the profession has assumed take 
precedence of its privileges- in fact make its privileges 
possible. 

Graduation from an engineering college does not make 
an engineer, or a member of the engineering profession. 
Somewhere in the process of becoming a member of a 
profession there must be a dedication, an assumption of 
the burdens which membership in that profession entails. 
:Few achieve this in some moment of inspiration. For most 
it begins with an inclination, and blossoms out of thought 
and understanding. 

The profession of engineering in the last twenty years 
has been examining itself in the light of such thoughts 
as these I have expressed. Out of this examination have 
come a number of tangible changes; a new and vocal 
organization in the National Society of Professional En· 
ginee_rs; the all but u~iversa~ req~irement of state registra
twn m order to practtee engmeenng; many changes in the 
engineering curriculum. Discussion has been searching, 
prolonged, and vehement. Discussion and changes are by 
no 1~eans done. Many a decision affecting the profession 
remams for those now graduating into it. 

WE SPEAK of an engineering profession, but one of the 
basic problems of that profession at this time is to de· 

fine its ow~ limits; that is, to determine who belongs to 
~he professi_on, and who does not. The engineering process 
IS not earned on solely by the graduates of engineering 
c?lleges. Engineering, it is being realized, is a process car
ne~ out by _an organization which has at its apex, the 
engmeer, tramed by college, continued study and further 
e~perien~e ; with technician_s ~t the base and a large group 
wi_th vanou~ degr~es ~f trammg and responsibility in the 
middle. This real~zatwn is leading to a new conception 
of the place and use of the trained engineer, and the be
g~n.ning of a realization that the profession has a responsi· 
b1hty not only to the trained engineer, but also for the 

(Continued on Page 315) 
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BUSINESS COMPUTERS 

ALMOST everyone is familiar to some extent with the applica
tion of large-scale digital computers to the solution of com

plex scientific problems, but perhaps not so well known is the 
use which may be made of the smaller or medium sized ma
chines in business. Not too long ago it was generally felt that 
computers were only worth while if the problem to be solved 
was so complex that nothing else would solve it. As the com
puter art and its related fields grew, it was soon realized that 
the machine could also be used as a labor saver on problems 
which, while complex and detailed, were not impossible to do 
with desk calculators, punched card tabulating systems, or other 
similar equipment which had been used for many years by large 
businesses. 

Two main problems confronted the people who build digital 
computers, first, how could a machine be built which was large 
enough to do the required job and at the same time was priced 
low enough for private business; second, having such a machine, 
how do you convince the hard-headed and cost-conscious busi
nessman that your computer will give him ample return on his 
investment. 

Much could be written on how the first problem was solved, 
or rather, is being solved, since it is becoming apparent that 
only the surface has ben scratched with the extensive research 
that has already been done on semi-conductors and magnetic 
materials. Possible development in these two areas has done 
more to lower the cost of a digital computer than research on 
anything else. 

Transistor development has progressed far enough so that 
transistor prices compare favorably with those of vacuum tubes, 
and as long as temperature and humidity are controlled in the 
machine the reliability of the transistor approaches that of the 
vccuum tube. The savings in space and accessory equipment 
such as filament and power supplies which are necessary 
for vacuum tubes is tremendous so that not only is the com
puter cheaper to build; it also is much cheaper to operate and 

maintain. 

Research development of magnetic materials has also played 
its part in reducing the cost of a digital c0mputer. New tech
niques with magnetic drum storage have utilized equipment 
more efficiently, but perhaps the development of the magnetic 
core is chiefly responsible for lowering costs. Use of square 
hysteresis-loop magnetic materials makes it possible to build 
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by Donald Marpe 

computer memory systems which take up only a fraction of the 
space used by memories which employ vacuum tube flip-flop 
circuitry, and since magnetic cores require no power for opera
tion the saving of less power consumption is added. Magnetic 
cores of less than a tenth inch in diameter have been developed 
which, when arranged in matrix form, can be utilized for the 
large scale storage formerly provided by magnetic drum storage. 

The second problem, that of convincing businessmen that a 
digital computer would be an asset to his business was perhaps 
the more difficult to begin with, but had the advantage that, 
once started, it practically solved itse lf. The power of competi
tion in business is so strong that once it became apparent that 
having a computer would give a business an edge on its com
petitors, the line began to form to the right. For a time selling 
business-type digital computers became the most lucrative pro
fession one could engage in. 

How a business might make use of a computer can perhaps 
bes hown by describing a typical medium-sized computer which 
has been specifically designed for business operation. One such 
machine is the Remington Rand Univac File Computer System. 
This machine consists of the central computer which has the 
usual control, arithmetic, and storage sections and a versatile 
selection of input-output devices which are determined by the 
apulication to which the machine is to be used . It provided for 
magnetic filing combined with electronic computing for random 
access processing of unsorted data. 

Unlike most digital computers, which are designed to operate 
only with a specific input and single output device, the File 
Computer is universal in that it can operate with any combina
tion of six different input-output equipments, up to a total of 
twenty-four units. Through use of a multiplex monitoring unit, 
all twenty-four input-output devices can be working simultane
ously. By use of the six different types of peripheral equipment, 
information can be put into or taken out of the computer by 
punched cards, magnetic tape, perforated paper tape, and 
electric typewriter. Since the File Computer utilized equipment 
for input and output which the business possibly already is 
using, such as part of the punched card tabulating system of 
either IBM or Remington Rand, installation of the computer does 
not obsolete much valuable equipment already in use. 

One of the major applications of the File Computer can be a 

(Continued on Page 305) 
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Convair R3Y-1 and R3Y·2 

Northrop F-890 

Martin TM-61 (missile) 

Chance Vought Regulus (missile) 

Allison Turbo-Liner 

.ALusoN ENGINES have accumulated an impressive 

record of flight time in many different types of turbo

jet and turbo-prop aircraft. Included in the wide 

variety of aircraft are single and multi-engine planes 

-both land based and water based-as well as ex

pendable missiles. 

TODAY, with this valuable accumulation of engi

neering experience-coupled with our vastly expanded 

engineering research and development facilities-we 

look to the future. And, what a future it promises 

to be in this era of supersonic speeds ... nuclear 

OUR ENGINEERS 

WORK HERE 

This is our Administration 

Building, the hub of the new 

Allison Engineering Research 

and Development Center in 

Indianapolis. 
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Lockheed C-130 

Convair XFY-1 

Convair YC-131C 

McDonald F3H-2N 

Douglas RB-66 & B-66 

Lockheed T2V-1 

energy application, and-well, the sky is the limit. 

Opportunities at Allison are equally unlimited for 

engineering graduates, ambitious young men who 

recognize the advantages of being identified with an 

established leader in the design, development and 

production of high performance aircraft engines. 

• • • 
Write for information about your future career at 

Allison: Personnel Dept., College Relations, Allison 

Division, General Motors Corporation, Indianapolis 
6, Indiana. 
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To the young engineer with high hopes 
The Engineering Department at Convair San 
Diego offers you challenges found in few 
places. And, the diversity of big projects in 
our "engineer's" engineering department 
means satisfaction and opportunity for quick 
advancement for capable young men. For 
instance, current projects at Convair San 
Diego include the F-102A Supersonic Inter
ceptor, new Metropolitan 440 Airliner, the new 
Convair 880 Jet-Liner, Atlas Intercontinental 
Ballistic Missile, long-range study of nuclear 

aircraft and other far-reaching aircraft and 
missile programs. 

For personal achievement, security, and 
pleasant, happy, year 'round, outdoor living, 
the young engineer with high hopes is invited 
to take a good look at Convair in beautiful 
San Diego, California. 

Watch for announcement of personal inter
views on your campus by representatives of 
Convair San Diego. 

CJVCONVAIRGD 
"'A DIVISION OF GENERAL DYNAMICS CORPORATION C) 

3302 PACIFIC HIGHWAY • SAN DIEGO, CALIFORNIA 
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How often 
does DuPont 
transfer 
technical men? 

Bdward H. Berg received his B.S. Ch. E. from Cornell in 1944 
and served as an Engineering Officer on destroyer duty until 
1946. Since coming with DuPont, he has worked at New Jersey 
plants as a Field Supervisor in Du Pont's Engineering Service 
Division. Ed was recently transferred to Du Pont's Design 
Division to further round out his professional development. 

WE'VE just completed a study on that subject, Van, 
so I can speak with some authority. 

Using technical graduates who came with Du Pont 
in 1949 as a base, we found these men averaged 1.7 
transfers of location in 7 years. We frequently shift 
men from one assignment to another at the same loca
tion, to broaden them professionally. But it's interest
ing to note that 38% of those surveyed had not 
changed their location of employment at all. 

Changes of work location depend a little on the 
type of work a man enters. For instance, there are 
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Fred v. Wolford receives his B.S. in Chemical Engineering from 
the University of Texas in January 1957. "Van" is a member of the 
Southwestern Rocket Society, Canterbury Club, and local Vice
President of A. I. Ch. E. Like all students, he's interested in finding 
out about the best oppo!"f;unities offered in his profession. 

likely to be more transfers in production and sales, 
fewer in research. 

But one thing is certain. Du Pont transfers are al
ways purposeful. The majority are a natural result 
of DuPont's continued growth and expansion. And 
they invariably represent opportunity for further pro
fessional development. 

Additional employment information is given in 
"Chemical Engineers at Du Pont." This booklet 
describes in detail the work and responsibilities 
of chemical engineers who work at Du Pont. 
Write for your free copy to the Du Pont Com
pany, 2507C Nemours Bldg., Wilmington 98, Del. 

~----~----.J 
Rf li . U. S. PAT. Of(. 

lETTER THINGS FOR BETTER LIVING,, , THROUGH CHEMISTRY 

Watch "DuPont Thealer" on Telellision 
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This special periscope gives Pratt & Whitney Aircraft engineer a close-up view of combustion process actually taking place within the after
burner of an advanced jet engine on test What the engineer observes is simultaneously recorded by a high-speed motion picture camera. 
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at Pratt & Whitney Aircraft 
in the field of Combustion~:: 
Historically, the process of combus
tion has excited man's insatiable 
hunger for knowledge. Since his 
most primitive attempts to make 
use of this phenomenon, he has 
found tremendous fascination in its 

potentials. 
Perhaps at no time in history has 

that fascination been greater than 
it is today with respect to the use 
of combustion principles in the 
modern aircraft engine. 

At Pratt & Whitney Aircraft, 
theorems of many sciences are being 
applied to the design and develop
ment of high heat release rate de
vices. In spite of the apparent sim
plicity of a combustion system, the 

Mounting an afterburner in a special high-altitude test 
chamber in P&WA's Willgoos Turb ine Laboratory permits 
study of a variety of combustion problems which 
may be encountered during later development stages. 

bringing to.gether of fuel and air in 
proper proportions, the ignition of 
the mixture, and the rapid mixing 
of burned and unburned gases in
volves a most complex series of 
interrelated events - events ocur
ring simultaneously in time and 
space. 

Although the combustion engi
neer draws on many fields of science 
(including thermodynamics, aero
dynamics, fluid mechanics, heat 
transfer, applied mechanics, metal
lurgy and chemistry), the design of 
combustion systems has not yet 
been reduced to really scientific 
principles. Therefore, the highly 
successful performance of engines 

like the J-57, J-75 and others stands 

as a tribute to the vision, imagina

tion and pioneering efforts of those 

at Pratt & Whitney Aircraft en

gaged in combustion work. 
While combustion assignments, 

themselves, involve a diversity of 
engineering talent, the field is only 
one of a broadly diversified engi
neering program at Pratt & Whitney 
Aircraft. That program-with other 
far-reaching activities in the fields 
of instrumentation, materials prob
lems, mechanical design and aero
dynamics - spells out a gratifying 
future for many of today's engi
neering students. 

Microflash photo illustrates one continuing 
problem: design and development of fuel 
injection systems which properly atomize 
and distribute under all flight conditions. 

Pratt & Whitney Aircraft engineer manipulates probe in 
exit of two-dimensional research diffuser. Diffuser 
design for advanced power plants is one of many 
air flow problems that ex ist in combustion work. 

"Watch for campus availability of P & W A color strip film on combustion. 

World's foremost designer and builder of aircraft engines 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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The Roadster slid around the corner on two wheels, 
glanced off a lamp-post, took the front porch off a house, 
hit two parked cars, bounced through an excavation, and 
came to a shuddering halt against a stone fence. 

A dreamy-eyed girl stepped happily from the wreck. 
"Oh, darling," she exclaimed, "that's what I call a KISS!" 

It's a woman's world. When a man is born people 
ask: "How is the mother?" When he marries, they 
exclaim: "What a lovely bridel" When he dies they 
inquire: "How much did he leave her?" 

A young woman tourist was spending the night in a Texas 
lwtel. She was asking the clerk for sights to see of unusual 
interest. 

"Well," said the clerk, "we have the only helium plant in 
the world." 

"How wonderful. Is it in bloom now?" 

Overheard in the Ladies Room: I'm terribly worried. I 
wrote Bob in my last letter to forget that I had told him I 
didn't mean to reconsider my decision not to change my mind, 
and he seems to have misunderstood me. 

Chem. E.: "On our date tonight, wear something 
seductive.'' 

Coed: "What do you mean?" 
Chem. E.: "Oh, nothing." 

The husband who knows where his wife keeps her nickels 
has nothing on the husband who knows where the maid's 
quarters are. 

The cannibal king looked at the beautiful young wom
an and at the big cooking kettle under which a £re was 
b~ing made ready. He turned to one of his tribe and said: 
"Boys, I believe I'll have breakfast in bed." 

"I'll do anything for you," Bernard told the girl of 
his dreams. "Just tell me what you want- a million 
dollars, a fleet of Cadilacs, anything." 

"All 1 want," she said, "is a solid gold Boy Scout 
knife." 

"What?" Bernard screamed. 
"That's right. A solid gold Soy Scout knife." 
So he got her one. And when he gave it to her she 

brought him upstairs and he watched her put the 
knife in a big chest filled with hundreds of solid gold 
Boy Scout knives. 

"What are you going to do with those?" Bernard 
asked. 

"Right now, I'm young, attractive, beautiful, and 
everybody wants me," the girl said. "But when I get 
old and ugly -just imagine what a Boy Scout will do 
for one of these." 

Counselor: "How do you like this room, as a whole?" 
Incoming freshman : "As a hole it's fine; as a room, not 

so good." 

How would you classify this gal? One might think she would be a great party gal. 
Well gentlemen guess again. Miss Carole Sather, a freshman in SLA, majoring in Elemen
tary Education, is a Sunday School Teacher. She teaches 4 year olds now, but if someone 
older needs a little special education maybe she'll teach you too. Carole is 5' 7" short, 18 
years old and carries 123 well distributed pounds. 
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TECH NOVELTIES 
Role of Special Materials 

MOST new developments from the realm of experimental 
engineering and from the world of modern physics 

appear to generate a mixed reaction of skepticism and 
wonder. In their pure form they may sometimes appear 
somewhat trivial and maybe a little esoteric to the un
initiated. However, within a period of only ten or fifteen 
years they are almost certain to have a profound affect 
on his life and probably even on his way of thinking. Cer
tainly the feeble littleTeaction taking place between mem
bers of the specie of mu mesons and the practical mu ener
gy machine of the future seem at best remotely connected. 
The same is true of the magnetic tapes which send out the 
coded instructions of operation to legions of machines in 
factories, which, comparatively speaking, seem almost de
void of life. The latter development to some, is already 
in the state of the "not so incomprehensible." The missle 
that today with difficulty attains a height of 650 miles and 
a maximum speed of 15,000 mph, may seem to the lay
man totally impractical outside of its military importance. 
In the future it will probably greatly influence his way of 
living, as "Man" or more precisely, "Engineering and Sci
entific Man," increases his dominion over space and matter. 

It is very interesting to note that many of the most vital 
new developments seem to be in the "field" of materials. 
It may be pointed out that this is an interest common to 
all fields of engineering and more recently to the field of 
solid state physics. Electronics in particular has made tre
mendous advances due to new-found methods of putting 
matter together. A survey of many of the new develop
ments in technology reveals that there seems to be a greater 
merging of interests in the various fields and a correspond
ingly greater dependence on developments in any given 
field by fields of study that only a few decades were not 
even considered related. That this is true, is illustrated by 
some of the latest developments in technology. While 
many other factors are also concerned in the news items re
ported under subsequent headings, it is interesting to note 
how many of them depend on "Special Materials" ... 

Hot Oil 

GENERAL ELECTRIC laboratories report that considera?le 
progress has been made in the development of h1gh 

temperature aircraft lubricants that will operate between 
1,000 and 2,000 degrees Fahrenheit more than three times 
hotter than existing lubricants. Today the upper limit 
is around 500 degrees in aircraft hydraulic systems and 
around 350 in bearings. Silicone fluids operate up to 600, 
or at most 700. 

The new lubricants boil in the range from 1,000 to 2,000 
degrees. This unfortunately poses a new problem for the 
structural organic chemist. The new fluids freeze at a cor
respondingly high temperature- some of them as high as 
400 degrees Fahrenheit. 
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Computer Advances 

A KEY point in the operation of all electronic computers 
is the information storage system in which various ele

ments of a computing problem are stored electronically 
and recalled instantly as they are needed. The develop
ment of the magnetic core system several years ago brought 
substantial gains in speed and efficiency by providing for 
the first time a means of storing thousands of bits of in
formation and recalling them instantly in any desired 
order, combination, or quantity. 

The development of a new aperatured plate now carries 
this development several steps further, providing a means 
for handling millions rather than thousands of bits of in
formation, and at the same time offering far greater com
pactness and operating simplicity than could be achieved 
with earlier systems. Moreover, the new device lends itself 
to extremely simple molding production techniques in 
contrast to the relatively complex process of threading 
thousands of tiny cores into a wire matrix to produce the 
mag·netic core device. 

This development should permit the design and con
struction of larger and more versatile electronic computers 
and data processing systems, and it will at the same time 
provide compact and economical type of memory for rela
tively small computers. 

Since any desired information can be formulated in 
terms of 0 and I, it is possible to employ a storage or 
memory system in which each of the memory elements 
can be switched electrically to represent one or the other 
of these two values. 

The new aperture plate memory stores this informa
tion in the form of magnetic fields. One of the two values 
is represented by the flow of magnetic flux in one direc
tion around a hole in the plate whi le the other value is 
represented by a magnetic flux in the opposite direction. 

The small plates are made of a special ferromagnetic ma
terial, a ceramic-like substance that can be molded in any 
desired size or shape, and hardened by heating. 

The production of presently used magnetic cores in
volved complicated processes since it was necessary to 
thread wires in two directions through tiny ferromagnetic 
cores, and then to link all of the cores in a system with 
two more windings. With the new plate system the plates 
themselves are insulators and the holes can be joined by 
conductors using the highly efficient printed circuit tech
nique in place of the complex storage and readout wind
ings of the previous core system. 

Technlcolor Slide Rule 

COLOR differences barely visible to the h~man eye can be 
readily computed by a new G.E. Shde Rule. Three 

characteristic numbers, known as tristimulus values, are 
obtained by spectrophotometric analysis of each material. 
These numbers provide the basic data for operation of the 
rule. One setting of the movable slider automatically adds 
three vector quantities in a basic equation for color dif
ferences. 
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Victory 
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Great Britain's H.M. T.S. Monarch, world's largest cable·laying ship. A. T.&T. joined with the 
British Post Office and Canadian Overseas Telecommunications Corporation in the historic venture. 

at 
2400 fathoms 

Background of 

the first transatlantic 

telephone cables 

Each room in Western Electric's clinically clean 
repeater plant was kept under positive air pressure 
at all times so that dust·laden air could not leak in. 

Teamwork characterized the Bell System's role in the 
success of a tremendous undertaking: laying the first 
transatlantic telephone cables. 

One challenge given engineers and scientists at Bell 
Telephone Laboratories was that of designing equalizing 
networks and amplifiers to be placed in the cables every 
40 miles to compensate for the huge attenuation losses. 
Electron tubes of unrivaled endurance were developed, 
capable of operating for up to twenty years. 

Western Electric, manufacturing and supply unit of 
the Bell System, assembled the repeaters in a special 
plant under clinical conditions. A mere speck of dust 
could fatally upset the sensitive amplifiers. 

The delicate and demanding job of laying the cables 
was supervised by engineers from Long Lines Depart
ment of A. T. & T. New cable-laying equipment was 
designed, and exacting procedures were devised so that 
the cable could be laid smoothly and safely on an ocean 
floor in places more than two miles deep. 

Teamwork helps Bell System engineers and scientists 
to anticipate and provide for America's growing com
munications needs, no matter what the magnitude of the 
job to be done. 

Able, imaginative young engineers and scientists will 
find absorbing careers with the Bell Telephone Com
panies, Bell J'elephone Laboratories, Western Electric 
and Sandia Corporation. Your placement officer can 
give you more information about career opportunities 
in the Bell System. 

Bell Telephone System 
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Graduates in engineering, physics, 

applied math., allied sciences: 

You can do much better 

than a "standard" career todayl 

Careers, like cars, come in various models. And now· 
adays such things as security, adequate compensation, 
vacations-with-pay are not "extras" any more-they're 
just "standard equipment"! 

As an individual, 
you decide whether 
you want whitewall 
tires or maybe a 
sportscar. You 
should do no less 
in choosing where 
you want to work. 
At North American, 
fringe benefits are 
second -to-none ; 

MISSILE DEVELO PMENT bUt YOU Can get 
much more than that. Such extras as creative work, 
advanced technology, latest facilities to implement 
your work-these all add up to rewards an ord inary 
job cannot give. You'll work with men of high profes
sional standing. Your personal contribution will earn 
quick recognition. 

It will be worth your while personally, as well as 
financially, to find out about the extras that go with 
a position in any of these four pioneering fields. 

MISSILE DEVELOPMENT ENGINEERING 
The SM-64 Navaho Intercontinental Missile is only one 
of the projects here. You can well imagine the exacting 
standards of the 
work, the quality of 
t he facilities, the 
caliber of the men. 
Here you will deal 
with speeds well 
up into multiple 
M a c h n u m be r s, 
encountering phe· 
nomena that were 
only being guessed 
at a few years ago. AuToNEncs 

AUTONETICS DIVISION-Automatic Controls Man Has 
Never Built Before. 

N ORTH A MERICAN 

The techniques 
of Electro-mechan
ical Engineering 
reach their ulti· 
mate efficiency in 
their application to 
missile guidance 
systems, fire and 

~""!!~, flight control sys
tems, computers 

-~--.. ~·------• and recorders. You 
ATOMICS INTERNATIONAL Will explore, StUdy, 

test, develop and produce apparatus that can extend 
or supersede the human nervous system. 

ROCKETDYNE DIVISION-Builders of Power for Outer 
Space. 

If you like challenging work, the large liquid-propel
lant rocket engine is your field. This Division operates 
the biggest rocket engine workshop in the Free World: 
the Rocketdyne 
Field Test Labora
tory in the Santa 
Susana Mountains. 
The engineers and 
scientists say they 
meet more differ
ent phases of work 
in a week here than 
in a year of "con· 
ventional" practice. 

ROCKETDY NE 

ATOMICS INTERNATIONAL- Pioneers in the Creative 
Use of the Atom. 
At this Division you will see a new industrial era tak· 
ing shape, and play your part in putting the peaceful 
atom to work for mankind. Nuclear Reactors of various 
kinds, for both power and research applications, are 
designed and delivered to order by Atomics Internat
ional. With many "firsts" to their credit, these dedi
cated men continue to spearhead the progress in this 
exacting field. 
For more information write: College Relations 
Representative, Dept. 991·20 Col., North American 
Aviation, Inc., Downey, Calif. 

A VIATION, 
A 

IN C. -~lA 
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HOW A 3¢ STAMP MAY CHANGE YOUR LIFE 

It's tough-trying to decide which company you'd 
like to work for, where you'd advance fastest, be 
happiest, and have the brightest future. 

To help you make up your mind, let us send you 
this interesting 16-page brochure that answers 
many of your questions-and we'll answer others 
by special letter. 

WHAT THIS FREE BOOK CONTAINS 1 . 

RAYTHEON'S RESEARCH PROGRAM- A digest of 
Raytheon's current work in the basic fields of physics 
and electronics. 

RAYTHEON'S DEVELOPMENT AND DESIGN PROGRAM 
How the results of research are utilized in new elec
tronic products and components. 

RAYTHEON'S MANUFACTURING PROGRAM -Typical 
examples of up-to-the-minute production techniques in 
a rapidly expanding industry. 

RAYTHEON'S APPLICATION AND SALES PROGRAM 
Sales and field engineering careers that lead to many 
interesting activities and opportunities. 

AND -quick facts on chances for advancement, gradu
ate studies, individualized training, company policies 
and benefits, plant locations, living and recreational 
advantages. 

FOR YOUR FREE COPY- MAIL THIS COUPON I 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • i' I . . 
: R•ythooo M'""''""';"g Co. - : 

Leonard B. Landall • 1 I : 
College Relations Department : 
Waltham 54, Massachusetts ,: 

Please send me, without cost or obligation, ENGINEER
ING and RESEARCH CAREERS. 

Name ____________ ~-------------------
Address. _____________________________ _ 

City __________ Zone __ State __ _ 

• Name of College or UniversitY---------------=c-t . ........................................... . 

,. 



Technovelties 

ASTRO X-RAY-Heart of this new General Elec
tric X-Ray unit is a mirror based on the same 
principle used in many astronomical mirrors. This 
makes possible a reduction of 70 to 75 per cent 
in exposure. 

A 70 To 75 PER CENT reduction in x-ray 
exposure ·to the patient is achieved 

by a new type of small-film chest 
x-ray machine announced by General 
Electric's X-Ray D epartment. 

Heart of the new unit is a special 
mirror, which applies the same princi
ple that is employed by astronomers 
to photograph light from the distant 
stars. The reduction in x-ray exposure 
is made possible by the mirror's opti
cal speed, which is between 4 and 5 
times greater than that of refractive 
lens- type photo- roentgen cameras 
hitherto used in chest x-ray surveys. 

This system permits an extremely 
wide working aperture. Resolution of 
the X-ray image is 4 times that of 
refractive-type lens cameras previous
ly employed in small-film chest x-ray 
work, resulting in images that are 
considered of high diagnostic quality. 

Unlike the conventional chest x-ray 
camera, the new camera places the 
x-ray film between the fluorescent 
screen and the mirror-lens. The image 
of the chest thus travels first through 
the camera, passing the film on all 
sides, and then strikes the curved pre
cision mirror at the rear, where the 
light is gathered and focused sharply 
and reflected back on to the film. 

Because of its greater speed, the 
new x-ray camera helps cut down on 
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re-takes caused by voluntary or invol
untary motion on the part of the pa
tient. The use of miniature 4 by 4" 
or 70mm film provides considerable 
economy over the use of larger film 
SIZeS . 

Because of the smaller current and 
shorter exposure times required to 
produce a diagnostic image on the 
film, the life of the x-ray tube may be 
conserved through use of the new 
camera. 

A massive concrete water 
filled radiation barrier gate is 
lifted disclosing entrance to un
derground burial tunnel at 
G.E.'s Hanford A-plant. Tunnel 
will hold worn out and radio
actively contaminated equipment. 

CONSTRUCTION of a 500-foot tunnel 
for disposal of equipment too radio

actively "hot" to be repaired and too 
heavy to be hauled away for burial has 
solved another atomic problem. 

The tunnel, about as big as an Egyp
tian pharaoh's tomb, was outfitted with 
a spur railroad track. When a piece of 
heavy apparatus is worn beyond use 
and too contaminated by radioactive 
materials to be repaired, it will be loaded 
aboard a railroad car and rolled into 
the tunnel. 

When the car stops, a concrete, water
filled radiation barrier gate will clang 
shut, safely entombing the contaminated 
equipment. 

Extra heavy or bulky pieces, however, 
pose problems because they are too 
heavy to be dragged from a freight car 
for burial. Instead, they can be left 
aboard the car and rolled into the Han
ford burial tunnel. 

The tunnel, 19 feet high and 23 wide 
will hold 12 loaded flat cars. The tunnel 
is an underground extension of a new 
chemical separations plant where urani
um fuel is processed after being irradi
ated in nuclear reactors. 

/.r J , 
J J 

,____ r__L -------
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New careers for engineers, now that 

• 
oor 1s 

RCA's pioneering in this exciting medium means unlimited 
opportunities for you in every phase from laboratory to TV studio 

Now, more than ever, new 
engineering skills and tech
niques are needed in the 
television industry - to keep 
abreast of the tremendous 
strides being made in Color 
TV. RCA - world leader in 
electronics - invites young 
engineers to investigate these 
challenging opportunities. 
Only with RCA will you find 
a scientific climate particular
ly suited to the needs of young 
engineers. Your knowledge 
and imagination will be given 
full rein. Rewards are many. 

Your talents are needed in 
research - in TV receiver de
sign - in network operations 
-even "backstage" at TV stu
dios. The experience and 
knowledge you gain can take 
you anywhere! 

WHERE TO, 

MR. ENGINEER? 

RCA offers careers in TV and 
allied fields - in research, devel
opment, design and manufactur
ing-for engineers with Bachelor 
or advanced degrees in E.E., 
M.E. or Physics. Join the RCA 
family. For full information 
write to: Mr. Robert Haklisch, 
Manager, College Relations, 
Radio Corporation of America, 
Camden 2, New Jersey. 
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Like 2 sets in 1-get Color and black-and
white shows, tool It's RCA Victor Compatible 
Color TV. See the great Color shows in "Living 
Color"-regular shows in crisp, clear black-and· 
white. With Big Color, you see everything. 

Color every night - right nowl Something 
for everyone! You'll have "two on the aisle" 
for the best shows ever-drama, comedies, Spec
taculars, children's shows, local telecasts. For now 
216 TV stations are equipped to telecast Color. 

Practical and trouble-free! Service at new 
low costl Big Color is dependable Color. And 
RCA Victor Factory Service is available in most 
areas (but only to RCA Victor owners). $39.95 
covers installation and service for ninety days. 

..... .,~., 

l 

Now starts at $495 - no more than once 
paid for black-and-white. This is the lowest 
price for Big Color TV in RCA Victor history I There 
are 10 stunning Big Color sets to choose from
table, consolette, lowboys, and consoles, too. 

I 
l 

Big-as-life 21-inch picture tube - overall 
diameter. Actually 254 square inches of view
able picture area. And every inch a masterpiece 
of "Living Color." Here are the most natural 
tones you've ever seen-on a big-as-life screen I 

Big Color TV Is so easy to tune, even a 
child can do itl Turn two color knobs and 
there's your Big Color picture! It's easy, quick, 
accurate. It's a new thrill when the picture pops 
onto the screen in glowing "Living Color." 

Color TV is a common-sense investment
costs only a few cents a day. It's sure to be
come the standard in home entertainment for 
years to come-yet you can enjoy Color every night 
right now/ And you can buy on easy budget terms. 

Make sure the Color TV you buy carries 
this symbol of quality. Because RCA pioneered 
and developed Compatible Color television, RCA 
Victor Big Color TV-like RCA Victor black-and
white-is First Choice in TV. 

RADIO CORPORATION OF AMERICA 
ELECTRONICS FOR LIVING 
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CREEK-NOTES 

KAPPA ETA KAPPA 

Kappa Eta Kappa held its winter 
quarter smoker, January ??, at their 
chapter house, 531 Walnut Ave. S.E. 
Potential electrical engineers ·were 
shown the chapter house including 
the 1000 watt ham rig. The high 
point of the evening was Dr. Dekkers 
talk on social life at European U ni
versities (the Fraternities have their 
own barkeeps). It seems they let the 
students rise or fall on their own 
merits, social as well as academic. 

The chapter elections were held 
Jan. 28. The new officers elected were 
George DuFour, President; Tom 
Bursch, Vice President; Jim Ander
son, Treasurer; Karl Magnuson, Sec
retary. 

An invitational banquet was held 
Jan. 14 with the formal invitation of 
four pledges, Earl DeYoung, Keith 
Flemming, George Vardemate, and 
Bill Harrison. 

The active members along with the 
chapter alumni are engaged in the 
business Of finding a new chapter 
house or land where one may be built. 
The best location would be a fourth 
floor on the E.E. building, but with 
only one elevator and poor parking 
facilities it was decided unsatisfac tory 
and hasn't been carried out. 

TRIANGLE 

One of the big events of the year 
at TRIANGLE is the selection of 
"Miss Calculation." The title is a mis
nomer however, since nature has 
placed dimensions of perfection in 
this year's queen. She is Miss Jane 
Quale, 18 year old freshman in com
mercial art. Her home town is Ex
celsior, Minnesota, and while at 
school she is presently residing at 
Powell Hall. She is unattached, men, 
so when you have a chance, call her 
at RAinbow 8-36-22-36. J ane's attend
ants are all queens, too. They are 
Sheila Boyle, 18, speech pathology 
freshman; Pat Klommer, 19, educa
tion sophomore; Marilyn Krovitz, 21, 
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education junior; Carol Sather, 18, 
education freshman; and Sheila Smith, 
20, political science sophomore. 

Pledging activity this quarter is up
permost at TRIANGLE. With gradu
ation cutting the active list a third, 
it is our aim to rebuild as well as in
crease our membership. Among those 
who have pledged to date this quar
ter are: Doug Trask, Geol. sopho
more; Chuck Henry, ME junior; 
Chuck Landgraf, Aero junior; Dave 
Veith, mining junior; Ron Rodrigue, 
EE sophomore; Orv Heimsness, EE 
senior; Tom Winker, EE freshman; 
Ray Bjerken, EE 61, Chuck Boudrye, 
Chern. E., 61; Ken Burg, EE, 61; Jay 
Fillmore, EE, 61, and Glen Carlson, 
Aero E., 61. 

Dick Rudeen, ME, 57, John 
Kreuthmeier, ME, 57, and a few 
alums, saw a bit of Mexico over the 
holidays as they fished and water 
skiied on Pacific shores at Acapulco. 
They also had the royal and enlight
ening pleasure of dining on two occa
sions with the three lovely daughters 
of the governor of the area in which 
Acapulco is located. Ah, such is the 
life of a TRIANGLE. 

THETA TAU 

AT LAST, construction of the new The
ta Tau house was finally and offi

cially started on January 9. Some of 
the hardier actives and alumni at
tended a ground breaking ceremony 
on that day. Since then, the basement 
has been dug and some concrete is al
ready poured. Looks like there really 
will be a new house to move into next 
fall. 

During the Christmas holidays, John 
Erdos and Dan Rossini, both juniors 
in Aero engineering, attended the na
tional convention of Theta Tau. John 
was chosen as delegate and Dan as 
alternate to represent Alpha chapter 
at the convention. In the election of 

national officers, Charles W. Britzius, 
a partner in Twin City Testing and 
Engineering Laboratory of St. Paul, 
was elected as Grand Vice Regent. 

Ground breaking ceremonies for the new 
Chapter House. 

The winter formal was held at the 
Normandy Hotel on January 19. 
About thirty couples ate a very good 
dinner of filet mignon with all the 
trimmings. Bob Nath was toastmaster 
and introduced the alumni in attend
ance as well as A. 0 . Lee, ME instruc
tor, who is an honorary member of 
Theta Tau. John Erdos gave a short 
speech and caused some of the girls to 
blush slightly. (The jokes weren't real
ly bad at all.) Rod Aaberg provided 
the dance music from 9 to 12. An im
promptu song fest followed until the 
time of rental of the room ran out. 
All in all, it was a very pleasant eve
ning for everyone who attended. 

Now just a word about Theta Tau 
itself. The fraternity was founded here 
at Minnesota in 1904 by three engi
neering students. Now, with over 
14,000 members, Theta Tau is a prin
ciple engineering fraternity, and has 
among its members many outstanding 
leaders on campuses and in all fields 
of engineering. 

Any student in IT who would like 
to know anything about Theta Tau 
is welcome to stop in at the house, 324 
Walnut Street, to meet some of the 
members and ask any questions which 
might come to mind. 
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"THERE"S A BEAUTIFUL EARTH OUT TONIGHT" 

These words will be spoken by a traveler from 

the planet Earth-and the speaker is alive today. 

A whole new science of astronautics has come 

into being in the past decade. And today at 

Martin, thousands of engineering man-hours 

JANUARY 1957 

are daily being devoted to the development of 

guided missiles, rockets and flight systems of 

vital importance to the security of our country

and to the future of astronautics .... It's sooner 

than you think ! 
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Well look at this sweet demure lass. The picture of 
innocence for sure. But what does Pattie Klammer like 
to do most? She digs auto racing the most and thinks 
that anyone who would let her drive a Jaguar would 
be the most loveable person in the world. Pattie, much 
to a good engineer's delight, is a confirmed member 
of the Apathy Club. Pattie, who is a transfer student 
from Steven's College in Columbia, Mo., doesn't like 
living in the dormitories because she would like more 
room to maneuver in. She is a sophomore in Ele
mentary Education, and is 19 years old. Pattie is 5'-3" 
tall and carries 105 lovely pounds. This is one pho
tographer who will attest to the quality of those 5'-3". 
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Engineers: How do y 

Gentlemen, I submit that there is only one classifi
cation that lovely Marilyn Kravitz will fit in. One 
glance at this sublime figure and elegant carriage 
makes Marilyn an automatic choice as the girl who'd 
make the best date for a formal dance or cocktail 
party. Marilyn is 21 years old and a senior in Home 
Economics Education. She stands 5' 4W' tall and 
weighs 110 pounds. Her favorite hobby is training 
dogs. Marilyn is a member of Charm Club and the 
Alpha Epsilon Phi Sorority. She transferred from the 
Duluth Branch when she was a junior. 
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ssify your women 

What classification would you put Sheila Smith in? 
That's easy! She's a peppy little bundle of radiating 
energy. From her Pi Beta Phi sorority sisters I found 
that she chatters incessantly, mostly about politics 
which she is extremely interested in. Invariably, Sheila 
is neck deep in some campus activities. She is a fiend 
for 'cokes' and almost flips her lid when the house 
coke machine is empty, and will immediately lecture 
anyone handy for not taking the responsibility to see 
that the coke machine was filled. Sheila is 20 years 
old, 5'-3" tall, and weighs 108 pounds. She is a 
sophomore majoring in Elementary Education. 

JANUARY 1957 

What classification should we put Miss Jane Quale 
in . Sort of looks like the kind you'd take home to 
mother. What is Jane's secret desire in life? She just 
loves to "play" hockey and is disappointed because 
Coach John Mariucci won't let her try out with the 
team. Jane is an avid fan of all sports and particu
larly likes to participate in water skiing, figure skat
ing, golf and tennis. She is also very proficient and 
graceful in tap and ballet dancing, but she has a real 
specialty going in the Hawaiian Hula Dance. Jane is 
an 18 year old freshman majoring in Commercial 
Art. She is 5'-4" tall and weighs 115 pounds. 
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UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 

Can you help add 

to these achievements? 

These accomplishments in pure and applied. science are 
widely known. To this impressive list, scientists and 
engineers at the Laboratory's Livermore site are making equally 
important contributions in the fields of nuclear weapons design, 
nuclear rocket propulsion, controlled thermonuclear energy 
(Project Sherwood) and high current accelerators. 

What you can do to help add to these accomplishments is 
limited only by yourself-your ability and your interest. 

For the University of California Radiation Laboratory is 
managed and directed by outstanding scientists and engineers. 

These men are your "team-mates" ... offering pioneering 
knowledge of the nuclear field and the newest, most 
expansive laboratory facilities. Here-where new ideas 
and techniques are traditional-initiative is constantly 
encouraged and developed. 

photography (including work in the 
new field of shock hydrodynamics), 
reaction history, critical assembly, 
nuclear physics, high current linear 
accelerator research, and the controlled 
release of thermonuclear energy. 

In addition, you will be encouraged 
to explore fundamental problems of 
your own choosing and to publish your 

BERKELEY 

LIVERMORE 

The cyclotron 

The synchrotron 

The proton 
linear accelerator 

The Bevatron 

Electromagnetic 
separation of 
uranium-235 

. ) 

Discovery of plutonium 
and many other 
transuranium elements 

Discovery of 
URANIUM-233 
TRITIUM 
CARBON-14 
IRON-59 
IODINE-131 

Discovery of 
the antiproton 
and antineutron 

Artificial production 
of mesons 

findings in the open .literature. 
And for your family-there's pleas

ant living to be had in Northern Cali
fornia's sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac
tions of the San Francisco Bay Area. 

You can help develop 
tomorrow-at UCRL today 

Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy. C UCRL 

I
F YOU are a MECHANICAL Or ELEC· 

TRONICS ENGINEER, you may be in
volved in a project in any one of 

many interesting fields, as a basic 
member of the task force assigned each 
research problem. Your major contribu
tion will be to design and test the nec
essary equipment, which calls for skill 
at improvising and the requisite imagi
nativeness to solve a broad scope of con
sistently unfamiliar and novel problems. 

If you are a CHEMIST or CHEMICAL 

ENGINEER, you will work on investiga
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob
lems of nuclear rocket propulsion, 
weapons and reactors. 

~-::::~::~~::~~:I~:= ~:~s~~=~-------------- -7i3=4 Drilll UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 
LIVERMORE, CALIFORNIA 

If you are a PHYSICIST or MATHEMA· 

TICIAN you may be involved in such 
fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
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Please send me complete information describing UCRL facilities, 
projects arid opportunities. 

My specialty is-----------------------

My degree(s) are·-----------------------

Name----------------------------

Address--------------------------

CitY--------------Zone--State--------
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3M 
Many incoming technical people find their way into 

3M's engineering and staff manufacturing division. This 
group's responsibilities include planning and execution 
of expenditures for new plant and equipment, currently 
running at the rate of about $25,000,000 a year. 

tions. 3M believes that both employee and employer bene
fit most when a new worker gains the practical and pro
ductive experience of doing a job, instead of merely study
ing it. 

A substantial share of incoming technical employees are 
assigned to the divisional laboratories, where the emphasis 
is on research and development of products closely related 
to those already produced by 3M, coupled with quality 
control, sales service, and production services. 

Frequently, new technical employees are assigned to the 
Central Research group, with its emphasis on long-range 
projects and company-wide research objectives. Within a 
few months, the new employee has very frequently be
come associated with a particular project which he will 
follow into one of the Central Research sections, or per
haps into one of the divisional laboratories. 

The future of 3M lies in its research program. It must 
have an aggressive research program if it is to continue to 
grow. But from what the author has seen, read, and heard 
from employees and bypartisans, 3M has one of the finest 
research programs in industry. The field of chemistry, 
while one of the oldest sciences, is still in its early stages 
of productivity. This fascinating field has a major part to 
play in producing more and better things for a better and 
more comfortable world, and 3M is right in the middle of 
this endeavor. 

Production industrial engineers go throught a 13-week 
formal training program of a semi-formal nature. But the 
emphasis is on training derived through actual job situa-

~\EE LAB 

~ " " 

Thought I left that switch open 

ALBAN ENE 
TRACING PAPER 

Projects created by engineers, architects, designers, scientists 

UNIVERSITY BOOKSTORES 
University of Minnesota 

Main Engineering Building 

JANUARY 1957 

start with drawings .. . on tracing paper. Modern needs offered 

a difficult challenge .. . to produce a tracing paper combin· 

ing permanent strength, permanent transparency and the ideal 

drawing surface. K+E has achieved this with ALBANENE, the 

acknowledged leader of quality papers. 
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Mulling Over 
these Questions 

about your 
First Job? 

company 
I choose 
boost my 

· professional 
?'eputation? 

Does the 
location 
suit a 

modern 
way of life? 

Check Republic Aviation's Answers 

REPUBLIC has been pioneering new concepts in aircraft design 
for over 25 years. Our present production plane is the most 
advanced fighter-bomber in the U.S. Air Force-the incredible 
F· l05 Thunderchief. Our Guided Missiles Division is investigat· 
ing the upper atmosphere and advanced satellite problems; 
and have created the first portable, inexpensive rocket, Terrapin. 

Our engineers are working ten years ahead . .. which means that 
every project you're assigned to is at a research or develop· 
mental level . And you get a crack at responsible assignments 
from the start ... modern facilities to test out your ideas .. . with 
engineering aides to do the routine work. 

Well- for one- there's Alexander Kartveli, Vice President, Re· 
search & Development, who sparked the Thundercraft series. 
There's Dr. Theodore Theodorsen, for another- among whose 
accomplishments is the theory of wing-flutter- who heads our 
Scientific Research Group ... and there are hundreds of other 
engineers and scientists of major stature. 

You'll live on long Island with its fabulous beaches and parks 
-less than an hour from New York City's cultural and enter· 
tainment facilities ... giving a man the best combination for a 
well-rounded life ... and enough money to enjoy it- coupled with 
a benefit program that's a model for the industry. 

Only you can answer that ..• and your talent Is the key. But 
everything that is possible for a company to do- for you to 
achieve your maximum potential- REPUBLIC does . . . including 
attendance and presentation of papers at professional meetings 
and advanced studies at prominent universities and colleges. 

To f1nd out all about our brand new and un1que tra1n1ng 
program see the Republ1c man when he v1s1ts your campus. 
Make an appo1ntment now w1th your placement d1rector. 

Of' 1/0U 711411 addf'eN 1/0Uf' inquiriH to: 

Mr. George R. Hickman 
Engineering Employment Manager 
Farmingdale, Long Island, New York 
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Listening in • • • 

E. E. Lab 

"Well, here we are again." 
"Yah." 
"I wonder what kind of an orgy we 

perform this week?" 
"Beats me." 
"Anyone read the experiment yet?" 
"No." 
"Not me." 
"I did." 
"Damn you, Wilson. You know the 

rules of our club. Nobody reads the 
experiment until fifteen minutes after 
the period starts." 

"I must have been out of my mind." 
"Milton. Hit Wilson full flush on 

the mouth with your slide rule• ." 
"Good grief. I should say that hurt 

plenty." · 
"That'll learn yah." 
"I guess we might as well get the 

show on the road." 
"Forsooth." 
"It says here, 'From your knowl

edge of the oscilloscope• gained in 
previous experiments, connect the 
scope into the circuit shown, so the 
voltage fluctuations across the uni
lateral filibuster• may be observed.'" 

"Which one of you sluggards have 
some oscilloscope knowledge?" 

"Not me." 
"I pass." 
"Belch.'' 
"Ain't none of you guys got no 

smart? How do you turn the scope 
on?" 

"Beat's rne." 
"I pass.'' 
"Belch.'' 
"Wilson, go ask the instructor how 

to turn this animal on." 
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This is the first in a series of one 
article written to acquaint the non
engineering reader with the electrical 
engineering student and his college 
curriculum . 

This report is devoted to the elec
t riatl engineering laborator·y where 
groups of aspi1·ing engineering stu
dents meet several times weehly to 
apply the lwowledge gained in the01)' 
classes towards solving labomto1)' 
pwblems. 

"Why should I always be the work 
horse in this outfit?" 

"Slap his young face, Milton." 
"Okay. I'll go.'' 
"What did the instructor tell you?" 
"He slapped my face." 
"This must be the switch. Yah, it's 

on now.'' 
"What's a unilateral filibuster?" 
"Beats me." 
"I'm snowed." 
"Belch." 
"This must be it.'' 
"That's my cigarette.'' 
"Oh. Must be this black thing here. 

Wilson, go ask the instructor what a 
filibuster looks like." 

"When I was over there the first 
time he was asking one of the guys if 
they knew what it looked like." 

"Well, we can hook this black thing 
into the circuit and see what hap
pens.' ' 

"It says here, 'Plot the suicidal 
source current as a function of time 
measured in hours.' " 

"That's sinusoidal, you idiot." 
"What does sinusoidal mean?" 

by Eugene Dushek 

To heep the 111aterial for this rej)Ort 
as non-rehearsed and impromptu as 
jJossible, a microphone was concealed 
in one of the laboratory oscilloscopes 
and a tape recording was made of the 
conversations during one labomt01)' 
session. This recording is presented in 
the article. 

A glossa1-y is provided at the end of 
the report to explain all the engineer
ing terms mal"l<ed with an asterisk. 

"I don't know." 
"Where do we put the ammeter«• 

in the circuit to measure source cur
rent?" 

"Across the source, I g·uess." 
"What happened?" 
"The needle went around three 

times and disappeared." 
"Try a bigger meter." 
"That needle just went around 

twice and melted." 
"They don't make those meters like 

they used to. I guess we'll have to . 
fudge that into the report." 

"Hey, Bill?" 
"What?" 
"You learning anything?" 
"No." 
"It says here, 'Plot the smoke com

ing from the filibuster as a function 
of time measured in microseconds.' " 

"Is it smoking yet?" 
"No." 
"Hold your lighter under it." 
"It's still not smoking." 
"We'll have to fudge that in the 

report.'' 
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E. E. Lab 

"So be it." 
"Gasp." 
"What you gasping about, Wilson?" 
"I grabbed hold of a hot wire and I 

couldn't let go for five minutes." 
"You young fool. Hit him again, 

Mi lton." 
"Damn you, Milton. You knocked 

out my whistling ·tooth." 
"Remember that experiment we did 

last week?" 
"No." 
"Me either." 
"Can't say that I do." 
"Well, anyway, the curve I plotted 

had a shape just like my girl's figure." 
"My curve came out a circle." 
"Mine was square." 
"I plotted one that looked like a 

rip saw blade." 
"That's what happens when we 

don't decide what kind of curve we're 
going to plot before we write up the 
reports." 

"Hey, Bill." 
"Yah." 
"You learning anything?" 
"No." 
"It says here, 'Plot the color of the 

filibuster as a function of time meas
ured in days.' " 

"I guess we can fudge that into the 
report." 

"Who writes these experiments?" 
"I heard they hire a guy from 

S.L.A." 
"No. They get them out of science 

fiction magazines." 
"I heard when the wheels get to

gether for meetings, the things that 
come up for discussion they can't find 
an answer to, they make a lab experi
ment on.'' 

"Ex post facto." 
"Wilson, what in the hell are you 

up to?" 
''I'm putting things away. Aren't 

we clone?" 
"Get him, Milton." 
"Damn you, Milton. You got me on 

the nose that time." 
"It says here, 'Name twenty practi

cal, everyday uses you can think of for 
the filibuster.'" 

"They must have bought a bunch 
of them from a starving professor and 
now they don't know what to do with 
them.'' ' 

" I know what they can do with 
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them." 
"Plot that as a function of time." 
"This meter niust be war surplus." 
"How do you know that?" 
"It's marked on here, property of 

the Union Army." 
"Well, what the hell do you know 

about that?" 
"Which one of you guys is taking 

clown the data?" 
"I thought you were.'' 
"I thought he was." 
"We don't have any data ye t." 
"We'll have to fudge that into the 

report.'' 
"What kind of a curve should we 

use this week for our graphs?" 
"I always had good luck with the 

one with a big sag in." 
"Yah. That one always works out 

pretty good." 
"Sort of hard to make up data for 

that one." 
"Let's use a straight line this time." 
"Okay. We can use the other one 

next week.'' 
"Sounds good to me." 
"Good enough.' ' 
"Belch.'' 
"My God. I've been shot." 
"What happened to Wilson." 
"He fainted. He said someone shot 

him.'' 
"I charged up that big capaci tor* 

and touched one wire to each of his 
ear lobes.'' 

"That's a pretty good joke, Milton, 
I'll have to remember it." 

"You got a good head on you, Mil
ton." 

"Where am I?" 
"Get off the floor and stop goofing 

off, Wilson." 
"Our fuse* just burned out again.'' 
"They don't make those fuses like 

they used to. Short a wire across it." 
"What do you think was on there 

before?" 
"It says here, 'Derive equations to 

fit each curve that you will plot, et 
cetera, ad nauseum.'' 

"I think we can find a couple for
mulas written on the walls in the 
men 's head downstairs that should fit 
into the report." 

"Yah. There should be a couple 
there we can fudge in." 

"Hey, Bill." 
"Yah." 
"You learned anything?" 
"Yah. I just learned that I'm going 

to transfer to general college." 
"Hand me that wire." 
"This one?" 
"Yah." 
''Wow.'' 

"You get a shock?" 
"I saw my whole life flash by me." 
"That must be the hot side of the 

circuit then. We have to show in the 
report which side of the circuit is 
hot." 

"Eureka.'' 
"What's up?" 
"I found a microphone someone 

forgot in the oscilloscope.'' 
"You got a pair of pliers?" 
"I could use this mike with my ham 

set.'' 
Snip. 

Editor's note: The four students involved in 
this recorded conversation were stripped of their 
epaulets and brass buttons, had their slide 
rules broken in half over the dean's knee, and 
were drummed out of the corps. 

GLOSSARY : 

Ammeter ... A meter used to measure the amms 
flowing in a circuit. 

Capacitor ... R eplacement for the condenser. 
Fuse ... Common replacement for the copper 

penny. 
Oscilloscope ... Single channel television. 
Slide rule .. . Slip stick. 
Uni lateral filibuster . .. You name it. 

MINNESOTA TECHNOLOG 



Hovering to High Speed Flight: 

N. T.Avant; 
aerodynamicist (left), 
R. R. Heppe, Aerodynamics 
Department head (center), 
and C. P. Branson, 
aerodynamicist, disCUJIS 
wind tunnel tests to 
determine transition height 
of a supersonic 
superiority fighter. 

Lockheed aerodynamics projects 
offer advanced problems 

Master's Degree 
Work-Study Program 

The program enables graduates in 
Engineering, Mathematics and Physics to 

attain a Master's Degree at the University of 
California at Los Angeles or University 

of Southern California while gaining 
important practical experience on the 

engineering staff of Lockheed Aircraft 
Corporation in Burbank, California. 

Additional information may be obtained from 
your Placement Officer or Dean of the 

Engineering School or by writing 
E. W. Des LaU?-iers, Employment Manager 

and Chairman of the Master's Degree 
W ark-Study Program. 

Aerodynamics Engineers at Lockheed are working on advanced problems 
that cover virtually every phase of aircraft. The full scope of their 
work can be seen in the wide range of aerodynamics problems 
encountered in Lockheed's diversified development program. 

Among the advanced problems are: 

1 

2 

3 

Determine means of controlling a supersonic vertical rising aircraft 
through the transition flight stages from horizontal to vertical flight. 

Determine the dynamic response of super~onic aircraft in high rate 
rolls by application of five degrees of freedom analysis procedures. 

Study optimum operating descent procedures to minimize costs 
on a new turboprop commercial aircraft. 

4 Conduct and analyze wind tunnel research on new and radically 
different external radomes to be carried at high speed by 
early warning aircraft. 

5 Perform generalized aeroelastic analysis combining structural and 
aerodynamic knowledge to determine optimum lateral control 
devices for use on very high speed, low load factor aircraft. 

These-and many other-significant problems have created new 
positions for experienced Aerodynamics Engineers and Aerodynami
cists in Lockheed's expanding program of diversified development. 

You are invited to contact your Placement Officer for a brochure 
describing life and works at Lockheed in the San Fernando Valley. 

LOCKHEED 
California Division. AIRCRAFT coRPORATioN • !3URBANK 

CALIFORNIA 
JANUARY 1957 

299 



0 .. 
c. 

0 .. 
(,.\I 

c.."' 

.. .. 
0 

t
...... 



Diving 

Sir R. H. Davis designed the first relatively safe and 
practical closed circuit, or oxygen, lung in 1911. In this 
equipment, the diver, wearing a mask, breathes into and 
from an air bag, where the carbon dioxide from the breath 
is absorbed by a chemical such as caustic soda, and is re
placed by pure oxygen from a small high-pressure cylin· 
der. With minor refinements, this is the closed circuit, or 
re-breather, diving lung (SCUBA) that modern skindivers 
use. 

TH ESE ARE the three main types of diving equipment for 
single individuals that are now in common use. The 

conventional diving dress is bulky and awkward, but 
allows long periods for work in cold, dirty water or in 
s~ift currents. It affords maximum protection from the 
water, and a control of the degree of buoyancy. On the 
other hand, the open or closed circuit SCUBA, when used 
iE conjunction with face mask and swimming, fins, allows 
great freedom of movement, and requires no tender on 
the surface. But the suits that are worn with these outfits, 
since they are not inflated, offer less protection from the 
cold water than the conventional dress. The open circuit 
lung is very simple, safe, automatic, and allows descents to 
depths comparable to those with conventional dress, but 
is somewhat bulky and wasteful of air. The closed circuit 
lung is smaller, requires only a small flask of oxygen, since 
none is wasted, and leaves no bubbles, but at depths 
greater than 35 feet the diver is subject to oxygen poison
ing. 

In 1948, Petty Officer Bollard of the British Navy suc
cessfully descended to 540 feet in Loch Fyne, wearing 
flexible dress and breathing an oxygen-helium mixture. 
U .S. Navy divers have repeatedly made experimental 
"dives" to the equivalent of over 500 feet, but in special 
pressure chambers. In 1947, a Frenchman, Maurice Far
gues, dove to 397 feet, using an Aqualung with ordinary 
air, but floated up drowned. In 1953, an American, Hope 
Root, also using an Aqualung with air, foolishly swam 
to 415 feet, apparently lost his mouthpiece and sank to 
660 feet as traced by a fathometer, never to return in 1953. 
Both of these were needless deaths, attributable to lack of 
understanding of the physiological factors, rather than 
failure of the equipment. The actual record (successful) 
free dive using air was set in 1948 by Frederic Dumas at 

,.. 309 feet. The record free dive with oxygen-helium was set 
at 354 feet in 1955 by Clark Samazan in California. Re· 
cently Parry Bivens of California "dove" to the equivalent 
of 410 feet in a pressure chamber using oxygen-helium 
mixture. 

Contrasted to these depths, the record free dive to 128 
feet using no breathing equipment seems insignificant, but 
at that depth the diver was subjected to a pressure of 
about 72 pounds per square inch more than at sea level, 
and his lungs were collapsed to about one-fifth their 
normal volume. 

WH EN completely enclosed in steel shells or vehicles, men 
have descended to terrific depths. The atomic sub· 

marine Nautilus is designed for depths in excess of 400 
feet. In 1934 Dr. Beebe descended to 3028 feet in his 
Bathysphere, a four foot nine inch diameter, one and one
half inch thick steel shell with quartz windows, suspended 
by a long, special cable from the ship above. In Septem
ber, 1953, Dr. Piccard descended near Italy to 10,330 feet 
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in the Bathyscaphe which he invented. It consisted of a 
steel sphere suspended directly underneath a large shell 
containing gasoline. The whole thing, with electric motors 
to drive it horizontally under water, and equipped with 
suitable ballast and buoyancy controls, was literally an 
undersea dirigible, with no connections whatever to the 
surface. 

In February, 1954, Houot and Wilm, in a French ver
sion of the Bathyscaphe dove to 13,286 feet near Dakar. 
They have now built another Bathyscaphe, and reportedly 
will soon attempt to descend to the bottom of the Chal
lenger Depths, 35,640 feet down. 

Dr. Beebe, with his Bathysphere, had large problems 
with his supporting cable. Any very long cable or rope, 
hanging vertically, has a definite maximum length at 
which, whether the cable be thick or thin, it will break 
from its own weight. Dr. Edgerton (the inventor of the 
electronic speed flash) in his work at photographing the 
ocean's depths has discovered an ingenious solution to 
that problem: by making a nylon cable of the same spe
cific gravity as sea water, he has in effect a completely 
weightless cable, with no limit on its maximum length. 
With such a cable, only y;t inch in diameter, and one of 
his cameras that will withstand pressures as high as 17,000 
pounds per square inch, he has recently taken many flash 
pictures at the bottom of the Pacific Ocean, even in the 
aforementioned Challenger Depths. Incidentally, there is 
still quite a lot of life at those depths. 

Although the credit for the invention of the submarine 
boat is generally given to either Simon Lake or J. P. 
Holland, both Americans, a Dutchman named Cornelius 
van Drebbel is known to have actually constructed and 
tried two crude, oar-propelled wooden submarines around 
1620, 270 years before Holland's sub. Apparently sub
mergence was erratic and limited to seyeral feet. 

David Bushnell, an American, made -a tiny egg-shaped 
torpedo submarine in which he made several unsuccess
ful attempts to sink British men-of-war during the Revo· 
lutionary War. It was one-man operated, trimmed awash 
by flooding a tank, and moved by means of two hand
operated propeller screws. 

In 1791 J. P. Holland made a submarine that was forced 
down into the water by means of inclined diving planes. 
Although he later became famous for his submarines, this 
one was not much of a success. 

Simon Lake made the first even-keel sub in 1894. It 
would stay level fore-and-aft, could be raised or lowered 
at will. He frankly admitted, having simply followed the 
instructions given by Jules Verne in his novel Twenty 
Thousand Leagues Under the Sea several decades earlier. 
Lake trimmed his sub with several ballast tanks to a 
positive or negative buoyancy, and then moved it to the 
surface or the bottom with propeller and planes. 

Submarines now are highly refined from those earlier 
models a little over a half century ago. The world's first 
atomic-powered submarine, the Nautilus, has completed 
an initial 16 month, 34,000 mile cruise. The Nautilus is 
about 300 feet long, weighs 3000 tons, will go down over 
400 feet, and will cruise at 20 knots submerged. Its power 
plant used a slow thermal reactor to generate steam, re
portedly using about one pound of uranium per month 
for fuel. 
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More graduate engineers 

in the t;45 industry • 1110VIng up 

••• the nation's sixth largest 

· he Gas industry-the sixth largest in the nation 
ltas a total investment of over $15 billion. Last 

· the industry set a new all-time record in 
nber of customers, volume of gas sold, and 
-1r revenue. In fact, Gas contributed 25% of 
·0tal energy needs of the nation as compared 

• , 11.3% in 1940. The Gas industry is a major 
'rce in the growth development and economic 
alth of this country. 

JosEPH J . DRECHSLER 

B.S. in Mechanical Engineering, 1948, fohns Hopkins University 

Joe Drechsler, after 8 years with Baltimore Gas and 
Electric Company, is now Assistant Superintendent in a 
department with over 450 employees 

ler completing the company's Student Engineering Training Pro
m, Joe spent one year in the Gas and Steam Testing Laboratory. 
was then promoted through various levels of engineering and 

ervisory assignments, to his present job of Assistant Superin
(Jent on April I, 1956. This department has over 450 employees 

is responsible for the installation and servicing of industrial, 
tmercial and domestic gas appliances on customers' prop~rty, and 
installation and servicing of gas and steam metering and pressure 
rding equipment. 
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There are many opportunities for you in the Gas 
industry. The industry needs engineers, and does 
not overhire. You won't be regimented. There's 
always room for advancement. With utility com
panies and with manufacturers of Gas equipment, 
there's a future for you as an engineer. Call your 
nearest Gas Utility. They'll be glad to talk with 
you about your opportunity in the Gas industry. 
American Gas Association. 

RoB ERT K. VoN D ER LoHE 

B.E. in Industrial Engineering, 1948, University of Southern California 

In just 6 Y2 years with Southern Counties Gas Company of 
California, Robert K. Yon Der lohe has become Manager 
of Commercial and Industrial Sales 

After two years with a construction engineering firm, Bob Von Der 
Lohe joined the gas company and began his steady climb to his cur
rent position. Starting as an assistant technician in 1950, Bob has 

, moved up through the jobs of industrial sales engineer and staff 
representative-industrial sales, to his present post as Manager, 
Commercial and Industrial Sales. Bob does more than "sell" in
dustries and commercial operations on the use of gas. He also super
vises a staff which advises restaurant and hotel owners on ways to 
improve their gas operations and over-all productivG efficiency. 

303 



.. 

LET?S 
MAKE IT 

GREAT AND 

PARTICIPATE 
10-11 

304 MINN~SOTA TECHNOLOG 



Computers 
combined operation of billing, inventory control and sa les an

alysis which can all be done as a single operation . A customer's 

material order can be put into the computer by any of the 

methods given previously. Through proper programming and 

making use of the data stored in the machine, the computer will 

automatically type out the invoice (if electric typewriter output 

is used), giving an item description, warehouse location, quan

tity shipped or back-ordered, if any, unit price and extended 

price. At the end of the invoice the computer will make all 

proper discounts and calculate net total price. While this has 

been going on, the necessary adjustments in inventory to ac

count for sales are being made. If a certain minimum stock is 

to be maintained, the computer will give notification when the 

inventory has reached !hat point. Sum'majion of all sales of any 

item can also be automatically obtained at regular intervals so 

that sales analysis can be made. Through use of the multiplex

ing unit mentioned previously, entries for any item can be made 

simultaneously so that an inventory account that is accurately 

up to date is maintained at all times. 

Several other applications. of the File Computer are in han

dling of the payroll of employees and in production control 

processing . A medium sized business could use their File Com

puter for billing and production control four days a week while 

part of the fifth day would be spent in making out the payroll. 

It has only been about two years since the first business type 

computer appeared on the market, but already the impact of 

this machine has been felt . Many people feared the computer 

would cause large scale unemployment of office workers, but in 

general this has not proved true. It is true that some office 

workers are no longer doing the same job they were two years 

ago, but this has usually worked to their advantage. Most of 

the companies using digital computers have been able to ex

pand, and in doing so, have created better jobs. Most of the 

employees replaced by the digital computer are retained for 

the new jobs made possible. Perhaps it is fortunate that the 

business type digital computer has come into being at a time 

when expansion is possible; otherwise it might have been used 

only as a tool for making the operation of the business more 

efficient and as such would have caused some unemployment. 

If business conditions maintain their present level and technical 

progress continues at the rate of the past two years, it would 

seem that digital computers will be used to an even greater 

extent in business and so eliminate more of the drudgery and 

routine work of the business world . 

WANT ADS 
FOR SALE 

Ski Boots 
Size: 8V2 C 

Beautiful, black shoe-in-shoe type. Aus
trian hand-built. Purchased in Vienna, 
April, 1950. Used about 2 hours. Nomi
nal American price $55-$60. Will sell for 
$42. Call Stan at FE 6-7479 after 6 p.m. 
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A technician inspects an Analog Computer. 

0 0 0 0 
COMSTOC.t< 

0 0 ft! 0 0 [I 
0[\000[\ 
DtJODDO 

"38-24-36" 
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ttA new era is beginning. • • 
"As I review the progress in aeronautics within so short a span, and marvel 
at the complex aircraft of today, 1 call it an achievement little short of miraculous. 

"Today, electronically-guided planes take off and land without human touch. 
Lethal sky missiles seek and destroy invisible targets with uncanny precision. And still other 
fantastic achievements in both man-controlled and pilotless flight are now in the offing. 

"When men go to the moon and planets, electronically-controlled skycraft.will take them 
there. Aviation maps will be studded with stars as well as with cities. New developinents 
in aeronautics will go on and on. Success opportunities and careers will continue to develop 
for ambitious young men in this exciting field where a new era is beginning!'* 

Appropriately qualified to speak for aeronautics and 
other fields in which his own scientific achievements 
play an important part, Dr. Lee de Forest gives help-
ful counsel to young graduates headed for successful, 
rewarding careers. 

His expression, "a new era is beginning;' has parti
cular significance at Northrop, world leader in the 
aesign, development and production of all-weather 
and pilotless aircraft. 

At Northrop, permanent positions are available that 
offer full play for individual talent and ambition. Here 
the graduate engineer will find interesting assign
ments for which he is best fitted. Surroundings are 
attractive, co-workers congenial, opportunities for 
advancement unceasing, the compensation good. 

For detailed information regarding specific openings 
in your field of specialization, write Manager of Engi
neering Industrial Relations, Northrop Aircraft, lnr:., 
1001 East Broadway, Hawthorne, California. 

&NORTHROP 
Pioneers in All Weather and Pilotless Flight 

• A statement by 
Dr. Lee de Forest, 
pioneeT in radio. 

LEE De FOREST 
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One of many pilot plants at Standard's Whiting Laboratories. Scientists and engineers fre
quently take new processes from the "bench-scale" all the way to final field application. 

Like to try on this man's shoes? 
DONALD PLAUTZ belongs to 

the group of engineers at 

Standard Oil's Whiting, Indiana, 

Research and Engineering Laboratories who 

are fitted by training and talent for a process 

engineering career. His fraternal affiliations 
include Phi Eta Sigma, Tau Beta Pi, Phi 

Lambda Upsilon and Theta Tau. 

B.S. (University of Wisconsin); M.S. (Ohio 
State); Ph. D. (University of Illinois), all in 

chemical engineering, Dr. Plautz has utilized 

this training in carrying out varied responsi

bilities on development of the Ultraforming 

process. He has operated pilot plants, corre

lated data, prepared process manuals, and 

assisted in the initial operation of new Ultra

forming units. 

Ultraforming is an intricate refining process 

which Standard invented, patented and makes 

available to other refiners, as licensees, to pro

vide increased yields of high octane gasoline. 

Perhaps you're not ready to try on this 

man's shoes yet, but Standard Oil offers out

standing career opportunities to college men 

in almost all fields of science and engineering. 

Standarq Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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Sub 
The second atomic sub, the Sea Wolf, is nearing com

pletion. Its power plant, which has undergone several 
years of tests sealed hermetically in a gigantic steel 
sphere 225 feet in diameter, is an intermediate thermal 
reactor. It uses, instead of water as the Nautilus does, 
liquid (molten) sodium metal to conduct heat from the 
nuclear reactor to the steam turbines. It can therefore 
use magnetic pulse pumps with no moving parts, eliminat
ing all possibility of the deadly leakage from any conven
tional pumps handling radioactive materials. 

Much progress has been made in submarine diving in 
the last few decades, at an ever accelerating pace. Man gets 
minerals from the sea, food from the sea, and oil from 
under the sea, yet he is tapping only an infinitesimally 
small part of its almost limitless resources. Man came 
from the sea (h is blood is sti ll very similar to sea water), 
and, if the world 's population continues to grow, he may 
be forced back to the sea more and more for food and 
minerals. 

. 
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ATTENTION: WRITE FOR FREE CATALOG 

rar /VFmJY f?uJ.r Co. 452 

SAGINAW, MICHIGAN 
CASE • FRAME • DRAG TAPES • TAPE-RULES 

THE TECH COMMISSION 
. . 

OPENS FILINGS FOR: 
TECH COMMISSION APPOINTMENT 

TO All-UNIVERSITY CONGRESS 
FILING OPEN MARCH 11 - APRIL 2 

TECH COMMISSION, MEMBERS AT LARGE 
FILING OPEN MARCH 11 - APRIL 8 

TECHNOLOG BOARD 
FILING OPEN APRIL 1 -APRIL 12 

BOOKSTORE BOARD 
FILING OPEN APRIL 1 -APRIL 12 

ST. PAT (open to graduating seniors) 
FILING OPEN APRIL 1 -APRIL 30 

You may file for positions in 133 Main Eng. 
308 

MINNESOTA TECHNOLOG 



B-52 iack screw- a typical Boeing design challenge 

On Boeing B-52 bombers, the hori
zontal tail surface has more area than the 
wing of a standard twin-engine airliner. 
Yet it can be moved in flight, up or down, 
to trim the aircraft. 

The device that performs this function 
is a jack screw, which, though it weighs 
only 255 pounds, can exert a force of 
approximately 225 tons/ 

Many kinds of engineering skills went 
into designing and developing a jack 
screw so precise that it automatically com
pensates for stretch and compression 
under load. Civil, electrical, mechanical 
and aeronautical engineers, and mathe
maticians and physicists- all find chal
lenging work on Boeing design projects 
for the B-52 global jet bomber, and for 
the 707 jet tanker-transport, the BO-
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MARC IM-99 pilotless interceptor, and 
l!ircraft of the future. 

Because of Boeing's steady expansion, 
there is continuing need for additional 
engineers. There are more than twice as 
many engineers with the company now 
as at the peak of World War II. Because 
Boeing is an "engineers' company," and 
promotes from within, these men find 
unusual opportunities for advancement. 

Design engineers at Boeing work with 
other topnotch engineers in close-knit 
project teams. They obtain broad experi
ence with outstanding men in many 
fields, and have full scope for creative 
expression, professional growth and indi
vidual recognition. And they find satis
faction in the high engineering integrity 
that is a Boeing byword. 

In addition to design engineering, 
there are openings on other Boeing teams 
in research and production. Engineers 
like the life in the "just-right" size com
munities of Seattle and Wichita. They 
may pursue advanced studies with com
pany assistance in tuition and participate 
in a most liberal retirement plan. There 
may be a place for you at Boeing-Seattle 
or Boeing-Wichita. 

For further Boeing career Information consult your 
Placement Office or write to either: 

JOHN C. SANDERS, Staff En&lneer-Parsonnel 
B~>eln1 Airplane Co., Seattle 24, Washln&ton 

F. B. WALLACE .••• Staff En1lneer-Personnel 
Boeln1 Airplane Co., Wichita, Kansas 

BOEING 
Aviation leadership since 191& 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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55 YEARS AGO 
this early portable compressor made air power history 

mHIS gasoline-powered portable air compressor, in
troduced by Ingersoll-Rand in 1902, may look crude 
and cumbersome by today's standards. But at the 
time it was a real innovation - one of the first prac
tical compressors which could be easily moved about 
from job to job . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -· 

TODAY it~ the GYRO-FLO 
• • • another basic advance in 

compressor design by Ingersoll-Rand 

THE GYRO-FLO is a rotary 
sliding-vane portable compressor 
with oil injection cooling, first in
troduced by Ingersoll-Rand in 
1950. The success of this unit has 
been proven by the ever-growing 
trend to this type of design, and 
the increasing demand for rotary 
air power. Ingersoll-Rand now 
manufactures the most complete 
line of rotary portable compressors 
available. 

If you'd rather help make in
dustrial history than read about it, 
why not investigate the fine job 
opportunities available with 
Ingersoll-Rand- recognized leader 
in the machinery field. For further 
information contact your Place
ment Office or write Ingersoll
Rand. 2-468 

COMPRESSORS • BLOWERS • GAS & DIESEL ENGINES • PUMPS • VACUUM EQUIPMENT • AIR & ELECTRIC TOOLS • MINING & CONSTRUCTION EQUIPMENT 

310 
MINNESOTA TECHNOLOG 



Systems 
Career: a 

laboratory 
for 

As a Field Engineer at Hughes, through 
training and assigrunent you will become 
familiar with the entire systems involved, 
including the most advanced electronic 
computers. With this knowledge you 
will be ideally situated to broaden your 
experience and learning for future appli
cation in either the military or commer
cial field. 

The national respect which Hughes 
commands in the field of advanced elec
tronics is in no small part due to the 
technical support provided by the Field 
Engineers. Other contributors to the sue-

learning 

• •• an exciting and rewarding 
career awaits the E.E. or Physics 

graduate who joins this highly 
respected Engineering team. 

cess of the Field Service and Support 
Division are the Technical Manuals 
Engineer, Training School Engineers, 
Technical Liaison Engineers, and Field 
Modification Engineers. · 

This Hughes activity is a highly trained 
organization of expert engineers, giving 
support to the armed services and air
frame manufacturers using the company's 
equipment. Locations are in Southern 
California, continental U.S., overseas. 
We invite you to join this team. For 
further information write us at the 
address below. 

r------------------, 
I I 

:HUGHES: 
I I 

L------------------J 

Some extra advantages for 

Field Engineers include: 

Training at full salary for 3 
months before assignment. 

Generous moving and travel 
allowance between present loca
tion and Southern California 
(Culver City). 

Additional compensation plus 
complete travel and moving on 
assignments away from Culver 
City. 

Ideal living conditions in the un
surpassed climate of Southern 
California. 

Reimbursement for after-hours 
courses at UCLA, USC, or other 
local universities. 

Employee group and health in
surance paid by company, retire
ment plan, sick leave, and paid 
vacations. 

Scientific Stciff Relations 
RESEARCH AND DEVELOPMENT LABORATORIES 

H UG H ES AIRCRAFT COMPAN Y 

Culver City, California 

JANUARY 1957 
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Growth- in personnel, for example, tells the Temco 
success story. 

In 1945, Temco had 259 employees. Today, Temco has over 
10,000 employees- at three integrated Texas plants- at 
work on contracts covering fourteen of the country's key 
military aircraft. Constant expansion in every department 
has equipped Temco to meet the increasing needs of the 
aircraft industry-to push ahead the company's own develop
ments in electronics and in aircraft and weapon systems. 

Temco's sturdy growth - in skills, facilities and experience 
- opens up outstanding opportunities for a complete range 
of engineering talents. If you are looking for a rewarding 
career in aviation, you will find it at Temco. 

·--------------------------------------------------· I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ENGINEERS 

Openings in all phases of aircraft design and 
development. Write to Joe Russell, Engi
neering Personnel, Room 10-A, Temco 
Aircraft Corporation, Dallas, Texas. 

I I 

t--------------------------------------------------1 
AIRCRAFT CORPORATION. DALLAS 

IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION· IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 
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TECH NOTES 
ALPHA RHO CHI 

Members of the Alpha Rho Chi National Convention. 

The University of Minnesota cam
pus was once again the center of 
architectural activities as official dele
gates, national officers, and members 
of the various chapters of Alpha Rho 
Chi, national fraternity for students 
of architecture and the allied profes
sions, gathered in their local chapter 
house at 605 Ontario St. S.E., for their 
biennial national convention. 

The Minnesota chapter, named for 
the Greek architect, Mnesicles, was 
host to fraternity brothers for the first 
time since the early 1930's. Two offi
cial delegates were sent from each 
chapter, located in Ohio State Uni
versity, Pennsylvania State University, 
and the universities of Virginia, Mich
igan, Illinois, Southern California, 
and Minnesota. 

A week long program of events was 
se t up by members of the fraternity 
in an effort to meet more students 
who would be interested in fraternity 
life, and at the same time participate 
in an outstanding program of events 
which would prove worthwhile to all 
who took part in them. 

Rushing activities continued Tues
day when students and faculty mem
bers of the University School of Archi
tecture were guests at a 12:30 lunch
eon and art show at the Alpha Rho 
Chi chapter house. The group had a 
wide display of paintings on loan 
from the Kilbride-Bradley Art Gal
leries of Minneapolis. 

JANUARY 1957 

Richard Buckminster Fuller, world 
renowned design-engineer and honor
ary member of the Mnesicles chapter, 
gave the principal address at the clos
ing banquet, held Saturday evening, 
December 29, at the Calhoun Beach 
Hotel. "Bucky" spoke on the responsi
bilities of the young architect and 
designer at the present moment 111 

history. 

• • • • • • 
Alpha Rho Chi, national fraternity 

for students of architecture and the 
allied professions, began its formal 
Rush Week program at the Univer
sity of Minnesota on Monday eve
ning, January 14, when members of 
the group hosted to a dinner party at 
the chapter house, 605 Ontario Street 
S.E. A dessert exchange with Zeta Tau 
Alpha Sorority followed the dinner. 

All meals during the convention, 
except the dinners on Friday and Sat
urday evenings, were in the chapter 
house. Delegates were housed in Pio
neer Hall and in the chapter house. 
Robert W. Peters, President of the 
local chapter and Robert F. Calrow, 
national fraternity president, worked 
closely with Mnesicles actives in mak
ing the convention a huge success. 
Reaction of the APX national officers, 
who have been to recent conventions 
of Alpha Rho Chi, was that this was 
the best ever held in the fraternity's 
history. Mnesicles members are proud 
of their part in making the conven
tion so successful and significant. 

Minutes away from a 

WEALTH 
OF MODERN 

ADVANTAGES-

• Suburban living and recreation 
• lamed New Jersey resort areas 
• New York City's scientific, cultural 

and entertainment centers 
• Leading graduate schools 

Federal Telecommunication Laborato
ries' location in Nutley, N.J. is a dream 
spot for young engineers ... combining 
country-like work atmosphere, quiet 
suburban living, closeness to the vast 
offerings of the unique New York-New 
Jersey metropolitan area. 

At FTL you work in one of America's 
great research and development centers 
. .. on long- range programs ... with 
leaders in electronics who are quick to 
recognize ambition and ability. 

FTL's employee benefits include: 
graduate tuition refund plan; health, 
group insurance and pension plans. 

Listed below are the interesting as
signments open at FTL's East Coast 
Laboratory, Nutley, N.J. 

Radio Communication Systema 
Traveling Wove Tubes 

Electronic Countermeasure~ 
Air Navigation Systems 

Antennas • Missile Guidance 
Transistors and other Semiconductor Devices 

Computers • Telephone and 
Wire Transmission Systems 

Opportunities for relaxed living and career• 
building also available at "L's West Coast 
Laboratory . .• with openings In Digital 
Computers, Inertial Navigation Systems and 
Infra Red Systems. Write to: 15191 Bledsoe 
St., San Fernando, Cal. 

East Coast Laboratory and Microwave Tower 
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Challenges 
training and advancement of the technicians and aides 
who assist the engineer, and who far outnumber him in 
the engineering process. 

While the assumption of this responsibility is very nec
essary as an obligation to society- an obligation to get the 
work done- it is not an entirely unselfish move, for it 
results in a clearer view than heretofore of the place of 
the trained engineer, of his use, and of his value to our 
present society. It seemingly offers the engineer an oppor
tunity to enhance his professional prestige, but it also 
offers him a responsibility which he has not hitherto 
assumed, a responsibility for the guidance of those who 
assist him. 

Membership in the national engineering societies has 
been placed on a h :gh plane in one endeavor to d stin
guish the engineer as a professional man from others en
gaged in the engineering process. Registrat ion under State 
laws and regulations governing the practice of engineering 
is a similar effort. These, whi le not entirely successful as of 
now, are certain ly basic to any definition of the engineer
ing profession. 

In examining engineering it is easy to distinguish within 
it a core of practitioners who, through their own char
acter, devotion to the profession, and high attainment, 
are professional men in the truest sense. It is not so easy 
to know how far from this core the line demarking the 
limits of the profession should be drawn. 

The drawing of this line is a symbol of the growth of 
engineering in understanding of its responsibilities to 
itself and to society. 

Drawing this line is a problem at which many engineers 
are working, and it is good to say, are working in a true 
professional spirit, in the light of the public good. It is 
a problem which will not be solved overnight, but on 
which continuous advance is being made. It is a problem 
of many implications, and one which will never be solved 
in its entirety. It is a problem which, if the profession 
i3 to live and grow, may never be laid aside. It is a prob
lem fraught with the possibility of great satisfactions for 
man and for the engineering profession. It will confront 
the engineering graduate from the day he receives his de
gree until he has clone with engineering. One may envy 
him the responsibility and the opportunity. 

Mr. Hill Is Chief Engineer of 
Northern States Power Com
pany. He graduated from I.T., 
University of Minnesota, in 
1923 with a B.S. in C.E. He was 
a member of Tau Beta Pi, Grey 
Friars, and Theta Xi. He won 
three letters in swimming. He 
was recently (19S6) the re
cipient of the Outstanding 
Achievement Award of the 
University. 

Mr. Hill maintains that his 
hobbies are all the things that 
he does, including the construc
tion of hi-fi equipment and skin 
diving. He states that if there 
is a more interesting career 
than engineering, he is not 
aware of it • 

• • • 

GENERAL 
BOOKBINDING MINNEAPOLIS 

BLUE PRINTING CO. 

A business major from a wealthy fam
ily w<Js given a camel's hair coat on en
tering college with the condition that if 
the coat was as good as new on his 
graduation, he would receive a large 
amount of cash as a graduation present. 
he student, being prudent, kept the coat 
locked in a closet in his room in the Frat 
house. Every night after he had finished 
his studies, he took the coat out of the 
closet and counted the hairs to be sure 
not one of the 4,801,081,096 hairs were 
molested in any way. 

Gold Lettering - Stomping 

Tooling 

Medico I 
Chemical 
Mogozines 

WE BIND 
Theses 
Pamphlets 
Text-Books 

Low Reviews 

COVERS - AlBUMS - BlANKBOOKS 
Made to your specifications 

1828·411 ST.S.!. 

iii 
BINDING 

ERICKSON 
BINDERY 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. GE. 5765 
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612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KUEFFEL & ESSER CO. 

Thus it went every night: 4,801 ,081,093, 
4,801,081,094, 4,801,081,095, 4,801,-
081,096; then he would carefully place 
the coat in the closet, only to take it out 
again the next night to recount the hairs. 
This continued until the eve of his gradu
ation. Long into the wee hours of the 
morning he counted the hairs on the coat: 
4,801,081,093, 4,801,081,094, 4,801,-
081,095 ... and a moth! 

The poor fellow just couldn't hold back 
his feelings. He wept as he told the moth 
of his nightly toil and sweat over the coat 
only to be cheated out of his gift by a 
lowly moth. The moth was so touched by 
his story that he too wept. You know 
what a sight this was if you've ever seen 
a moth ball. 
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WHAT IS YOUR FUTURE IN THE EXECUTIVE LINE-UP? 

DO YOU HAVE IDEAS ? Are you willing to 
take responsibility? Can you convince 

your friends of what you believe? A successful 
executive has all these qualities ... and more. 

Many of the successful executives of the 
future are in this year's graduating class. We 
hope you're one of them, and that you're 
looking for a place where you can put your 
ambitions and talents to work, where you cal). 
develop qualities of executive leadership, 
where you can train for a position of responsi
bility on a management team. 

Investigate a dynamic future with Union 
Carbide. It offers diversified opportunities in 

alloys, carbons, chemicals, gases, plastics, and 
nuclear energy ... for qualified engineers and 
scientists, for business and liberal arts gradu
ates who look to the future with confidence 
and enthusiasm. 

If you are that kind of man, see your place
ment director about Union Carbide, or write 
Mr. Vernon 0. Davis, Co·ordinator of College 
Recruiting. 

UNION CARBIDE 
AND CARBON CORPORATION 

30 EAST 42ND STREET (![5! NEW YORK 17, N. Y. 

----------------UNION CARBIDE's Divisions include:---------------
·Bakelite Company • Electro Metallurgical Company • Linde Air Products Company • Union Carbide Nuclear Company 
Carbide and Carbon Chemicals Company • Haynes Stellite Company • National Carbon Company • Silicones Division 
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''Whatever is wortlt doi11p 
at all is wortlt doi11p well JJ 

From Lord Chesterfield's Letters 
Oct. 9, 1746 

fltuee4- Plte44 'J~ee, 
PRINTERS • LITHOGRAPHERS 
5th & 5th SOUTH MINNEAPOLIS 
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Another page for 
0 

YOUR BEARING NOTEBOOK 

0 

How to keep paper machine speeds 
and tensions under control 

To give better control of roll speeds and 
sheet tensions in a paper machine, engi
neers developed a new differential drive 
system that uses a single line shaft to 
power individual paper machine rolls. 
This called for rigid shaft mountings and 
extremely accurate gear mesh. So the 
engineers specified Timken® tapered 
roller bearings for the drive units. Timken 
bearings hold shafts and gears in rigid 
alignment. Gear mesh is smoother, more 
accurate. Shaft wear is eliminated, gear 
wear reduced. 

• How TIMKEN® bearings hold 
gear shafts rigid 

The full line contact between rollers and races of Timken .. 
bearings gives shafts rigid support over a wide area. Shaft 
deflection is minimized. And the tapered design ofTimken 
bearings permits them to be set up with the most desirable 
amount of end play or preload that gives the best per- ~ 
formance. 

t 
Want to learn more about bearings 

or iob opportunities? 
Many of the engineering prob
lems you'll face after graduation 
will involve bearing applications. 
For help in learning more about 
bearings, write for the 270-page 
General Information Manual on 
Timken bearings. And for infor-

mation about the excellent job 
opportunities at the Timken 
Company write for a copy of 
"Career Opportunities at the 
Timken Company". The Timken 
Roller Bearing Company, Can
ton 6, Ohio. 

oTIMKEN HOT JUST A BALL 0 NOT JUST A ROLL£R o THE TIMK£N TAP£R£0 RDLL£R a::. 

8£ARING TAKES RADIAL ~ AND THRUST ~- LOADS OR ANY COMBINATION * TRADE· MARK REG. U.S. PAT. OFF. 

TAPERED ROLLER BEARINGS 
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IMPORTANT ON-CAMPUS INTERVIEWS FOR POSITIONS AT 

NORTH AMERICAN'S 
COLUMBUS DIVISION 

North American Aviation, foremost in the design and production of 
military aircraft, has an established engineering team at its Columbus 
Division with prime responsibility for complete design and development 
of Navy aircraft. 

The New FJ-4-Navy's latest and fastest FURY JET-is the most 
recent achievement at Columbus. Other, even more advanced designs 
are now being developed from initial concept to actual flight ... creating 
top opportunities for virtually all types of graduate engineers. 

Contact your Placement Office for an appointment with North 
American representatives. 

Or write: Engineering Personnel Office, Dept. COL, North American 
Aviation, Columbus 16, Ohio. 

NORTH AMER I CAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 
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Major Covell: "Jones, why didn't 
you salute me yesterday:" 

Jones: "I didn't see you, sir." 
Major Covell: "Thank heavens. I 

thought you were mad at me." 

What makes some students wear 
hip boots to class? Is it the Fluids 
Lab or is it the professors: 

life is an eternal struggle to keep one's 
earning capacity up to one's yearning ca
pacity. 

A plunging neckline is something 
you can approve of and look down on 
at the same time. 

The doctor was visiting Rastus' 
wife to deliver her twelfth offspring. 
While tiding along with Rastus, he 
saw a duck on the road. 

Doctor: "Whose duck is that?" 
Rastus: "That ain't no duck. That's 

the stork with his legs wore off." 

Then there was the girl who was 
telling her girl friend that her boy 
friend finally proposed to her, and 
she was so surprised she almost fell 
out of bed. 

Height of confusion: The guy who 
shouts, "Thank God I'm an atheist!" 

Little boy watching milkman's 
horse: "Mister, I bet you don't get 
home with your wagon." 

Milkman: "Why not?" 
Little boy: "'Cause your horse just 

lost all his gasoline." 

IZI P-A 
~·:::. I ···· all , ..... . . . . . . . . ' .... 
··.·.·.·.· 

~ ~· 

colors J 
and 

SCREENS N 
;:c ....... ,,..,,, 0 

@@ PERINE BOOK co. E 
I~~~: .. ~.~T~ ~~.:..::.~ •. ~ .. ~:: •• 
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Omega West, newest of the research reactors at 
Omega site in Los Alamos, is one of several reactors 
in operation or under development at the Laboratory. 
The OWR is designed for high flux at low cost, 
flexible operation, and has extremely versatile port 
facilities. This installation is an important addition 
to the impressive array of research facilities available 
to Los Alamos scientists . 

The Laboratory is interested in receiving employment 
applications from engineers and scientists of superior 
qualifications. Direct your inquiry to: 

Department of Scientific Personnel 
Division 571 

alamos 
OF THE~~~~Hr~~f!£,F!~~oratory 

LOS ALAMOS, NEW MEXICO 
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?:lte 
Kaven 's /Vest 

Why "The Raven's Nest"? Well, last year there were 

a few articles under the by-line of J . J . Poe

yours truly in disguise. They had that "subtle" touch 

of the original Poe's (supposedly) and consequently 

the by-line. I don't plan to have quite the same flavor 

in th is column but the title persists . (If any of you fresh

men or transfers would like to see the articles, come 

on down to the 'Log office- 2 ME. We can always 

use some more on the staff. ) 

Many thanks to all those who have helped the _staff 

and myself during the past month. If this co-opera 

tion continues and the staff grows, the 'Log will really 

become a large magazine by the end of the year 

(maybe even 100 pages). That 100 page magazine 

is a long-sought goai down here in the 'Log office. In 

a magazine of this size we can include many more in

teresting articles, etc. Also, once the magazine reaches 

this mark, it will become one of the five largest of its 

type in the country . So come on down to see us. You 

can leave your name, address, and phone number 

if no one is in at the moment. 

S. 0. S. Remember the E-Day radio controlled tank? 
After working well during its first year of 

life, some EEs decided to improve it. The result- it's 

been gathering dust ever since. Last year it made one 

complete round of the main EE lab before it gave up 

and died . Harry Bohl and I are more than willing to 
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have any interested persons help us get it in working 

condition again . ME's are most welcome too- at least 

four will be required to get the wheels turning on it 

again . We'd like to see it go all the way around the 

campus this year (or at least past the Engineering 
buildings). 

I f you've had time in a busy class and study schedu le 

to read the newspaper, you may have learned that 

the Egyptians have been having some trouble. It's not 

the first time though. When King Tut's tomb was in

vaded, the scientists contracted some sort of disease 

which killed most of them and which was blamed on 

the old boy's curse . They've just figured out they 

weren't satisfied with just bu ilding pyramids in those 

days. The entire inner tomb had been well painted 

with a solution of radium bromide. Too bad they had 

just enough to do that and no more. Might have been 

an interesting world to live in if fission had been dis

covered 3000 years ago instead of less than 30. The 

ancient priests may not have known just what they 

had but they must have sent a lot of slaves to greet 

the ir gods to acquire enough in relatively good purity. 

Wonder just how much was used as the salt was still 

lethal 3_QOO years later. 

P. S. Despite the faint resemblance (especia lly 

around deadline time) the picture at the top is not of 

me! 
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PHOTOGRAPHY AT WORK-No. 25 in a Kodak Series 

Nuclear reactor vessel for 
Shippingport, Pa. power plant 
designed by Westinghouse 
Electric Co. under contract with 
the A.E.C. for operation by 
Duquesne Light Company. 

Where atoins turn into horsepower 

Photograph showing patterns of 
stress concentration. It was taken 
of a plastic model of a reactor 
vessel loaded to simulate the strains 
a real reactor vessel would undergo. 

Radiographs of the reactor vessel 
welds were made with a 15,000,000-
volt betatron. Every bit of the 
special steel, every weld had to be 
proved sound and flawless. 

Combustion Engineering designed and built this "couldn't
be-done" reactor vessel for Anuwica's first full-scale 
nuclear power station. And photography shared the job of 
testing metals, revealing stresses and proving soundness. 

COUNTLESS unusual-even unique
problems faced Combustion 

Engineering in creating this nuclear 
reactor vessel. Nine feet in diameter 
with walls 8¥2 in. thick, it is 235 tons 
of steel that had to be flawless , 
seamed with welds that had to be 
perfect. And the inner, ultrasmooth 
surface was machined to dimension 
with tolerances that vie with those 
in modern aircraft engines. 

As in all its construction, Combus
tion Engineering made use of 
photography all along the way. Pho-

tography saved time in the drafting 
rooms . It revealed where stresses 
and strains would be concentrated. 
It checked the molecular structure 
of the steel, showed its chemical 
make-up. And with gamma rays it 
probed for flaws in the metal, imper
fections in the welds. 

Any business, large or small, can 
use photography in many ways to 
save time and money. It can go to 
work in every department-design, 
research , production , personnel, 
sales, and accounting . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
CAREERS WITH KODAK 

With photography and photographic processes becoming increasingly 
important in the business and industry of tomorrow, there are new 
and challenging opportunities at Kodak in research, engineer-
ing, electronics, design and production. 

If you are looking for such an interesting opportunity, write 
for information about careers with Kodak. Address: Business 
and Technical Personnel Dept. , Eastman Kodak Company, 
Rochester 4, N.Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

EASTMAN KODAK COMPANY, Rochester 4, N.Y. 



DESIGNING COMPLETE PLANT LAYOUT for a new manufacturing 
activity are Howard Jenkins, Maine 'SO, and Dick Rayve, Brooklyn 
Polytechnic '54. This manufacturing engineering problem involves 
operation planning, materials handling, and designing machine tools. 

AT GENERAL ELECTRIC ... 

EXTENSIVE ENGINEERING INSIGHT and a firm knowledge of manu
facturing problems guide Tom Robinson, Alabama Polytechnic In
stitute '54, in purchasing materials for operating departments. Tom, 
at left, discusses possible application of metal products with vendors. 

background fits you for ¥our engineering 

expanding opportunities • 1n manufacturing 
Today's engineers are going to work in 
manufacturing- and rightly so. The 
products of our rapidly advancing tech
nology- involving mechanical, electri
cal, hydraulic, chemical and electronic 
components-call for greater engineer
ing skill in their production. With the 
advent of atomic devices there will be 
an even greater demand for engineer
ing knowledge in the manufacturing 
function. 

General Electric, long a leader in 
modern manufacturing methods, is cur-

rently planning expansions and im
provements to double its production 
rate in the next ten years. To meet this 
intensified demand, the Company has 
instituted a Manufacturing Training 
Program to develop young men for the 
important jobs which will result from 
this manufacturing growth. 

You can share in G.E.'s manufac
turing progress. This is a field where 
manufacturing engineers will apply all 
their technical knowledge to provide 
solutions for industry's many problems. 

Mechanical, industrial, electrical, and 
chemical engineers will all find wide 
opportunities in the varied activities of 
modern G-E manufacturing. For com
plete information on careers in manu
facturing, write to John E. Jones, Man
ufacturing Training Program, General 
Electric Company, Schenectady 5, 
New York. 957-I 

?~-ogress Is Ovr Mosf lmporl<111f Protlvd 

GENERAL. ELECTRIC 

IN QUALITY CONTROL ENGINEERING Chuck Fehlau, Bates College '49, 
is responsible for devising test procedures and designing test equipment 
for this jet fighter gun-sighting system. Chuck also audits quality 
control tests to assure compliance with engineering requirements. 

DESIGNING AUTOMATION EQUIPMENT for a new motor production 
line are these G-E manufacturing engineers. The high engineering 
content of operations in this manufacturing development laboratory 
requires the technical skill of outstanding young creative engineers. 





Frederic F. Berman, class of '46, 
speaks from experience when he says ..• 

"Personal satisfaction and happiness 
within your working atmosphere are among 

the many compensations at U.S. Steel." 

Graduating with a B.S. in Mechani
cal Engineering in 1946, Mr. Berman 
first entered the employ of U. S. 
Steel's National Tube Division's 
National Works on April 10, 1950, 
in the estimating division of the 
Maintenance Department. 

On May 1, 1951, he was advanced 
to the post of Process Engineer of 
the Maintenance Department. He 
was promoted to Assistant Superin
tendent of the Maintenance Division 
on December 1, 1951. On January 1, 
1955, he was elevated to his present 
position of Assistant Superintendent, 
Maintenance Department, Shops 
and Services Division. This indicates 
considerable progress within the 
short span of five years. And yet this 
"success story" is typical of the hun
dreds involving young and ambitious 
engineering graduates who take ad
vantage of every opportunity to grow 
and progress under the effective 

management training programs 
which are offered by United States 
Steel. -

Today, Mr. Berman has responsi
bility over six groups: General Ma
chine Shop, Shops and Service, 
Masonry Department, Building 
Service Group, Electrical Group, and 
General Labor Department. In the 
various phases organized under these 
groups, he supervises an army of 
1300 men. 

Mr. Berman sums up his philoso
phy toward his job and co-workers 
in this way: "Working for U.S. Steel 
is similar to the feeling one has for 
family life. Although it is a large 
operation, we are a closely knit 
group. Here there is an atmosphere 
of interdependence. Each man helps 

the other. Liking what you do is the 
key to a successful career. Personally, 
I like working for U. S. Steel. And 
you just can't help liking the people 
with whom you are associated here." 

If you are interested in a challeng
ing and rewarding career with 
United States Steel and feel that you 
can qualify, we suggest that you get 
in touch with your college placement 
director for further information. 
Also, we shall be glad to send you 
our informative booklet;< Paths of 
Opportunity, upon request. Write 
to United States 
Steel Corporation, G 
Personnel Division, ........_ 
Room 1662, 525 Wil- ~ 
liam Penn Place, 
Pittsburgh 30, Pa. 

UNITED STATES STEEL 
AMERICAN BRIDGE •• AMERICAN STEEL & WIRE and CYCLONE FENCE • • COLUMBIA-GENEVA STEEL •• CONSOLIDATED WESTERN STEEL •• GERRARD STEEL STRAPPING •• NATIONAL TUIE 

OIL WELL SUPPLY •• TENNESSEE COAL & IRON •• UNITED STATES STEEL PRODUCTS •• UNITED STATES STEEL SUPPLY •• Divisions ol UNITED STATES STEEL CORPORATION, PITTSBUR811 

UNITED STATES STEEL HOMES, INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT COMPANY 1-z1 



Best 
of both 

possible 
ds 

OUR young engineers tell us that one of the best 
things about working with General Motors 

is this-

Here at GM you live in a big world of vast resources, 
great facilities, important happenings-yet you also 
live in a small world of close friendships and har
monious relationships. 

For GM-the world's most successful industrial cor
poration-is also completely decentralized into 34 
manufacturing divisions, l26plants in 68 U.S.cities. 

Within these divisions and plants, you find hundreds 
of small, hard-hitting technical task forces consist
ing of engineers with widely varying degrees of 
expenence. 

It follows that our young engineers have the splen
did chance to learn from some of America's best 
technological minds. The chance to win recognition 
for achievements. The chance to grow personally 
and professionally. 

Beyond that, they have the opportunity to follow 
their natural bent in an organization that manufac
tures literally dozens of products, ranging from 

modern aircraft engines to fractional horsepower 
motors-from cars and trucks to tanks and off-the
highway equipment. 

Think you have what it takes to engineer a reward
ing career with GM-as so many thousands of engi
neers have done? Then ask your College Placement 
Office about arranging an interview NATIIW. DUIERS' WEEK 

with the GM College Representative. 

Or write to us directly. 

. ........................... ·~ ........ · . . . 
GM positions now available 

in. these fields : 

MECHANICAL ENGINEERING 

ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING 

METALLURGICAL ENGINEERING 

AERONAUTICAL ENGINEERING 

CHEMICAL ENGINEERING 

CERAMIC ENGINEERING 

CIVIL ENGINEERING 

-· 

........................................... 

GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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It's bad news·- but pretty soon we may be deprived of our age
old sport of taunting the weatherman for his mistakes. 

Reason? A giant electronic computer is squeezing the error out 
of weather prediction by making numerical weather forecasting 
possible. Now at work at the Joint Numerical Weather Prediction 
Unit, Suitland, Maryland, an IBM 701 computer digests thou
sands of weather-influencing facts daily and computes them at 
almost incomprehensible speeds. 

Making 16,000 additions or 2,000 multiplications every second, 
the computer forecasts the daily weather with an accuracy that 
would have required some 64,000 mathematicians thirty years 
ago. In addition, it encourages meteorologists to tackle problems 
that once discouraged them because of the staggering mathematics 
involved. 

Forecasting YOUR future 

Weather prediction is one more example of how IBM computers
in business, science, government and education-are revolution
izing our way of doing things. These mathematical marvels are . 
destined to play an increasingly important part in the careers of 
engineering graduates. Digital computers rank in importance with 
nucleonics and automation in our new industrial revolution. If 
you are working toward an E.E. or an M.E. degree, or, if you are 
majoring in physics or mathematics, you'll find that IBM, as a 
leader in the electronic computer field, offers you the opportunities 
you need for a successful engineering career. 

For further information about opportunities at IBM, see your Place
ment Director or write to R. A. Whitehome, Mgr. of Engineering Re
cruitment, D ept. 3302, International Business Machines Corporation, 
590 Madison Avenue, New York 22, N.Y. 

DATA PROCESSING 

ELECTRIC TYPEWRITERS 

TIME EQUIPMENT 

MILITARY.PRODUCTS 

INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 

"Sea-testing" atomic subs: IBM electronic 
computers assure seaworthiness and crew 
safety by solving problems in radiation tech
nology and vibration frequency. 

"Flight-testing" without flight: At aircraft plants, 
IBM computers pre-test planes, simulate ac
tual flight conditions mathematically, elimi
nate hazardous testing. 

MINNESOTA TECHNOLOG 



How keen is your 
IMAGINEERING? 

FEBRUARY 1957 

Can your imagination identify the prob
lems beinJ? solved by this young Sperry 
engineer? Whether your guess is right 
or wrong, there's no question that at 
Sperry "imagineering" is the order of 
the .day. 

And working with men rated tops in 
their fields you'll earn while you learn 
and start right in on specific assign
ments in the field of your choice. You 
will be given important work from the 
beginning for there is no ceiling on ideas 
in fields like guided missiles, inertial 
navigation, advanced radars , micro
wave technology and many more where 
Sperry is blueprinting the future now. 

Sperry is interested in your future, 
too - giving you the chance to study 
for advanced degrees and paying your 
full tuition! And Sperry plants are con
veniently located near leading engi
neering colleges-whether you'd rather 
work in California, Florida, New York, 
Utah or Virginia. 

When Sperry representatives call at 
your school, be sure to talk to them. 
Check your Placement Office for the 
dates. Meanwhile, write for h.iore facts 
to J. W. Dwyer, Sperry Gyroscope 
Company, Section 1B5. 

ANSWER : This Sperry engineer is 
simulating a ship roll problem on an 
electronic computer. Solution was in
corporated in the new Sperry Gyrofin* 
Ship Stabilizer which reduces ship roll 
as much as 90 % . *T.M. 

DIVISION OF SPERRY RAND CORPORATION 

BROOKLYN • CLEVELAND • NEW ORLEANS • LOS ANGELES 

SEATTLE • SAN FRANCISCO • IN CANADA, SPERRY GYRO

SCOPE COMPANY OF CANADA LTD . • MONTREAL, QUEBEC 

323 





JERRY JENSEN EDITOR-IN-CHIEF 

JERRY CUDERMAN MANAGING EDITOR 

WERNER TRAXEL FEATURES 

JAMES DOUGHER MAKE-UP 

NANCY CHRISTIANSEN COPY 

RON RODRIQUE PHOTO 

DICK BOBNICK ART 

WARREN WEGELE BUSINESS MANAGER 

JIM HEWETT ASST. BUS. MGR. 

CEDRIC LYON ADVERTISING MGR. 

LARRY WILSON CIRCULATION MGR. 

JOHN OLIVER, AL STANDISH, BOB REID, RON SCHAAF. 

TECHNOLOG BOARD 

CHEM JERRY MILLER, PRES. 

ME JIM OSLUND, V.P. 

ARCH CAROL FRIEGANG, SECY. 

METE DAVE TRASK, TREAS. 

CH E ROBLEY E. MANGNEY 

AERO E CARL J. DAHN 

CE PAUL SEABURG 

AGE Bl LL SHARRETT 

EE JAY HAMANN 

EDITOR-IN-CHIEF JERRY JENSEN 

BUSINESS MANAGER WARREN WEGELE 

PRESIDENT'S REP. PAUL A. BLOLAND 

IT (EE) PAUL CARTWRIGHT 

IT (ENGL) CLIFFORD I. HAGA 

MEMBER OF ENGINEERING 
COLLEGE MAGAZINES ASSOCIATED 

CHAIRMAN : PROF. R. W . BOHL, 205 METALLURGY LA
BORATORY, UNIVERSITY OF ILLINOIS, URBANA, ILLI
NOIS. THE MINNESOTA TECHNOLOG, OFFICIAL STU
DENT MAGAZINE OF THE UNIVERSITY OF MINNESOTA 
INSTITUTE OF TECHNOLOGY IS PUBLISHED MONTHLY 
OCTOBER THROUGH MAY. ENTERED AS SECOND-CLASS 
MATTER APRIL 9, 1925, AT THE POST OFFICE AT MIN
NEAPOLIS. MINNESOTA, UNDER THE ACT OF MARCH 3, 
1879. OFFICE: 2 MECHANICAL ENGINEERING BUILD
ING, UNIVERSITY OF MINNESOTA. TELEPHONE: FE 2-
8158, EXTENSION 514 OR 6435. SUBSCRIPTION RATE: 
$2.60 PER YEAR. SINGLE COPIES: 35 CENTS. ADVERTIS
ING RATES UPON APPLICATION. PUBLISHER'S REPRE
SENTATIVE: LITTELL-MURREY-BARNHILL, INC., 369 LEX
INGTON AVENUE, NEW YORK, AND 605 MICHIGAN 
AVENUE, CHICAGO. ANY OPINIONS EXPRESSED BY 
AUTHORS ARE NOT NECESSARILY THOSE OF THE TECH
NOLOG OR THE INSTITUTE OF TECHNOLOGY. 

VOL. 37 

FEBRUARY 

FEBRUARY 1957 

No. 5 

1957 

329 

339 

344 

349 

357 

362 

369 

373 

'385 

392 

406 

412 

MINNESOTA 
TECHNOLOG 

OFFICIAL STUDENT MAGAZINE 
INSTITUTE OF TECHNOLOGY 
UNIVERSITY OF MINNESOTA 

How Good is Soviet Science? 

The Concept of "Hm" 

The Concept of Infinity 

Fishing, Slipstick Style 

Power for the Ship of the 
Future 

Will Your First Job be Pro-
fessional? 

Ha Ha Ha Ha 

How About a Trip to Mexico? 

Obtain that Power Plus 

Concerning You 

The Art of Fire Detection 

The Raven's Nest 

Cover 

The dynamic Power of Soviet Science as seen by 
Arti st Dick Bobn ick. 

325 



a new home for the 
WORLD'S "SMALLEST BUSINESS" 

another modern plant 

equipped with JENKINS VALVES 

Ball bearing assemblies so tiny that 500 can be carried 
in a thimble; held to tolerances so precise they meet 
the highest standards for radar mechanisms, gyro
scopes, precision instruments - this is the "small 
business" in which Miniature Precision Bearings, Inc., 
is a specialist. 

This company's fine new plant, located in the foot
hills of New Hampshire, was planned with the same 
critical appreciation of mechanical efficiency that typi
fies their product. Jenkins Valves were selected for 
dependable control of pipelines providing compressed 
air, steam, water, air conditioning and other services. 
Confidence in the extra measure of efficiency and 
economy of Jenkins Valves is shared by leading archi
tects, engineers, and contractors, and by more and more 
managements concerned with future operating costs. 

For new installations, for maintenance, in any plant 
-large or small- the Jenkins Diamond is the time
proved guide to lasting valve economy. Jenkins Bros., 
100 Park Ave., New York 17. 

SOLD THROUGH PLUMBING·HEATING AND INDUSTRIAL DISTRIBUTORS 
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Miniature Precision's line of miniature and sub
miniature bearings includes more than SOO different 
types and sizes. The smallest of the bearings shown 
with the push pin has an outside diameter of !/lOth of 
an inch; is 3/ IOOth of an inch thick, and has a 
1/40th inch bore. 

MINIATURE PRECISION BEARINGS, INC., KEENE, N. H, 

Architect and Engineer: 
ANDERSON-NICHOLS & CO., BOSTON, MASS, 

General Contractor: 
R. E. BEAN CONSTRUCTION CO., INC., KEENE, N. H. 

Plumbing Contractor: 
STICKNEY PLUMBING & HEATING CO., KEENE, N.H. 

Heating & Air Conditioning Contractor: 
ROYAL STEAM HEATER CO .. GARDNER, MASS, 
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No one gets lost • 
tn Norton City 

NORTON CITY, the largest single indus
try in Worcester, Mass. and the 

world capital of the abrasives industry, is 
a big bustling community of thousands of 
skilled workers. 

It is still growing. Yet one thing is cer
tain. Norton City will never be too big for 
the men and women who compose it -
never so large that they will feel lost 
among so many others. 

Because the Norton success story is 
made up of countless individual success 
stories, in which opportunity for all is 
the ever-present theme. 

Your Own Success Story 
can have no more favorable or congenial 
background than you'll find at Norton 
City. For Norton, as the largest manufac
turer of abrasives and related products, 
serves not only every manufacturing 
field but supplies materials for the great, 
modern developments of nuclear science 
and jet and rocket propulsion. 

That is one reason why your oppor
tunities are practically unlimited at 
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Norton - with trammg, facilities and 
surroundings planned to give all possible 
encouragement to individual progress. 

Engineering At Norton 
offers many inviting opportunities 
particularly in the mechanical, chemical, 
ceramic and industrial fields. Research 
and development offer constant chal
lenges to Norton scientists, and this 

. company's long record of"firsts"in tech
nical advancement is . proof of how suc
cessfully these challenges have been met. 

Other attractive openings here are in 
technical sales, finance and administra
tion. In planning your own future -
technical, business or a combination of 
the two - you will do well to consider 
the established leadership and far
ranging scope of the Norton world-wide 
organization. 

Let's Get Acquainted 
The new illustrated brochure "Your 

Future Witlt Norton" tells you a good 
deal about Norton City. It describes the 

products made there and what they're 
used for. It charts the Norton organiza
tion on the world map . .But best of all, it 
gives you an insight 
into the lives of 
Norton folks, at 
work and at play. 
Write for your free 
copy to Director of 
Personnel, NoRTON 
COMPANY, Worcester 
6, Massachusetts. 

(NORTON) 
ABRASIVES 

c;]akinf beffer products . .• 
to milke yovr products befler 

NORTON PRODUCTS: Abrasives Grinding 
Wheels • Grinding Machines • Refractories 
BEHR.MANNING PRODUCTS: Coated Abrasives 
Sharpening Stones Pressure.Sensitive Topes 
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Water Wings 
Want to wet your feet and really move ahead in something new? It's the hydrofoil work being 
done at Grumman. Here boats literally fly on underwater wings. These hydrofoils lift hulls, 
boat and aircraft, clear of the water just as wings lift an aircraft. Hydrofoils are also giving 
Grumman engineers an exciting new lift. H your mind is on a higher plane, Grumman is also 
working on everything from missiles to high Mach jets to STOL' s as well as revolutionary 
amphibians. Drop a line for details to Mr. A. T. Wilder, Engineering Personnel Director. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE • LONG ISLAND • NEW YORK 

Designers and builders of the supersonic FllF-1 Tiger, transonic F9F-8 Cougar jet fighter, 
F9F-8T Cougar fighter-trainer, F9F-8P Cougar photo-reconnaissance, S2F anti-submarine 
Tracker, SA-16 Albatross rescue amphibian, metal boats, and Aerobilt Truck Bodies. 
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How Good Is Soviet Science? 

I
T IS coon- in some branches, extremely good; in some 

branches, respectable; in others, mediocre but improv
ing. Soviet science should be good, of course. Given a 

country of some 200 million people with a considerable 
scientific tradition, with a broad basic educational system, 
with incentives and pressures that bring the cream of the 
country's intellects into science; and given, too, an age in 
which the whole world is making scientific advances, it 
would be surprising if Soviet Russia were not sharing in 
those advances. Taken as a whole, the achievements and 
capabilities of Soviet science are still below the level of 
the West- but not so far below as many Westerners might 
suppose (or hope). 

Soviet Russia's leading mathematicians and pure physi
cists are as creative and as profound as the best in the 
West. Soviet chemists are more confined than their coun
terparts in the West to work on practical production prob
lems, but they are well trained and inventive. Soviet bi
ologists, after being hamstrung during a period of political 
harassment, are beginning to do productive work again. 
Soviet medical-research men are mainly concerned with 
the sort of problems the West solved a generation ago. 
Soviet astronomers are working on a small scale. Most 
Soviet engineers are not much more than competent by 
Western standards. 

The brief branch-by-branch roll call of Soviet scientific 
proficiencies misses an important distinction, however. In 
the purely theoretical fields, Soviet scientists are as good as 
any in the world, and in fact a pronounced emphasis on 
theory dominates all of Soviet science. But in the less 
theoretical aspects of science, quality drops off sharply. 
Experimental work in the sciences is not nearly so highly 
developed as in the West; even engineers tend to rely on 
computations rather than experiments. And so-called "ap
plied" science is more humdrum than much of the work 
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"A section of a special Fortune Magazine 'study: 
THE CRISIS OF COMMUNISM. Rep,-inted with 
permission of the editors." 

that goes by this name in the West. Men and women do
ing research for Soviet industry and agriculture are under 
pressure to produce immediately practical results. As a 
consequence, most of them plod after safe solutions to 
minor problems. In short, the gulf between the best ab
stract or theoretical work and the quality of work done by 
most "scientific" personnel is much broader than in the 
West. 

There is probably only one industry in the Soviet Union 
in which engineers are translating the latest scientific ideas 
into machinery. That is in aeronautics. The automotive 
industry, in contrast, is using obsolescent tools and meth
ods to produce rather bad copies of cars that are many 
years out of date in the U. S. Another example of inferior 
industrial engineering is the Soviet diesel locomotive. 
Twenty years ago the Russians were developing original 
designs for diesel engines. For some reason, however, they 
abandoned their ideas after the war and settled on a pro
duction model copied after a General Motors engine. 
Meanwhile the best of the Soviet scientific research insti
tutes, amply equipped with good electronic and optical 
instruments and automatic controls, pursue their distin
guished theoretical work. 

The theoretical accent of Soviet science was inherited 
from nineteenth-century Russia. The intellectual flower
ing that produced so many novelists, dramatists, and 
musicians gave birth also to a cadre of world-famous theo
re~icians in several branches of science. A hundred years 
ago Nikolai Lobachevsky developed in his non-Euclidean 
geometry the radical notion of curved space- a concept 
essential to the theory of relativity and much of modern 

329 



' Lev D. Landau, forty-six, Russia's most versatile theoretical physicist, 
is known to scientists throughout the world for his research on high 
energies, low temperatures, the solid state, and hydrodynamics. He 
is a professor at the Institute of Physical Problems, Moscow. 

physics. Ilia Mechnikov complemented Louis Pasteur's 
pioneer research on microbes. Dmitry Mendeleev syste
matized chemical knowledge by classifying the elements 
in his periodic table. Much of it may disconcert good Com
munists, Soviet science is the child of Czarist science. 

Who's boss 

It is also disconcerting, to all lovers of liberty, but es
pecially to those Westerners who regard science and scien
tists as the very vanguard of intellectual freedom, to find 
first-rate scientific work being done inside a police state. 
Indeed, there is a double irony here. For the Soviet state 
not only allows professional freedom to the top scientists 
in the theoretical fields, but the very fact that freedom 
is such a scarce commodity elsewhere in Soviet life helps 
attract the best minds into science. 

Since the Revolution, in fact, scientific research has 
been the only course a creative intellectual has been able 
to pursue with relative freedom. Many young men who 
might have been attracted, in the West, to the arts, litera
ture, economics, or philosophy have sought the compara
tive peace, safety, and intellectual freedom of a scientific 
career. And an inordinate number of the most talented 
scientists have retreated still further into theoretical 
physics and mathematics. There they choose their own 
research projects and carry them out as they see fit. They 
enjoy a very good living standard by Western measure
ment, a fabulous living standard in the Soviet context. 
They have a prestige second only to that of Praesidium 
members, Red Army marshals, and ballerinas. 

There have been, of course, some glaring exceptions 
to the general freedom of inquiry prevailing in the upper 
levels of the natural sciences. (This article is not con
cerned with the social sciences, submerged under Com
munist doctrine.) The most celebrated political interven
tion in science involved Trofim Lysenko, the plant breeder 
who had a notion that environment could radically alter 
heredity. In 1948, Stalin personally endorsed Ly~e~ko's 
theories, and Soviet geneticists had to conform to h1s 1deas 
or switch to other research. Two years later physicists 
were warned to abandon quantum mechanics and the 
theory of relativity, whic~, apparently becau~~ of .th~i;, 
Western lineage, were officially condemned as 1deahst1c 
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and " bourgeois." Also in 1950 several of the leading Soviet 
physiologists were berated for being idealistic, bourgeois, 
and anti-Pavlovian. 

How much damage was done? Lysenkoism may have 
set back Soviet genetics by a generation. But in physics 
the top men apparently never stopped using quantum 
mechanics or relativity. And when W. Horsley Gantt of 
John Hopkins University, who studied under Ivan Pav
lov some thirty years ago, met some of his old Russian 
friends at the International Physiological Congress in Brus
sels last summer, they assured him that the storm of 1950 
had blown over quickly. In fact, none of the erring physi
ologists had lost their jobs. 

The dispute over "anti-Pavlovian" physiology is par
ticularly curious. Pavlov, who in 1904 won the Nobel 
Prize in medicine, was until his death in 1936 an out
spoken critic of Communism. On one occasion he pub
licly stated: "I would not sacrifice the leg of one frog for 
this whole socialist experiment." Yet for more than fif
teen years the government he despised lavishly supported 
his work on conditioned reflexes and heaped honors on him. 
Thus for Soviet scientists today he is both a symbol of in
dependence and also a safe man to admire openly. Para
doxically, several of the physiologists who were in 1950 
accused of being anti-Pavlovian were his worshipful dis
ciples. Their real crime lay in pro-Western leanings- an 
attitude they inherited from Pavlov himself. 

Since the last years of Stalin's life, political intervention 
in scientific thinking has been gradually reduced. Early last 
year Professor E. Kolman, a member of the Academy of 
Social Science of the Central Committee of the Commu
nist party, warned his fellow political philosophers to keep 
their hands off science. He pronounced official blessing on 

Igor E. Tamm, sixty-one, of the Lebedev Physical Institute, Moscow, 
is Russia's leading solid-state physicist. Surface electronic states of 
solids are known, in the West as well as the Soviet Union, as "Tamm 
levels." Tamm's work has a direct bearing on transistor electronics, a 
field into which trye U.S.S.R. is now pouring men and money. 
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several Western ideas, including quantum mechanics, rel-
ativity theory, and genetics. "The rejection of ~cientific 
accomplishments just on the ground that t~ey are m_volve~ 
in alien ideology slows down progress m our science,. 
Professor Kolman said. "We should combat bourgeois 
ideology in all its manifestations, but we should not con
fuse the erroneous philosophical outlook (of the West) 
with the scientific accomplishments of our fellow scientists 
from abroad." 

Whatever the "philosophical" failings of the West, its 
scientific literature is avidly studied in Soviet Russia. The 
Institute of Scientific Information, established in Moscow 
in 1953, is the Soviet scientist's window on the world. This 
organization systematically abstracts and distributes 
throughout the U.S.S.R. about 8,000 journals, including 
1,400 from the U. S., 800 from Britain, even three from 
Madagascar. 

A British biologist who saw the institute's operation 
describes it as follows: "When a journal comes in, all the 
papers in it are put on filing cards and each is allocated 
to a senior scientist- not a hack- to abstract. If the 
abstractor cannot read the language, a complete transla
tion is quickly provided him. In general biology tht;Y are 
publishing 100,000 abstracts a year. No other agency m the 
world is doing this job. I wish to God I could read 
Russian." 

In the pipelines 

Despite periodic warnings that the Soviet Union is 
"outproducing" the U. S. in scientists (AEC Chairman 
Lewis Strauss: in ten years "we could be hopelessly out
stripped"), some American educators remain skeptical. D~. 
James R. Killian Jr., president of the Massachusetts Insti
tute of Technology, says "We should not be too preoccu
pied with the numbers racket. Numbers are rather mean
ingless when judging scientific training or professional 
resources." 

Soviet education's emphasis oh science is nonetheless 
remarkable. All boys and girls attend the same schools 
through the seventh grade; then, while some are shifted 
to vocational training, the brightest students take three 
more years to complete their secondary education in "ten
year school." This is roughly equivalent to senior high 
school in the U. S. (the longer Soviet school year offset
ting the two extra years in the U. S.). Every student in 
ten-year school spends 41 per cent of his time on mathe
matics and science. There are no elective courses; four 
years of chemistry, five of physics, and mathematics 
through trigonometry are compulsory. 

The best of the ten-year-school graduates, some 400,000 
a year, proceed to higher education, where almost half of 
them specialize in science or engineering. In 1955 Soviet 
universities and engineering schools turned out 130,000 
engineers and scientists, while the U. S. graduated only 
60,000. In addition, many of the Soviet boys and girls who 
drop out of the main stream at the end of the seventh or 
tenth year receive specialized technical training at schools 
called "technicums." This year these trade schools will 
graduate 100,000 draftsmen, electricians, mechanics, labora
tory assistants, and other technicians. 

Beyond the ten-year-school level, every Soviet student 
is on a "scholarship." The government pays him up to 
490 rubles a month in the technicums, up to 1,000 rubles 
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Vladimir Veksler, forty-nine, of the Lebedev Institute, in 1945 de
veloped the synchrotron principle, on which today's biggest accelera
tors operate. This idea was the same one that Edwin McMillan of the 
University of California hit upon at the same time: modulating the 
frequency of a cyclotron's electric field to compensate for the rela
tivistic slowing of particles moving nearly as fast as light. 

in graduate schools. (The average monthly wage of an 
industrial worker in Moscow is about 950 rubles.) Stu
dents who take courses in science and engineering and get 
good marks earn top pay, and if they show exceptional 
talent, they can qualify for extra stipends. 

Weakness in numbers 
But how good is all this education? For the last two 

years M.I.T.'s Center for International Studies has been 
trying to arrive at an assessment. Alexande: K?rol, w~o 
has directed the project, concludes that sCientific tram
ing in the U.S.S.R. is spotty- generally excellent in uni
versities, but in engineering schools much below West
ern standards. 

In his five years as a university student, the young Soviet 
physicist gets about as well-rounded a scientific training 
as an American master of science. Almost all Soviet engi
neering schools, on the other hand, train students to fill 
specific jobs in specific industries. Their undergraduates 
spend a large proportion of their time acquiring the sort 
of local information young American engineers are ex
pected to learn on the job. As a result, Korol says, some 
Soviet "engineers" would rate only as advanced technicians 
in the West. 

The first higher degree in Soviet Russia is the kandidat, 
awarded normally after three years of graduate study and 
the writing of a thesis. Much has been made of the fact 
that Soviet education awards more than 8,000 kandidat 
degrees per year- about twice the number of American 
Ph.D.'s in science. Korol finds little basis for this comparison 
In the first place only half of the kandidat degrees are 
awarded in science. In the best Soviet universities a kandi-
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Anatoly P. Aleksandrov, fifty-three, president of the University of 
Leningrad, second-largest Soviet university, is a leading theoretical 
physicist. In addition to administrative work, he keeps up his research, 
and does some industrial and military consulting. He earns at least 
40,000 rubles a month-fifty times as much as a. factory worker. 

dat in science may stand for almost as much as an Ameri
can Ph. D. "But very often," Korol says, "the kandidat is 
comparable only with a master's degree"- of which the 
U. S. awards close to 9,000 a year in science and engi
neering. 

Other American educators who have visited Soviet uni
versities and technical schools point out that most are 
badly overcrowded and lack laboratory facilities. When 
James Creese, president of Drexel Institute, last year saw 
the Baunan Higher Technical School in Moscow- the 
M.I.T. of Soviet Russia- he estimated it might be big 
enough for 3,000 to 5,000 students. He was surprised when 
told the enrollment was more than 10,000. 

So much for the education and politics of Soviet science. 
Let us turn to its actual accomplishments. 

Mathematics: sharp and versatile 
Today Soviet mathematicians rank among the world's best 

They excel in probability theory, topology (the study of 
the properties of space), gas dynamics (applicable to air
craft and missiles), and analysis (the study of mathema
tical expressions). Claude Shannon of Bell Telephone 
Laboratories considers them "a sharp bunch of scientists." 

Shannon's own specialty, information and communica
tions theory, is monopolized in the West by engineers. In 
the U.S.S.R., however, it is treated as a part of mathema
tics. Soviet mathematicians did little in this field untill950, 
but now they are catching up. The leader in this work 
has been Professor A. N. Ko1mogorov of the University 
of Moscow, whom Norbert Wiener, the father of cyber
netics, c a 11 s his Doppelganger. Kolmogorov is famous 
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among fellow mathematicians for having provided a sound 
theoretical foundation for Soviet statistical work. 

Although Soviet mathematics is heavily theoretical, the 
work of outstanding applied mathematicians has been 
very significant. It actually underlies much of the Soviet 
progress in modern physics, particularly nuclear physics. 
American scientists have long· wondered who is the Soviet's 
equivalent of John von Neumann, the Institute for Ad
vanced Study mathematician who played an important role 
in the U. S. atomic-weapons development. U. S. physicists 
cannot be sure, but they have recently discovered a likely 
candidate. He is N. N. Bogoliubov, a pure mathematician 
who has turned his attention to problems of theoretical 
physics. Last September he dazzled an audience of theo
reticaL physicists meeting in Seattle, Washington. His paper 
dealt with a new technique for attacking the deepest and 
thorniest problems in nuclear theory- a technique that 
promises to succeed where all other mathematical methods 
have failed. Until Bogoliubov's talk, however, theorists 
had had misgivings about the legitimacy of the method, 
At Seattle, with an analysis that left his hearers gasping, 
he provided a rigorous proof that the new technique was 
sound. "Bogoliubov," says J. Robert Oppenheimer, "is the 
hottest thing out of Russia in my field that I have seen 
yet." 

Another mathematical necessity for modern physics is 
big computing machinery. Here the Soviets got off to a 
late start, chiefly because until eight or ten years ago they 
had no electronics industry to speak of. But by now they 
appear to be catching up with the West, at least in the 
quality of their computers. The most modern machine 
about which they have released detailed information is the 
BESM, a 100-foot-long giant at the Institute of Precision 

Andrei N. Kolmogorov, fifty-three, the preeminent Soviet mathe
matician, is a professor at the University of Moscow. Through years of 
work in probability, he built a sound theoretical base for statistics. 
Then for a few years he specialized in mathematical philosophy. Re
cently he has led Soviet mathematicians into information theory. 
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Mechanics and Calculating Technology in Moscow. The 
BESM can ha.ndle as many as 8,000 arithmetic operations 
per second, about half as many as current U.S. computers. 
Like most American machines, the BESM stores informa
tion in three forms: as charged dots on the faces of cathode
ray tubes for immediate access, as magnetic spots on re
volving drums, and as magnetic spots on magnetic tape. 
Its electronic circuits are unlike those in any Western 
computers. But the BESM is about as fast and flexible as 
International Business Machines Corp.'s "701" computer, 
which I.B.M. started to deliver in 1953, almost a year after 
the BESM was finished. 

Presumably, the Soviets have built bigger and better com
puters in the last four years, but it is doubtful whether they 
have nearly so many machines as the U.S. They don't need 
so many, for Soviet computers so far have been reserved 
for scientific problems and are not used as business ma
chines. Soviet economists do not use linear programing and 
similar sophisticated mathematical techniques that require 
computers. On the other hand, at least two groups of Soviet 
mathematicians have programed the BESM to translate 
French and English into Russian. And another group, in
evitably, has rigged a computer to play a rudimentary game 
of chess. 

Physics: talent for energy 
The historic atoms-for-peace conference at Geneva in 

the summer of 1955 gave Western scientists their first in
sight into the breadth of Soviet progress in nuclear physics. 
The Soviet papers bespoke a research effort into virtually 
all aspects of the atom, from geophysical prospecting meth
ods, through reactor design and corrosion problems, to the 
use of radioisotopes in medicine and agriculture. None 
of the papers, to be sure, contained any earth-shaking dis
closures- but, for that matter, neither did any of the 
American. 

The real revelation came the following spring, in May, 
1956, when fourteen American physicists saw at first hand 
Soviet Russia's astonishing facilities for basic nuclear re
search. The occasion was an international conference on 
high-energy physics, held in Moscow, to which the U.S.S.R. 
invited leading physicists from all over the world. The 
highlight of the conference was a tour of the great new 
research center at Bolshaya Volga, about seventy miles 
from Moscow, on the Volga. 

Here the visitors saw the world's second largest synchro
cyclotron, a machine of 680 mev (million electron volts), 
which is surpassed only by a 720-mev machine, now under
going tests at the University of California Radiation Lab
oratory. In a nearby building the Russians were pushing 
completion of a monster synchroton capable of accelerat
ing protons to 10 bev (billion electron volts). This great 
machine, nearly twice as powerful as the University of 
California's 6-bev Bevatron, currently the largest of its 
type will probably cost close to $100 million before it is 
finished. (The Berkeley Bevatron cost about $10 million.) 
The new Soviet machine should be running this year and 
will not be surpassed anywhere in the world before 1960, 
at the earliest, when two synchrotons of 25 bev are com
pleted, one at Brookhaven National Laboratories, New 
York, the second in Switzerland for the use of CERN, the 
European Nuclear Research Organization. By 1960, how
ever, the Soviets should be well along on a machine of 50 
bev, now under design. 

FEBRUARY I 957 

The synchrotron principle, underlying all these great 
new accelerators, was conceived independently in 1945 by 
the Russian Vladimir Veksler and the American Edwin 
McMillan. What has especially impressed recent U.S. vis
itors was the extent to which design and construction of 
the Soviet machines had been turned over to engineers, 
thus freeing scientists for experimental work. In the U.S., 
design engineering of this sort is almost entirely lacking; 
however low Soviet engineers may generally rate, at least 
a few are exceptionally good. One of them, G. I. Budker, 
has recently proposed an ingenious accelerating principle 
that, if successful, would produce energies of 50 bev and 
up in machines only a fraction the size and cost of the 
synchrotron. 

In every Spviet laboratory they visited, U.S. physicists 
observed that money was being spent as freely as at war
time Los Alamos (where the motto was: Why use lead if 
gold will do?). Americans estimated that the Russians 
would complete their 10-bev machine in only about half 
the time it would have taken in the U. S. 

American visitors, however, were not bowled over. It was 
obvious that the leading Soviet physicists had been re

(Next Page) 

Nikolai N. Semenov, sixty, director of the Institute of Chemical 
Physics, Moscow, last year became Russia's second Nobel Prize win
ner. (The first was Ivan Pavlov, for medicine in 1904.) Thirty years 
ago Semenov worked out the first explanation of the basic chain
reaction mechanism of all explosive processes, chemical as well as 
nuclear. 
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Soviet Science 
turned to peacetime research only within the last two or 
three years and still had . some distance . to travel before 
they were abreast of the U.S. in the American specialty, 
ultra-high-energy physics. 

Brilliance and bombs 
Soviet Russia would land at least one man on anybody's 

list of the top ten theoretical physicists in the world: Lev 
D. Landau, forty-six, who has probably made major con
tributions to a wider range of theoretical problems than 
anyone else now living. He is an authority on high-energy 
physics, low temperatures, the solid state, and even hydro
dynamics. After the war it was discovered that he had pub
lished openly in 1941 the basic theory of a hydrodynamic 
phenomenon that two years later was the subject of a secret 
British publication, believed at the time to be an original 
contribution. 

Another prewar leader in Soviet physics (low tempera
ture and nuclear research), Peter Kapitza, refused to work 
on weapons and was under house arrest for several years 
toward the end of the Stalin era. Now Kapitza has been re
stored to a position of eminence as director of the Institute 
of Physical Problems in Moscow, where Landau is a pro
fessor with a large school of gifted associates. 

The leading Soviet atomic weaponeer is Igor Vasilevich 
Kurchatov. He has had an international reputation since 
1935 when, at the age of thirty-two, he made a basic dis
covery in the field of artificial radioisotopes. In 1938 he was 
made director of the Nuclear Physics Laboratory at the 
Leningrad Physico-Technical Institute, where he super
vised the building of the first two Soviet cyclotrons. In 
1939 Kurchatov and his associates published some of the 
earliest theoretical studies of nuclear chain reactions-both 
slow and explosive. His group already had found that each 
splitting uranium nucleus releases between two and four 
neutrons and that chain reactions were, therefore, con
ceivable. In 1940 the Kurchatov group was the first to re
port the significant discovery that uranium fissions spon
taneously. In short, according to a recent report by the 
Rand Corporation, Soviet physicists through mid-1941 
were as far along in understanding uranium fission as any 
group of scientists in the world. 

What happened then can only be guessed. The Soviets, 
falling back under Hitler's smashing attack, probably con
cluded that an atomic bomb could not be built in time to do 
any good. Moreover, they were probably satisfied from es
pionage reports, that Germany did not have an atomic
weapons program. U.S. scientists, on the other hand, were 
spurred on by the mistaken belief that Germany actually 
had one. Rather curiously, as the Rand report makes clear, 
the Soviets did not seem to give the stealing of Allied atomic 
secrets any higher priority than the stealing of any other 
kind of military secrets, at least until the end of the war. 
("In the Soviet system," the Rand report observes dryly, 
"espionage is a reflex action.") In any event, there are few 
Western experts who now believe that stolen secrets could 
have hastened the Soviet atomic bomb more than a few 
months. Nor is there any evidence that captured German 
scientists played a significant role in the Soviet effort. 

If the Soviet achievement of building a fission bomb by 
1949 was tainted by spying, the first Soviet hydrogen bomb, 
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exploded in August, 1953, was not. The U.S. has never set 
the record straight, officially, but it is now widely believed 
that the u, S. S. R. beat the U.S. to a practical thermonu
clear weapon. The record shows only that the U.S. set off 
the world's first thermonuclear explosion in November, 
1952. Presumably the essential ingredient for this test was 
the rare isotope of hydrogen known as tritium, which had 
to be produced at great cost in an atomic pile. But a 
"cheap" hydrogen bomb was not exploded by the U.S. 
until the spring of 1954, and in this bomb tritium was evi
dently replaced with a lithium compound that was ex
tremely easy to come by. The Russians, according to all 
evidence, must have incorporated lithium in their very 
first thermonuclear test-in 1953. 

The Soviet sophistication in the thermonuclear field was 
driven home less than a year ago when Igor Kurchatov was 
invited to visit England. At that time both the U.S. and 
England imposed absolute secrecy on any discussion of 
thermonuclear energy for peacetime power. At Harwell, 
the great British atomic center, Kurchatov startled his 
audience by reviewing, quite matter-of-factly, Soviet work 
on this subject. He explained how he and his co-workers 
were attacking the crucial problem of suspending the ultra
hot reactants so they would not touch the sides of the re
action vessel and instantly destroy it. (A thermonuclear 
reaction takes place only at temperatures of several million 
degrees Centigrade.) Kurchatov explained that the re
actants, in the form of a "plasma" (atomic nuclei stripped 
of electrons), might be suspended in space, in a vacuum, 
by the so-called "pinch" effect. This effect, produced by 
sending a heavy electric current through the plasma, com
pels the particles in the plasma to cling tightly together by 
self-induced magnetic forces. Subsequently, Edward Teller, 
acting as a spokesman for the AEC, revealed that U . S. 
physicists were conducting experiments along the same line. 

The solid state 
In advanced electronics, notably in solid-state physics, 

the Soviets have been highly secretive. It is significant that 
it was the U. S., not Russia, that invented the transistor, 
the tiny amplifying device which set off a worldwide boom 
in solid-state research. The U.S.S.R., nevertheless, has a 
strong background in solid-state theory and is now pour
ing money and talent into the field. 

The Soviets have displayed a special interest in the pub
lications of Bell Telephone Laboratories, where the tran
sistor was invented. Without asking permission, they have 
blandly translated into Russian at least three of the most 
important source books in the Bell Laboratories series. The 
preface to the Russian editions manage to combine ingrati
tude with transparent wistfulness. "It is necessary to point 
out," runs the preface to one volume, "the well-known 
'one-sidedness' of the material ... the author omits many 
important papers of Soviet specialists . . . The reader 
anticipates from the Soviet scientists in the near future 
new manuals on uhf (ultra-high frequency) techniques 
which will give a full and objective generalization of the 
main achievements of the Soviet and non-Soviet engineer
ing in this field." 

In its chemical research, Soviet Russia seems to have 
stressed those fields that would yield the quickest fruits. 
Thus Soviet chemists have traditionally been strong in the 

Continued on Page 379 
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we'·re in 
Milwaukee so we ought 

to . know! 

An AC* ENGINEER TELLS HIS STORY 
Working at AC, THE ELECTRONICS DIVISION OF GENERAL MOTORS is exciting ••• challenges every 

inch of my engineering ingenuity, currently I am working on a phase of the Inertial Guidance System 

Program. A month or two ago I was equally absorbed in our Jet Engine Fuel Control Program. I am 

certainly growing ENGINEERING "KNOW-HOW-WISE" and my salary checks reflect it. I started at a 

good salary ••• have had regular increases in salary and position ••• gosh, I like it here. 

AND, I enjoy AC's MASTER'S DEGREE PROGRAM, University of Wisconsin-Milwaukee. I attend evening 

classes and AC is paying my tuition and with no strings attached. 

My family enjoys Milwaukee too. Here in cool, southern Wisconsin we have endless miles of swimming 

beaches, parks, playgrounds that are ours for the asking. We have the cultural and shopping advantages 

of the big city in a community long known for its small town hospitality. 

P.S. AC's Permanent Expanding Electronic Program provides openings for more 

Mechanical, Electrical Engineers and Engineering Technicians. Even "squart! pegs" 

are provided "square holes" at AC. 

Write today in strictest confidence to my friend, Mr. J. F. Hellinger, Supervisor of Salaried Personnel. 

* AC THE ELECTRONICS DIVISION 

GENERAL MOTORS CORPORATION 
Milwaukee 2, Wisconsin • flint 2, Michigan 
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CHEMISTS * ELECTRICAL ENGINEERS * MECHANICAL ENGINEERS *CHEMICAL ENGINEERS 
METALLURGISTS * PHYSICISTS * CERAMIC ENGINEERS * INDUSTRIAL ENGINEERS 

AN ADVERTISEMENT 

YOU READ FROM THE 

BOTTOM UP Specially prepared for Young Engineers and 
Scientists who look more than 1 year ahead 

__._.---
. d" ·duals theY 

he In \VI S \ 
. s varied as t f times at y . 

. s like thiS, a . d hundreds o d f achieve· 
8· Success stoneld be multiphe simi1ar recor \ o free job· 

rn cou ·ng on a d for t1e . conce ' 're plannl "te to a)' "th SyLvarua, . lf you ~ wn ow wt . van1a. from no~ • d Tornorr entauve 
. ment 5 ~ear~ooklet, Today-~~ the Sylvania repres 
Opportunlt'i . ntervieW WI . 

e an I d" ector. 
and arrang ur placement 1I . consult· 
· through yo . Engineer an? a~u~;lications 

a dged Senior . d techn1ca a 5 ears. 
d _a full-ue . hl special11.e 11 in just Y 

'1· To a)' ed in hlg y research ... a 
ant, engag ications systems d lop111ent 

ommun d · "n eve to c sible for esl., ' munications • 
. ointl'i respon. hase of com 

' 5 -Becomes l the receiver p . 
6· 5 d construction of . to ElectroniC 

an ands !n . ·n re· 
. systen1s. de artJllent eJ(P as specialist 1 . a· 

C ncurrently, p "Ev" steps uP ld of communlC 
5· '54- o . "sion, where . ies in !le s 

Systelns DlVI pts and th~or d devices. 
. e'~ conce . designs an 

duclng n actical circuit D elopluent 
tions to pr d Advanced dev lopment. 

l forme h d eve to new y . l esearc an 
4 '53- Transfers . n theoreuca r 

• Dept. to engage I . ube llroblems. 
. of vacuum t 

, Works on analysiS . 3 months ori: 
3· 52- ff l o Division; ahe~ Tube Apph· 

S lvania's Bu a. he wants -In 
,51 _ Joins Y . ks the JOb . . 

2· . eriod, piC . . f IllinOIS 
entatton p artJllent. h Universlt'i o l 
cations DeP duates from t ~ class of 195 . 

d Book gra . l Engineenng, 
START HERE 
for highlights of the co- l 
reer of Everard Book, a l 
young engineer who 5 
years ago was where 
you are today. 

1· Everar S . E\ectnca . •'---"......,_ 
. with a B. . In 

336 

Milke an appointment through your placement director to see the 
Sylvania representative on his visit to your campus-and write for 
your copy of "Today and Tomorrow with Sylvania." 

~SYLVANIA~ 
SYLVANIA ELECTRIC PRODUCTS INC 

1740 Broadway, New York 19, N.Y. 

LIGHTING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY • CHEMO METALLURGY 

Unprotected 

THREE unpainted wood houses in 
the Antarctic have withstood winds 

of hur.ricane velocity and repeated 
blanketing under snow for half a cen
tury - and "look good for another 50 
or 100 years." 

This is the report of members re
cently returned from the Operation 
Deepfreeze expedition to the Ant
arctic led by Rear Admiral Richard E. 
Byrd. 

The houses stand as historic monu
ments to two British explorers who 
built them as headquarters and sub
sequently lost their lives on polar 
journeys. All three houses are on Ross 
Island, which is about 800 miles from 
the South Pole. The oldest house was 
built 54 years ago by Captain Robert 
F. Scott at Hut Point; the next was 
built by Sir Ernest Shackleton 48 
years ago at Cape Royds; and the 
third 45 years ago by Captain Scott 
at Cape Evans. 

Dr. Paul Siple, director of scientific 
projects of the latest expedition and a 
veteran of all the Byrd explorations, 
described the houses as in sound con
dition. 

"We saw both the interior and ex
terior of the Shackleton hut," he said. 
"The other two were completely filled 
with snow. Down there, an opening 
as small as a keyhole will permit drift 
snow to fill a room in due time. No 
immediate effort was made to get the 
snow out because those huts will be 
treated as museums and detailed rec
ords will be made of the conditions 
discovered. 

"The soft grain of the wood on the 
windward side of Scott's 1902 hut had 
been etched out as deep as a quarter 
of an inch by the blasting effect of 
snow and rock particles driven against 
it by the wind. Yet, it would probably 
take another 50 or 100 years to wear 
down the wood. The harder grain 
stood out in an interesting, attractive 
pattern. 

"The hut at Cape Evans, quite fully 
exposed to the elements, showed few 
blemishes. In the Shackleton hut, in 
which snow had entered and then 
melted out, condensation had taken 
place and steel cans and other metal 
in it had corroded. However, there 
was little other damage." 

Journals of the early expeditions re
veal some of the construction details 
of the three huts. 

(Continued on Page 398) 
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Refining metals to perfection 

IN PURITY 

ENGINEERS AT WESTINGHOUSE FACE CREATIVE 

CHALLENGES LIKE THIS EVERY DAY 

Preparing superpure titanium and other hard-to
get metals was a tough problem, but Westinghouse 
scientists solved it. Their method, called cage
zone refining, uses an unusual method to melt a 
bar of metal while the metal acts as its own cruci
ble, preventing contamination by a container. 

Westinghouse offers you the opportunity to 
work on similar stimulating, challenging projects. 
Investigate career opportunities at Westinghouse, 
where the big expansion program means real 
chance for growth and progress for Electrical, 
Mechanical, Chemical or Industrial Engineers, 
Physicists, Mathematicians and Metallurgists. 

In this one diversified company, you can do the 
kind of work you prefer • . . in the field of your 
choice-radar, decision devices, automation, elec
tronics or nuclear energy. There's plenty of room 
at Westinghouse to move around-and up! 

Million-dollar Educational Center offers a com-· 
plete training program, and Master's and Ph.D. 
degrees can be earned at company cost at 22 
colleges and universities. 

Have your placement officer make a date for 
you now with the Westinghouse Interviewer, 
who will be on campus soon. Meanwhile, write 
for Finding Your Place in Industry, and 
Continued Education in Westinghouse. 

"\\estinghOUse 
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The 

Concept 

of 

''Hm.'' 

by Fred Hallberg 

The following dialogue poses a moral 
problem. Since y ou may find the style ob
scure, the author has provided the follow
ing helpful outline: 

J. Engineers are the heroes of the day. 
2. Engineers use a simple system of 

values in a ll their technical judg
ments. 

3. Because engineers are heroes, their 
values tend to be copied and used in 
every phase of human existence. 

4 . That is bad. 
Simple enough? Wait until you begin to 

read I 

The two characters in the dialogue are a 
young engineer and an elderly professor. 
The autumn night is cold and wintery. We 
find the young man rapping on the farge 
door of the professor's big, dark house. 

"WELL, WELL, if i t isn't my young antagonist, the bud
ding engineer! Come in, come in." 

The professor, a lean, stoop-shouldered ma1 
his late forties, swung open the heavy door to his victon. 
house and ushered the engineer in. 

"I hope I wasn't interrupting . .. " 
"No, no, not at all. I was just heating some coffee an 

even happened to be thinking of you. Come on into rr 
study." 

The engineer followed the professor into a small r · 
The only light came from a florescent reading lamp 
central, cluttered desk with a bubbling percolator on . 
cleared corner. 

"I was out for a walk," the engineer began, "and I 
to thinking about what you were saying last time ar · 

"You mean what I said about you and your profe 
brothers being the perpetrators of a new universal eu 

As he spoke, the professor motioned the engineer i 
a chair and began to pour the coffee. 

"Yes, now I ... " the engineer hopefully began. 
"Ah, yes. I thought that may have been a little 

for your young, impressionable ears. But I am prep< 
to defend my position." Here's your coffee. Cream? Suga1 

"Cream, if you please. I do wish you would explain." 
The professor hoisted himself onto the edge of his d. 

picked up his coffee and began to stir it thoughtfully wit 
his forefinger. 

''I'm not sure just how I can communicate this to you. 
in view of your background." 

"My background?" 
"Oh, yes. I have known you and your family since your 

early adolescence. In your world the highest possible in
tellectual and social achievement is an engineering degree." 

' 'I'll have to admit that's true." 
"Practically every one of your high school classmates, 

with any ability at all, automatically registered in IT. The 
elite made the grade while the inferior ones were dropped." 

"Yes, I have seen many people seriously disturbed from 
failure to make the grade." 

"Aha! So you will now admit we are dealing with the 
"Great 20th Century Hero," the sliderule-packing engi
neer, who looms head and shoulders above both Elvis and 
the Lone Ranger in his immediate, grass-roots influence." 

"You may have a point there." 
"Now to get on to this new universal ethic about which 

I was speaking." 
"Good, that's where you really lost me." 
The professor picked up his cigar, hopped down off the 

desk, and began to pace up and down the tile floor. 
"Tell me, Engineer, what's the definition of entropy?" 
Somewhat taken aback by this divergent question, the 

young engineer answered, "Why, entropy is the integral 
of dQ over Tl" 

"Oh come now, you have surely heard a more subjective 
definition than that." 

"Hum, let's see. Back in Physics we were told entropy is 
a measure of probability. All systems hav~ a most probable 
state towards which they degenerate over a period of time. 
Ships rust, plants decay, mountains erode, and so on." 

"Very good, Engineer. You learned your lesson well. 
But do you remember a natural process that did not go 
this most probable way?" 

"I suppose you are referring to the life process?" 
"Yes, I am," the professor concurred. "The life process, 

from conception to maturity, goes the other way- to 
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.. H. M." 
er levels of order and complexity. Don't smile, Engi

·er, I know living things can only do this by increasing 
<le entropy of the food they eat and the air they breathe." 

"The entropy of the total system always increases, Pro
.essor, that is one of the basic laws of physics." 

"True enough. And you must now see that not only the 
Le process of individuals, but life itself, from its one
~ · · <I beginnings eons ago, has been reproducing, mutat-

and evolving up to the present and on into the fu
e, governed by this one simple, all inclusive, ethic. It 

1lso the one natural, internal, aim and morality of your 

,

fession." 
"ll professor tapped his forehead and spoke didac
: "The greatest good is the maximum decrease in 

entropy of our immediate environment achievable 

~
h a corresponding decrease in the entropy of our outer 
roundings." · 

sounds silly when you say it, but I think you are 
<. You should invent a new word, 'Hm,' to stand for 

.s maximum decrease in entropy and you could say, 
f he greatest 'Hm' is the greatest good.' " 
r .Ha, hal A typical engineer's reaction; but you are 

, ght. And you can see why I call this the most powerful 
ethic. It has governed life from the beginning; though we 
~ere not conscious of it until Darwin's discovery of natural 
election and Maxwell's statistical analysis of the gas laws 
1 the 1850's." 
"So you have studied Maxwell too? I thought the Hu

manities were your forte." 
"They are. Have you ever known anything to so inti

mately concern humanity? Here, have another cup of 
coffee." 

The professor filled the engineer's cup and his own and 
fished a cigar out of his waste basket. He lit the cigar and 
began to pace again. The engineer had never known this 
quiet, scholarly man to get so steamed up over anything 
so he chose not to speak. 

"Now, Engineer, is when the fun begins. The next logi
cal, rational, step would be to acknowledge the power of 
this moral viewpoint that can evolve mammals from 
amoebae or raise cities from a wilderness, and use it in our 
human relations. I ask you Engineer, wouldn't that lead 
inexorably toward more perfect people living in a more 
perfect society?" 

The engineer took a gulp of coffee and remained silent. 
"Nietzsche took this philosophical step before the turn 

of the century and the idea has been with us ever since. 
Nietzsche cried, 'Man must be overcome,' and went on to 
create his hypothetical superman who embodied the ulti
mate in self-disciplined harmony.'' 

"If you will permit me, Engineer, to step down from 
nebulose theory to specific fact I shall list some of the 
results of stamping this moral viewpoint across the face 
of society and individual men. 

"I always welcome a turn to the practical." 
"!ake Nazi Germany for an example. There was a 

dediCated country. At the height of their atrocities people 
were .saying, 'You'l! have to ~dmit they are efficient.' They 
certamly :were effinent. Effinent at what? Why raising the 
state to higher levels on your 'Hm' scale, of course! 

"In a modern, industrialized country like ours," the 
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professor continued, "it's the hapless individual who falls 
prey to the proponents of this ethic, We Americans have 
developed the whole new pseudo-science of psychology, 
devoted to the art of pounding square pegs into round 
holes and reducing men to dependable machines for pro
duction and consumption, 'What,' cry the priests and 
prophets of this new ideological movement, 'you are un
happy, maladjusted and non-productive? Just surrender 
your souls to us and we shall solve all your mental and 
moral problems with the dispatch and efficiency of a ton
sillectomy!' In their zeal to eliminate human suffering and 
inner disharmony, these well intentioned men are doing 
just what Nietzsche disparagingly predicted. They have 
turned straight down the road toward Nietzsche's passion
less, cow-like, last men.'' 

"But Professor ... !" 
"If," the professor relentlessly continued, "happiness is 

the sole good, as many moderns believe; and if happiness 
is synonomous with sensual pleasure, as many psycholo
gists seem to believe, then a diabolical alliance of bio
physicists and psychologists have solved all man's moral 
problems for all time. For they discovered a mild electrical 
stimuli of certain portions of the brain produced ecstatic 
pleasure- so intense and overpowering that the test ani
mals gave anything, even their lives, to maintain the 
stimuli. Add the tranquilizing drugs and the popular new 
'happiness cult' Christianity exemplified by the teachings 
of Norman Vincent Peale, and it becomes apparent that 
our technology has already surpassed Huxley's hypotheti
cal 'Soma' pills that were to ' ... combine the best of Chris
tianity and alcohol without the disadvantages of either.'" 

"You don't really believe that, Professor!" 

"I only wish I didn't. Now listen carefully, Engineer, for 
this is the most important thing I have to say: I don't be
lieve we can attempt to impose scientific, mathematical 
harmony and perfection on human beings without destroy
ing that which we have come to know as human. And 
furthermore, if you could show me, with the most concise, 
convincing, straight-forward data ever collected, that the 
one natural morality of the universe is this 'Hm' scale, I 
would say: 'Reject the morality of the gods and preserve 
imperfect man!' " 

The professor had worked himself into a frenzy. He 
paced furiously, leaving a dense trail of cigar smoke, and 
continued to speak. 

"Nietzsche's superman may be the ultimate in Euclidian 
perfection, but he is a kind of mental dinosaur; a power
ful and efficient machine for solving finite problems with 
arbitrary values, and completely devoid of love." 

The professor became calmer. He had spoken his piece 
and seemed relieved. The engineer had given up trying to 
interrupt. 

"You must remember, Engineer, that mammalian 
warmth and affection is itself the product of millions of 
years of evolution. Perhaps there has been another kind 
of evolution that we haven't been able to see or measure 
with calipers and chronograph." 

The engineer ventured, "I bet you believe that more 
than you believe in having to defy the gods.'' 

. The professor chuckled, "You can see through me, En
gmeer, but my supposition stands.'' 

The professor went to his bookcase; began throwing 
volumes on the floor and said, "I suppose a definition of 
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man is in order now. If we are going to preserve him we'll 
have to be able to recognize him. Ah, here we are- Thom
as Wolfe's You Can't Go Home Again." 

He brought the book over the reading lamp and stooped 
to catch its localized light. 

"This book," the professor satd as he thumbed through 
the pages, "contains one of the most accurate and com
plete definitions of man I have ever read. I'll read you 
some snatches." 

"For what is man?" 

"First, a child, soft-boned, unable to support itself on 
its rubbery legs, befouled with its excrement, that howls 
and laughs by turns, cries for the moon but hushes when 
it gets its mother's teat; a sleeper, eater, guzzler, 
Iaugher, idiot, and a chewer of its toe; ... " 

"After that, a boy, hoarse and loud before his com
panions, but afraid of the dark; will beat the weaker 
and avoid the stronger; worships strength and savagery, 
loves tales of war and murder, and violence done to 
others; ... " 

"Then the youth: goes after girls, is foul behind their 
backs among the drugstore boys, hints at a hundred se
ductions, but gets pimpfes on his face; begins to think 
about clothes, becomes a fop, greases hair, smokes 
cigarettes with a dissipated air, read novels and writes 
poetry on the sly ... . " 

"Then the man: he is busy, he is full of plans and 
reasons, he has work. . . . He wastes his three score 
years and ten in inglorioU& living; from his cradle to his 
grave he scarcely sees the sun or moon or stars; he is 
unconscious of the immortal sea and earth; he talks of 
the future and wastes it as it comes. If he is lucky, he 
saves money. At the end his fat purse buys him flunkies 
to carry him where his shanks no longer can; . . . " 

The Professor looked up and said, "This much alone is 
a pretty complete definition. Man is an unending struggle, 
for who knows what purpose. But Wolfe goes on to de
scribe man as baseness, cruelty, and imperfection; the 
man that is known and hated by all those who dream of 
a utopian tomorrow." 

The professor continued reading. 

"This is man: for the most part a foul, wretched, 
abominable creature, a packet of decay, a bundle of 
degenerating tissues, a creature that gets old and hair
less and has foul breath, a hater of his kind, a cheater, 
a scorner, a mocker, a reviler, a thing that kills and 
murders in a mob or in the dark, loud and full of brag 
surrounded by his fellows, but without the courage of a 
rat alone. He will cringe for a coin, and show his snarl
ing fangs behind the giver's back; ... " 

"Yes, this is man, and it is impossible to say the worst 
of him, for the record of his obscene existence, his base
ness, lust, cruelty, and treachery is unlimitable .... " 

The professor stopped again. Said he, "Wolfe has de
scribed two facets of man. His struggle and his imperfec
tions. This third and most important facet should be 

known and understood by all." 

And he continued to read. 
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"For there is one belief, one faith, that is man's glory, 
his triumph, his immortality- and that is his belief in life. 
Man loves life, and loving life, hates death, and because 
of this he is great, he is glorious, he is beautiful, and his 
beauty is everlasting. He lives below the senseless stars 
and writes his meanings into them. He lives in fear, in toil, 
in agony, and in unending tumult, but if the blood 
foamed bubbling from his wounded lungs at every breath 
he drew, he would still love life more dearly- than an end 
of breathing. Dying, his eyes burn beautifully, and the old 
hunger shines more fiercely in them- he has endeared all 
the hard and purposeless suffering, and still he wants to 
live." 

"Thus it is impossible to scorn this creature. For out of 
his strong belief in life, this puny man made love. At his 
best he is love. Without him there can be no love, no 
hunger, no desire." 

"So this is man- ... " 

The professor lowered the book and stared off across the 
lamp. 

"Yes," he said, "this is man; a struggle, imperfection, and 
a spirit. A glorious, indomitable, unconquerable spirit!" 

"Why Professor," said the surprised engineer, "I believe 
you are in love with the human race!" 

"With your usual talent for streamlining," the professor 
sighed, "you have stated my whole life's philosophy with 
:t handful of words." 

"This is what all your engineering and technology can 
be for," the professor continued, "to provide the stage 
where all men shall be free to act out their individual per
sonalities and to seek a spiritual inner harmony that can
not be achieved by the scientific method." 

As he spoke, the professor arose and began to clear 
away the dishes. The engineer stood also, and picked up 
his jacket. 

"It will take some time for me to digest all that you 
have said tonight, professor, but I do think you are a little 
hard on the psychologists." 

"That is my one blind prejudice," the professor admit
ted. "For I believe one of the most dangerous trends of 
the times is the tendency to evaluate and catagorize men 
on the basis of IQ tests and other 'Hm' scales." 

They walked slowly down the hall towau:ls the door. 
They were both silent, being lost in thought. As they 
reached the door, the professor stopped, turned the engi
neer towards him and said, "You engineers are rushing 
mankind headlong into what Huxley called 'A Brave New 
V\Torld.' Take care that we don't find it populated with 
creatures whose human-like features are a mere facade, 
behind which lies the cold heart of an efficient calculating 
machine or the empty soul of gregarious, psychoanalyzed 
cattle.'' 

"That makes a lot more sense now than it would have 
an hour ago," the engineer said." 

"Good, that shows I've gotten through. Stop in again, 
soon.'' 

"Don't worry, Professor, I shall. Goodnight." 

"Goodnight." 

The young engineer stepped into the raw, autumn 
night. The professor's remarks had stimulated him and he 
was glad to hunch into the cold, biting wind. He smiled 
and thought, "After all, engineers are human too." 
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An "engineers' company" since 1916 

S.affle, Washington Wichita, Kansas Melbourne, florida 

How to make the most 
of your engineering career 
ONE OF A SERIES 

n rise to the top 

In many companies, an engineer rises, but 
soon encounters a low ceiling. Promotions 
tend to go to non-engineering executives. 
And engineers (surveys show) find it 
difficult to make their ideas understood
or appreciated. 

So select a company in which you'll be 
working with, and for, engineers-where 
an engineer is given an opportunity to 
advance when positions ahead open up. 

Another point: choose a company thafs 
growing, preferably in an industry that's 
growing and expanding too. 

Boeing, you'll discover, fills the bill on all 
counts. Engineers at Boeing hold jobs 
right to the top. They talk your language. 
They appreciate the vital contributions 
engineers make. And they reward engineers. 
Boeing is growing fast, and today employs 
400% more engineers than 10 years ago. 
Besides, Boeing operates in the dynamic, 
fast-growing field of aviation. 

At Boeing you'll enjoy assignments that 
lead to an excitement-filled future. A future 
with a future: in supersonic flight, jet
powered civil and military aircraft, gas 
turbine engines, guided missiles. At Boeing, 
engineers and scientists of all types, and 
advanced mathematicians, are probing the 
very frontiers of knowledge. They invite 
you to join them. You'll find high salaries, 
career stability, retirement programs, and 
company-financed opportunities for 
graduate study. And you'll live in wide-
awake, young-spirited communities. 

Plan ahead for your career. 
Consult your Placement Office, or write: 

JOHN C. SANDERS, 
Engineering Personnel Administrator, 
Boeing Airplane Co., Seattle 24, Washington 

F. B. WALLACE, 
Chief Personnel Engineer, 
Boeing Airplane Co., Wichita, Kansas 
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to back up our belief that 

We•re going to build a propos1t10n which we believe 
deserves your most serious consideration, if you are a me
chanical or electrical engineer. This proposition is built 
on pure and simple fact-no high flown promises or broad 
generalities. Our proposition: you and Collins should get 
together. We present these facts to support it. 

FACT NUMBER 1: 
Collins Radio Company's sales have increased 10 fold in 
each of three successive seven year periods. 1933 sales were 
$100,000; 1940 sales, $1,000,000; 1947 sales, $10,000,000; 
1954 sales, $100,000,000, and 1956 sales, $126,000,000. (Note 
graph.) This company has grown, and is growing at a phe
nomenal rate. Total employment is 9,000 of which 24% 
are research and development personnel. 
You grow when the company you work for grows. 

FACT NUMBER 2: 
As shown in the graph at right, the employment of research 
and development person~el has increased s~eadily ?espite 
fluctuation in sales. Notice that even durmg penods of 
national sales regression Collins continued to strengthen 
its engineering staff. 
Collins 1uJs based its growth on the solid foundation of 
stability in the engineering department. 

FACT NUMBER 3: 
At Collins, the ratio of engineers to total employees is 
extremely high, far higher than the average among estab
lished companies engaged in both ?eve.lopment a_nd P.ro
duction. First and foremost, Collms lS an engmeenng 
company. 
Engineering is king at Collins-never takes a back seat 
to production expediency. 

FACT NUMBER 4: 
Collins' reputation for quality of product is universally 
recognized. It h~s led to Collin~' phenomena~ sa!es record. 
At Collins there 1s no compromise when quahty 1s at stake. 
If you're the man we want, you'll get real satisfaction 
out of this quality·consciousness. 
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FACT NUMBER 5: 
Electronics is Collins' only interest. In no way is it sub
sidiary to the manufacture of industrial or consumer prod
ucts. Collins builds electronic equipment, not airplanes or 
vacuum cleaners. Every research, development and pro
duction facility is devoted to progress in electronics. 
If electronics is your interest, you'll like the climate at 
Collins. 

FACT NUMBER 6: 
There is a limitless variety of fields and types of work for 
the Collins engineer. Recent Collins work in air and ground 
communication, and aviation electronics include develop
ments in transhorizon "scatter" propagation; single side
band· microwave and multiplex systems; aircraft proximity 
warning indicator; aviation navigation, co~munication and 
flight control; broadcast; and amateur eqmpment. 

There is big opportunity for your special talents. 

Right now we are prepared to offer yo~ a te~hnical or 
supervisory assignmc;nt. in one of many ~n~~restmg fields. 
And the sky is the hrmt as far as responstbihty and salary 
are concerned. 
You will work in one of Collins' new research and develop
ment laboratories located at Cedar Rapids, Iowa; Dallas, 
Texas; and Burbank, California. Offices ~nd subsidiary 
companies are located in New ~ork; Wash.mgton,,D. C:! 
Miami· Knoxville· Seattle; Htckman Mtlls, Mtssoun, 
Toront~, Canada; London, England; and South America. 
All your moving expenses are paid. Company benefits are 
tops in the industry. 

We repeat-if you are a mechanical or electrical engineer, 
you and Collins should get together. Take the first step 
now, for more information, write: 

L. R. Nuss 
Collins Radio Co. 
Cedar Rapids, 
Iowa 

FRED AIKEN 
Collins Radio Co. 
2700 W. Olive Ave. 
Burbank, California 

HAROLD McDANmL 
Collins Radio Co. 
1930 Hi-Line Drive 
Dallas, Texas 
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This graph shows the relationship between sales and employment 
of engineering personnel at Collins. Notice the steady increase in 
research and development employment despite sales fluctuations. 

Collins new research laboratory building at Cedar Rapids, Iowa. 
Air-conditioned, shielded against radio waves, completely equipped. 

CREATIVE LEADER IN ELECTRONICS 

COMPANY • CEDAR RAPIDS • BURBANK • DALLAS 
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Going around in circles? 

"Infinity, n.-Unlimited extent of time, 
space, or quantity; boundlessness; end
less or indefinite in number." 

Websters' Universal Dictionary 

TH E DICTIONARY's definition conveys 
the feeling of overpowering vast
ness and size that has plagued the 

imagination of men for centuries. 
Whenever someone ponders the in
finite, he thinks about the vast ex
panse of sky that has no end, and is 
left helpless. Because he cannot fully 
absorb the idea of endlessness, nor ex
press it, he attaches a special signifi
cance to it in all the contexts in which 
he encounters it. 

Physically, it has been shown that 
there is only a limited, or finite, ex
tent to space or time, and only limited 
divisibility of material things. There
fore, infinity is devoid of physical sig
nificance. Professor J. N. Findlay said, 

"I do not think the question whether the 
things in our world are finite or infinite 
in number, is of any philosophical im
portance whatsoever; the philosopher has 
to ask what it would be for things to be 
infinite in number, and what might be 
the consequences and the possible appli
cations of this notion, not whether it has 
any actual applications." 1 

confining infinity to a purely conceptu
al existence. As a concept left in the 
hands of philosophers, it has merely 

344 

Repr-int from Quadrangle 

had more words consumed in its ex
pression. Lord Kelvin has been credit
ed with 

" I often say that when you can measure 
what you are speaking about, and ex
press it in numbers, you know something 
about it; but when you cannot express it 
in number, your knowledge is of a mea
ger and unsatisfactory kind ; it may be 
the beginning of knowledge, but you 
have scarcely, in your thoughts, ad
vanced to the stage of Science, whatever 
the matter may be." 2 

Infinity, being by nature unmeasure
able, cannot be measured, of course, 
but different kinds of infinity can be 
classified. It can be clearly defined 
and applied, and has been, in mathe
matics and in philosophy by Bertrand 
Russell. In 1953 Findlay addressed a 
forum on infinity with 

" While it may not involve anything in
trinsically difficult, and while the only 
real questions connected with it may be 
those concerning its precise implications 
and applications, it has nonetheless al
ways seemed to abound in contradictions, 
and to render absurd and self-contradic
tory any idea in which it could be shown 
to be present. To speak of it seems to in
volve exhausting the inexhaustible, than 
which nothing more absurd could be 
conceivable; it also gives difficulty in that, 
without being accessible to our imagina
tion, it lacks the happy circumscribabili
ty which would render it acceptable to 
our thought." 3 

And yet Russell, as a mathematician 
and philosopher, presented to the 
philosophers in the 1920's a logical 
development of infinity growing out 
of the work of Greg Cantor, whose 
first published work on the subject 
appeared as early as 1882. In "Mys
ticism Logic," published in 1921, Rus
sell pinpointed Findlay's difficulty. 

"The maxim in question is, that if one 
collection is part of another, the one 
which is a part has fewer terms than the 
one of which it is a part. This maxim is 
true of finite numbers .... But when we 
come to infinite numbers, this is no long
er true. This breakdown of the maxim 
gives us the precise definition of infinity. 
A collection of terms is infinite when it 
contains as many parts of other collec
tions which have just as many terms as it 
has. If you can take away some of the 
terms of a collection, without diminish
ing the number of terms, then there are 
an infinite number of terms in the col
lection." • 

The reason Russell's analysis is so 
hard to swallow is his use of the word 
"number" in reference to an infinite 
collection. To use it, he has had to 
distinguish two kinds of number, in
ductive and reflexive. If you take the 
series of natural numbers 1,2,3,4, ... 
and prove that any x has a certain 
property and then prove that x+l has 
the same property, then any number 
you substitute for x will have that 
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Infinity . . 
property, and all numbers greater 
than that number will have the prop
erty. This is called mathematical in
duction and the numbers to which it 
applies are said to be inductive. A 
number which is unchanged if l is 
added to it is called reflexive. From 
this defining property it follows that 
any finite number may be added to or 
subtracted from an infinite number 
without changing it. 

The justification for calling them 
numbers stems from the definition of 
"number" as originally given by Gott
lob Frege. Frege observed that physi
cal objects can be thought of as one or 
as many. The leaves on a tree are 
many, but its foliage is one. The earth 
has one moon, but it is therefore, is 
an objective property of a class, where 
a class is an aggregate of one or more 
things. The number of terms in a 
given class composed of many atoms. 
Number, then can be defined as the 
property common to all classes similar 
to the given class. 

I 
I 

••• 

Figure 1 

lt therefore follows that the col
lection of all natural numbers has a 
number. In other words, there is a spe· 
cific number of natural numbers. 
Cantor called this number xo 

1,2,3,4,5, ... = xo 

The class of all the even numbers 
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can be placed in one to one corres
pondence with the class of all the 
numbers 

1,2,3,4,5, .. . 
2,4,6,8, 10, .. . 

Therefore it follows that there are the 
same number of even numbers as of 
all numbers if both sequences are ex
tended to infinity. If you take the 
class of all rational fractions (See Fig
ure l) and write them in a square ar
ray, you can by following the pattern 
of the lines write every fraction in a 
sequence: 

2 3 2 

l' 2, l ' l ' 2, 3, ... 

In this form they are countable, and 
therefore there are the same number 
of rational fractions as there are nat
ural numbers. It can be seen that all 
infinite classes which can be counted 
a·re equal in number, the number be
ing xo· Each of the classes further
more, contains classes just as large as 
itself. 

••• 

••• 

• • • 

When you apply this analysis you 
reach some rather odd conclusions. 
Take the paradox of Tristram Shan
dy. 

"Tristram Shandy, as we know, employed 
two years in chronicling the first two days 
of his life, and lamented that, at this 
rate, material would accumulate faster 
than he could dea l with it, so that, as 
years went by, he would be farther and 
farther from the end of his history. Now 
I maintain that, if he had lived forever, 
and had not wearied of his task, then, 
even if his life had continued as event· 
full y as it began, no part of his biogra
phy would have remained unwritten. For 
consider: the hundredth day will be de· 
scribed in the hundredth year, the 
thousandth in the thousandth year, and 
so on. ·whatever day we may choose so 
far on that he cannot hope to reach it, 
that day will be described in the corre· 
sponding year. Thus any clay that may 

be mentioned will be written up sooner 
or later, and therefore no part of the 
biography will remain permanently un
written. This paradoxical but perfectly 
true proposition depends upon the fact 
that the number of days in all time is 
no greater than the number of years ." 6 

There are other, higher, infinities 
than xo. Any fraction can be written 
as a continuous decimal. 

% = .75000 .. . 
% = .66666 .. . 

If you expressed all the fractions in 
the countable array as decimals, and 
arrange them in a vertical column 

1.000 . . . 
.500 . . . 
.333 .. . 
.250 . . . 

and then took the first dig·it in the 
first number and changed it, the sec
ond digit in the second number and 
changed it, and so on changing the 
nth digit in the nth number for all n 
numbers, you would have a new num
ber different in value from any ration
al fraction. If you put this new num
ber at the bottom of each column and 
repeated the process of changing one 
digit from each number, you could 
create another new number. This proc
ess can be carried on continuously. 
There is no way to count the number 
of decimals. Therefore, we have more 
than xo elements in the class of all 
decimals. This class is of the second 
kind of infinity and is denoted by C, 
for continuum. 

Geometrically, the continuum is 
illustrated by the points on a line. If, 
in triangle ABC {see Figure 2), the 
line CD is rotated about C from AC 
to BC, it will be seen that every Point 
P on the line AB is intersected once. 
It also can be seen that for every point 
P on the line AB, a Point P' on the 
A'B' is also intersected. Since A'B' 

c 

A fj 
Figure 2 
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is obviously smaller than AB we con
clude that there are the same number 
of points on a line of any size. In fact, 
if we amend the figure triangle A'B'C' 
(See Figure 3), and draw a line P'C', 
we find it intersects the segment A" 
B" of the line AB at the point P". 
Now, as CD moves along AB, P' 
moves along A'B', and P" moves along 
A"B". Thus we see there are as many 
points in the segment of line AB, 
A"B", as in the whole line. This con
clusion is consistent with Russell's 
definition of infinity. It is also silly. 
A line has one dimension, length. A 
geometric point has no dimensions. 
No matter how many points you place 
in a row, they will not acquire a di
mension. Therefore, a line cannot be 
thought of as composed of points.G 

Figure 3 

A similar error is made by people 
who think of time as made up of sep
arate instants. Consider a speck of 
light moving along a scale. The speck 
cannot occupy the same point on two 
successive instants because it would 
then be standing still. Neither can it 
move, from one instant to the next, 
further than from one point to the 
next. If it did, there would be no in
stant at which it was at the points be
tween the two positions. Since con
tinuity of motion means that the speck 
occupies each point in succession, the 
speck cannot jump across points. 
Therefore, as long as the speck moves, 
it must occupy consecutive points at 
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consecutive instants. This means there 
is one definite unchanging unchangea
ble velocity at which the speck moves. 
It can go no faster or slower. Since we 
know that this just isn't so, we must re
ject the hypothesis it is based upon. 
Namely, that there are consecutive 
points and consecutive instants. The 
number of instants in a finite time is 
infinite, as the number of points in a 
finite line is infinite. And, what is 
more important the two are the same 
kinds of infinity, exhibiting the same 
characteristics. 

As soon as we discard the notion of 
time being made up of instants, or of 
there being a finite number of instants 
in a finite time, all of the paradoxes 
of motion, including those of Zeno, 
clear up. Zeno's first argument is the 
argument of the race course. He ar
gues that before you can traverse the 
whole length of the course, you must 
cover half the length. Before you can 
cover the second half of the course, 
you must cover half of it, or three 
quarters of the course, and so on. First 
you must cover Y2 the distance, then 
%, then yg, then l o/J_ 6 , and so on, 
never quite reaching the end. It does 
follow that because you occupy in
finitely many positions, you consume 
infinitely many instants. It does not 
follow that the infinitely many in
stants in turn take an infinitely long 
time. Therefore, you can reach the 
end of the course. Zeno's second argu
ment is that of Achilles and the tor
toise. If Achilles chases the tortoise, 
he must first reach the point from 
which the tortoise started running. 
The tortoise will be somewhere else 
by that time. When Achilles reaches 
the somewhere else, the tortoise will 
again be gone. Achilles must always 
get to where the tortoise was, before 
he can get to where the tortoise is. 
Therefore, it follows that it will take 
infinitely many instants for Achilles 
to catch the tortoise. It does not fol
low that these infinitely many in
stants will take an infinitely long 
time. Therefore, again it does not fol
low, as Zeno thought, that Achilles 
will never catch the tortoise. The 
third argument is that of the arrow. 
Everything is at rest when it occu
pies a space equal to itself. The arrow 
in flight at any instant occupies a 
space equal to itself, therefore it can
not move. Here, time is said to con
sist of consecutive instants with noth
ing in between. We must picture the 
arrow at rest each instant, with its 
change of position occurring between 

the instants, or in no time at all. 
Again, as with the points on a line, 
we are creating a dimension, time. An 
instant has no duration in time, there
fore, no amount of instants can fill 
a finite time. There must be some
thing between the instants. This is 
when motion occurs. 

This, then, is the contribution of 
mathematics to the philosophical 
problem of infinity. A logical, con
sistent analysis has been given which 
satisfactorily explains the supposed 
contradictions, especially the para
doxes of Zeno, which have been 
troubling philosophers for two thou
sand years. 

• • • 
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To the 
bent 

engineer with a 
tor research ... 

The Garrett Corporation operates 
under the principle that the units and 
systems which we research, design 
and produce must be the best of their 
kind. 
. That's why we need forward-look

ing engineers. Stimulating assign· 
ments in the work you like best are 
only part of what we offer. We pay a 
premium for ability. You'll work 
with the finest research and labora-

'I"HE 

WHIRLING WET AIR with tornado speed, AiResearch 
water separator wrings it dry ... makes sure no vapor enters aircraft 
cabin from the air conditioning system. 

tory facilities at your disposal .•• 
live in the most desirable areas in 
America- California, Arizona, the 
East Coast. Financial assistance and 
encouragement will help you con
tinue your education in the graduate 
schools of fine neighboring universi
ties. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig
eration systems, pneumatic valves 

CORPORATION 

and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer 
equipment, electro· mechanical 
equipment, electronic computers and 
controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and ex
perience today to: Mr. G. D. Bradley 

885f S. SE,.UL.VEDA BL.VD., L.OS ANGEL.ES 45, CAL.IFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING, L.OS ANGEL.£$ • A/RESEARCH MANUFACTURING, ,.HOENIX • AIRSU,.,.L.Y 

A/RESEARCH INDUSTRIAL. • REX • AERO ENGINEERING • AIR CRUISERS • A/RESEARCH AVIATION SERVICE 
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red hot STEEL 
and 

cool cool COMF RT 

HERE'S HOW THEY'RE 

ALLIED 

A glowing steel ingot and a room-cooling air conditioner are at 
opposite ends of anybody's thermometer-yet Allied Chemical 
is concerned with both. 

It's as simple as this: The heart of the air conditioner is the 
refrigerant. In this case, it's GENETRON, a product of our Gen
eral Chemical Division. This same Division also supplies the 
acids used in the processing of steel. 

A sister Division, Semet-Solvay, supplies foundry coke and 
designs and constructs the famous Wilputte Coke Ovens for 
steel and other industries. Many more examples could be drawn 
of how the Company's seven producing Divisions are allied. 
Their products-more than 3,000 of them-are so basic that 
it would be hard to find a home, farm or factory in America 
that they do not serve in one way or another. 

Allied is constantly striving to find new ways to serve your 
needs better. 

TRADEMARK PRODUCTS INCLUDE: ________________ _ 

Tarvia Road Tar • National Biological Stains • Semet-Solvay Coke • Solvay Vinyl Chloride 
Genetron Refrigerants • Koreon (One-Bath Chrome Tan) • Procadian Urea Feed Mixture 
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1islting, 
Slip Stick Stvte 

0 
N THE DA vs between the closing of one fishing season 
and the opening of the next, the sports minded engi
neer must satisfy his angling desires by reading books 

and articles on fishing. This article was written to help 
satisfy those desires and to acquaint the reader with sev· 
eral important aspects of fishing unfamiliar to most fisher
men. It is not the purpose of this article to introduce any 
complex formulas with the moon's phase, barometric pres
sure, water temperatures, etc., as variables, into which the 
reader could insert the proper values and solve to catch 
fish. I have never seen such a formula and I hope a mathe
matician will never develop an accurate one. 

It is assumed the reader is experienced witlr the proper 
lures, baits, and general fishing technique necessary for 
Minnesota fishing, because to present information relating 
to them, or any part of them, would not be within the 
scope of an engineering publication. As fishing is such a 
broad subject, ranging from deep sea fishing in the vast 
oceans and seas to trout fishing in small streams, one spe
cific type must be decided to write upon. Lake fishing 
would seem to be the proper choice to make because we 
are fortunate in Minnesota to have over ten thousand 
fishing lakes within our borders. 

If the fisherman could purchase a book containing maps 
of each lake and instructions informing him as to where 
the fish are concentrated in each one, his fish catching task 
would become much easier. I cannot give you the exact 
location of the fish in each lake, but I can tell you where 
you will definitely not find them and probably where you 
might. 

Most fishermen are unaware the water in most lakes is 
divided into three sections, only one of which contains 
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by Eugene Dushek 

enough oxygen to support fish life. To describe this phe
nomenon we must observe the lake's dynamics from the 
time the ice goes out in the spring until summer. When the 
ice on a lake first melts in the spring the water at the bot
tom will be at its winter temperature of about thirty-nine 
degrees, and the water at the top will be just slightly above 
freezing temperature. The sun will gradually warm the top 
layer to the same temperature as the bottom, and the water 
will circulate from top to bottom because the layers have 
equal densities. 

As the top water layer absorbs more heat it becomes less 
dense than the cooler water and rises to the top to float on 
the cooler water. As spring progresses the layers become 
more distinct and by the middle of June the top water 
layer is separated from the bottom layer by an intervening 
middle layer. The middle layer called the thermocline acts 
as a buffer between the top layer, eplimnion, and bottom 
layer, hypolimnion. This separates the two so thoroughly 
they will not mix again until late in fall when the top layer 
cools off. The effect of this stratification is important be
cause the bottom layer soon loses the necessary five parts 
per million of oxygen required to support fish life, and as 
a result no fish can survive at that level and must concen
trate in the area above the thermocline for the entire 
summer. 

There are essentially two ways to locate the thermocline 
level and those are by either measuring the water's oxygen 
content or its temperature at various levels. In an average 
clear water lake the oxygen content might be as high as ten 
parts per million at the surface and almost zero at the 
bottom. The oxygen content becomes progressively less as 
the depth increases, and later in the article I will explain 
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the reasons for this. At a depth of about thirty feet the 
oxygen content will still be over seven parts per million, 
but at a depth of thirty-two feet the content may drop to 
less than two parts per million. This sudden change in 
oxygen content will indicate the beginning of the thermo
cline level. The thermocline will not always be located at 
the depth I have mentioned and the depths I use are for 
illustrative purposes. 

The other, and perhaps easier, method to establish the 
thermocline level is to measure the temperature change 
of the water at different levels. The water temperature will 
not vary over two or three degrees in the first thirty feet 
of depth-about seventy-two at the top and seventy at the 
thirty foot level-but at the thermocline level the tempera
ture will drop several degrees. 

There are several thermometers which might be used for 
these measurements. The maximum minimum type would 
prove satisfactory, but it must be raised from the water to 
read the temperature of the various depths and this is .a 
laborious task. Another thermometer that could be used IS 
the resistance type. The resistance thermometer utilizes the 
fact that the resistance of a conductor changes with tem
perature. The thermometer is connected. into one l~g of ~ 
balanced Wheatstone Bridge, and the bndge meter IS cali
brated to read temperature change directly. A thermistor 
or a coil of platinum wire is usually used for th.e con
ductor. This thermometer has the advantage that mstan
taneous temperatures can be ready for any level without ~e
moving the thermometer from the wa~er, but ~as. the dis
adYantage of a time lag betwe<':n readmgs. Bml~mg such 
a device would be within the scope of any eng111eer hav
ing the electrical circuit background acquired in physics 
classes. 

I understand the Conservation Department of one of our 
southern states uses the temperature method to establish 
the thermocline level for each day, and then broadcast 
their findings via radio to the fishermen. Using this in
formation fishermen began to catch fish in lakes previously 
considered fished out. 

The stratification effects have been demonstrated by low
ering fish in wire baskets into the various levels. The fish 
lowered as far as the thermocline level suffered no ill effects 
or fatalities even if they were kept at that level for ex
tended periods, but the fish lowered a foot lower into the 
thermocline died within a few hours, and those lowered 
into the bottom layer died almost immediately. 

The reader might question the validity of this article 
on the basis of personal experiences he might have had on 
a large lake such as Mille Lacs. The resort owners and 
guides on that lake will tell you to fish right on the bottom 
for wall-eyed pike, no matter how deep the .water you are 
fishing in might be. The larger lakes- Mille Lacs, Red 
Lake etc. -do not develop the three layers common to the 
smalier lakes. Lakes more than several miles in diameter 
have such large undertows, developed by wave action, that 
the water is well mixed up all the time. Also the layers 
will not develop in lakes shallower than twenty-five feet. 
(Eddy and Surber, 1947) 

Now THAT the fisherman knows the fish in a lake will be 
limited to the upper thirty feet of water, it would be 

a still greater advantage to confine them even more. To 
do this we must examine the oxygen content of the 
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eplimnion or upper water layer. The oxygen in the air 
above the water dissolves in the lake to some extent but 
diffuses very slowly into the water. In winter there is no 
contact between the atmosphere and water so it is appar
ent the lake must manufacture its own oxygen supply, 
which it does. All the plant life in our lakes, from the 
largest water lily to the smallest floating algae, produce 
oxygen by photosynthesis. Photosynthesis is the formation 
of carbohydrates in the chlorophyll-containing tissues of 
plants exposed to light, sunlight in our case. On bright 
days the water in a lake may be well saturated with oxygen 
while on dull days the same water might be deficient in it. 
Also, as the water gets deeper there is less sunlight present 
to produce oxygen and the oxygen content decreases. 
When the ice is covered by a blanket of snow, no sunlight 
can penetrate into the water and as a result there is no 
oxygen produced and a winter kill occurs. 

The reader might question here how the fish in a lake 
could consume all the dissolved oxygen in a winter time, 
and the answer is that decaying matter- dead plants, bot
tom muck, etc. - use great quantities of oxygen in the de
caying process. This is one reason the water in the bottom 
lake level contains little or no oxygen. The oxygen dis
solved in the water before the stratification took place is 
quickly consumed by decaying matter at the bottom, and 
the sunlight cannot penetrate into the bottom layer to 
produce more. 

THE FISH will seek out the level having the greatest oxygen 
content because the more oxygen there is in the water 

the easier it is for the fish to breath, and breathing can be
come work if there is an oxygen deficiency. If this is the 
situation it would seem logical to assume the fish would 
spend most of his time just beneath the surfac~ where. the 
content is the highest. He probably would If the hght 
didn't bother his eyes. It is quite possible a bright light 
affects the eyes of a fish in much the same manner it affects 
our eyes. The fish cannot close their eyes because they have 
no eyelids, and their eyes do not ad just to a brig~t li~ht 
like ours do, ~o they must seek a place where the hght 111-
tensity doesn't bother them too much. That is either in the 
weeds or at a greater depth. 

If the depth the fish will be at is so directly related to 
sunlight, it would be to our advantage. to i~vesti~ate. the 
light inten~ity at various depths. The hght m~ensitY. 111 a 
lake decreases exponentially from the surface mtensity as 
the depth increases linearly. 

The light intensity at a ten foot depth in a clear water 
lake would be twelve per cent as great as the surface in
tensity. In a dirty lake over eighty per cent of the original 
light is absorbed in the first eighteen inches of water and 
transformed into heat and other forms of energy. 

The alert reader would ask here how the fish see the 
lures dragged by them if they are at a dept~ where it is 
dark. To answer this question and to establish the level 
the fish might be at, we must first investigate the lighting 
conditions above a lake during an average summer day, 
and the corresponding light intensities existing at various 
depths. 

The surface light intensity at mid-day for a typical, 
clear summer day will be between 10,000 and 13~000 foot
candles as is shown in figure two. The reader migh~ com
pare this amount against the thirty foot-c~ndles co~s1der~d 
adequate illumination in classrooms. Us111g the mtensity 
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formula we find the light intensity at the thermocline level 
-thirty feet -would still be over nineteen foot-candles. 
On a dark day the surface light intensity may drop to 100 
foot-candles, and the fish could stay closer to the surface 
without feeling discomfort. As summer passes the mid-day 
light intensity decreases, and a comparable day in Septem
ber will only produce 2,000 foot-candles. 

The exact level where the fish will be found will vary 
from day to day and hour to hour, and it is the fisherman's 
task to locate this level. 

Undoubtedly there will be a fisherman reading this ar
ticle who has consistently caught wall-eyed pike at night 
in water up to fifteen feet deep, and he will wonder how 
fish can see under these conditions. The full moon at best 
can only give about .0388 foot-candles illumination at the 
water's surface, and this is hardly enough to see by much 
less penetrate into the water for any depth. First of all the 
walleye has eyes somewhat like those of a cat which are 
especially sensitive to any light whatsoever. Thus the fish 
is capable of seeing where the light intensity is very low. 
Also if there is any light at all on the surface and the fish 
is situated under your lure, he might be able to see it 
against the surface light, much like you can see objects 
between you and an open door if you are in a dark room. 
More than likely though, the fish either smells or hears the 
minnow you are using or hears or feels the vibrations set 
up by the lure you drag by him. The effect of noise and 
vibrations on fish will be discussed later in this article. 

The stratification theory eliminates a large part of the 
lake for the fisherman to search vertically, but it doesn't 
reduce the horizontal area very much. If we could discover 
what sections of the lake the fish are apt to be in it would 
help our cause greatly. Do the fish stay near shore all day, 
do they move out over deeper water in the middle of the 
lake and stay in one spot all day, or do they migrate all 
over the lake during the day? These are questions that are 
being investigated at the present time and I will describe 
one part of this investigation. 

Arthur D. Hasler and James R. Villemonte of the Uni
versity of Wisconsin (1953) used an echo sounding unit to 
follow the movement of perch during the day. The sound
er, aU. S. Navy pattern NJ-9 echo sounder, was modified 
to accommodate an osci11oscope so the echo could be ob
served as a scope trace. In depths less than ten feet, where 
the outgoing transmissions would disturb the echo pat
terns, a blanking device was used to accept only the echo. 
An echogram made by plotting the scope trace would show 
the bottom of the lake as a uniform dense line and the 
schools of fish as dark masses at various levels. 

This investigation showed the schools of perch traveled 
in tight schools separated from each other by only eight 
or ten inches, and tend to hover in one spot at levels of 25 
to 35 feet for the greater part of the day. As sundown ap
proached the perch slowly moved in towards shore at the 
same level. When they reached a place where the bottom 
was a t the same level that they had been feeding at all day, 
they broke up the schools and dispersed along the bottom. 
At dawn the reverse process would take place. Divers sent 
down at night with spotlights found the perch were resting 
along the bottom with their pectoral fins just touching
the sand, and there was no indication of schooling. 

Hasler believes the rapidly changing light intensity at 
the sundown and sunrise hours might set off this migra-
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tion. If this is the situation, the schools of fish might mi
grate to different parts of the lake when the light intensity 
changes during the day. This is a question still to be 
answered. 

The findings of this investigation support the stratifica
tion and light intensity theory to a great degree. The perch 
apparently found a level where there was plenty of food, 
oxygen, no bright light, and few natural enemies, and 
chose to stay there most of the time. 

I mentioned the possibility that fish can hear or feel your 
minnow swimming around. I will try to clarify that 

statement now and introduce the concept of noise into our 
fishing theories. 

There are many anglers who would not hesitate to break 
an oar over your head if you should make an unnecessary 
noise in the boat or even talk too loud. Stilwell, { 1957) 
working with the Texas Game and Fish Department, 
found many of the myths connected with noise and fishing 
found loud noises like thunder, talking, shotgun blasts, 
were untrue. Working underwater with an aqualung he 
etc., were reflected at the water's surface and could not be 
heard at all under water. 

The team he was working with had discarded the popu
lar belief that the noise a fisherman may make in the boat 
like scraping the bottom, dropping his beer can, slamming 
the minnow bucket lid, and even the outboard motor, 
bothers the fish. They found in fact, most noises-especial
ly steady noises- will attract fish. A 4000 cycle per second 
frequency, according to Stillwell, seemed to please the fish 
the most, and several bait companies have capitalized on 
this fact and produced a sonic lure. 

.Just how sensitive are fish to noise and vibration? In one 
experiment minnows were made to detect a 660 cycle per 
second note at a 200 foot distance. A tuning fork was used 
to produce this note and the same note produced above 
the water could just barely be heard by the human ear. 
The fish picks up vibrations through tiny holes in the 
laterial lines, and these vibrations go into a tubular canal 
which ends in sensitive nerve endings. Coupled with this 
fact that the fish has a hollow bone structure, making a 
perfect receiver for vibrations. 

Some fish can be trained to differentiate between two 
notes, 50 cycles per second apart in frequency. When fish 
breathe or move around, they will set up vibrations in the 
water, and these vibrations can be received at a great dis
tance by other fish. Hasler felt the reason the perch under 
investigation remained motionless during the night was 
so as not to set up any vibrations in the water thereby dis
closing their hiding place to their night feeding enemies. 

This article has attempted to acquaint the reader with 
the importance of heat, light, and sound in relation to 
fishing. If the reader will put to use the ideas expressed in 
the article he will have a new method of catching fish that 
is as effective as any lure he might have in his tackle box. 

In this discussion I have not given any plausible reason 
for the sudden changes in temperature and oxygen con
tent at the thermocline level. I must ask the reader to 
accept the fact that these phenomena do occur because to 
fully explain the reasons for this we would have to investi
gate photochemical reaction and the quantum theory ot 
light and that would not be within the scope of this article. 

• • • 
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IMPORTANT ON-CAMPUS INTERVIEWS FOR POSITIONS AT 

NORTH AMERICAN'S 
COLUMBUS DIVISION 

North American Aviation, foremost in the design and production of 
military aircraft, has an established engineering team at its Columbus 
Division with prime responsibility for complete design and development 
of Navy aircraft. 

The New FJ-4-Navy's latest and fastest FullY JET-is the most 
recent achievement at Columbus. Other, even more advanced designs 
are now being developed from initial concept to actual flight ... creating 
top opportunities for virtually all types of graduate engineers. 

Contact your Placement Office for an appointment with North 
American representatives. 

Or write: Engineering Personnel Office, Dept. COL, North American 
Aviation, Columbus 16, Ohio. 

NORTH AMERICAN AVIATION, INC. 
COLUMBUS DIVISION 

NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 
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Does DuPont 
have summer 
jobs for 
students? 

Robert G. Carter received his M.S. in industrial engineering 
from Ohio State in 1951 and joined Du Pont soon afterward. 
After varied plant experience, he recently undertook an inter
esting new assignment in the Polychemicals Department at 
DuPont's Sabine River Works, Orange, Texas. The major func
tion of his current work is to coordinate cost information as an 
aid in maintaining cost control. 

You bet we do, Walt! They're part of a regular Tech
nical Training Program which Du Pont has had for 

years. 

Ordinarily we try to assign summer employees to work 
which ties in with their fields of training in college and 
with their long-range interests. Informal or formal instruc
tion on Company matters is usually provided. 

We're definitely in favor of these summer contacts, for 
they provide students with practical technical experience 
and make them more valuable to industry when they 
graduate. And it gives us a chance to become better 
acquainted, too, with some of the men we'll be consider
ing for permanent employment, later. It's a program of 
mutual benefit. 

FEBRUARY 1957 

Walter A. Paulson, honor student at Pratt Institute, Brooklyn, 
and member of the honorary engineering fraternity, Tau Beta Pi, 
expects to receive his B.S. in Chemical Engineering in June 1957. 
He is interested in the professional advantages that a student may 
derive from technical experience obtained during summer work. 

In addition to the Formal Technical Training Program, 
we frequently have a number of vacation replacement 
jobs and other temporary positions which are available 
to college students. 

Last summer we hired a total of 720 students from 171 
different colleges and universities. Most of these were 
juniors, or were graduate students about one year away 
from permanent employment. 

You can see our program is a fairly substantial one, 
Walt. 

FREE FILM: "Mechanical Engineering at Du Pont" 
available on loan for showing before student groups 
and clubs. Write to the Du Pont Company, Wilming
ton, Delaware. 

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 

Watch "Du Pont Theater" on telelliaion 
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It's the Test by Fire for High Alloy Steel 
A jet engine on a test stand represents the 
kind of metal-killing service that no steel 
could stand until A-L pioneered in suitable 
high-temperature alloys. Then, and only then, 
came aircraft superchargers, jet and rocket 
engines, gas turbines, etc. 

Outside of the stainless and high-tempera
ture steel families, other fields in which 
Allegheny Ludlum blazes the trails include 
electrical steels and special magnetic mate
rials. tool and die steels, and sintered carbides. 

In your industrial future, you're practically 
certain to run into problems of corrosion, 
heat or wear resistance-of strength 
with light weight- or of special electrical 
requirements. The right special alloy steels 
can solve them, and we're the people to 
see (a suggestion that is equally good if the 
development and production of these high 
alloy materials appeals to you as a career). 
Allegheny Ludlum Steel Corporation, 
Oliver Bldg., Pittsburgh 22, Pa. 

PIONEERING onfhe Horizons of Steel 

Allegheny Ludlum 
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Modern and advanced engines log up hundreds of test hours daily in Standard's automotive 
laboratory at Whiting. Radioactive carbon traces deposits in the guarded engine (foreground). • 

Would you like to work on 
the same team as this man? 

LAMONT ELTINGE is a group 
leader in the Automotive Research 

Division of Standard Oil's great Research and 
Engineering Laboratories at Whiting, Indiana. 
He and his group dig freely and fruitfully into 
just about every area you can think of in diesel, 
automotive, gas turbine, and jet fuels. Current 
studies range from air pollution problems 
arising from diesel smoke to laboratory use of 
radioactive carbon tracers for the basic study 
of deposits in gasoline engines. 

Mr. Eltinge earned his B.S. in mechanical 
engineering at Purdue in 1947. He is a member 
of SAE, Tau Beta Pi, Sigma Tau, and Pi Tau 
Sigma. Along with the important contributions 

he makes to Standard as a regular member of 
our team, he finds time to attend Illinois Insti
tute of Technology where he recently received 
his M.S., and takes an active interest in church 
work. 

Lamont Eltinge and hundreds of young men 
like him are going places and doing things at 
Standard Oil. Each concentrates on his own 
special field of interest and experience, bu~ 
none is limited to it. Chemists, metallurgists, 
engineers, physicists and others maintain a 
continuous relationship for the broad exchange 
of ideas. Perhaps you, too, would enjoy mem
bership on Standard's team of engineers and 
scientists. 

Standard Oil Company 
910 South Michigan Avenue, Chicago, 80 lllinoi~ 
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AN UP-TO-EARTH VIEW OF THE FUTURE 

The Martin launching vehicle of the first man-made Earth 

satellite will be the opening gun of a new and endless age 

of exploration into space. 

There are many exciting new opportunities at Martin. 

If you are doing some down-to-earth thinking on this 

fabulous future you'd do well to contact J. M. Hollyday, 

The Glenn L. Martin Company, Baltimore 3, Maryland . 

..,...,. ..... 
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The Gas TurbiUe ... 

Power for the Ship of the Future 

ALTHOUGH NEW in the application as a marine propulsion 
plant, General Electric gas turbines have already been 

proven to be efficient, dependable sources of power. 
Jn July 1949 the first General Electric gas turbine was 

placed in commercial operation, and since then has oper
ated for more than 36,000 hours. During this entire period 
of operation, there have been only two forced outages 
resulting in a relatively few hours of downtime. 

The Maritime Administration's Engine Improvement 
Program is based upon the conviction that technological 
advances make possible the development of gas turbine 
types of ship propulsion plants capable not only of higher 
efficiencies but also of lower maintenance and operating 
costs than the conventional steam turbine power plants 
generally in use in the United States Merchant Marine. 

On February 15, 1954, inquiries were sent to leading 
heavy equipment manufacturers throughout the United 
States requesting proposals to furnish gas turbine propul
sion machinery for the re-engining of Liberty Ships. The 
manufacturers were given complete engineering latitude 
in the development of their proposals subject to meeting 
certain basic operational concepts. These limitations re
quired that units be capable of burning Bunker "C" fuel, 
that the installation be guaranteed for one year, that a 
high thermal efficiency be obtained, that the existing ma
chinery in the Liberty ship be retained wherever possible in 
order to limit the conversion costs; and that a normal con
tinuous output rating of 6000 SHP be met. 

The rotary compressor open cycle type with double re
duction gear and controllable pitch propeller, was selected 
to power the SERGEANT. 

The Liberty Ship Conversion and Engine Improvement 
Program decided upon has three ~ajor objectives: 

I. To permit the Maritime Administration to evalu
ate the possibility of upgrading the vast numbers of 
10-knot Liberty ships now available in our Reserve 
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Fleets. 
2. To assist the American Merchant Marine in the 
comparison of these new types of propulsion plants 
with those already established in maritime service use 
and in the development of new propulsion plants. It 
is intended that these new engine types will provide 
not only improved fuel economy but also lower main
tenance, replacement, and operating costs. 
3. To investigate the possibilities of improving the 
standard cargo handling techniques and equipment 
currently in use, in order to reduce in-port time re
quirements for our cargo ships. 
4. To investigate the sea-keeping characteristics of 
Liberty ships under actual operating conditions, with 
and without the lengthened bow, at increased speeds. 
The use of gas turbine power plants and the adaptation 

of diesel engines to the use of residual fuels are among · 
the most promising innovations in the recent history of 
marine engineering. 

The JOHN SERGEANT is the first large merchant ship 
under any flag to be propelled solely by a gas turbine and 
to use a controllable-pitch propeller. 

When she was converted to her present status a new bow 
section was added, increasing her length by some 20 feet. 
The new bow is expected to improve greatly her "sea
keeping" qualities, that is to enable the ship safely to 
maintain greater speeds in rough seas. 

The controllable-pitch propeller, which performed ex
cellently in her trials is a feature which does away with 
the necessity of reversing the ship's engines to go astern, 
and allows a large degree of control in the ship's speed 
through the water. The propeller, as well as the gas tur
bine, is controllable from the bridge as well as from the 
engine room. 

(N ext Page) 
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Power . .. 
The unit installed aboard the JOHN SER GEANT is a 

6000-hp, regenerative-cycle, two-shaft gas turbine. Ten 
machines of a similar two-shaft design have been in opera
tion in Venezuela for over one year. They have had an 
availability in excess of 98 per cent, with forced outages of 
less than two-tenths of one per cent. 

This gas turbine consists of four basic components: The 
compressor, a c~mbustion system, turbines, and the regen
erator, or heat exchanger. 

The air is compressed in the compressor and then is di
rected to the combustion chambers where the fuel is in
jected. The heated gas leaving the combustion chamb~r is 
passed through the turbines to develop power: The high
pressure turbine operates the compressor, while the low
pressure turbine provides the useful power. The heat e_x
hausting from the turbines enters the regenerator. Air, 
after leaving the compressor, and before entering the com
bustion system, passes through the regenerator and is heat-
ed by the exhausting gases. . 

While the high-pressure and low-pressure turbmes are 
contained in the same casing, they are mechanically inde
pendent. 

A unique feature of this gas turbine is the variable-angle, 
second-stage turbine nozzles which permits a proper en:rgy 
distribution between the high 'and low pressure turbmes 
over a wide range of ambient temperatures. This results 
in an improvement in thermal efficiency, and more rapid 
maneuvering ability. 

Another innovation of this gas turbine is that it was 
shipped completely assembled on an integral b~se. This 
permitted the gas turbine to be completely p1ped and 
wired before shipment, resulting in a minimum of expense 
in installation. The base contains the lube oil piping, lube 
oil coolers, and all the other necessary accessories. The re
generator was shipped as a separate item and was installed 
after the gas turbine was in place. 

Use of the gas turbine in the JOHN SERGEA!!T as _the 
main propulsion equipment means that there IS possible 
a substantial saving in maintenance costs. 

A user of a gas turbine of a similar design, but used for 
generation of electricity, indicated that for the first 30,?00 
hours of operation, the maintenance of the gas turbme, 
generator, exciter and gear amounted to $2.05 per KW 
per year. This is equivalent to $1.50 per ho~sepower per 
year for a gas turbine installed aboard ~ shl}:~. However, 
since the JOHN SERGEANT's gas turbme will burn re
sidual oil, rather than natural gas which is used in the 
unit being compared, the maintenance costs are expected 
to be slightly higher. . . 

Because the gas turbine is practically automatic once It 
is in operation, the engineering force needed aboard the 
JOHN SERGEANT will not have to be as large as that 
aboard a steam ship. · 

Special oil-washing equipment has also been installed 
aboard the JOHN SERGEANT to treat the residual oil 
which will be burned in the gas turbine. 

Sodium and vanadium, which are found in residual oil, 
are extremely corrosive and also form deposits on the tur
bine nozzles and buckets. 

In the oil-washing machinery, fresh water an~ a de
mulsifying agent and mixed with the hot fuel ml. !he 
water and the dissolved sodium are removed by centnfug
ing. To insure a sufficient difference in the specific gravity 
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between the water and oil, magnesium sulphate (epsom 
salts) is added to the water. Magnesium sulphate is also 
used to counteract the vanadium. 

The water-washing system can be operated either as a 
batch system or continuously. However, for economy, the 
system will operate continuously. Two clean-oil fuel tanks 
are aboard the JOHN SERGEANT and each can hold 
sufficient oil for 24 hours of operation. 

The gas turbine has proven to be the "greatest advance 
in marine propulsion in the last fifty years," according to 
John J. McMullen, chief officer, construction and repair 
for the Maritime Administration. 

McMullen expressed his opinion following three days of 
extensive tests on the GTS (Gas Turbine Ship) JOHN 
SERGEANT- the world's first large merchant ship to be 
propelled solely by a gas turbine- of the Virginia coast. 

On her speed trials, the vessel, powered by a normally 
rated 6000 HP gas turbine developed 7575 HP and reached 
a speed of 18.046 knots. 

The gas turbine consumed .533 pounds of fuel per shaft 
horse-power hour and, far surpasses for efficiency anything 
to be found in a modern steamship of comparable size. 

McMullen stated that the open-cycle gas turbine did not 
vibrate, even when the vessel was running ahead at top 
speed and then thrown to full astern. 

He also noted the absence of any noise factor while the 
machine was operating and stated that a test showed the 
noise level to reach only 96 decibels. 

The JOHN SERGEANT, constructed in 1942, served at 
various times in commercial service with a 2500 HP re
ciprocating steam engine as her source of propulsion. 

In 1955 she was withdrawn from the Wilmington, N.C. 
reserved fleet for the gas turbine experimental conversion. 

She is the third of four Liberty ships with which the 
Maritime Administration is experimenting to determine 
the possibility of modernizing these ships for national 
emergency use, and to test the practical usefulness of new 
ship propulsion and cargo handling devices for adaptation 
to other vessels of the merchant fleet. 

The 13,570-ton ship was converted by the Newport News 
Shipbuilding and Dry Dock Co., Newport News, Va. She is 
equipped with one of the world's largest controllable pitch 
propellers. 

Upon acceptance by the Maritime Administration's trial 
board, the JOHN SERGEANT is scheduled to be operat
ed by the United States Lines carrying cargoes for the Mili
tary Sea Transportation Services (MSTS). 

THIS MECHANICA: liqui? metal pump built by t_he West
inghouse Atomic Eqmpment Department has JUSt com

pleted a successful 500-hour performance test run at ~ore 
than 1000 degrees F.- the highest temperature at wh1ch a 
pump of this type has ever operated for an extended 
period. It is rated 150 gpm at a 285-Eoot head. . 

The new mechanical (centrifugal) pump has a hermeti
cally-sealed canned-rotor which contains pump a?d motor 
in one integral unit. This isolates the pumped fluid and all 
rotating parts from the field windings and outer atmos
phere. 

Production models of the pump will operate at temper
atures up to 1600 degrees F., and will be applied to nucl:ar 
power plants, chemical process lines, and other ar:>plica
tions requiring high-temperature heat-transfer medmms. 

• • • 
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Mulling Over 
these Questions 

about your 
First Job? 
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company 
I choose 
boost my 

· professional 
reputation? 

Does the 
location 
suit a 

modern 
way of life? 

Check Republic Aviation's*'Wnswers 

REPUBLIC has been pioneering new concepts in aircraft design 
for over 25 years. Our present production plane is th!l r(lost 
advanced fighter·bomber in the U. S. Air Force-the incredible 
F·l05 Thunderchief. Our Guided Missiles Division is investigat· 
ing the upper atmosphere and advanced satellite problems; 
and have created the first portable, inexpensive rocket, Terrapin. 

Our engineers are working ten years ahead . .. which means that 
every project you're assigned to is at a research or develop· 
mental level. And you get a crack at responsible assignments 
from the start . .. modern facilities to test out your ideas .• . with 
engineering aides to do the routine work. 

Well- for one- there's Alexander Kartveli, Vice President, Re· 
search & Development, who sparked the Thundercraft series. 
There's Dr. Theodore Theodorsen, for another- among whose 
accomplishments is the theory of wing·flutter- who heads our 
Scientific Research Group . .. and there are hundreds of other 
engineers and scient_i~ts of major stature. 

You'll live on Long Island with its fabulous beaches and parks 
-less than an hour from New York City's cultural and enter· 
tainment facilities ... giving a man the best combination for a 
well·rounded life ... and enough money to enjoy it- coupled with 
a benefit program that's a model for the industry. 

Only you can answer that .. . and your talent is the key. But 
everything that is possible for a company to do- for you to 
achieve your maximum potential- REPUBLIC does .•. including 
attendance and presentation of papers at professional meetings 
and advanced stud ies at prominent universities and colleges. 

To fmd out all about our brand new and un1que train1ng 
program see the Republ 'c man when he v1sits your campus 
Make an appointment now with your placement director. 

or vou mav address vour inquirie• to: 

Mr. George R. Hickman 
Engineering Employment Manager 
Farmingdale, Long Island, New York 

A I/IATII:6~ 
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UNIVERSITY OF CALIFORNIA RADIATION LABORATORY· Berkeley . . Livermore 

At UCRL's Livermore, California, site-interior view of drift tubes in high-current 
linear accelerator designed to deliver 250 rna of 3.6 Mev protons or 7.8 Mev oleuterons 

Could you help advance these new frontiers? 
New techniques ... new equipment ... new knowledge-all are 
in constant growth at Livermore and Berkeley, Califorriia as some 
of America's most challenging nuclear frontiers are met and passed 
by the University of California Radiation Laboratory's unique 
scientist-engineer task force teams. 

There are many such teams. And what you can do as a member, 
is limited only by yourself-your ability and your interest. 

For UCRL is directed and staffed by some of America's 
most outstanding scientists and engineers. This group offers 
pioneering knowledge in nuclear research-today's most expansive 
facilities in that field ... and wide-open opportunities to do 
what has never been done before. 

fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
photography (including work in the 
new field of shock hydrodynamics), 
reaction history, critical assembly, 

nuclear physics, high current linear 
accelerator research, and the controlled 
release of thermonuclear energy. 

In addition, you will be encouraged 
to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature. 

And for your family-there's pleas
ant living to be had in Northern Cali
fornia's sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac
tions of the San Francisco Bay Area. 

You can help develop 
tomorrow-at UCRL today 

Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy. © UCRL 

IF YOU are a MECHANICAL or ELEC· 

TRONICS ENGINEER, you may be in
volved in a project in any one of 

these fields, as a basic member of the 
task force assigned each research prob
lem. Your major contribution will be to 
design and test the necessary equip
ment, which calls for skill at improvis
ing and the requisite imaginativeness 
to solve a broad scope of consistently 
unfamiliar and novel problems. 

~-::R~=R-:; ~::;E~:~~:~: ~:~S~~:::---------------- ;;2~; 
l!iilll UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 

LIVERMORE, CALIFORNIA If you are a CHEMIST or CHEMICAL 

ENGINEER, you will work on investiga
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob
lems of nuclear rocket propulsion, 
weapons and reactors. 

If you are a PHYSICIST Or MATHEMA· 

TICIAN you may be involved in such 
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Please send me complete information describing UCRL facilities, 
projects and opportunities. 

My fields of intere# are---------------------

Name----------------------------------------
Addr~·---------------------------

CitY------------------------Zone--State--------
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do your drawings 
do justice to 

your de.-.? 
It takes a sharp drawillq to sell a sha.q) id.ea-and 

you're halfway there when you pick up an MGLE 
TURQUOISE drawing pencil. For one thing, no pencil on the 

market can match TURQUOISE for smoothness and consistency

thanks to Eagle's exclusi.ve'~~"Electronic" graphite.What's more, 

every TURQUOISE has a strong needle point that just won~t 

crumble-and stays sharp for line after long line of 

unchanging width. Tops for uniform grading, it's also 

_ perfect for reproduction-mistakes 

erase without a trace, leave nary a 

"ghost line." Makes your drawings 

look sharp-and you, t~l 
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Will Your First Job 
be Professional? 

WHAT IS MEANT by professionalism as applied to engi
neering has been admirably discussed by Mr. Hib
bert Hill in the previous issue of "Technolog". A 

profession, by definition, is an occupation in which a pro
fessed knowledge of some department of learning is ap
plied to the affairs of others in our society. For engineers 
this means the impartial applicati'on of the laws of mathe
matics, physics and chemistry as they relate to the needs 
of those who engage our services. 

Theoretically, this demands an attitude by the engineer 
which places his financial and physical well-being second 
to the legal responsibility given him when he is regis
tered: to protect the public health, safety and welfare in 
the application of engineering principles. Social prestige 
and financial security are not automatically bestowed upon 
individuals and groups because they have survived five 
years of advanced schooling, managed to earn a living for 
four additional years and then have passed a one day ex
amination. Society has a way of begrudgingly, belatedly
and sometimes not at all- rendering such honors only 
after rigorous demonstration by such individuals or groups 
that their contributions to the good of all merit these 
rewards. 

Engineering students who will graduate this year are al
ready beginning to face an army of "talent scouts". Some 
offer careers in sales for which a knowledge of engineering 
jargon is useful to overcome sales resistance; some offer 
"slide rule jockey" jobs deep within the herd of others 
holding similar positions; some offer jobs which aren't 
much in themselves but are loaded with security. 

The practice of a profession, ideally, involves the skill 
and judgment of an individual rather than the collective 
effort of a group. As approximately 85 percent of all engi
neers are employees, this fact seems to be a major obstacle 
in attaining a really professional status for engineers. On 
the other hand, the mere fact that an engineer is also an 
employer does not automatically mean that he has perfect 
freedom to exercise his skill and judgment. However, he 
has usually attained a greater degree of freedom than the 
employee engineer. It should be the goal of every engineer 
to continually seek greater autonomy in his work in order 
to gain greater freedom to render a professional service. 
It should be the responsibility of every employer to create 
an atmosphere which encourages the development of the 
professional idea among his employee engineers. 

The National Society of Professional Engineers, through 
its Engineers-in-Industry Subcommittee, has prepared a 
valuable booklet entitled "Criteria for Professional Em-
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by John Meyer 

ployment of Engineers". The aim of this booklet is to give 
the student who is about to graduate a checklist to evalu
ate the job offers which will come his way. "Criteria" is 
organized in two parts: one section questions the employer 
about his organization and practices, and the other section 
examines the individual engineer's attitude and perform
ance. 
T~e first topics in "Criteria" deal with recruitment, ap

plication for employment and interviews. The employer 
is asked if the job and all related facts concerning the va
cancy are correctly stated. He is quizzed about the com
pany's attitude toward professional status of the engineer 
and the nature of training programs. The engineer is 
charged with stating accurately and completely all facts 
called for and to clearly state his qualifications and wheth
er he intends that his new employment will be of a per
manent or a temporary nature. The engineer should evalu
ate the firm's attitude towards its engineering department. 
Is the department an important part of the firm's activities 
or does it have a subservient role in relation to other ac
tivities? A firm which truly needs a healthy and vigorous 
engineering staff, and recognizes the fact, is an excellent 
place for the engineer to seek employment. 

The next section, indoctrination, speaks for itself. The 
employer is asked to explain the nature of the business, 
introduction to company leaders, organizational structure, 
company policies, etc. The engineer is reminded that he 
should take an active interest in the company and seek to 
learn as much as possible about its functions and policies. 

Technical development of the individual section is a re
minder to the employer that he should provide extensive 
incentives and opportunities to broaden the technical qual
ifications of the engineer. Also, the engineer should not 
feel that extra courses and training are necessarily a part 
of his employment and he should seek out additional train
ing at the expense of his own time and money. 

The next section deals with Administrative Develop
ment of the Individual. It is very possible that the engi
neer will get the opportunity to move into administrative 
responsibilities. Both employer and engineer should be 
alert to this potential source of management talent. 

Professional Development of the Individual reminds the 
employer that he must provide a climate conducive to 
professionalism. The engineer must remember that he 
should take the initiative in developing professionally. 

The next topic is Personality Development of the Indi
vidual. Personality includes leader;ship, initiative, co-op
eration and articulate e~pression. It is as important a fac-
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tor for success in engineering as in any other field of en
deavor. The employer is asked to give periodic criticism 
of the engineer's shortcomings and the engineer is re
minded that he must make the main effort to overcome 
personality defects. 

The section on company practices contains subjects of 
immediate concern to the engineer. Working conditions, 
salaries, engineering titles, personnel practices and termi
nation policies are tangible items which the engineer must 
live with daily. If employer and engineer are in mutual 
accord with the points mentioned, the chances are very 
good that the other topics outlined will present no prob
lems towards fulfillment. 

In spite of the detail with which "Criteria" explores the 
employer-engineer relationship, it is obvious that such a 
"checklist" is not foolproof when selecting a job. How
ever, if the important points covered in the booklet are 
discussed by the engineer in his interviews, a painfully 
wrong move may be averted. 

About the Author 
degree, Bachelor of Civil En
gineering, in 1947. After grad
uating he worked for a year 
with 'the Northern Pacific 
Railway as a rodman. After 
the surveying experience he 
was employed for three years 
in the structural department 
of Ellerbe and Co., Architects 
and Engineers in St. Paul. 
Following this he was em
ployed in the structural de
partment of Thorshov and 
Cerny, Architects and Engi
neers in Minneapolis, and 
was later named Chief Struc
tural Engineer for that firm. 
In 1955 he opened his own 
consulting engineering office 
in Minneapolis with a spe
cialization in structural engi
net:ring. He is a Registered 

After five years of study, the graduating engineer natur
ally wishes to find a job which will give him the grea test 
return in the shortest time for his efforts. It is h ard for 
him to remember that he is just on the threshold of a 
profession in which he will earn his livelihood for the next 
forty years. Perhaps the professional idea seems to be a 
bothersome abstraction at the moment and runs a poor 
second to someone with a lucrative offer to temporarily 
buy his slide rule services. Yet the trend by reputable em
ployers is to take greater interest in the professionally 
minded engineer because it is recognized that this type of 
person will have an increased sense of pride and responsi
bility towards his work. 

fohn Meyer received his Professional Civil Engineer 
schooling through high school in the State of Minnesota 
in St. Paul, Minnesota . In and is a member of the Min-
1941 he began his engineer- nesota Society of Professional 
ing education at the Univer- Engineers, American Society 
sity of Minnesota . H e paused of Civil Engineers and the 
slightly for three years service Minnesota Association of 
in the Army and received his Consulting Engineers. 

INDUSTRIES THAT MAKE AMERICA GREAT 

TRANSPORTATION ••• 
FREEDOM'S GIANT 

We sometimes become so bemused with 
its astronomical facts and figures that we 
are apt to regard the transportation in
dustry as an end in itself. 

But transportation has grown into a 
giant because it represents the translation 
into reality of some basic precepts of de
mocracy . . . freedom to think, freedom 
to buy and sell, freedom to move about 
as we please. The resultant interchange 
of ideas, people and goods has inevitably 
Jed to the development of large-scale, 
efficient transportation. It is thus no ac
cident that history's greatest democracy 
should also have history's greatest trans
portation system to serve it. 
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The transportation industry itself has 
never lost sight of its basic origins. Cogni
zant of its responsibility to the nation, it 
has always reinvested large amounts of its 
earnings in plant expansion, in engineer
ing, in research-all for the development 
of better and more efficient methods, 
machines and conveyances. That is why 
American cars, planes, ships and trains 
are able to supply their services so effi
ciently and abundantly. 

The science of steam generation for 
power, processing and heating in the 
transportation industry has likewise kept 
pace with the demand for greater effi
ciency. B&W, whose boiler designs power 

such giant vessels as the S. S. United 
States, continues to invest large amounts 
of its own earnings in research and en
gineering to discover better ways to gen
erate steam for ships and trains, for 
power plants and factories. The Babcock 
& Wilcox Company, Boiler Division, 161 
East 42nd Street, New York 17, N. Y. 

BABCOCK 
&WII.COX 
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((Whatever is wortlt doing 
at all is wortlt doing welL JJ 

From Lord Chesterfield's Letters 

Oct. 9, 1746 

PRINTERS • 
5th & 5th SOUTH 

LITHOGRAPHERS 
MINNEAPOLIS 
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For Blanketing Fire in Che111icals, 
Gasoline, Oils 
These pictures were taken at Robins Air Force Base in 
Georgia during acceptance tests of a Grinnell ProtectoFoam 
System. Above, a man slogs through foam to check the 
spray pattern produced by over 800 nozzles discharging 
75,000 gallons of foam per minut~. 

With a ProtectoFoam system, a vapor tight blanket of 
foam floats on liquids and clings to solids, extinguish,ing 
flames and preventing re-ignition. It is particularly effec· 
tive against fires in gasoline, oils, and chemicals. 

The foam, a harmless mixture of water and a protein 
base foaming agent, is produced mechanically by special 
Grinnell nozzles. When the foam compound has been used 
up or shut off, these nozzles then discharge water in the 
same manner as standard open sprinklers. Once the fire 
is out, the water discharge may be used to wash down 
the building and equipment and clean away the foam. 

ProtectoFoam is only one of many Grinnell Fire Protec· 
tion Systems designed for special hazard application. For 
further information, write to Grinnell Company, Inc., 
Providence, Rhode Island. 

Foam flows under aircraft to form a complete blanket, 

Truck breasts hub-deep foam blanket outside hangar, 
foam will dry out and disintegrate to a powder. 

GRINNELL 
WHENEVER FIRE PROTECTION IS INVOLVED 

-----,Manuladuring, Engineering, ancllnsfallation ol Fire Protection Systems since 1870-----

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
FEBRUARY 1957 
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Induction melted heat of high-temperature alloy being poured in P & W A's experimental foundry. Molten metal is strained into 
large water tank, forming metal shot which is remelted and cast into test specimens and experimental parts. Development and 
evaluation of improved high-temperature alloys for advanced jet engines is one of the challenges facing metallurgists at P & W A. 
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at Pratt & Whitney Aircraft 
in the field of Materials Engineering 
The development of more advanced, 
far more powerful aircraft engines 
depends to a high degree on the de
velopment of new and improved 
materials and methods of processing 
them. Such materials and methods, 
of course, are particularly important 
in the nuclear field. 

At Pratt & Whitney Aircraft, the 
physical, metallurgical, chemical 
and mechanical properties of each 
new material are studied in minute 
detail, compared with properties of 
known materials, then carefully ana
lyzed and evaluated according to 
their potential usefulness in aircraft 
engine application. 

The nuclear physics of reactor 
materials as well as penetration and 

Engineer measures residual stress in a com· 
pressor blade non-destructively, using X-ray 
diffraction. Stress analysis plays important part 
in developing advanced aircraft engine designs. 

effects of radiation on matter are 
important aspects of the nuclear re
actor program now under way at 
P & W A. Stress analysis by strain 
gage and X-ray diffraction is an
other notable phase of investigation. 

In the metallurgical field, mate
rials work involves studies of corro
sion resistance, high-temperature 
mechanical and physical properties 
of metals and alloys, and fabrication 
techniques. 

Mechanical-testing work delves 
into design· and supervision of test 
equipment to evaluate fatigue, wear, 
and elevated-temperature strength 
of materials. It also involves deter
mination of the influence of part 
design on these properties. 

The important effects of gases on the properties of 
metals have been increasingly recognized. Pratt & Whitney 
chemists are shown setting up apparatus to determine 
gas content of materials such as titanium alloys. 

In the field of chemistry, investi
gations are made of fuels, high-tem
perature lubricants, elastomeric 
compounds, electro-chemical and or
ganic coatings. Inorganic substances, 
too, must be prepared and their 
properties determined. 

While materials engineering as
signments, themselves, involve dif
ferent types of engineering talent, 
the field is only one of a broadly 
diversified engineering program at 
Pratt & Whitney Aircraft. That 
program- with other far-reaching 
activities in the fields of mechanical 
design, aerodynamics, combustion 
and instrumentation - spells out a 
gratifying future for many of to
day's engineering students. 

P & W A engineer uses air jet to vibrate 
compressor blade at its natural frequency, 
measuring amplitude with a cathetometer. Simi· 
lar fat igue tests use electromagnetic excitation. 

W or/d's foremost designer and builder of aircraft engines 

PRATT & WHITNEY· AIRCRAFT 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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Ha Ha Ha Ha 

"How long have you been driving without a tail 
light, buddy?" demanded the policeman. The driver 
jumped out, ran to the rear of his car, and gave a low 
moan. His distress was so great that the cop was 
moved to ease up on him a bit. 

"Aw, come now," he said, "you don't have to take 
it so hard. It isn't that serious." 

"It isn't?" cried the motorist. "What happened to 
my trailer?" 

"If it's heads, we hit the sack. If it's tails, we stay up. 
If it stands on edge, we study." 

A freshman leaned over to his neighbor and asked the 
meaning of the letters. 

"Well, you know what B.S. means, don't you?" 
"Sure." 
"Then, M.S. means more of the same and Ph.D. means 

piled higher· and deeper·. 

A hot-spell story that we like is about the girl who went 
swimming in the raw in a secluded millpond. Along came 
a little boy who began to amuse himself tying knots in 
her clothes. She floundered around, found an old wash
tub, held it up in front of herself and marched toward the 
little boy, saying: "You little brat, do you know what I'm 
thinking?" 

"Sure," said the little brat, "you think that tub has a 
bottom in it." 

A tirnbennan on an ea1·ly spring trip wandered unlwow
ingly into the map le syrup district of Vermont. Taking a 
stroll in the woods one day he noted a lot of buckets hang
ing on the t1·ees. "Gosh a'mighty," he exclaimed in aston
ishment, "they stne have sanitary dogs around these parts." 

I asked my girl if me she'd wed, 
She lifted up her lovely head, 
And in her sweetest manner said, 
"Go ask Father." 
She knew I knew her father was dead, 
She knew I knew what she meant when she said, 
"Go ask Father." 

Maacop had wired a government bureau asking whe
ther hydrochloric acid could be used to clean a certain 
type of boiler tube. The answer was: 

"Uncertainties of reactive processes make the use of hy
drochloric acid undesirable where alkalinity is involved. 

The inquirer wrote back, thanking the bureau for the 
advice, saying that he would use the acid. The bureau 
wired him: "Regrettable decision involves uncertainties. 
Hydrochloric add will produce submuriate invalidating re
actions." 

Again the man wrote back thanking them for their ad
vice, saying that he was glad to know that hydrochloric 
acid would be all right. This time the bureau wired in 
plain,English: "Hydrochloric acid will eat hell out of your 
tube. 

The very shapely girl of the month, who invites all to join her on a trip to Mexico, is Marilyn Sibald, a trans
fer student from Macalester College in Saint Paul. She is majoring in Physical Therapy in a cross between her 
sophomore and junior years. She is 20 years old and 5' 6" tall. The engineers can calculate the rest of her 
dimensions. 
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Ha Ha Ha 
A couple checked into the hotel and after cleaning 

up, forgot to turn off the faucets in the tub. A short 
time later the guest in the room directly below them 
opened his window and stuck out his head. "What's 
the matter?" he asked. "What the hell's ailing you?" 

"Stop your cursing," the upper returned. "I've got 
a lady up here." 

"And what do you think I have down here- a 
duck?" 

Samuel Hopkins Adams, who was always willing to try any
thing once, had accepted an invitation to a nudist party. De
scribing the experience to some friends the next day, he said, 
"They certain ly didn't do things by halves. Even the butler who 
opened the door for me was completely nude." " If he wasn't 
uniformed, how do you know it was the butler?" asked Mr. 
Adams' literary-minded publisher. "Well," said Mr. Adams, " It 
certainly wasn't the maid." 

Two lunatics were playing a little game. 
"What have I got here?" asked one, with his hands 

cupped. 
"Three Navy Patrol bombers," said the other. 
The fi rst one looked carefully into his hands, "Nope." 
"The Empire State Building?" 
"Nope." 
"The Philadelphia Symphony Orchestra?" 
The first one looked into his hand again and said slyly, 

"Who's conducting?" 

A foursome was playing golf when suddenly a pretty girl with 
no clothes on ran across the fairway with four men in hot pursuit. 
The last of the four was somewhat behind, and golfers noticed 
he carried a pail of sand in each hand. · 

"What goes on here?" asked the foursome. 

The caddie said, "Oh she's an inmate of the sanitarium and 
she gets out almost every day. Those men chasing her are at
tendants. They have to catch her and put her back." 

" But what about the fourth man? How come he carries two 
pails of sand?" 

"That's his handicap," said the caddie. " He caught her yes
terday." 

He was speaking to his four-year-old daughter. 
"Have you a kiss for Daddy?" 
4:'No." 
"Shame on you. Your Daddy works hard all day to bring 

home a little money and you behave like that. Come on 
now, where's the kiss?" 

Looking him right in the eye, the sagacious tot count
ered, 'Where's the money?" 
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Joe: My grandfather was the first person to take a 
milk bath. It took him eight years. 

Smoe: How come it took him so long? 
Joe: He had trouble getting out of the bottle. 

"As I opened my hotel room door I saw on the bed one of the 
most beautiful girls I have ever seen." 

" Is that so? What did you do?" 

" I did the only thing I could do. I called the manager and 
had her thrown out. What would you do?" 

" I would do the same th ing you did, only I wouldn't lie 
about it." 

The horse and mule live thirty years, 
And nothing know of wine or beers. 
The goat and sheep at twenty die 
And never taste of Scotch or rye. 
The cow drinks water by the ton 
And at eighteen is mostly done. 
The dog at fifteen cashes in 
Without the aid of rum or gin. 
The cat in milk and water soaks 
And after twelve short years it croaks -
The modest, sober, bone-dry hen 
Lays eggs for nogs, then dies at ten. 
All animals are strictly dry; 
They sinless live and early die. 
But sinful, ginful, rum-soaked men 
Survive for three score years and ten. 
And some of them, though mighty few, 
Stay pickled till they're ninety-two. 

M.E. "Give me a cigaret, joe." 
C.E. "I thought you gave up smoking." 
M.E. "Well, I got to the first stage. I've quit buying." 

In a chemistry class at Purdue the students were being 
orally tested. 

The teacher asked several questions, and then it was one 
of the "hep" kids' turn to answer. 

"You . . . " said the professor pointing to this fellow, 
"what is steam?" 

"Steam? Why professor, that's water that's crazy with 
the heat!" 

She reached below her dimpled knee 
Into her rolled-down stocking 
And there she found a roll of bills; 
Ah me, it was so shocking. 
"Why don't you keep them in a bank?" 
Inquired a nosy pryer. 
"The principle's about the same 
But interest here is higher." 
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Meet Bill Hancock 
Western Electric development engineer 
- . 

Bill Hancock is a graduate of Pennsylvania State 
Ur;tiversity where he majored in industrial engi
neering. Bill joined Western Electric as a plan
ning engineer in November, 1951, at the Kearny 
Works in New Jersey. Later, he was assigned to 
the new Merrimack Valley Works in North An
dover, Massachusetts, as a development engineer. 
Here Bill is shown leaving his attractive New 
England home for his office while his wife, Bar
bara, and their daughter, Blair, watch. 

Bill's present assignment at Western Electric: the development of methods 
and machinery for assembling one of today's most promising electronic 
developments- electronic "packages" involving printed wiring. At a prod
uct review conference Bill (standing) discusses his ideas on printed wiring 
assemblies with fellow engineers. 

Bill and his supervisor, John Souter, test a machine they developed 
to insert components of different shapes and sizes into printed 
wiring boards. The small electronic packages prepared by this 
machine are being used in a new transistorized carrier system for 
rural telephone lines. 

Sailing off the north shore of Massachusetts is one 
of Bill's favorite sports. He also enjoys the golf 
courses and ski runs within an easy drive from 
where he lives and works. 

Engineers: Western Electric offers you a wide variety of inter
esting, creative opportunities. It makes no difference what your 
field of specialization is. You can fit - now - into our opera
tion as the manufacturing and supply unit of the Bell System 
•.. or into our defense job. A free booklet -"Your Opportun
ity at Western Electric"- outlines company operations and 
specific job opportunities in detail. Send for it. Write to: Col
lege Relations Department, Room 1030, Western Electric 
Company, 195 Broadway, New York 7, N. Y. 

W(?Ef(?f/1 Electric 
MANUFACTURING AND SUPPLY~ UNIT OF THE BELL SYSTEM 

Manufacturing plon~s in Chicago, Ill. ; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind .; Allentown and Laureldale, Po .; Burlington, 
G;ee.nsb~ro and Wm.ston-Sol~~· N. C.; ~uffolo, N. Y.; Haverhill and lawrence, Moss.; lincoln, Neb.; St. Paul and Duluth, Minn. 
D1stnbuhng Centers 1n 30 c1t1es and Installation headquarters in 16 cities. Also, Teletype Corporation, Chicago 14, Illinois. 
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420 NICOLLET AVENUE 

FE. 6-6911 

Engineers, for the girl of your choice we have: 
Imported handtooled leather goods, purses, shoes and hand

bags; Famous silver jewelry from Taxco, Mexico; Hand painted 

skirts and dresses; Unusual gifts for anyone. 

We rent square dance costumes and shoes. 

Formerly "Al's" Mexican Shop. 
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Engineers: 
HOW ABOUT A TRIP TO MEXICO? 

Everyone likes to take a vacation between quarters, and I suppose everyone would like to visit Old 
Mexico to enjoy the romantic settings of that historic country. Let's follow lovely Marilyn Sibald as she takes 
a short jaunt to Mexico. 

"I understand you're taking a trip Marilyn; but why do you need all that stuff for one short trip? I know 
you want to be prepared for everything, but it looks more like you're preparing for a three year siege." 

The tourist in the story is Gerald Mitchel, a sopho
more in Electrical Engineering. Thanks Gerry. 

Photos and text by Ron Rodrigue 
with Bob McKenna 

NOTES 0~ COSTUME~: I would like to call attention to the costumes and props used in this little story. They 
were suppl1ed by The f1esta Shop (See advertisement facing this page), and I would like to thank them for the 
use of these costumes. 
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Of course it seems that everywhere you go in the 
world American tourists are there and they all seem 
to act alike. Marilyn has located Gerry, who evidently 
is a very cosmopolitan tourist, and in a typical female 
manner is succeeding in attracting his attention. 

With Gerry corralled by her charms, Marilyn as
sumed that everyone who visits Mexico should attend 
a bull fight. She wanted to do one better though and 
try this "art" for herself. What kind of terrible El Toro 
is this she is fighting? 
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Well here we are down in 01' Mexico and Marilyn 
is right in style as she visits the U. of Mexico. This 
familiar atmosphere seems to indicate they have 
finals there too, but Marilyn wonders a little about 
this. 

~ .. 



After that rugged round in the bull ring, Marilyn 
and Gerry decided to go dancing; but being rather 
strange to each other, they were a little reluctant to 
really get in the spirit of things. 

However, a few of those "fine" Mexican drinks 
soon loosened things up. 

Now look at Rosita and Carlos move- Ole! 
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By now Gerry thinks he has a real going doll so he 
figures on pitching a little woo. Naturally he has to 
do this in the accepted Mexican custom, so all dressed 
up in his fanciest Mexican attire he stands beneath 
her balcony and wails ballads to his lady love on into 
the night. 

Acapulco is noted for its very fine beach. Marilyn 
heard about this beach so the next day she decided 
to relax for awhile and soak up a little sun. That 

lucky ol' sun! 
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After that bit of relaxation on the 
beach, Marilyn thought it was time 
to go on a shopping tour in order 
to pick up a few souvenirs. Look 
who's with her! I wonder who will 
pay the bills? Poor Gerry -or he 
will be after Marilyn gets done with 
him. 

The vacation is over and every
one is back home. Marilyn is quite 
proud of herself and her new pos
session while Gerry is expressing 
some anguish at the size of the bill 
he was stuck with. 
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-NGINEERS ••• &OOK 

fEN YEARS JlHEJlDI 

Will your income and location 
allow you to live in a home 

like this ... spend your ......... rf;;;II;.NJ~-
Ieisure time like this? 

They can ... if you 
star~ your Douglas 

career nowl 

Your objectives are probably high professional standing, good income, 
good security and good living. All four can be achieved at Douglas. 

Douglas has the reputation of being an "engineer's outfit," with the 
three top administrative posts being held by engineers. Maybe that's 
why it's the biggest, most successful unit in its field. Certainly it offers 
the engineer unexcelled opportunities in the specialty of his choice 
•.. he it related to missiles or commercial or military aircraft. 

You've looked around. Now look ahead ... and contact Douglas. 

Brochures and employment applications are available at your college placement office. 
For further information about opportunities with Douglas in Santa 

Monica, El Segundo and Long Beach, California and Tulsa, Oklahoma, 
write today to: 

DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. La Vene, 3000 Ocean Park Boulevard, Santa Monica, California 

First in Aviation 
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,oviet Science 
rt of catalysis, which underlies both chemical synthesis 

t nd petroleum refining. Since the war they have moved 
1idly into petrochemicals, using a technology that ap
trs to be largely their own. At least eight chemical plants 

tsecl on both natural gas and waste refinery gas have 
r ntly risen. 

; 

• \Vhile Soviet Russia went into synthetic-rubber produc
• Jn as early as 1932, its elastomers lag behind the American 

quality and variety. It seems to have an adequate line 
tnyl polymers, based chiefly on German acetylene tech

. _ques, and probably has poly-ethylene in limited produc
tion. There is as yet no sign that the Russians are manufac
turing the fluorine-type polymers that have become so 
important in the U.S. for corrosion-resistant applications. 
(These polymers were vital in the building of the great 
U.S. gaseous-diffusion plants for producing U-235. The 
Russians may obtain much of their fissionable materials 
by other routes.) Nor are there any reports of large-scale 
production of Russian silicones. In synthetic fibers, the U. 
S. S. R. turns out a substantial volume of the semi-syn
thetic rayon, and has built at least · one nylon plant since 
the war. Nylon, of course, has become indispensable in in
dustrial and military applications. Since this is not true of 
Orion, Dacron, and other new fibers, Soviet chemistry 
probably has little incentive to duplicate them. 

Soviet scientists have seriously neglected structural physi
cal chemistry, which is concerned with the way molecules 
are put together; it establishes such properties as bond 
distances, bond angles, and bond energies. Perhaps prac
tical usefulness of these things seems remote to the Soviet 
chemists; for that matter, U.S. chemical companies have 
given rather short shrift to structural physical chemistry. 

Soviet Russia's most impressive strength in chemistry lies 
in the specialty known as reaction kinetics. This is the 
branch of physical chemistry that is important to the de
sign of internal-combustion engines, to rockets and jets, 
to heavy chemical production, and to military explosives. 
Last year's Nobel Laureate in chemistry, Nikolai N. Sem
enov, who shared the prize with England's Sir Cyril Hinshel 
she! wood, is a world pioneer in this fundamental field. For 
many years he has been director of the Institute of Chem
ical Physics, formerly in Leningrad and now in Moscow. 

The work that brought Semenov his Nobel Prize was 
actually clone in the mid-twenties. He was the first to ex
plain the chain-reaction mechanism underlying virtually 
all explosive processes. The nuclear chain reaction, which 
can be explained in detail by Semenov's theory, is now 
practically a household concept, but when Semenov first 
proposed such a mechanism for chemical reaction, some of 
the world's leading chemists hooted. 

Last summer Leonid I. Sedov, now engaged in the Soviet 
earth-satellite project, gave a brief but portentous paper 
at a combustion conference held at Yale. The paper, which 
has not been widely reported, described how it was possi
ble, in principle to obtain a temperature as high as desired 
-for example, high enough to set off a hydrogen bomb
simply by sending a shock wave through a tube. The essen
tial condition is that the gas in the tube be compressed at 
one end and rarefied at the other. It seems a safe bet that 
this esoteric phenomenon will eventually find practical use 
-if, indeed, the Russians have not found a use for it al
ready. 
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Biological research in Soviet Russia is most uneven. Be
fore World War II Soviet biologists were world leaders in 
the field of genetics. When Lysenko imposed his theories, 
the whole structure of Soviet genetics collapsed. Collections 
of plants and animals, carefully accumulated and cata
logued over years, were destroyed. Eminent biologists 
turned to other work. And no courses in genetics were 
taught. Today Soviet geneticists are trying to pick up 
where they left off almost a decade ago. 

Some important work in plant breeding has been going 
on. The Soviets are experimenting with a new perennial 
wheat that yields crops of grain and hay for three sue- · 
cessive years without replanting. A geneticist, N. V. Tsitsin, 
has crossed wild and cultivated wheat to produce a strain 
with typical hybrid vigor. And another hardy new wheat is 
soon to be grown in near-dessert regions of Siberia. The 
scientists who developed this wheat are prepared for fre
quent crop failures but they figure that one good yield 
every seven or eight years would make the experiment 
worth while. 

Soviet physiology is in better shape. It is still mightily 
influenced by the towering figure of Pavlov; physiologists 
make every effort to explain their findings in terms of con
ditioned reflexes. Another peculiarity of Soviet physiolo
gists is their choice of laboratory animals. Where Western 
scientists experiment on rabbits, rats, and frogs, Russians 
work with sheep, horses, sturgeon, and other economically 
important animals- even for pure research that has only 
the most distant bearing on farm production. 

Thirty-year lag 

Soviet medical research is greatly preoccupied with epi
demic disease problems that were largely overcome in the 
West thirty to forty years ago. Measles, scarlet fever, hepa
titis, and diphtheria rates are rising. For the first time 
public-health officials are concerned about dysentery, which 
used to be so wide-spread that they ignored it. Polio, too, 
is becoming prevalent; as in the early U.S. epidemics forty 
years ago, it strikes chiefly at very young children, six or 
under. 

The Russians concentrate on vaccines containing weak
ened strains of live virus. Perhaps their most original con
tribution is a "flu vaccine that is freeze-dried to a powder 
and snuffed up the nostrils. It has been administered to 
some 12 million people, and there has been no major flu 
epidemic in Russia for the last two years. 

In addition to penicillin and streptomycin, Soviet doc
tors use two home-grown antibiotics. One, biomycin, comes 
from a soil microbe and resembles terramycin. The other, 
sanozine, is ' a synthetic chemical. Sanozine is particularly 
useful against tuberculous meningitis. Given in conjunc
tion with streptomycin, it cures 90 per cent of the cases and 
reduces the harmful side effects of streptomycin. 

Earth and sky 

As far back as 1931 Soviet geologists were scouring Si
beria in search of uranium deposits. It was not that they 
had an inkling of uranium 's potential as a nuclear fuel; 
rather it was government policy to map out all reserves of 
any metal that could conceivably have some use. As a result 
of this constant combing of their land, the Soviets have 

(Nex t Page) 
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Soviet -Science 
developed a large corps of men competent in the earth 
sciences. Very little of their recent work on Arctic soils has 
been published, but what is available shows that they are 
supreme in their knowledge of the polar regions. 

Professor Joseph Kaplan of the University of California 
at Los Angeles, who heads the U.S. committee for the 
International Geophysical Year {starting July, 1957), has 
been in close touch with Russians who are cooperating in 
the world program. He is impressed by Soviet progress in 
the phases of geophysics with which he is personally famil
iar. "In oceanography, meteorology, and upper-atmosphere 
physics," says Kaplan, "the indications are they are certain
ly as good as we are in the U.S." He has no doubt that 
Soviet scientists can and will launch at least one satellite 
during the I. G. Y. Judging from what they have written, 
Kaplan believes "they have at least as much experience as 
we have in developing the components of the system that 
will make up the satellite." 

Some Western scientists who have visited the Soviet 
Union have returned talking like poor boys after a vaca
tion on the country estate of rich relatives. Professor 
Maurice Stacey, head of the Birmingham University chem
istry department, was awed by the quantity of excel lent 
laboratory equipment he saw in Soviet research institutes. 
"Almost every senior organic chemist had for his personal 
use the same amount of physical instruments as we would 
provide for twenty or thirty people. One wondered if they 
could use it all, quite frankly." 

Stacey was struck by the "worship" of scientists that was 
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evident everywhere. "Wherever we went, we seemed to be 
regarded on the same plane as Bulganin." But caste distinc
tions among scientists are much more marked than any
thing in Britain, Stacey reports, and they turn out to be 
based on earnings. 

A university rector who happens to be a scientist, as 
many of them are, earns about 40,000 rubles a month as 
administrator, scientist, lecturer, writer, and consultant. 
On top of that, he gets a car and chauffeur, spacious living 
quarters, a country house and grounds, seven weeks' paid 
vacation, and a license to shop at special stores that sell 
television sets, phonogr~phs, fine foods, and other luxuries 
at nominal prices. Altogether he earns more than fifty 
times as much as a factory laborer-and about seven times 
the pay of a scientific group leader directing the work of, 
say, six men in a nuclear laboratory. 

What puzzles most Americans about this aristocracy of 
science is the value it puts on basic research rather than 
practical applications. This is particularly striking in view 
of the fac t that Soviet Russia is the only major nation run ' 
by ex-engineers: Krushchev, Bulganin, and on the next tier 
Malenkov all got technical-school education. In pay and 
prestige the Soviet physicist greatly outranks the industrial 
engineer, and the physiologist outranks the chief surgeon. 
Dr. M. H. Trytten, scientific-manpower expert of the U. S. 
National Academy of Sciences, exclaims in wonderment: 
"Somehow a system of government based on materialism 
has found a way to bestow its highest rewards on men who 
deal in abstract ideas." 

• • • 

Engineer's Bookstore 
Main Engineering Building 
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Careers Grow-Through Science 
fROM THE ELEMENTS OF NATURE-a limitless fron
tier-scientists develop new products and processes 
that benefit everyone. To the college graduate, these 
new things mean career opportunities that did not 
exist before. 

The scientists of Union Carbide have introduced 
an average of one new product per month for over 
25 years. They are now introducing them at the rate 
of two a month. 

Today, more than one-third of'the work of the peo
ple of Union Carbide all over the country is in pro
viding products and processes that did not exist in 

commercial quantities 15 years ago. 

Nearly 3,000 scientists, in 23 Union Carbide 
laboratories, devote full time to research. 

For more information about opportunities with 
Union Carbide, see your placement director, or write 
to Mr. V. 0. Davis, Co-ordinator of College Re
cruiting. 

UNION CARBIDE 
AND CARBON CORPORATION 

SO EAST 42ND STREET ill!! NEW YORK 17. N. Y. 

UCC Divisions include 

Bakelite Company • Carbide and Carbon Chemicals Company • Electro Metallurgical Company 

Haynes Stellite Company • Linde Air Products Company 

National Carbon Company • Silicones Division • Union Carbide Nuclear Company 
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a combination hard to match . .. ANYWHERE! 

Important, interesting Congenial Associate• work YOUR CAREER 
IN THESE 

Creative Opportunity DIVISIONS OF Finest Facilities 

NORTH AMERICAN 
High Professional AVIATION, INC. Advancement on Merit 

Standing 

The factors that make the difference betweel:,l a satisfactory job and 
a rewarding career are hard to describe, but easy to recognize. We 
believe you find them in full measure in any one of these exciting 
fields at North American: 

MISSILE DEVELOPMENT ROCKETDYNE 
DIVISION OF NORTH AMERICAN AVIATION, I NC. DI VISION OF NpRTH AM ERICAN AV IATI ON, IN C, 

Over 100 sub and major projects under 
way, including the SM-64 Navaho Inter-

The mightiest propulsion plants ever built 
-large, liquid propellant rocket engines, 
the power for outer space. continental Missile. J 

AUTONETICS ATOMICS INTERNATIONAL 
DIVI S IO N OF NORTH AM ERICAN AVIATIO N, INC. DIVISION OF NORTH AME"RICAN AVIATI ON, INC. 

Electro-mechanical systems for missiles and 
aircraft-automatic flight and fire control, 
inertial guidance and navigation, advanced 
computer techniques. 

A complete organization, engaged in every 
phase from research to production on 
nuclear .reactors for power, industry, medi
cine and research. 

OPPORTUNITIES FOR: 
Aerodynamicists 
Thermodynamicists 
Dynamicists 
Stress Engineers 
Structural Test Engineers 
Flight Test Engineers 
Electrical & Electronic Engineers 
Power Plant Engineers 
Research & Development Engineers 
Weights Engineers 
Environmental Test Engineers 
Instrumentation Engineers 
Fire Control Systems Engineers 
Flight Control Systems Engineers 
Civil Engineers 
Design & Development Engineers 
Test Engineers 

Equipment Design Engineers 
Engine Systems Engineers 
Reliability Engineers 
Standards Engineers 
Hydraulic, Pneumatic & Servo Engineers 
Mechanical, Structural & Electrical Designers 
Wind Tunnel Model Designers & Builders 
Physicists 
Chemists 
Metallurgists 
Ceramicists 
Computer Application Engineers 
Automatic Controls Engineers 
Inertial Instrument Development Engineers 
Preliminary Analysis & Design Engineers 
Systems Engineers 
Armament Engineers 
Servomechanism Engineers 

Weight Control Engineers 
Aero-Thermodynamicists 
Aeroelasticity Engineers 
Mechanical Engineers 
Structures Engineers 
Controls Engineers 
Rubber Compounding Engineers 
Computer Specialists 
Electro-Mechanical Designers 
Electronic Component Evaluators 
Electronics Research Specialists 
Computer Programmers 
EleCtronic Engineering Writers 
Mathematicians 
EleCtronics Technicians 
Specifications Engineers 
Engineering Drawing Checkers 
Air Frame Designers 

For more information write: College Relations Representative, Mr. J. J . Kimbark, Dept. 991·20 Col., 

NORTH AMERICAN AVIATI ON, IN.C. 
12214 Lakewood Blvd., Downey, California 
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RCA High Fidelity Tape Recorders 

make it easy as taking a snapshot 

to record "New Sensations hi Sound" 

CLICK! You press a button and the sound is yours 
forever exactly as you hear it today. 

Why "exactly"? 
Because this is an RCA Victor New Orthophonic High 

Fidelity Tape Recorder. It features the most advanced 
achievements of the world's finest sound engineers. 

You can record at 2 spee s-one for music, one for 
voice. You can locate any of any recording. Just 
look through a "window" •,umbered counterwheel. 
Push a button and you co "Rewind," "Playback," 
"Forward," "Recording," ' p." There's ever a pro-
vision for remote control. 

And wait till you hear the playback. On RCA Victor's 
Panoramic three-speaker sound system you really sound 
like you! Equally important, the price of these superb 
examples of RCA engineering now runs as low as $159.95. 

In every sense these achievements in tape recorders 

typify all the work of the David Sarnoff Research Center 
in Princeton, New Jersey. For here RCA scientists and 
engineers are finding most practical and dramatic answers 
in their day-to-day search for ever-better "Electronics 
for Living." Tmk(s)<D 

Where to, Mr. Engineer? 

RCA offers careers in research, development, design 
and manufacturing for engineers with Bachelor or 
advanced degrees in E.E., M.E. or Physics. For 
full information, write to: Mr. Robert Haklisch, 
Manager, College Relations, Radio Corporation of 
America, Camden 2, N.J. 

RADIO CORPORATION OF AMERICA 
Electronics for Living 
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YOUR BEARING NOTEBOOK 
How to break records rolling plate 

High steel plate production calls for high rolling 
mill speeds. And this means friction must be re· 
duced to the minimum, so that roll acceleration 
will be easy. Low friction minimizes skidding and 
scuffing between rolls to maintain gauge. Engineers 
who designed this huge, continuous plate mill 
met the problems by specifying Timken tapered 
roller bearings for the work rolls and back-up 
rolls. Result: The mill has set new production 
records. Since their installation, Timken bearings 
have rolled over 9 million tons of steel. 

True rolling motion of 
TIMKEN® bearings practically 

0 

eliminates friction--~~~~==----- ---+---1 

All lines drawn coincident with the working sur
faces of the rollers and races of Timken bearings 
meet at a common point on the bearing axis. This 
means Timken bearings are designed according 
to geometrical law to have true rolling motion. 
And they're manufactured with microscopic accu· 
racy to live up to their design. Result: Timken 
bearings virtually eliminate friction, give longer 
bearing life, keep equipment rolling smoothly. 

Want to learn more about bearings 
or iob opportunities? 

Many of the engineering prob· 
lems you'll face after graduation 
will involve bearing applica
tions. For help in learning more 
about bearings, write for the 
270-page General Information 
Manual on Timken bearings. 

And for information about the 
excellent job opportunities at 
the Timken Company write 
for a copy of "Career Opportuni· 
ties at the Timken Company". 
The Timken Roller Bearing 
Company, Canton 6, Ohio. 

otJMKEN NOT JUST A BAll 0 NOT JUST A ROLLER o THE TIMKEN TAPERED ROUER 11::1 

BEARING TAKES RADIAL ~ AND THRUST -t>- LOADS OR ANY COMBINATION. * TRADE .. MARK REG. U.S. PAT. OFF. 

TAPERED ROllER BEARINGS 
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Super Charge . . . 

Obtain That Power Plus 

T
H E OBJECT of supercharging is to increase the efficiency 
and power output of an engine by increasing the 
weight of air in the combustion chamber. This permits 

the burning of more fuel which releases more energy for 
conversion into work. 

The weight of air W in the combustion chamber is a 
function of its pressure P, volume V, and temperature T: 

W=PV/ RoT 
where R 0 is a constant. 

Thus, W may be increased by increasing P or V, by de
creasing T, or by a combination of these. 

The volume of the compressed cylinder charge is the 
clearance volume in the cylinder, that volume enclosed by 
the piston, cylinder head, and cylinder walls, when the 
piston is in the top center position. 

This volume is fixed by the size of the engine and the 
desired efficiency because the efficiency depends upon the 
expansion ratio (the displacement of the piston plus the 
clearance volume divided by the clearance volume), in
creasing with an increasing expansion ratio. Therefore, to 
increase the clearance volume and maintain the same effi
ciency one would have to increase the piston displacement 
which would increase the size of the engine. 

Increasing the pressure of the cylinder charge is the most 
common method of supercharging. This is done by increas
ing the pressure of the air in the intake manifold with an 
air pump. Because of the high output required, a turbine 
type pump is usually used. Such a pump is known as a su
per-charger, and the most efficient type is one driven by ex
haust gases, as this requires no engine shaft power. An 
exhaust driven supercharger may consist of two turbine 
wheels in separate casings connected to a single shaft. 
Exhaust gases drive one· turbine wheel which drives the 
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other wheel, thereby pumping air into the intake manifold. 

As an example, a diesel engine with a compression vol
ume ratio of 12:1, operating with a temperature of l00°F 
in the intake manifold, will have a compression pressure 
of 470 psia: 

P2 = 14.7 (12)1.305 = 470 psia 
and a compression temperature of l490 °R. 

T 2 = T 1 (12)·305 = 560 X 2.67 = l490°R 
The weight of the charge (from equation 1) is then: 

W = (470 X 144 X V)/ (53.3 X 1490) = .852 V 
The full load mean indicated pressure (MIP) of this 

naturally aspirated engine may be assumed to be 100 psi. 
Let us now supercharge this engine by pressure to 5 

psig or 1.34 atm (19.7 psia) and hold the air manifold 
temperature the same as when naturally aspirated, namely, 
l00°F. The compression temperature will remain at 
1490°R , but the compression pressure will increase to 
630 psia. · 

The weight of air in the combustion fhamber is then: 
W = (630 X 144 X V)j (53.3 X 1490) = 1.142 V 

Thus, by raising the pressure in the air manifold to 5 
psig, the air available for combustion has been increased 
from .852 V to 1.142 V, an increase of 34%. On the basis 
of operating with a constant air-fuel ratio, the indicated 
output of the engine is increased from 100 MIP to 134 
MIP. The MIP is an indication of the output because the 
MIP multiplied by the fixed piston area is the force on .the 
I>:i~ton which is related to the torque exerted on the crank
sHaft an<[I the output of the engine. 

This method is of limited value because the compres
sion pressure and the maximum combustion pressure rise 

(Nex t Page) 
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directly with the supercharging pressure. If, for example, 
in the above case of supercharging, a pressure of 2 atm 
(29.4 psia) had been used instead of 5 psig, the compression 
pressure would rise from 630 psia to 940 psia. The corre
sponding maximum combustion pressure would be 1270 
psia (Pa = 1.35 P2). 

Up to the present time, few engines have been devel
oped to operate successfully over extended periods of time 
with 940 psia compression pressure and 1270 psia maxi
mum combustion pressure. A supercharging pressure of 8 
psig, a corresponding compression of 725 psia, and a com
bustion pressure of 1000 psia will probably remain the lim
it for this method of supercharging for some time to come. 

0 ECREASING the temperature of the cylinder charge is the 
principle of the Miller Supercharging System. Limita

tions of this method are: 
Cooling water is not usually available in sufficient quantity 

at temperatures below 85 oF to permit cooling of the intake 
air below I00°F. 

The temperature of the compressed cylinder charge in a 
compression ignition diesel engine must be high enough to 

ignite the fuel. 
As an example, we will use the same manifold air pres

sure and temperature, 5 psig and l00°F, as used in the 
pressure charging example. The compression pressure is to 
be the same as in a naturally aspirated engine, 470 psia, 
since this method supercharges by lowering the compres
sion temperature only and not by increasing pressure. 

This is accomplished by reducing the compression ratio 
in the cylinder from 12:1 to 9.8 :1 which produces a com
pression pressure of 470 psia with an air manifold pressure 
of 5 psig (1.34 atm). 

The compression temperature is a function of the tem
perature at the beginning of compression and of the com
pression ratio. Since the temperature in the air manifold 
is the same in all cases, l00°F, it follows that the compres
sion temperature will be less with a compression ratio of 
9.8:1 than with a ratio of 12: 1 in the naturally aspirated 
engine and pressure supercharged cases. The compression 
temperature will be T 2 = 560 (9.8)·395 = 1375°R. 

We now have a weight of air in the combustion chamber: 
W = (470 X 144 X V)/ (53.3 X 1375) = .925 V 

This is 8.5% more air than in the naturally aspirated 
engine which was 0.852 V. 

In the Miller system the compression temperature is re
duced by lowering the effective compression ratio, either 
by closing the intake valve early in the intake stroke or by 
closing it late in the compression stroke. Both methods 
have the same effect as stopping the piston at that point 
in the intake stroke where the valve closes and then re
turning on the compression stroke. 

The Atkinson engine, built in England in the 1890's, 
operated on a similar cycle by means of a system of levers 
which reduced the length of the suction and compression 
strokes. The expansion and exhaust strokes were about 
twice the length of the compression stroke. Complete 
scavenging was accomplished by causing the piston t? 
travel to the cylinder head on the exhaust stroke. Th1s 
engine was reported to have a high thermal efficiency, but 
the output, based on the expansion stroke displacement, 
was very low because the suction stroke provided only a 
half cylinder charge at atmospheric pressure. . . 

The inventor recognized that the thermal effiCiency 1s a 
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function of the expansion ratio and not the compression 
ratio as is too often assumed. 

Figures I and 2 show a diagram of the Atkinson engine 
and an indicator diagram for the Atkinson engine. 

Compression temperature is effectively lowered by reduc
ing the compression ratio, but since power output is also 
proportional to the compression pressure, the pressure at 
the beginning of compression must be increased as the 
compression ratio is decreased. 

PRESSURE AND TEMPERATURE 

This method of supercharging combines high pressure 
charging with low temperature charging. 

The Nordberg "Supairthermal" engine accomplishes this 
by combining the Miller system of controlling tempera
ture with an exhaust driven supercharger to increase pres
sure. 

I"DU;ATO& (AAD Ot' TH" (;Y(;L.t; GA.a PQUI& 11 J.H. P. 1 IJO kiYHLI,;TIOfC!j P.:A MllrfVT&, 

Fig. 1 

For example, with a pressure charge of 630 psia (as in 
the pressure charging example) and a temperature charge 
of 1375°R (as in the temperature charging example) the 
weight of air in the combustion chamber is: 

W = (630 X 144 X V)/ (53.3 X 1375) = 1.24 V 
an increase of 46% over the naturally aspirated engine. 
This compares with a weight of .925 V for the temperature 
charging method and I. I 42 V for the pressure charging 
method. 

To accomplish this the net compression volume ratio 
must be 9.8 (as shown above). This produces a pressure 
ratio of 24 {9.81.305 = 24) and since the compression pres
sure is to be 630 psia, the supercharging pressure must be 
630j 24 = 26.2 psia (1.78 atm). 

Fig. 2 

LDIIIOIT"DIIfA&. NCTIO:C Ot' TH& ATIUWIO:C O.U llfOUI&. 

MINNESOTA TECHNOLOG 



THE maximum output of an engine is limited by the ther
mal load (the temperatures, at full load, of the internal 

surfaces exposed to combustion gases, such as the piston 
crown, piston ring, cylinder head, and cylinder walls). 

Internal surface temperatures increase with MIP, and 
the rate of heat flow to the internal surfaces is a function 
of the temperature and pressure of the gases. 

When an engine is supercharged by any method, the 
maximum MIP is determined by the thermal load and is 
not limited by the air available for combustion because 
the maximum surface temperatures which can be with
stood by the best available materials with the most effec
tive cooling methods and the latest developed lubricants 
are reached by burning only about 50% of the available 
oxygen. .. 

Maximum engine output is reached at the MIP where 
the combustion aqd mean temperature of the gases heat 
the internal surfaces and the piston rings to the highest 
temperature at which satisfactory operation can be main
tained. 

When the manifold temperature of a supercharged 
engine is held constant by intercooling· and the engine 
operates at a constant air fuel ratio, the temperatures 
throughout the cycle will not change with a change in 
supercharging pressure, and the MIP will vary directly 

· with the absolute supercharging pressure: 
MIP = C X Prnr 

where Pmr is the absolute supercharging pressure m the 
manifold and C is a constant for the engine. 

If the heat flow from the gases were a function of tem
perature only the thermal load would remain constant 
and the conventional method of rating an engine at a 
constant air fuel ratio would be all right. But, in the pres
sure supercharging method, when the supercharging pres
sure increases, the compression and combustion pressures 
also increase. Therefore, although the average or mean 
temperature of the cycle has not changed, the heat flow 
from the gases to the internal surfaces will increase (due 
to an increase in pressure) and the thermal load will rise. 

To hold a constant thermal load and a constant com
bustion pressure with increasing supercharging pressures 
in the pressure supercharging method, the MIP can be 
increased only as the .383 power of the supercharging 
pressure. This causes the air fuel ratio to increase causing 
a decrease in the cycle mean temperature. The combined 
effect of increasing pressure and decreasing temperature 
results in a constant thermal load. Thus, for constant ther
mal load and constant combustion pressure: 

MIP = C X (Pmr)·asa 
A number of accurately conducted tests with varied 

thermal loads {determined by measuring heat flow to the 
water jackets) has established that for constant thermal 
loading, the MIP varies inversely as the absolute compres
sion temperature raised to the 1.352 power: 

MIPa = MIPb X (Ta/ Tb)1.352 
As previously shown, when operating at a constant air 

fuel ratio, the weight of air for the naturally aspirated 
engine was found to be .852 V, for the temperature meth
od .925 V (an 8.5% increase), and for the combined meth
od 1.24 V (a 46% increase). 

If the engine is rated at a constant air fuel ratio, the 
MIP increases in the ratio of the weight of air in the com
bustion chamber. The pressure supercharging method 
would then yield 134 MIP with a higher thermal load, the 
temperature method would yield 108.5 MIP with a lower 
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thermal load, and the combined method would yield 
146 MIP with a higher thermal load. 

This rating may give a false impression because the 
rating of 100 MIP for the naturally aspirated engine was 
set by the maximum permissible thermal load so any com
parison of the methods of supercharging which allows an 
increase in thermal load might be misleading. 

To hold a constant thermal load and constant combus
tion pressures, the MIP can only be increased by the 0.383 
power of the absolute supercharging pressure for the pres
sure method. As the pressure was increased from 1 atm to 
1.34 atm (from 0 psig to 5 psig) the rating becomes: 

MIP= 100 X (1.34) ·383 = 112 psia 
For the temperature supercharging method, the MIP 

increases as the 1.352 power of the temperature ratio:. 
MIP = 100 X (1490j l375)L352 = 112 psia 

The combined method yields a rating of: 
MIP = 100 X (1490j l375)L352 X {630j 470)·asa = 125.5 psia 

MR. Ralph Miller of the Nordberg Manufacturing Com
pany developed the temperature reduction method of 

supercharging and designed the Nordberg Supairthermal 
engine which utilizes increased pressure and reduced tem
perature for higher efficiency and more power. 

In the early stages of supercharging it was known that 
an internal combustion engine suffered loss of capacity and 
efficiency when the temperature of the air supplied to its 
cylinders was increased, but no heed was paid to this tem
perature effect. 

From 1943 to 1945 Mr. Miller conducted a number of 
tests on engines equipped with the Buchi Supercharging 
System to establish the exact relationship between air 
manifold temperatures and engine capacity. 

The engine load capacity was determined by accurately 
measuring the total heat flow to the cooling water and 
selecting the load or MEP at the various manifold temper
atures where the total heat flow to the water jackets was 
the same. 

Tests were run at 140°F, ll0°F, 90°F, and 70°F air 
manifold temperatures, and it was established that when 
the total heat flow to the water jackets is constant, the 
BHP (brake horsepower) of the diesel engine increased 
at the rate of about 3% for each 10°F reduction in the 
manifold temperature. 

The normal.compre~sion ratio of a diesel engine {12:1) 
develops suffiCiently htgh temperature in the air at the 
end of the compression stroke to ignite the fuel even 
with manifold temperatures as low as 30°F. 

The temperature at the end of the compression stroke, 
~hen the engine is warm, is approximately 2.7 (12.4 = 2.7) 
ttmes the temperature at the beginning of the compression. 
in accordance with the equation: · 

T 2=TlxRn-t 
where T 1 and T 2 are the absolute temperatures at the be
ginning and the end of compression respectively, and R 
is the piston displacement plus the volume of the com
bustion chamber divided by the volume of the combustion 
chamber, commonly known as the compression ratio. The 
factor n is about 1.4 in an engine operating at or near 
full load. 

The pressures are related by: 
P2 =P1 X Rn orR= (P2fP1) l j n 

Therefore, the temperature of compression can also be 

(Continued on Page 399) 
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TO MAKE YOUR 

BLOOD B.OIL 
The jet speedway, that outer envelope of air 10 to 15 

miles above the earth, could be a chamber of death 
to today's pilots because of the lack of air density. 

If the pilot ~ere not protected by ingenious 
accessories to provide an artificial climate, his blood 

would bubble like fizz water. Advanced, space
conquering equipment such as these air conditioning 
units are now being produced by Hamilton Standard 
for America's most modern aircraft. It is a dynamic, 

exhilarating engineering environment where the 
accent is on tomorrow. 

UNLIMITED OPPORTUNITIES 
exist for engineers in the fields of design, test, 
liaison, development, vibration, analysis, with 

Hamilton Standard. It's a GREAT place to work. 
Write to Ted C. Fisher, Administrative Engineer. 

HAMILTON STANDARD 
Air Conditioning Unit 

..,.CORPORATION 
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COME To WoRK FoR US ! 

We want YOU! The kind of engineer who is never satisfied 
with doing a job that will just "get by." The kind of 
engineer who constantly strives for perfection, who 
approaches every assignment determined to do it better 
than it has ever been done before. The Creative Engineer! 

What company offers the most to this "persnickety" kind 
of engineer? We believe it is The Standard Oil Company 
of Ohio! We are engineering-minded. Seven per cent of 
all our employees are engineers. One-half of the president's 
staff-our top management-are engineering graduates. 

Our training programs for engineers are among the 
most complete in the country. And as a Standard Oil 
of Ohio engineer, you would be working in one of 
America's largest and most challenging growth 
industries-oil! 

So before you decide on any company, look into 
Standard Oil of Ohio-where creative engineering 
counts! Contact the placement director of your school. 
Or write Mr. E. G. Glass, Jr., Standard Oil Company 
(Ohio), Midland Building, Cleveland, Ohio. 

TH• STANDARD OIL OOIM IPANY CIO IHIIO) 
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..• stands for leadership 

~'t.= 
G and expansion in many fields 

PPG produces volume items such as wrap-around windshields, other automotive glass, Hercu
lite® doors, and processes radar screens, atomic glass, aerial camera lenses, and the like. 

Columbia-Southern Chemical Corpora
tion, a subsidiary of PPG, is a lead
ing producer of industrial chemicals. 

From its beginning over 70 years ago, the 
Pittsburgh Plate Glass Company, by 
following sound business practices and a 
progressive research policy, has been a 
leader in flat glass. Over the years, the com
pany has expanded into paint, brushes, 
plastics, fiber glass and industrial chemical 
manufacturing ... and it is today one of the 
largest producers in all these fields. PPG is 
constantly growing not only in response to 
expanding markets for its existing products, 
but also as a result of its new products. 

Research and development are given special 
emphasis because PPG believes in leading 
the way, and in producing only the finest 
products for industry and for the home. 

If you are interested in building a success
ful lifetime career with a progressive organ
ization, PPG offers a wide range of occu
pations in greatly diversified fields. 

Write today for more information to 
Pittsburgh Plate Glass Company, General 
Personnel Director, One Gateway Center, 
Pittsburgh 22, Pennsylvania. 

PAINTS • GLASS • CHEMICALS • BRUSHES • PLASTICS • FIBER GLASS 

PITTSBURGH PLATE GLASS COMPANY 

345 PLANTS, MERCHANDISING BRANCHES, AND SALES OFFICES LOCATED IN 250 CITIES 
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Up to 200 awards 

to candidates who qualify for the 

HUGHES 

JVfASTER OF SCIENCE 

FELLOV\TSHIP PROGRAlVf 

Here is an excellent opportunity for out
standing graduates to obtain their Master of 
Science degrees while at the same time 
acquiring experience in an industrial 
research and development environment. 

Each participant in the Hughes Master of 
Science Fellowship Program may request 
his own graduate school from any one of 
the following six cooperating institutions
University of Southern California, Univer
sity of California at Los Angeles, Stan
ford University, University of Arizona, Pur-

due University, West Virginia University. 
Consideration for the awards is limited to 
students who will receive the B.S. degree 
during the coming year in Aeronautical 
Engineering, Electrical Engineering, 
Mechanical Engineering or Physics-as well 
as to honorably discharged members of 
the armed services w~o hold such degrees. 

During the summer successful candidates 
will work under experienced scientists and 
engineers in the Hughes Research and De
velopment Laboratories. During the aca-

dernic year they will follow a prearranged 
study and work schedule requiring two years 
for completion of courses leading to the 
acquisition of the Master of Science degree. 

Salaries will be based upon ability and tech· 
nical experience--and all company benefits 
available to full-time staff members will be 
accorded. Tuition, admission fees and books 
will be provided. Because of the classified 
nature of the work at Hughes, applicants 
must be citizens of the United States for 
whom security clearance can be obtained. 

For application forms and further details, write: 

• 
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Office oj Advanced Studies 

Scientific Staff Relations 

r-------------------------. 
I I 
I I 

I HUGHES ! 
I I 
I I 

L-------------------------J 
RESEARCH AND DEVELOPMENT LABORATORIES 

HUGHES AIRCRAFT COMPANY 

C11/~" City, us Angtlts Cotlnty, Californi11 • 
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c 0 n c e r n 

Even a razor wouldn't cut these 

ONE OF modern science's oddities-highly pure and per
fect metalcrystals known as 'whiskers'- are enabling sci

entists at the Westinghouse Research Laboratories to gain 
new insight into the enormous forces which bind atoms 
together. 

In a paper delivered during the seventh New York meet
ing of the American Association for the Advancement of 
Science, Dr. R . L. Eisner, described a new technique for 
evaluating these forces by measuring the tensile strength of 
whiskers of iron and silicon. 

Dr. Eisner's technique is one of the most accurate meth
ods known for pulling apart the tiny crystals and measur
ing directly the applied stress and the amount of strain 
they undergo. Precise, delicate equipment is required, be
cause the tiny strands of metal may be 40 millionths of an 
inch or less in diameter- about one hundredth the thick
ness of a human hair. Use of the method has cast new light 
on the nature of the interatomic forces which give all 
metals their ultimate strength. 

In whiskers, a metal exists in a perfect condition. In 
contrast, any ordinary piece of metal contains countless 
millions of structural imperfections. Under stress, it is these 
imperfections which govern how and when the metal will 
break. They mask any attempt to measure the much larger 
forces which hold the metal atoms themselves together. 

By conducting tensile tests on whiskers, where these im
perfections do not exist, we can pull the individual atoms 
far enough apart, without breaking, to get a measure of 
the interatomic forces. This enables us to check modern 
theories of interatomic forces. 

In these whisker experiments, only a small force -less 
than one hundredth of an ounce- is required to pull the 
average whisker apart. This force, which must be con
trolled and measured with unusual accuracy, is obtained 
by a lightweight pendulum about 12 feet long. The whisker 
is clamped between the bob of the pendulum and a special 
take-up screw. As the screw is tightened, the whisker pulls 
the pendulum from its vertical position. Each millionth of 
an ounce of pull displaces the handling pendulum exactly 
the same amount- about one ten-thousandth of an inch. 

The stretch of the tiny whisker is measured by reflecting 
a beam of light from flat optical mirrors attached to the 
clamps at each end of the whisker, to form an interference 
pattern. As the whisker stretches, the mirrors move and 
cause changes in the pattern similar to the changing 'rain
bow' colors seen in soap bubbles or thin films of oil. These 
changes are electronically amplified and analyzed to dis
close the amount of stretch. The technique accurately 
measures changes in whisker length down to less than one 
millionth of an inch. 

We have found that, freed of the limitation imposed by 
impurities and imperfections, these forces give iron a 
strength of more than half a million pounds per square 
inch. Whereas in ordinary steel the imperfections cause 
it to flow and deform at one-tenth its ultimate strength, 

,. 
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we have found no such plastic deformation when inter
atomic forces only are involved. Even the elastic limit of 
soft metals such as tin in the perfect structural state is at 
least ten times the maximum in the best steels in common 
use today. 

We think we are beginning to understand the origin of 
these interatomic forces which glue atoms so tightly to one 
another. Our plan is to try our experiments on the very 
simplest metal atoms in order to gain additional data 
which, we hope, will verify our theoretical conclusions. 
Such an understanding, we feel, is a necessary first step 
toward someday making use of these enormous forces in 
the new and better metals of the future. 

Weather, thou goest 

AN ouTDOOR thermostat control that tips off the indoor 
thermostat to changing weather conditions is now avail

able from the General Electric Company. 
Developed by the company's Appliance Control Depart

ment, it is expected to cost consumers about 75 per cent 
less than existing automatic systems. The control helps 
prevent indoor temperatures from dipping with sudden 
outside changes providing greater comfort in the home. 

Ordinarily, a drop in outside temperature means that 
the homeowner is required to adjust his indoor thermo
stat upward to compensate for heat loss through the colder 
walls. The new system does this automatically, eliminating 
manual adjustment on the part of the homeowner. 

Heart of the outdoor thermostat is a small wafer of an 
unusual carbon compound that senses weather changes and 
then sends a minute electrical signal via a 25-volt circuit 
to the indoor thermostat. Thus warned, the indoor thermo
stat turns on the furnace to cope with lower temperatures. 

What's happening in there? 

A GENERAL ELECTRIC engineering team has achieved the 
near-incredible feat of making motion pictures of the 

insides of an engine while it is running. 
The job involves taking X-ray pictures of the spinning, 

throbbing internal movements of the engine through its 
steel housing, and visually stopping, with a camera, their 
high-speed motion. 

The new technique, called stroboradiography, could 
have a significant effect on engineering design. Slow-motion 
X-rays movies and still pictures of pistons, cams and other 
moving parts have enabled engineers to scrutinize, for the 
first time, complete cycles of engine operation for faulty 
performances or wear. 

The revolutionary process gives designers their first 
glimpse inside a completed machine operating at normal 
speed under load conditions. Improved, lightweight de
signs, and perhaps important basic design changes could 
result from the X-ray motion studies. 

MINNESOTA TECHNOLOG 



The special stroboradiographic equipment was devel
oped for use with its high-energy industrial X-ray betatron, 
operating at 5 million volts. 

Unlike conventional X-ray equipment, the betatron 
furnishes the surging radiation pulses- 416 per second
that have given engineers this unprecedented inside view 
of any deflections, vibrations or bouncings inside a run
ning machine. 

Previously, single-shot exposures of moving objects had 
been made with low-energy equipment, but the quality 
of the radiographs suffered when the object was composed 
of heavy parts of varying thickness. 

The new process involves taking thousands of short ex
posures accurately synchronized with the moving part. 
With an exposure time of 10 to 15 millionths of a second, 
it is possible to radiograph an engine turning at several 
thousand revolutions a minute. 

A synchronizing disc attached to the specimen engine 
signals the betatron and releases the surge of electrons that 
make the split-second X-ray exposure. Several thousand 
repetitions result in a strong image clear enough to be 
analyzed for operational data. 

The superimpositions form the picture on special film 
that receives the filtered X-rays after they have passed 
through the specimen. 

To obtain slow-motion movies, X-ray 'stills' are taken, 
for example, of various points in the travel of a piston, 
and the films spliced in sequence to show the complete 
cycle of the piston. 

The walls of the test specimen, opaque to light, are par
tially transparent to the high-energy X-radiation, thus en
abling the betatron to 'see' the internal working parts in 
their relationship to each other. The difference in the 
shape and density of the various parts enables the images 
to assume their proper perspective in the stroboradiograph. 

Raymond A. Pulk, who conceived the idea of adapting 
the betatron to this concept, explained the strobographic 
process this way: 

"Flashing a short X-ray pulse in the same predetermined 
phase of the engine cycle gives an infinitesimally small ac
tion per cycle on the X-ray film, but the superimposition 
of several thousand of these pulses makes the engine ap
pear to be standing perfectly still when actually it is op
erating at several thousand revolutions a minute." 

The technique will furnish the engineer with a valuable 
tool to be employed in design and efficiency studies based 
upon output performance and will definitely contribute 
to improvement of engine designs. 

Efficiency plus 

A TRA~ELJNG-WAVE tube device for military aircraft which 
weighs 80 percent less than present electronic equip

ment performing the same function was announced by 
Sylvania Electric Products, Inc. 

The TW 956 utilizes a system of permanent magnets to 
focus _a traveling-wave tube, instead of solenoids requiring 
electnc power. The tra~eling-wave tube and its focusing 
magnets have been combmed in one 'package'. Elimination 
of the solenoids has brought the weight of the tube and its 
focusing apparatus down from 13 pounds to 2% pounds. 
T~ese achi_evements in_ 'packaging' and weight reduction 
will have Important airborne military applications, and 
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have great potential in other military and commercial 
areas as well. 

The elimination of the electromagnetic means of focus
Ing traveling-wave tubes br>ings with it saving in penalties 
for the entire aircraft. The heavy solenoids which used to 
be necessary consumed some 300 watts of electric power, 
and heavy power supplies, cooling and other equipment 
were needed to operate them. Permanent magnets consume 
no power, and eliminate not only the need for the extra 
equipment, but the gasoline required to carry them aloft. 

Mighty midgets 

AIRBORNE coMPUTERS, the devices that from radar infor
mation predict target position and direct guns accord

ingly, are on a weight and size reduction program at the 
Westinghouse Electric Corporation. 

The Electronic Tubeless Analog Computer is a typical 
example. A major element of this computer, the instru
ment servo, consists of an amplifier, a servo motor, gear 
box, and a bank of potentiometers. 

Weight of the servo amplifier was reduced from 33 to 4 
ounces. The new all-transistorized amplifier replaces five 
molded units using vacuum tubes. The transistors are 
silicon to operate through a wider temperature range, and 
the amplifier also employs a feed-back loop to correct for 
any temperature deviations in transistor characteristics. 
Another advantage of the transistorized circuit is the low 
power consumption. This is especially true during nulls, 
when the power consumption of the transistorized ampli
fier is about one watt- the previous system required 40 
watts. 

Size reduction was also aided by fewer total components 
- 39 for the original version to 24 for the transistor servo. 
This includes such items as resistors, capacitors, diodes, 
and transformers. For example, six tubes in the original 
version have been replaced by five transistors. 

Magnetic log jam 

WORKING WITH invisible "iron dust," General Electric re
searchers have created a revolutionary and potentially 

super-strong magnet. 
Dr. T. 0. Paine told the American Association for the 

Advancement of Science that the unique properties of this 
magnet are achieved by precisely controlling the size and 
shape of individual iron particles so small that there are 
more than a billion billion in a pound. 

Theoretically, the ultra-fine particle iron magnet can 
be made ten times stronger than the best available mag
nets. Already experihiental magnets have been made equal 
to the strongest commercial magnets. 

The new magnet will result in electric instruments that 
are smaller, _lighter, more accurate and more rugged, mak
ing possible significant advances in instrumentation. It will 
help us make better photographic exposure meters, aircraft 
instruments and other products using permanent magnets. 

Although it will be quite some time before the new 
magnets are commercially available, the door is now open 
to new magnet applications as significant as those that fol
lowed General Electric's introduction of Alnico- the most 
important magnet material now in use. 

(Next Page) 

393 



Concerning You . . . 

This development opens whole new vistas to the desig~ 
engineer because the iron particles can be embedded in 
plastics, metal, rubber or glass. The magnets are easily 
machined, drilled, tapped, soldered, and molded precisely 
into any desired shape. 

Ordinarily .iron is used in the form of sub-microscopic 
elongated particles to make the new magnet. This leads to 
another far-reaching benefit, the saving of strategic metals 
like nickel and cobalt-heavily used in making most mag
nets. Elimination of cobalt makes possible the application 
of magnets in nuclear reactors, where magnets containing 
cobalt cannot be used because of high induced radio
activity. 

The research team started with only the speculation of 
theoretical physicists that ultra-fine elongated iron particles 
might have a high resistance to demagnetization. But be
cause iron particles tend to grow round, all efforts to pro
duce elongated shapes had failed. 

Dr. Paine and his group faced a seemingly insurmount
able obstacle. How could they control the shape of iron 
particles finer than the smoke from a cigarette, smaller 
than the wave length of light, invisible under a conven
tional microscope, so small that there are more than a 
billion billion in a pound? 

Experiment after experiment failed. Then finally the 
"break-through" came. They produced a few particles 
with significant elongations. The most powerful electron 
microscopes-through which the iron "dust" can be seen
confirmed these results and subsequent experiments 
brought full success. 

The magnetic and mechanical properties of this material 
can be controlled precisely. Not only can the qualities of 
available magnets be duplicated, but we can achieve char
acteristics previously unattainable. 

Highs and lows 

THE HIGHEST-FREQUENCY microwaves ever generated by 
man plus the lowest temperatures in the world might 

well bring to mind some remote radar outpost in the 
Arctic. 

But this is not the place to find them. Actually, this 
combination of extremes is used by scientists at the West
inghouse Research Laboratories to help unravel one of 
the greatest riddles of modern physics: the "why" of super
conductivity- that strange behavior of certain metals in 
which at low temperatures, electric currents apparently 
flow forever. 

Although superconductivity has been known for about 
50 years, our understanding of it is quite incomplete. 
Occurring only near absolute zero, -459 degrees Fahren
heit, it represents a state of matter completely foreign to 
what man ordinarily encounters. It is a scientific frontier 
which offers a real challenge for further investigation. 

Material in the superconducting state exhibits remark
able properties. Best known, perhaps, is their ability to 
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conduct electricity perfectly. In a ring of the purest copper 
attainable an electric current, once started, dies out in 
about one second; in a superconductor, as far as we know, 
it flows forever. 

Since electrons are known to be the carriers of electricity, 
those in a superconductor must be in a very special state
one in which they can move about with no friction what
soever. Physicists have speculated that they may be con
densed out of the state in which they normally move 
through the metal. 

Unfortunately, we cannot test this theory by observing 
the electrons directly, but must study them by indirect 
means. Our microwave experiments are the latest of several 
methods of attack on this problem. This research has been 
motivated by the realization that a definite answer to the 
condensed electron theory would be of major importance 
in explaining superconductivity. 

Dr. Biondi explained that the super-frequency waves are 
used to bombard a superconducting metal such as alumi
num or tin that is held at a temperature less than one de
gree above absolute zero. The waves are absorbed by the 
metal, which soaks up enough energy to lift its electrons 
from the superconducting, to the normal state. Measure
ments are made of the energy required for different tem
peratures of the metals. 

Our microwave experiments, together with the other 
experiments carried ·out at our laboratories, show that 
there is, indeed, a condensed electron state in superconduc
tors. The results already have greatly increased our under
standing of the mechanism of superconductivity, and we 
are extending our studies to even more detailed investi

gations. 

The research scientist said that the microwave experi
ments must be carried out with unusual care and precise
ness. The microwaves, generated by a special transmitter 
and carried by tiny wave guides, must be of precise fre
quency and power. They oscillate back and forth at the 
fantastic rate of 200 billion vibrations per second. 

In a typical experiment, the microwave power absorbed 
by the superconductor is only about one-millionth of a 
watt. This tiny amount of power raises the temperature of 
the superconducting metal about one-thousandth of one 
degree. Yet, so sensitive are the thermometers used in the 
experiment, they can detect temperature changes a hun
dred times smaller, or only ten-millionths of a degree. 

Because of the tiny temperature changes involved, keep
ing the superconductor {at nearly 459 degrees below zero) 
completely isolated from the heat of the laboratory is a 
major problem. To do it, the metal is immersed in liquid 
helium inside a special flask, which is itself surrounded by 
a similar insulating flask containing liquid nitrogen at a 
temperature of minus 320 degrees Fahrenheit. 

• • • 
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Left to right: Dan Palm·er, Texas ArbM, '54; Ted Webb, Caltech, '55; Bob Stancil, Georgia Tech, '54; Chuck Herndon, Illinois, '50. 
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ONLY 35 YEARS AGO ... 

25 YEARS. AGO • • • 

oil field compressors featured 
long belt drives 

like this .... 

3JN THOSE DAYS, a compressor was one thing 
and a gas engine was another. When you hooked 
them together with a long belt you used up 
most of a large building. The "no-man's-land" 
between the units was useless- uninhabitable 
because of the dangerous flying belts. 

3JNGERSOLL-RAND led compressor manufacturers in the de
velopment of integral gas engine compressors, pioneering a 
new concept in compressor design, the revolutionary V -angle 
engine. This was the famous "XVG," which used articulated 
connecting rods - the first of the 4-cycle, V -angle engine
compressor family by Ingersoll-Rand. 

and TODAY. • • 
EAcH of these modern, turbo
charged KVS units packs 2000 
horsepower of gas-engine compres
sor into only 375 square feet of 
floor space. The KVS was the 
world's first turbocharged gas-en
gine compressor-the youngest and 
biggest member of the extensive 
1-R engine-compressor line. It 
started another new trend in the 
industry. 

COMPRESSORS • BLOWERS • GAS & DIESEL ENGINES • PUMPS • VACUUM EQUIPMENT 

If you'd rather help make in
dustrial history than read about it, 
why not investigate the fine job 
opportunities available with 
Ingersoll-Rand- recognized leader 
in the machinery field. For further 
information contact your Place
ment Office or write Ingersoll
Rand. AIR & ELECTRIC TOOLS· MINING & CONSTRUCTION EQUIPMENT 1-466 
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Ha Ha 

Demure Young Thing: "Oh, what kind 
of an officer are you?" 

Officer: "I'm a naval surgeon." 
Demure Young Thing: "Dear, dear, 

how you doctors do specialize!" 

M.E.: "What did you do with my 
shirt?" 

Wife: "I sen,t it to the laundry. 
Why?" 

M.E.: "Ye gods woman! A whole 
quarter of theTmo was on the cuffs." 

"I'm losing my punch," said the 
freshman as he hurriedly left the 
party. 

It's amazing what some women get 
away with, and still keep their amateur 
standing. 

The Fraternity man smiled as his 
glance fell upon the sign near the Sor
ority house: "Please drive slowly. The 
child in the street may be yours." 

It really happened: 
Question on a job application: "Are 

you a natural born citizen?" 
Answer: "No, Caesarean." 

Have you heard about one of the 
new lectw·ers? 

He's not a fast lecturer. 
He's not a slow lecturer. 
He's rather a haft-fast lecturer. 

During a visit to a friend's home, the 
C. E. noticed that his friend's grandmother 
read the Bible almost constantly. He final
ly got up the courage to ask her why. 

Her reply was, "Cramming for exams." 

"Did anyone ever tell you that you 
had beautiful eyes?" 

"Yes, but not when they were look
ing where you are." 

Some people have no respect for age 
unless it's bottled. 
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--where scientists and engineers, working 
with some of the Western World's finest 
equipment and facilities probe the un
known and seek answers to tomorrow's 
problems. 

The Laboratory's program for pioneering 
in nuclear and thermonuclear power and 
nuclear propulsion, ranks in importance 
with the Laboratory's continuing and 
ever expanding achievements in atomic 
weapons research and development. 

The delightful small city of Los Alamos is 
situated among the pines on the lower 
eastern slope of the towering . Jemez 
Mountains-an ideal community and cli
mate in which to live and raise a family. 

For employment information contact 
your Placement Office or write 

DEPARTMENT 
OF 
SCIENTIFIC PERSONNEL 

Division 572 

~alamos 
OF THE ~~!~R;~!!!~IF!~~oratory 

LOS ALAMOS, NEW MEXICO 

397 



Doors to Opportunity 

UNLIMITED 
at fT1 

"Small-company" proied system 
plus expanding facilities ~~d 

assignments speed recog~utron 
for ambitious young engmeers 
at Federal Telecommunication 

Laboratories 

FTL offers unlimited, interesting, 
challenging assignments with oppor
tunities for real achievement in pro
fessional recognition. 

Unlimited opportunities to advance 
in a growing research and develop
ment laboratory ... new buildings .. · 
more and better facilities .. . a dynam
ic expanding staff. Unlimi~ cultural 
and educational opporturubes. 

FTL a congenial and inspiring 
place to work and grow, is "in the 
country"-yet onl~ ~ut~s away 
from New York C1ty s uruque ad
vantages. 
East Coast Assignments Include: 

Radio Communication Systems 
Traveling Wave Tubes 

Electronic Countermeasures 
Air Navigation Systems 

Antennas • Missile Guidance 
Transilton and other Semiconductor Devices 

Computers • Telephone and 
Wire Transmiuion Systems 

Opportunities for relaxed living and career• 
building also available at FTL's West Coast 
Laboratory ••• with openings in Digital 
Computers, Inertial Navigation Systems and 
Infra Red Systems. Write to: 15191 Bledsoe 
St., San Fernando, Cal. 

East Coast Laboratory and Microwave Tower 
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Unprotected 
Captain Scott described Hut Point, 

the oldest of the three, as "quite a 
palatial residence." "The main hut," 
he wrote, "had been brought from 
Australia and was, in fact, a fairly 
spacious bungalow of a design used 
by outlying settlers in their country." 
Its floor area was 36 feet square, with 
overhanging eaves of the pyramidal 
roof resting on supports some four 
feet beyond the sides. The supports 
were buried three or four feet in the 
volcanic rock. The house had a cov
ered veranda, because it had been de
signed for the warm climate of the 
"sheep country" of Australia. It had 
a double layer of wood sheathing. 

Explorer Shackleton had similar 
praise for his own headquarters at 
Cape Royds. Mter returning from a 
22-day expedition, he wrote, "We 
were able to appreciate at their full 
value the warmth and comfort of our 
little hut." 

The Shackleton hut was prefabri
cated in London. It was 33 by 19 
feet. Shackleton wrote: "It was made 
of stout fir timbering of best quality in 
walls roofs and floors, and the parts 
were' morticed and tenoned to facili
tate erection in the Antarctic. The 
walls were strengthened with iron 
cleats fitted to main posts and hori
zontal timbering, and the roof princi
pals were provided with strong iron 
tie rods. The hut was lined with match 
boarding, and the walls and roof were 
covered externally first with strong 
roofing felt, then one-inch tongu~d 
and grooved boards, and finally wtth 
another covering of felt." 

The four-inch space in framing be-

1st Engr: "Well, did you follow my 
advice and kiss your girl when she least 
expected it?" 

2nd Engr. (wi th black eye): "My god! 
I thought you said where." 

The first grade school teacher was get
ting acquainted with her new class. To 
one youngster she said, "Billy, whose little 
boy are you?" 

" Oh, I'm momma's little boy." 

" Sally, whose little girl are you?" 

"I'm my daddy's little girl." 

"Johnny, whose little boy are you?" 
"Ow, cut out the rough stuff, will you 

teacher. There's been enough trouble 
about that at home already." 

tween the match-boarding was packed 
with granulated cork. Shackleton said. 

"During our first severe blizzard, 
the hut shook and trembled so that 
every moment we expected the whole 
thing to carry away," he wrote. 

The third hut at Cape Evans, built 
by Captain Scott on his second ex
pedition, was described as a "snug, 
commodious house" by the Captain. 
It was 50 feet long and 25 feet wide. 
Its · framework was lined with two 
thicknesses of tongue-and-grooved 
boards, between which was a layer 
of dried seaweed, quilted in sack
cloth. The outer side was also covered 
with two thicknesses of boarding with 
seaweed insulation. 

Roof and floor also had double 
boarding with insulation material be
tween. 

On January 17, 1911 Scott wrote: 
"We took up our abode in the hut to
day and are simply overwhelmed 
with its comfort." 

A year and a day later Captain 
Scott reached the South Pole, only to 
find that Norwegian Captain Roald 
Amundsen, using dogs and not stop
ping for scientific work, had won the 
race by a month. Captain Scott and 
four companions died of starvation, 
exhaustion and exposure on the way 
back to their wood hut, leaving a 
heroic record of what has been de
scribed as "the worst journey in the 
world." 

Explorer Shackleton also died on a 
subsequent journey. 

The wood huts they built stand to
day as three of the most unusual 
museums in the world. 

• • • 

And then there was the freshman 
who thought a neckerchief was a 
sorority president. 

If it's funny enough to tell, it's been 
told; 

If it hasn't been told, it's too clean; 

If it's dirty enough to interest an engi
neer the editor gets kicked out of school. 

The snow was falling softly. Poetically 
the young engineer spoke as he helped 
his girl into the car: 

"Winter draws on." 

Girl : " It's none of your business." 

MINNESOTA TECHNOLOG 



Power+ 
readily calculated from the ratio of the co~pression pre~
sure to the manifold pressure. The equatwn for T 2 IS 

then: 
T2 = Tl X (P2/Pl)<n - lfn> 

where P1 is the absolute manifold pressure, and P2 is the 
absolute compression pressure. 

It is, of course, not the reduction in the air manifold 
temperature per se but the resulting reduction i~ the tem
perature of the air compressed into the combustwn cham
ber at the end of the compression stroke which affects the 
engine cap~city and efficiency. . . . 

Cooling water is not usually available m suffiCient quan
tity at temperatures below 85°F to 90°F to permit cool
ing of the manifold air to temperatures lower than about 
100°F. 

In the conventional diesel engine, a manifold tempera
ture of 100°F produces a compression temperature of 
(100 460) X 2.7 = 15l0°R (1050°F). . 

The problem then was to reduce the compresswn tem
perature by other means in addition to reducing the mani
fold temperature to the practical limit of about 100°F. 

The solution was found in equation {7) which says that 
the compression temperature {T 2) is the product of the 
manifold temperature {T 1) and the ratio of the compres
sion pressure {P2) to the manifold pressure {P1) to an ex
ponent. The value (P2j P1) 11 can be reduced by decreasing 
P2 or increasing P1• 

The exponent {n) cannot be varied at will. The com
pression pressure (P2) may not be reduced because that 
would reduce the weight of air available for combustion. 

However, it is evident that by increasing the manifold 
pressure (P1) so that the ratio {P2fP1) becomes smaller, 
T 2 will be lower without changing T 1 or n. 

For example, if we want to operate with 615 psia com
pression pressure, we can get this pressure with a pressure 
ratio (P2fP1) of 20.9 if we have a manifold pressure (P1) 

of 29.4 psia ( 14.7 psi g). 
The temperature ratio due to this pressure ratio of 20.9 

is then: 
(615j 20.9)<n-lfn) = {20.9)·285 = 2.38 

and when the manifold temperature is cooled to 100°F, 
the compression temperature (T 2) will be: 

{460 +100) X 2.38 = 1333°R (873 °F) 
This pressure ratio (compression pressure divided by 

manifold pressure) of 20.9 is produced by compressing a 
volume of 8.8 into a volume of 1 (volume ratio 8.8). 
That is: 

P 2fP 1 = (V 1/V 2)1.4; 615 j 29.4 = (8.8 j l )L4; 20.9 = {8.8)1.4 
Thus," to reduce the compression temperature from 

15l0°R to 1333°R and maintain the compression pres
sure at 600 psig, the net volume compression ratio must 
be reduced to 8.8 and a manifold pressure of 14.7 psig 
intercooled to 100°F must be supplied. 

To obtain a compression temperature of 1333°R in the 
conventional diesel engine with its normal volume com
pression ratio of 12 would require cooling of the manifold 
air to 35 °F, which is quite impractical. 

Decreasing the compression temperature from 1510°R 
to 1333°R increases the indicated horsepower capacity of 

' the engine inversely as the ratio of the temperatures to the 
1.352 power. 

(l510j l333)L352 = 1.185 or 18.5% 
The compression volume ratio is the piston displace-
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ment plus the volume of the combustion chamber divided 
by the volume of the combustion chamber. 

To reduce this ratio without increasing the volume of 
the combustion chamber, the volume of air taken in and 
entrapped in the cylinder for compression must be less 
than the total piston displacement. . . 

Thus, given an engine with a compresswn vo~ume ratw 
of 12: 1, the combustion chamber may be I umt and the 
piston displacement II units of volume {II+ l)j l = 12. 

Now, to reduce the compression volume ratio to 8.8, ~he 
volume of air entrapped in the cylinder for compressiOn 
must be reduced from II to 7.8 (7.8 + 1 = 8.8)/ 1 or 71 % of 
total volumetric capacity of the piston {piston area X 

stroke). 
There are several methods to limit and regulate the vol

ume of air taken into the cylinder for compression. The 
inlet valve can be closed before the intake stroke is com
pleted; to take in 71 % of the piston displacement volume, 
the inlet valve must be closed 65 crank degrees before 
bottom dead center. 

Another method is to take in the entire volume and, by 
holding the inlet valve or other valves open after the be
ginning of the compression stroke, reject the air charge 
through these open valves until the volume re.tained in 
the cylinder has been reduced to the proper portwn of the 
cylinder volume. If this is to be 71 % as in the example, 
the valve or valves would close 65 crank degrees after 
bottom dead center. The compression volume ratio will 
then be 8.8. 

To summarize, for the conventional supercharged diesel 
engine operating with a normal 12: 1 compression ratio to 
have a compression pressure of 600 psig, it must be sup
plied with supercharging air at 4.4 psig, and, if this air is 
cooled to 100°F, the compression temperature (T 2) will 
be 1510°R. . 

In this example, showing the operation of the Miller 
supercharging system, the air is supplied at a pressure of 
14.7 psig and cooled to 100°F as in the conventional en
gine. The inlet valve is closed to 65° before bottom dead 
center to limit the volume retained for compression to 
71 % of the piston displacement. When the piston reaches 
the end of the intake stroke, the pressure has dropped to 
4.4 psig and the temperature to 35 °F. The volume expan
sion ratio from 65 crank degrees before dead center to 
bottom dead center is 1.365. Since the volume compression 
ratio on the full compression stroke (bottom to top dead 
center) is 12, the net compression ratio is {12j l.365) = 8.8. 

As shown, this results in a compression temperature of 
1333°R and a compression pressure of 600 psig. 

WHEN the combustion chamber is charged with air at 
1333°R instead of 15l0°R, the weight of the air is 

increased by 13% , because the density or weight per unit 
volume of air is inversely proportional to its absolute tem
perature. This permits the liberation of 13% more heat 
by burning that much more fuel for a given temperature 
rise above the compression temperature. If this tempera
ture rise for a given air-fuel ratio is 3000°F, the maximum 
combustion temperature with 151 0°R compression tem
perature will be 1510° + 3000° = 4510°R.· When the com
pression temperature is reduced to 1333°R by the method 
of reducing the net compression ratio, the maximum com
bustion temperature will be 1333 + 3000 = 4333 °R. With 
the lower compression temperature, the amount of fuel 

(Continued on Page 402) 
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GRADUATE TRAINING 

AT ALLISON 

PICKS UP WHERE 

CAMPUS LEAVES OFF 

WITH the completion of your academic training, 

you're basically qualified to start your career in 

engineering. 

What then? 

If you plan to go ahead and further your education 

to prepare for greater things later on you'll be inter

ested in the Allison Training Programs. 

Starting your engineering career at Allison, you are 

OUR ENGINEERS 
WORK HERE 

This is our new Administra
tion Building, hub of the new 
Allison engineering Research 
and Development Center in 
Indianapolis. 
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given the opportunity to continue learning while you 

work alongside top-level engineers in the aircraft 

engine industry. 

Should you want to work toward an advanced 

degree, you can, for we have arrangements with an 

outstanding engineering school which conducts classes 

within the plant. You get your Master's degree in 

engineering while you continue to work and earn. 

A variety of refresher courses at college level and 

other specialized, non-credit courses are always avail

able 'at Allison. Lectures on curent problems and 

practices are conducted by prominent university men, 

consultants and Allison's own specialists in their 

respective fields. 

We'd like to tell you more about the many benefits, 

advantages and unlimited opportunities awaiting you 

at Allison. Write for full information: Personnel 

Dept., College Relations, Allison Division, General 

Motors Corporation, Indianapolis 6, Indiana. 
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COMMUNICATIONS 

at Ramo-Wooldridge 

Communications activities at The Ramo-Wooldridge 
Corporation include research, development, and 
manufacture of advanced types of radio communica
tion systems, ground-reference navigation systems, 
and electronic countermeasure systems. Major 
programs are in progress in each of these fields. 

New and unusual techniques have been employed to 
provide systems having a high order of security in the 
transmission of information, broad flexibility in 
combating unfavorable signal propagation conditions, 
and substantially greater information capacity 
per operating channel. . 

Some of the techniques used have made possible an 
increased range for given levels of transmitter power 
and reliability of communications. Others have 
provided specific advantages in very long distance 
communications or in operational situations requiring 
unique signaling capabilities. Developments in 
navigation systems have resulted in new equipment 
that is suitable for the guidance of aircraft at long 
ranges from their bases. 

In the work currently under way, some systems are 
in the laboratory development stage, some in the 
flight test stage, some are in production. Several 
types of systems developed and manufactured by 
Ramo-Wooldridge are in extensive operational use . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Openings exist 

for engineers 
and scientists 

in these fields of 
communications 

activities: 

Systems study and analysis 
Airborne transmitters 
Transistorized video and pulse circuitry 
Airborne receivers 
Reconnaisance systems 
Digital communications systems 

........................................ 

The Ramo-Wooldridge Corporation 
5730 ARBOR VITAE STREET • LOS ANGELES 45, CALIFORNIA 
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Power + 
burned per pound of air can be increased to cause a tem
perature rise above the compression temperature equal to 
4510-1333=3177°R, amounting to about 6% more fuel 
per pound of air. 

Now since the thermal efficiency of the engine is not 
changed, it being a function of the constant expansion 
ratio, the indicated horsepower is increased by 13 + 6 or 
about 19%, which is in ag-reement with tests showing the 
same total heat flow to the water jackets at this increase in 
load. 

In June, 1946, a paper outlining the theory of the Miller 
Supercharging System, entitled Supercharging and Inter
nal Cooling Cycle for High Output was presented at the 
national meeting of the Oil and Gas Power Division of 
the American Society of Mechanical Engineers in Mil
waukee. 

Following this meeting a six cylinder engine with a 9 in. 
bore and an 11\12 in. stroke was built and set up to test the 
supercharging system. The engine was started on Novem
ber 30, 1946. The results of these tests were presented in a 
paper entitled Test Results of lnterna ly Cooled Super
charging at the Oil and Gas Power Division Conference 
in Cleveland in 1947. 

The previous theoretical investigations failed to dis
close a very serious deficiency which was discovered when 
the test department attempted to start the engine. The in
let valve closing had been fixed at forty-five crank degrees 
before bottom dead center, and the net compression ratio 
was so low that insufficient temperature was developed at 
the end of the compression stroke to ignite the fuel. 

To start the engine and to operate at reduced loads, it 
was necessary to heat the air to the manifold to at least 
200°F. 

The first solution was a combination air heater and 
cooler connected in parallel and valved so that the air 
supplied to the manifold could be directed through the 
heater up to about \12 load and through (sic) the cooler 
above this load. This arrangement is shown in patent ap
plication Case 238. 

Further studies of the problem disclosed a more prac
tical method of maintaining the compression temperature 
as the load on the engine decreased. This was accom
plished by increasing the volume entrapped in the cylin
der for compression when the load decreases so that from 
about half load down to no load the inlet valve closes 
near bottom dead center, and a volume equal to the total 
piston displacement is entrapped in the cylinder for com
pression. The compression temperature is then: 

T2 = T mr X (12) 11
-

1 

instead of: 
T 2 = Tmr X {8.8) 11

-
1 

where Tmr is the temperature of the air in the manifold. 
Thus, when the manifold temperature is low at starting 

and at light loads, and the exponent (n) is reduced due 
to cold cylinder walls, the net compression ratio is in
creased from 8.8:1 to 12:1 to produce a compression tem
perature high enough to ignite the fuel. 

TH E mechanism to carry out the function of regulating 
the volume of air entrapped in the cylinder for com

pression can have many forms. It can be operated manu
ally as a throttle in an automobile engine, or directly or 
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indirectly by hydraulic or pneumatic power units. The 
automatic volume regulating devices may respond to gov
ernor position or to the pressure of the air supplied by the 
turbocharger which normally varies with the engine load 
because of changes in both exhaust temperature and mass 
flow with load. 

With a manifold temperature of l00°F and a diesel fuel 
with a normal cetane rating, the minimum net compres
sion ratio may be 7: I, which gives a ratio of compression 
pressure to manifold pressure of 15.3. 

A compression pressure of 615 psia then requires a 
manifold pressure of 40 psia (25.3 psig). The compression 
temperature becomes 1215°R, and the rating would in
crease from 160MEP to 183 MEP for this decrease of net 
compression ratio from 8.8:1 to 7: I. 

The equations which have been developed to calculate 
the IHP can be reduced to the expression that IHP or 
MIP is · proportional to the absolute pressure in the air 
manifold raised to the .385 power, and inversely propor
tional to the net compression ratio raised to the .54 power. 

If the compression and combustion pressures are in
creased above those of the basic engine, the IHP increases 
with the .383 power of the compression pressure and .276 
power of the combustion pressure. 

Thus, if these pressures were to be doubled as has been 
done in tests conducted in Germany by the M.A.N. Com
pany, the IHP is increased by: 

{2)·383+.276 = 1.575 (57.5%) 

An eng·ine supercharged in accordance with the Miller 
system with a net compression ratio of 7 and a manifold 
temperature of l00°F would then carry a load of 334 psi 
MIP with the same thermal load as the conventional low
pressure non-intercooled supercharged engine at 144 MIP. 
However, the manifold pressure would be 67 psig. Turbo
chargers for such pressures are not commercially available 
at the present time. 

Two men were siHing in a blood donor station. One 
was an Eastern tourist, the other an Apache Indian. 
After staring for a few minutes, the tourist could con· 
tain his curiosity no longer. 

"Are you really a full-blooded Indian?" he asked. 
"Well, no," the Apache replied thoughtfully. "I'm 

one pint short." 

One Penn State student had been pestering his father for a 
new 1956 car. The old man thought the old car was quite suffi
cient. On a visit to University Park, papa pointed out that most 
of the cars in the adjacent parking lot were of rather ancient 
vintage. "But Dad," protested the boy, "those cars belong to 
the faculty." 

The doctor was taken to the patient's room but 
came down in a few minutes and asked for a screw 
driver. Five minutes later he was back and asked for 
a can opener. Soon after he ran down the stairs and 
demanded a chisel and hammer. The distraught hus· 
band couldn't stand it any longer. "Please, doc, 
what's wrong with my wife?" 

"Don't know yet," the doctor answered. "Can't get 
my bag open." 

MINNESOTA TECHNOLOG 



After-dinner speaker: "Now, before I start, I want 
to say something." 

You can't kiss a girl unexpectedly. The nearest you 
can come to it is to kiss her sooner than she thought 
you would. 

"You say he kissed you only once last night? What 
was the maHer?" 

"Nobody interrupted us!" 

Mother (entering room unexpectedly) "Why, 
never ••• " 

Daughter: "Oh, Mother- You must hcivel'~ 
l, h 

A lot of engineers get half drunk on Saturday night 
because they run out of money. 

Adolescence is defined as the period between in
fancy and adultery. 

Our idea of the most ambitious man on earth is the 
street cleaner who got kicked in the face. 

"What does the bride think when she walks into 
the church?" 

"Aisle, altar, hymn." 

Found on a frosh chem test: 
Nitrate - Special price on telegrams and telephone 

calls after dark. 1 

Liter - A nest of young puppies. 

Hlgglna Super Black 
for arlworlc with brush and pelt 

Hlgglna Acetate Ink 
for plasti~ 111m and 

water-repellent 
ilraltlng surfaces 

TWO 8uperflne Waterproof Black Inks 
of true Hlgglna quality 

Your urgent demands led us to the 
&ftQtlon of these new drawing inks. We cue 

pleased to announ~e that there is an 
llil 6f Higgins quality for every graphi~ need. 

In 4 blacks, white and 16 ~tors. 

At ort material deafen everywltere 

HI G GInS Tlte International standard sin~• 1880 
INK CO., INC., BROOKLYN, N. Y. 

E day 

e 

IS 

Coming 

May 10-11 
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'~let's sum it up 
this way ... 

"Only the aircraft industry combines all of our most 
advanced engineering sciences. It involves such foelds 
as electronics, communications, propulsion. systems, 
hydraulics and pneumatics, thermodynamics and 
scores of others -each a foeld which your training 
will soon qualify you to enter. Those of you who want 
to specialize can have a lifelong career in any one of 
them; or you can easily move from one foeld to another 
-still within the aircraft industry- with equal 
opportunity. 

"And here's another point ... it's a relatively young 
industry and the outer limits have yet to be reached. 
Supersonic flight and automatic guidance systems are,_ __ ,..:a....OIII 
opening new foelds for research that were unhe~~~-111" 
yesterday, but may be vitally needed tn•••nrrnul' 

"In the aircraft industry your rewards will 
both in the satisfaction of achievement and«:o:mven-
sation. So, in summing this up, by all 
the aircraft industry if you want to make 
training bring you the greatest returns." 

T hese words are echoing daily in cia 
throughout America. The reasons are 

see - military and civil aircraft and their 
equipment are the most complex systems ever 
for the movement of men and materials. __ .. ____ , . 
barriers and solving the problems 
industry present unlimited 
engineering. 

At Northrop, you can take an 
ing the development of both l-ll'""'""''la•.•u piilo,t~less air',...,;;::~--,..-..,_ 
craft, intercontinental 
weapon systems ... by applying 
training in the specialized fields 

The new multi-million-dollar '\ln1rth ·rhn 

ing center, now being 
equipped for the most advanced rf'-.f'ar·ch"an 

opment activities. In it you will be 
young and aggressive leaders who sincerely 
individuality, initiative and engineering abilities. In 
addition, your compensation and other benefits will 
be of the finest. 

Be ahead of time by writing us, now. 
your interests lie ... ask us questions ... we 
we can help in your career selection. Write to Mgr. 
Engineering Industrial Relations, Northrop Aircraft, 
Inc., 1019 East Broadway, Hawthorne, California. 

& 
NORTHROP 

Builders of the First Intercontinental Missile 
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Typical IRC , Resistors 

FILAMENT TYPE 

Type BT Fixed 
Composition 

Resistors 

Type HFR High 
Frequency 
Resistors 

IRC Resistance 
· Strips and Discs 

WIRE WOUND TYPE 

Low Power 
Resistors 

High Power 
Resistors 

Encapsulated 
Precision 
Resistors 

Where do 1 RC® resistors get their reproducibility? 

INTERNATION~t RESISTANCE CO. 
401 N. Broad St., Philadelphia 8, -Pa. 

In Canada, lntematlonal Resistance Co.,., Ltd., Tor,anto Licensee 

FEBRUARY 1957 

ENGINEERING 
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IRC, leader in resistor engineerin~, offers 
excellent opportunities in el)gineer(ng posi· 
tions covering many' pr~fession~l fl'elds. New 
developments in electronics, rl\iniaturization 
and automation constantly present new " 
creative challenges. For inforfnation,, write 

, today to: ENGINEERING EMPLOYMENT, 
" INTERNATIONAL RESISTANCE~ COMPANY, 

401 N. Broad St./ Philadelphiam8, Pa. 
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The Art of Fire Detection 

WHEN fire breaks out in an aircraft engine space, it must 
be detected and quenched within seconds to avoid seri

ous damage or possible loss of life. To provide design 
specifications for reliable, fast-acting fire detectors, the Na
tional Bureau of Standards has been studying flame char
acteristics that might be applied to aircraft detection sys
tems. Results of this work indicate that reliability could 
be greatly increased by a system that would not respond 
unless several intrinsic properties of a flame were all pres
ent at the same time. These properties are: (I) characteris
tic rate of increase of radiant flux, (2) sufficient level of 
radiant flux in the required spectral region, and (3) char
acteristic frequency of flicker. 

Too often in the past, frequent false alarms have under
mined the airman's confidence in his fire detectory, caus
ing him to hesitate or neglect to take action when an 
alarm sounded. In some instances fires were not detected 
or were detected too late. Flight experience and fire tests 
under simulated flight conditions have clearly indicated 
that to be effective, a fire detector must invariably respond 
if, and only if, there is a fire and it must do so as quickly 
as possible. 

Detectors are required to discriminate between fires and 
other phenomena under the most adverse environmental 

. ,,, - \\\ 

The CASTELL habit 

conditions, including temperatures of over 500°F, wind 
speeds over 500 mph, rain, hail, fog, salt spray, dust, oil, 
grease, fungus, fumes, vibration, and extreme pressure 
changes. A detectory designed to respond to the radiant 
energy from flames for example, must discriminate be
tween flames and sunlight, lightning, gun-fire, or beacons. 
The detectory must survive a fire with flame temperatures 
over 2000°F so that it can indicate that the fire is out and 
be ready to detect another fire a short time later. The air· 
craft designer demands that detectors have the least possi
ble size and weight. 

A survey of existing or proposed systems revealed a num
ber of ingenious applications of various physical princi
ples. Radiant energy detectors seemed the most promising 
because a single detector can monitor a large space. How
ever, for development of improved designs, more funda· 
mental data were needed on the characteristics of flames 
involved in aircraft engine fires. Therefore, a study was 
undertaken at the National Bureau of Standards of the 
radiation and flicker of flames. 

The more important flammable materials found in air
cra,ft engine spaces include such liquid hydrocarbons as 
engine fuel, lubricating oil, and hydraulic fluid. In a typi
cal engine fire involving these flammable liquids, oxygen 
diffuses into the flames from the surrounding atmosphere, 
producing a "diffusion flame" which emits essentially the 
same continuous spectrum for each of the bur'ning liquid 

\\\ ~ ,,, 
GENERAL 

BOOKBINDING 
Gold Lettering - Stamping 

Tooling 

Medical 
Chemical 
Magazines 
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starts you toward 0 

BRIGHT FUTURE 
~oungsters in engineerin sch 
lmgs of the corporations !h ools-you are the dar
continued success will d e: you graduate. But your 
talent, close applicatio~pe~ on your ab_ility. Native 
smoother,. stronger graphite-~at~~~r d ~tudJes .and tho 
CASTELL are an unbeatable a e. e~d of Imported 
add~ skill to the hands of sea combmatJOn, CASTELL 
~abJt acquired in your form s~ned Pros. !he CASTELL 
m good stead when you a JVe years wdl stand you 
graded for instant identifi~~~- on ~our own. Color
superior degrees, 8B to lOH. Jon o most of the 20 

If you prefer a holder be sure 
the gun-rifled clutch , and 90360 _try LOCKTITE with 
lead. Shop in your c~llege store. Imported CASTELL 

Law Reviews 

COVERS - ALBUMS - BLANKBOOKS 
Made to your specifications 

ERICKSON 
BINDERY 

downstairs 

GRAY'S DRUGSTORE 
1326 4th St. S.E. GE. 5765 
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hydrocarbons. Experiments were performed which showed 
that various aircraft fuels, mixed with air before burning, 
produced nearly identical spectra except for the lead lines 
in the spectra of leading fuels . As a result of these spectro
metric studies it was concluded that for the design of radi
ant energy detectors the same spectral region would be 
suitable for all fuels likely to be involved. 

The radiant intensities of the flames of various fuels 
were measured in five wavelength intervals from 0.24 mi
cron in the ultraviolet to 2.5-microns in the infrared. To 
measure the fluctuating radiant intensity in all parts of 
the spectrum simultaneously, photoelectric detectors were 
used with suitable filters and the output signals were re
corded on a multichannel recording oscillograph. A radi
ation-pyrometer detector with appropriate filters measured 
the radiance of flames in several infrared regions extend
ing to 9.5 microns. 

The investigation showed that flames of the type likely 
to occur in engine spaces emit energy throughout the 
spectrum but emit far more in the near infrared than in 
any other wave-length region. Some parts of the spectrum 
were found to be unsuitable for use in fire detection. The 
strong absorption of radiant energy by oil, grease, and 
soot in the visible and ultraviolet parts of the spectrum 
would prevent reliable detection of energy of those wave
lengths. The visible part of the spectrum is also considered 
undesirable because of the high intensity of sunlight and 
skylight in that region. The most suitable part of the spec
trum is also considered undesirable because of the high 

intensity of sunlight and skylig·ht in that region. The most 
suitable part of the spectrum for fire detection therefore 
appears to be near the infrared. 

Although the engine radiance may approach that of a 
flame, the engine takes a much longer time to heat up than 
the fuel vapors take to burst into flame. Measurements 
show that the flames to be expected in accidental fires in 
engine spaces reach full intensity about a quarter of a 
second after ignition, while the engine takes over a minute 
to warm up. This difference in rate of increase of radia
tion provides another distinguishing feature for detection 
purposes. 

The motion picture measurements indicate that varia
tion in projected flame area rather than variation in radi
ance accourlts for a large part of the flicker of flames. Elec
tronic wave analysis provided flicker amplitude distribu
tion curves for the various flames studied. In many cases, 
these curves have a sharp maximum at some frequency be
tween 3 and 15 cps. The ratio of the rms. flicker amplitude 
to the average radiant intensity for various flames ranges 
from about 0.1 to about 0.4 for burning liquids. These 
results indicate that flicker provides another valuable dis
tinguishing feature for detector design. Since moving 
engine parts or other periodic phenomena might came 
fluctuations in the radiant flux, flicker was not recom
mended for use alone as a fire detector, but rather in com
bination with the characteristic rate of increase of radiant 
flux and sufficient radiant intensity in the right spectral 
region. 

Ha 

Cowboy: Aren't you putting your sad
dle on backwards, sir? 

UNEQUALED 
FACILITIES ... assure 

Dude: That's all you know about it, 
smarty. You don't even know which way 
I'm going. 

Kindly man: Are you a good little boy? 

Impish boy: Nope. I'm the kind of boy 
my ma doesn't want me to play with. 

Two cannibals were in an asylum. One 
was tearing pictures of men, women and 
children out of a magazine and eating 
them. 

"Tell me," said the other, "is that de
hydrated stuff any good?" 

Teacher: Now, Willie, if Jim gave you 
a dog, and Dave gave you a dog, how 
many dogs would you have? 

Willie: Four. 

Teacher: Think hard, Willie. How could 
you have four when Jim gave you one 
and Dave gave you one? 

Willie: Easy. I already have two dogs. 
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In this inspection area of the new Fafnir instrument bearing facilities 
d~st par.ti.cle~ larger than 0.2 of a micron are filtered out by •peciai 
oar cond•t•omng. 

Completely new facilities for manufacturing precision 
instrument bearings increase Fafnir's ability to meet 
growing demands and more exacting bearings specifica
tions. Latest type equipment, including ultrasonic clean
ing units and unique testing devices, assure new highs in 
instrument bearing quality. Fafnir's precision instrument 
bearing facilities are unequaled in the field today -
another sound reason why industry looks to Fafnir for 
help with bearing problems. The Fafnir Bearing 
Company, New Britain, Connecticut. 

FAFNIR 
BALL BEARINGS 

ooon co•m" 8 ""' '" ••uocA 

NEW . 
HIGHS 
in 

QUALITY 
for 

INSTRUMENT 

BEARINGS 
------------, 

The development and appli
cation of Fafnir instrument 
bearings coli for o knowl
edge of the design and op
eration of widely diversified 
types of equipment, ranging 
from automatic pilots, com· 
pulers, and guided missile 
instruments, to laboratory 
equipment. Perhaps the 
challenging and varied field 
of bearing engineering or 
engineering soles offers you 
the opportunities you wont. 
We'd be glad to hear from t 
you. I 

I L..-----------· 
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Growth - in contracts earned, for example, tells 
the Temco success story. 

In 1949, orders for aircraft overhaul and for small 
amounts of component production from three prime 
manufacturers kept Temco's single plant busy. ~ow, 
in 1956- millions of contract dollars later- three 
integrated Temco plants performed work under prime 
and sub-contracts on 79 design, modification and 
production projects involving 28 aircraft, missiles 
and weapons systems. 

AIRCRAFT CORPORATION. DALLAS 

In seven years of steady expansion, Temco's sub
contracting skills have reliably fulfilled specifications 
for almost every major U. S. aircraft builder on proj
ects ranging from fuselage assemblies to power plants. 

Temco's rapid growth in contracts awarded stems 

from constant growth in initiative, skills and facilities. 

If you are looking for an engineering career in the air

craft industry, Temco offers you a real chance to 

move ahead with a company that's growing fast! 

ENGINEERS: For complete details of the Temco 
story of unusual opportunities in all phases of engineering, 
write: Joe Russell, Engineering Personnel, Room JO-B, 
Temco Aircraft Corporation, Dallas, Texas. 

IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION •IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 
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ALLIS· CHALMERS 

••• 

... where you can design, build, 

research or sell products like these 

and grow with 3 growth industries 

I.J !1----·-,-----------, 

You can grow faster in a company that supplies the 
basic needs of growth! Power, construction and 
manufacturing must grow to supply the needs of our 
population which is increasing at the rate of 50,000 
per week. Allis-Chalmers is a major supplier of 
equip~ent in these basic industries. 

But there's another factor of equal importance: 
Allis-Chalmers Graduate Training Course offers un
usual opportunities for the young engineer to: 

• Find the type of work he likes best 
• Develop engineering skill 
• Choose from a wide range of career possibilities 

Allis-Chalmers graduate training course has been 
a model for industry since 1904. You have access 

I 
Opportunities I 

in these fields 
Thermodynamics 

Acoustics 

System Analysis 
(Electrical and 
Mechanical) 

Stress Analysis 

Hydraulics 

Electronics 

Process Engineering 

Mechanical Design 

Structural Design 

Metallurgy 

Nucleonics 
High Voltage Phenomenon 

Analog and Digital Computers 

Fluid Dynamics 

Basic Research 

to many fields of engineering: electric power, hy
draulics, atomic energy, ore processing. 

There are many kinds of work to try: design 
engineering, application, research, manufacturing, 
sales. Over 90 training stations are available, with 
expert guidance when you want it. Your future is 
as big as your ability can make it. 

Or, if you have decided your field of interest and 
are well qualified, opportunities exist for direct as
signments on our engineering staff. 

In any case-learn more about Allis-Chalmers. 
Ask the A-C manager in your territory, or write 
Allis-Chalmers, Graduate Training Section, Mil
waukee 1, Wisconsin. 

ALLIS·CHALMERS 
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How to ground a flying sorcerer 
Even the most imaginative soothsayer would be 
brought to earth if he could peer into the minds 
of some of our Chrysler Corporation engineers! 

Things he would never dream of in his soaring 
flights of fancy are turning over in the minds of 
the men whose job it is to plan and create future 
Chrysler Corporation cars. These engineers are 
stirred, but never stymied, by the "impossible." 
And from this "never-say-no" philosophy •.• 
from the farsighted imagination of Chrysler Cor
poration engineers down through the years have 
come many distinguished automotive firsts. Push
button driving ... the first practical automotive 
gas turbine ••• and many, many others, all the 

way back to hydraulic brakes and all-steel body 
construction. 

We're looking for engineers to join this team. 
If you'd like the excitement of creating new and 
different things . . . of pioneering beyond the 
automotive horizon in such dramatic fields as 
atomic power and solar energy . . . Chrysler 
Corporation, we think, is the place for you. 

Good pay? Generous extra benefits? We offer 
all that, of course. But most important, unusual 
opportunity for advancement to make the most 
of your imagination, training and talents in the 
rewarding automotive industry. Write us direct. 
Address your letter to Mr. L. C. Bettega: 

CHRYSLER Corporation 
ENGINEERING Division > BOX 1118, DETROIT, MICHIGAN 
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Research Specialist Edward 
Lovick (right) discusses 
application of experimental 
slot antenna in the vertical 
stabilizer of a high-speed 
aircraft with Electronics 
Research Engineer Irving 
Alne and Electronics 
Research Engineer 
Fred R. Zboril. 

Lockheed antenna program 

offers ·wide range of assignments 

Master's Degree 
Work-Study Program 

The program enables graduates in Engineering, 
Mathematics and Physics to attain a Master's Degree 

at the University of California at Los Angeles or 
University of Southern California while gaining 

important practical experience on the engineering 
staff of Lockheed Aircraft Corporation 

in Burbank, California. 

Additional information may be obtained from your 
Placement Officer or Dean of the Engineering School or 

by writing E. W. DesLauriers, Employment Manager 
and Chairman of the Master's Degree 

Work-Study Program. 

Airborne Antenna Design is one of the fastest
growing areas of endeavor at Lockheed. Advanced 
development projects include work on stub, slot, 
reflector-type, horn and various dipole antennas. 

These diverse antenna activities reflect the full scope 
of Lockheed's expanding development and production 
program. For with 13 models of aircraft already in 
production and the largest development program in 
the company's history underway, the work of Lock
heed Antenna Designers covers virtually the entire 
spectrum of aircraft, commercial and military. 

You are invited to contact your Placement Officer for 
a brochure describing life and work at Lockheed in 
the San Fernando Valley. 

LOCKHEED 
California Division AIRCRAFT coRPORATION. BURBANK 

CALIFORNIA 
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<:lte 
Kaven 's Scream 

REGREITABLY or not, the log staff does not stand on 
street corners pleading for articles and buttonhol

ing everything with a slipstick slapping on its side. The 
interest of the student body should be sufficient to 
swamp the staff with articles to the extent that only a 
small percentage of them could be published. This 
would largely eliminate reprints and reduce the pro
portion of advertising. 

Students who feel that their major has been slighted 
need only to get behind a typewriter and start bang
ing away. The Technolog is the I.T. Official student 
publication. It is designed as a "Respectable" way to 
get one's name in print at least once in one's fiv.e year 
curriculum. Admittedly, most of the staff members 
are Mechanical and Electrical engineers, but this is 
the · fault of the other departments' apathy. Incidently,. 
we printed 3200 December issues. Claims have been 
make that this was only enough to cover one-fourth 
of the IT population. Yipesl 

THE present editorial policy of the Log is to play down 
jokes and to emphasize the professional articles. The 

contention that one of our earlier issues was comprised 
almost entirely of jokes and in the same breath that 
the January issue had no jokes to speak of seems to us 
a rather hard argument to follow. Perhaps the parties 
making this statement would like to stop in one of 
these days and make themselves clear. 

We are grateful for any suggestions that come our way 
with regard to improving the magazine. As someone 
from the staff is usually in 1'4.E. 2, anyone nurturing a 
gripe, real or imagined, is invited to come in between 
classes and air his complaint. We will do our best to 
overcome his objection. 

41 2 

As FOOD for thought, the crowded situation of many 
classes sets one to wondering whether it is necessary 

for alli.T. undergrads to do all of their undergraduate 
work at the University. If one has a registration num
ber in the 4oo's and spends two days trying to weasel 
smaller adjustment when transferring from high school 
to a small college than from high school to the univer
sity engineering curriculum. There would of course 
be two adjustments to make if pre-engineering were 
conducted mostly in smaller schools, but they would 
probably be smaller adjustments. 

WITH spring elections,_ E-Day, and other activities 
reaching a climax this quarter, it is high time that 

more I.T. students become aware of the weight they 
into closed sections, this becomes especially thought 
provoking, among other things. Certainly the junior 
colleges and smaller schools in the area offer many ad
vantages for pre~engineering training. It is very doubt
ful whether anything would be lost if many of the 
beginning courses, including most of the junior labs, 
were conducted in other surroundings. In addition, 
individual help to the student encountering difficulty 
would be more readily available. There is a much 
could swing in these activities. The success of student 
government, publication boards, and college boards 
depends on individual initiative. The fraternities are 
actively organized to go out for these positions. Other 
students are for the most ·part either lacking in self 
confidence or are too apathetic to take part in them. 
Remember, the people who do go out for these posi
tions are probably no more qualified than you are. 
The challenge is yours. 

fl. e. 
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PHOTOGRAPHY AT WORK-No. 18 in a Kodak series 

What's their credit rating? 
With Photography and Air Mail 
working together, the Credit 
Clearing House of Dun & 
Bradstreet, Inc., speeds vast 
quantities of information across 
the country overnight. 

Even if Dun & Bradstreet reporters photographed every 
business they investigate, it would not be among the 
biggest uses of photography this famous credit organi
zation employs. 

One most important way makes last-minute credit in
formation in the apparel trades available thoughout the 
country overnight. Current data and analysts' opinions 
on more than 150,000 apparel retailers are microfilmed, 
transferred to micro-cards and flown daily to ·Credit 
Clearing offices. 

It's another example of photography and Recordak 
microfilming saving time and money. They are working 
for railroads, banks, oil companies and countless other 
businesses and industries both large and small. 

Behind the many photographic products becoming in
creasingly valuable today and those being planned for 
tomorrow lie intriguing and challenging opportunities at 
Kodak in research, development, design and production. 

If you are interested in these opportunities in science 
and engineering- whether you are a recent graduate or 
a qualified returning serviceman, write to the Business 
and Technical Personnel Department. 

Eastman Kodak Company, Rochester 4, N.Y. 

A Southern wholesale confectioner had re
ceived an order for $10.00 worth of candy 
bars from the Horsie Hollow Candy Shop. It 
was a first order, and when the credit manager 
didn't find the name listed in the Reference 
Book, he phoned the Dun & Bradstre~t office 
for a report on the venture. ' 

The reporter assigned to the case located 
the concern on a dirt road, and he took a snap
shot of the premises and its busy proprietors 
which inspired this illustration. He inter
viewed the owners and wrote a report which 
was forwarded to the wholesaler. 

It informed him that the enterprise was 
operated as a partnership by two neighbors 
who were both "eleven years of age and un
married" -also that "although the owners are 
men of limited means, they have a high stand
ing in their community." The financial state
ment indicated assets of $13.25 in merchandise 
and cash, with a valuation of $35.00 for the 
building consisting of a remodeled turkey coop. 

The partners were reported as experienced 
with a five-year record of selling lemonade 
and cookies with their home pantries as the 
principal sources of supply. There was no in
debtedness as their mothers' terms were 
strictly C.O.D. The wholesaler took a more 
liberal attitude and shipped on regular terms. 
The bill was paid in ten days, 
and the wholesaler opened 
an account in his ledger 
for the "Horsie Hollow 

. Candy Shop." 



GENERAL ELECTRIC OFFERS ••• 

Engineering opportunities in 150 U.S. cities 
The geographic location in which you 
will work and live is one important con
sideration as you plan your future career. 
There are many reasons why technical 
graduates join General Electric Company. 
One of these is the opportunity to work 
in engineering, marketing, and manufac
turing in any of 150 American cities in 
45 states. 

Thus, an engineer can satisfy his 
geographical preferences in planning both 
his professional career and selecting his 
future home. 

General Electric's continuing expansion 
MAIN LIBRARY 

in over 200,000 product lines has been 
highlighted by this wide dispersal of 
Company facilities. Boundless opportuni
ties in engineering, manufacturing, and 
marketing are open to outstanding engi
neering and science graduates in a variety 
of professional interests. You can find the 
satisfaction of a highly rewarding career 

with one of the nation's most diversified 
enterprises. 

For more information about General 
Electric's programs for technical grad
uates, consult your Placement Director 
or write to Mr. Gregory Ellis, General 
Electric Company, Section 959-2, Sche
nectady, N. Y. 

~gress Is Our Mosf lmporl~nf Protlv~f 

GENERAL fj ELECTRIC .. 
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Robert Loutzenhiser, class of '49, speaks from experience when he says: 

"The broad experience and growth possibilities 

available at U. S. Steel offer a great future 

with unlimited opportunities." 

Following his graduation with a B.S. 
degree in Metallurgical Engineering, 
Robert Lautzenhiser joined U. S. 
Steel as a Junior Metallurgist at the 
Waukegan Works of the American 
Steel & Wire Division. Here, he be
came familiar with the many types 
of wire and wire products produced, 
through the practical performance of 
various physical tests in the metal
lurgical laboratory. 

The knowledge Mr. Lautzenhiser 
gained of the characteristics of stain
less steel wires led to his advance
ment, in April, 1950, to Product 
Metallurgist. In this capacity, his 
duties were of the customer-contact 

UNITED 

nature. His responsibilities in this 
work included consultation and the 
advising of customers regarding the 
proper steels for their projects. 

Mr. Lautzenhiser received his ap
pointment as Product Metallurgist 
for stainless steel wire in April, 1954. 
His work on this relatively new prod
uct, in which he developed excep
tional skills and abilities, resulted in 
his advancement to Division Metal
lurgist in July, 1955. 

Mr. Lautzenhiser feels that the 
graduate engineer gains much from 
the well-planned and complete train
ing program at U.S. Steel. "Further
more," he says, "the friendly 

STATES 

atmosphere and unusually coopera
tive personal relationships through
out the company are a big help in 
acquiring the knowledge that leads 
to advancement and success in one's 
chosen field." 

If you are interested in a challeng
ing and rewarding career with 
United States Steel, and feel you can 
qualify, get in touch with your place
ment director for additional informa
tion. We shall be glad to send you 
our informative booklet, Paths of 
Opportunity. Write to United States 
Steel Corporation, Personnel Divi
sion, Room 1662, 525 William Penn 
Place, Pittsburgh 30, Pa. 

STEEL 
AMERICAN BRIDGE . . . AMERICAN STEEL & WIRE and CYCLONE FENCE •.. COLUMBIA-GENEVA STEEL • . • CONSOLIDATED WESTERN STEEL 

GERRARD STEEL STRAPPING ... NATIONAL TUBE . .. OIL WELL SUPPLY . •• TENNESSEE COAL & IRON . • . UNITED STATES STEEL HOMES 

UNITED STATES STEEL PRODUCTS . .. UNITED STATES STEEL SUPPLY . .. Divisioos of UNITED STATES STEEL CORPORATION, PITTSBURGH 
UNION SUPPLY COMPANY , UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT COMPANY 7-613 

SEE THE UNITED STATES STEEL HOUR. ll's a lull-hour TV program presented every oth er week by United States Steel. Consult your local newspaper lor time and stat ion. 



Engineering? Or IMAGINEERING1 
Many capable engineers are perfectly 
content to go through life doing routine 
jobs over and over again. Frankly, such 
engineers wouldn't be interested in 
Sperry-and Sperry wouldn't be inter
ested in them! 

• Engineering, at Sperry, requires a 
combination of fine technical training 
plus imagination - the desire to help 
solve anticipated problems of the future 
and pioneer in new methods and devel
opments. You can see the results of 
such "imagineering" in the impressive 
Jist of Sperry "firsts" in such exciting 
fields as missiles, inertial guidance, 
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radar, computers, microwaves and gun
fire control systems. 

• A career with Sperry offers many 
advantages. Good pay, of course. The 
opportunity to participate in the really 
important developments of these criti
cal times-working with the acknowl
edged leaders in their fields. Your choice 
of location at Sperry plants in Long 
Island, Florida, California, Virginia and 
Utah-close to excellent colleges where 
you can get advanced training with 
Sperry paying your full tuition. 

• Your Placement Office will tell you 
the times when Sperry representatives 

will visit your school. In the meantime, 
get more of the Sperry story by writing 
direct toJ. W.Dwyer, Sperry Gyroscope 
Company, Section 1B5. 

Sperry engineer tests hydraulic servo 
valves for high temperature service on 
jet engines. 

BR OOKLYN · CLEVELAN D · NEW OR LEAN S · LOS ANGELES • 

SEATTLE · SAN FR AN CISCO . IN CANADA: SPERRY GYROSCOPE 

COMPANY OF CANA DA, LTD. , MO NT R EAL, Q U EBEC 
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The new General Motors Technical Center 

•• .AND YOU 
WHY should the vast new GM Tech Center be 

of interest to outstanding young engineering 
seniors? 

We'll try to answer that briefly: 

First, of course, it's interesting in and of itself. It's 
the world's largest institution devoted to research in 
the industrial arts and sciences. It occupies 25 build
ings, stands on 330 acres, houses more than 4,000 
engineers, scientists, stylists and technicians. 

Second, and even more significant, it is testimonial 
to the increasingly vital role which your chosen pro
fession of engineering plays in the nation's destiny. 

Third-and most important of all so far as your own 
immediate problems and aims are concerned-this 
multimillion dollar Technical Center gives living 
proof that you could do no better than to seek a 
car-eer with General Motors. 

For-as a GM engineer working in any of GM's 34 
decentralized manufacturing divisions scattered 
throughout the land - you would be backed up by 
the Tech Center resources and facilities in addition 
to those of your own division. 

You would partake in a two-way flow of mutually 
stimulating ideas between divisional and Tech 
Center engineers. 

But above and beyond everything else, you would 
have the unequalled opportunities for advancement 
- the chances for professional achievement - that 
can exist only in an organization that has committed 
itself solidly and unyieldingly to the ideal of tech
nical progress. 

So if you feel you're cut to the right cloth for 
such a challenge, why not ask your Placement 
Officer to put you in touch with the GM College 
Representative? 

Or simply write us directly. 

........................................ 

. 
• . 
• 

GM Positions Now Available in These Fields 

-in GM Divisions throughout the countrr 

MECHANICAL ENGINEERING 

ELECTRICAL ENGINEERING 

CHEMICAL ENGINEERING 

INDUSTRIAL ENGINEERING 

METALLURGICAL ENGINEERING 

AERONAUTICAL ENGINEERING 

. ....................................... 

GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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Tbe 
employment 

plan 
of 

Frederick 
Ph an 

Mr. Phan had a plan. It was really a very simple 
thing. His idea was to let tomorrow take care of 
itself. And Mr. Phan, too. People gave Mr. Phan 
credit for courage hut not for such things as groceries, 
rent and clothing. 

Fortunately, most engineers insist on building 
their own futures. They're not inclined to wear destiny 
like a millstone. And when they come blessed with 
a far-ranging spirit and an extra portion of creative 
ambition, we like to have them with us here at Chrysler. 

Engineers so endowed have helped us develop such 
distinguished automotive firsts as push-button driving 
... the first practical automotive gas turbine ... and 
many others, all the way hack to all-steel body con
struction and hydraulic brakes. Now they are helping 

Mr. L. C. Bettega 

us pioneer beyond the automotive horizon in the dra
matic fields of nuclear power and solar energy. 

We'd like you to have the facts about an engineer
ing career at Chrysler Corporation. They're all con
tained in a fully illustrated booklet which you may 
have absolutely free. Whatever your particular field 
may be-research, metallurgical, chemical, electrical 
or mechanical-this booklet will give you a complete 
rundown on the opportunities awaiting you at Chrysler. 

Send for this free book
let today. Use the handy 
coupon, or simply drop us 
a card and ask for "The 
Forward Look and Your En
gineering Career." 

• 

CHRYSLER Corporation 
ENGINEERING Division 

Please send me your free booklet, "The For
ward Look and Your Engineering Career." 
Name ____________________________ _ 

Street ____________________________ _ 

~ P.O. BOX 1118 DETROIT 31, MICHIGAN 

City _______________________ Zone __ 

State ____________________________ _ 
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Artist Dick Bobnick's conception of the Martia.n 
Conquest of Eaaolta . 
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To a Young Man who 
wants "Room to Grow" 

If you're a technical student looking for a 
"career with a future," you can make no 
wiser choice than the petroleum industry ... 
especially the fast-growing new field of petro
chemicals! Phillips Petroleum Company is a 
leader in this field. 

At Phillips you can choose a career in the 
field of work which interests you most ... 
exploration, production, manufacturing or 
the distribution of many types of petroleum 
products. If your interests lie in petrochemi
cals, Phillips is engaged in research and pro
duction of plastics, synthetic rubber, carbon 
black, chemical fertilizers, rocket fuels and 

PHILLIPS PETROLEUM COMPANY 
Bartlesville, Oklahoma 

special chemicals. The company is also active 
in atomic energy and operates one of the 
government's major reactor installations. 

Mail the coupon below for your copy of 
our booklet describing opportunities with 
Phillips. 

~=:':::::=~<===~ <:':'::::::::m ~==m~m 1~:m:::m ~~1:=:::'~~ w~ i::m::.m ~wa;::: ~~ m::i~l11 ~==:::m::::l rum:::l 

~~ D. R. McKeithan II 
I ~:~~~:a~e~:f~:~m;::~::~ultant ~ml 

m 
f1 Bartlesville, Oklahoma I mj~ I Please send me your new booklet, "Career with a Future." ll 
I 
I 
I 

NAME .......•••...•.••••••••••••••••••••••••••••••••••••• I 
NUMBER and STREET • •••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • I 
CITY ................•.•••••••••••••... STATE ...... • ....... ~ 

:=~=~ 
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Choose Westinghouse 
for a rewarding future 

You are making a tough 
decision .•• 

"where shall I start my career 
... which company offers 
me the best future?'' 

Your whole career can be 
affected by your decision, so 
choose carefully. 

We sincerely believe you 
will make a wise decision in 
choosing Westinghouse, a 
company where big and excit
ing things are happening. 

Here you can work with 
men who are outstanding 
leaders in fields such as: 

ATOMIC POWER 

AUTOMATION 

JET-AGE METALS 

LARGE POWER EQUIPMENT 

RADAR 

SEMICONDUCTORS 

ELECTRONICS 

CHEMISTRY 
Paul Halpine, University of Pittsburgh '41, atomic engineer for Westinghouse, checking the 
operations of a model of the first nuclear reactor for the nation's first full-scale atomic 
power plant being built by Westinghouse for the AEC and the Duquesne Light Company. 

and dozens of others 

You will have an opportunity to work with a company 
that is having spectacular growth in many fields ••• 
giving you room to grow. 

We value our engineers highly, for we know our 
growth has been due largely to the high caliber of 
engineering personnel we have succeeded in attracting. 
Their development into scientists and managers has 
resulted in dynamic and progressive planning and 
policies. 

We help you apply your training to industry. You 

Westinghouse 
MARCH 1957 

can pick a career in the industry of your choice .•• in 
the type of work you prefer, and in plants, sales offices 
and laboratories from the Atlantic to the Pacific. And, 
you can study for advanced degrees at Company 
expense. 

These are just a few of many reasons why you should 
choose Westinghouse. If you want more information, 
ask your Placement Officer for our booklets, or phone 
or write the Westinghouse interviewer, or Educational 
Coordinator named below. 

Mr. C. W. Mills 
Regional Educational Co-ordinator 
Westinghouse Electric Corporation 
P.O. BoxB 
Chicago 9, Illinois 
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IMPORTANT ON-CAMPUS INTERVIEWS FOR POSITIONS AT 

NORTH AMERICAN'S 
COLUMBUS DIVISION 

North American Aviation, foremost in the design and production of 
military aircraft, has an established engineering team at its Columbus 
Division with prime responsibility for complete design and development 
of Navy aircraft. 

The New FJ-4-Navy's latest and fastest FuRY JET-is the most 
recent achievement at Columbus. Other, even more advanced designs 
are now being developed from initial concept to actual flight ... creating 
top opportunities for virtually all types of graduate engineers. 

Contact your Placement Office for an appointment with North 
American representatives. 

Or write: Engineering Personnel Office, Dept. COL, North American 
Aviation, Columbus 16, Ohio. 

NORTH AMER ICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 

MINNESOTA TECHNOLOG 



• englneers 
CHEMICAL • INDUSTRIAL • MECHANICAL • METALLURGICAL 

metallurgists 

a beller job can be yours 

at DOW 

With your future at stake, it pays to investigate these employment advantages NOW! 

MARCH 1957 

Dow is one of the fastest growing chemical companies in the 
world. New products and processes are being developed con
tinually in the search for better ways of doing things. Your 
contribution-as a Dow chemist, engineer, metallurgist-will 
be recognized and rewarded. 

In addition, the activities of Dow are not dependent upon 
any one industry. Our over 600 products go into practically 
every industry, into agriculture and the home, here and abroad. 

The fringe benefits you would expect from a sound, pro
gressive company are yours, too, at Dow. To name a few
pensions, profit sharing, insurance-even the chance for further 
education. (AND salaries are reviewed at least once a year, 
promotions come from within. ) 

Opportunities are open in Midland, Michigan; Freeport, Texas; 
Baton Rouge, Louisiana; and a new Textile Fiber Department 
(present address Midland, Michigan) to be located in Lee 
Hall, Virginia. 

We Pay Moving Expenses. Send complete resume of edu
cation, experience, age, academic record and salary require
ments to the Technical Employment Department at any of 
the above locations. 

THE DOW CH B MICAL COMPANY, Midland, Michigan 
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IP YOU1RE THE DISCONTI!NT8D TYP., 

COME To WORK FoR US ! 

422 

We want YOU! The kind of engineer who's 
never contented with the usual, "accepted" 
way of doing things. The kind of engineer 
who's always searching for an approach 
that's new, different, better. The Creative 
Engineer! 
What company offers the most to this "dis
contented" type of engineer? We believe it is 
The Standard Oil Company of Ohio! We are 
engineering-minded. Seven per cent of all our 
employees are engineers. One-half of the 
president's staff-our top management-are 

TN. STA DARDO 

engineering graduates. Our training programs 
for engineers are among the most complete 
in the country. And as a Standard Oil of Ohio 
engineer, you would be working in one of 
America's largest and most challenging 
growth industries-oil! 
So before you decide on any company, look 
into Standard Oil of Ohio-where creative 
engineering counts! Contact the placement 
director of your school. Or write Mr. E. G. 
Glass, Standard Oil Company (Ohio), 
Midland Building, Cleveland, Ohio. 

OOMIDANY COHIO» 
MINNESOTA TECHNOLOG 



UNIVERSITY OF CALIFORNIA RADIATION LABORATORY· Berkeley Livermore 

Could you contribute 

new ideas to these new fields? 

Nuclear 'Weapons 

Nuclear Rocket .Propulsion 

Controlled thermo-nuclear energy 

Particle accelerators 

High-speed digital computers 

Critical assembly and reactor research 

These are six of the challenging projects now underway 
at the University of California Radiation Laboratory
managed and directed by some of America's foremost 
scientists and engineers. 

to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature. You are invited to join them ... share their pioneering 

And for your family-there's pleas
ant living to be ·had in Northern Cali
fornia's sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac
tions of the San Francisco Bay Area. 

knowledge in nuclear research ... use their expansive facilities 
... and help to dQ what has never been done before. 

IF YOU are a MECHANICAL or ELEC· 

TRONICS ENGINEER, you may be in
volved in a project in any one of 

these fields, as a basic member of the 
task force assigned each research prob
lem. Your major contribution will be to 
design and test the necessary equip
ment, which calls for skill at improvis
ing and the requisite imaginativeness 
to solve a broad scope of consistently 
unfamiliar and novel problems. 

If you are a PHYSICIST or MATHEMA· 

TICIAN you may be involved in such 
fields of theoretical and experimental 
physics as weapons design, nuclear 
rockets, nuclear emulsions, scientific 
photography (including work in the 
new field of shock hydro-dynamics), 
reaction history, nuclear physics, criti
cal assembly, high current linear ac
celerator research, and the controlled 
release of thermo-nuclear energy. 

If you are a CHEMIST or CHEMICAL 
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ENGINEER, you will work on investiga
tions in radiochemistry, physical and 
inorganic chemistry and analytical 
chemistry. The chemical engineer is 
particularly concerned with the prob
lems of nuclear rocket propulsion, 
weapons and reactors. 

In addition, you will be encouraged 

You can help develop 
tomorrow-today at UCRL 

Sen~ for complete information on the 
facilities, work, personnel plans and 
benefits and the good living your family 
can enjoy. 

22-1-6 

DIRECTOR OF PROFESSIONAL PERSONNEL 
UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 

LIVERMORE, CALIFORNIA 

Please send me complete information describing UCRL facilities, 
projects and opportunities. 

My fields of interest are·---------------------

Name---------------------------

Address•--------------------------

City·--------------Zone __ $tate--------
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IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION • IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 

NEW ENGINEERING CENTER i: being built with growth in 

mind. Initially large enough for a force of 900 engineers, II is 

designed to permit rapid expansion of any functional area 

without disturbing work in progress. 

Growth- in plant facilities, for example, teUs the Temco success story. 

New buildings -like the completely modern 100,000-square-foot engi
neering center opening this spring at Temco's Garland plant - clearly 
tell the Temco story of widening engineering skills, increasing contracts 
and significant advances in Temco's own projects. 

At the beginning- back in 1945 - 550,000 square feet were sufficient. 
Now, eleven years later, with three integrated Texas plants at Dallas, 
Garland and Greenville, Temco has a total of 1,900,000 square feet for 
administration, design and production - plus eight runways and an 
immense total ramp area. 

Completely modern facilities are only a part of the Temco story of 
outstanding engineering opportunities. The challenge of meeting the 
complex needs of the jet-age aircraft industry, plus advanced work in 
Temco's own developments in electronics, aircraft and complete weapon 
systems means that rewarding careers are open to you now at Temco . 

.-------------------------~-. 

ENGINEERS- Openings in all phases of air
craft design and development. Write to Joe 
Russell, Engineering Personnel, Room 10-C, 
Temco Aircraft Corporation, Dallas, Texas. 

AIRCRAFT CORPORATION • CALL-AS 

IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION • IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 
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Highlights of 
your future 

with Honeywell 
Campus-like Honeywell Research Center in Hopkins, Minneapolis suburb 

Preview your career 
with a summer internship 

"Honeywell is now 
interviewing students 
for its summer intern 
program." 

"We believe a man makes a much 
better choice in his career if his 
decision is based on actual work 
experience. And, at Honeywell, 
the experience can be matched 

Dr. Finn Larsen, Director of exactly to his individual needs 
Honeywell's Research Center, 
M .A., Physics, 1941, Drake; and interests·. 
Ph.D., Iowa State, 1948. "This is made possible by 
Honeywell's wide diversification in the field of controls. 
Honeywell makes more than 12,000 different systems and 
controls. They are precision products whose development 
and manufacture require extensive use of all kinds of engi
neering skills. And they are used in virtually every industry 
known today. Thus, the man who enters Honeywell's sum
mer program gets a real working knowledge, not only of 
controls, but of many related industries. 

"Many of Honeywell's 14 separate divisions will offer 
assignments under the summer internship program. The 
location and name of each division and activity is listed at 
the bottom of this ad." 

HonNeYweii 
[I! l First in Controls 

Terms of program 

Honeywell's program is geared to students one year from 
graduation in any branch of engineering, chemistry, math
ematics, physics, business administration or accounting. 

Assignments will be made in Design and Development, 
Industrial Engineering, Quality Control, Quality Analysis, 
Production Coordination, Personnel Administration, Fi
nancial Control, Marketing and Market Analysis. 

There are also special assignments in the Honeywell Re
search Center for graduate students in Physics, Chemistry 
or Engineering who are one year from completion of their 
work. 

If you· are enrolled in this program you will work at 
Honeywell from mid June to early September, approxi
mately 12 weeks. Included in the weekly schedule will be 
discussions and meetings, as well as practical work assign
ments. 

Applications b~ing accepted now! 

In order to give maximum benefit to the members of this 
program, Honeywell must limit the number enrolled. If 
you wish to apply for an assignment, send you.r name, 
address, school, the course in which you are enrolled, 
plus the number of years completed to: 

Dr. A. Lachlan Reed 
Director, Industry Education Relations 
Minneapolis-Honeywell Regulator Company 
Dept. TC29A 
Minneapolis 8, Minnesota 

Residential Controls: Minneapolis, Minn. and Wabash, Ind. Industrial Instruments: Philadelphia, Pa. Commercial Controls: Minneapolis, Minn., Chicago, 
Ill. ond Wabash, Ind. Aeronautical Controls: Minneapolis, Minn., Los Angeles, Calif. and St. Petersburg, Fla. Valves: Philadelphia, Pa. Micro Switches: 
Freeport and Warren, Ill. and Independence, Ia. Appliance Controls: Los Angeles, Calif. Ordnance: Minneapolis, Minn., Wabash, Ind., SeaHie, Wash. 
and Monrovia, Calif. Transistors and Servo Components: Boston, Mass. Home Products: Minneapolis, Minn. Photographic .and Oscillograph Equipment: 
Denver, Colo. Industrial Tape Recorders and Reproducers: Beltsville, Md. Research: Minneapolis, Minn. Sales: 112 offices thrqughout the country. 
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They can ... if you start your 
Douglas career now! 

Douglas has many things to offer the career· 
minded engineer! 
... there's the stimulating daily ~ontacts with 
men who have designed and built some of the 
world's finest aircraft and missiles! 
... there's enough scope to the Douglas opera
tion so a man can select the kind of work he 
likes best! 
... there's security in the company's $2 Billion 
backlog of military and commercial contracts! 
. . . and there's every prospect that in 10 years 
you'll be where you want to be professionally, 
and you'll be in both the income level and geo
graphical location to enjoy life to its full. 

Will your income 

and location 

allow you to live 

in a home 

like this ... 

spend your 

leisure time 
like this? 

Brochures and employment applications are 
available at your college placement oHice • 

For further information about opportunities with 
Douglas in Santa Monica, El Segundo and Long 
Beach, Calif. and Tulsa, Okla., write today to: 

. DOUGLAS AIRCRAFT COMPANY., INC. 
C. C. La Vene, 3000 Ocean Park Blvd. 

Santa Monica, California 

First in Aviation 
MINNESOTA TECHNOLOG 
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N 0 T E the remarkable, exponential-growth 
curve of Wisconsin Electric Power Company 
as pictured in the above chart. Not even the 
deep depression of the 1930's changed it much. 

You are invited to begin your engineering 
career with us. Ride right up to success on an 
exponential curve like this! An expansion pro
gram which contemplates doubling our business 
and our physical facilities within the next 10 
years, presents wonderful career opportunities 
for young men of skill, vision and initiative. 
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We need engineering talent in many fields . . . 
electrical, mechanical, civil, chemical, sales and 
statistical. 

If you have a strong desire to begin using 
your engineering skills from your very first mo
ment on the job -and to keep on learning 
as you grow in engineering stature - success is 
bound to accompany you every step of the way 
in your Wisconsin Electric Power Company ca
reer. Myriads of interest-gripping problems are 

·here for you to solve. 

~-----------------------------------.------------------------------------------

WRITE FOR FURTHER INFORMATION 
WE INVITE YOU to find out more about career 
opportunities at Wisconsin Electric Power Company 
which serves more than half a million electric custom
ers in 12,500 square miles of Wisconsin and upper 
Michigan. 

Mail the coupon TODAY for more information and 
for the interesting booklet, "You and Your Future" 
which describes job opportunities at Wisconsin Elec
tric Power Company. Check the interview schedule 
at your Placement Office for dates when our represen
tatives will be on your campus. 

Mr. Robert Kuchler, Employment and Placement Mgr., 

Wisconsin Electric Power Company 
231 West Michigan Street, Milwaukee 1, Wisconsin 

Please send me more information about career op
portunities at Wisconsin Electric Power Company. 

Name ............ .. ...... ....... ... ...... .. ... ..... ....... ... ......... .. .... .. .... ........ .. . 

Address ..... ............ ...... ........ .. .............. .. ... .. ....... .. .... .. .. ........... .. . 

. ... .. .... .................. .... .............. .... .. ..................... ....... .................. . 
'--------------------!------------------------------------------

WISCONSIN ELECTRIC POWER COMPANY 
231 West Michigan St., Milwaukee 1, Wisconsin 

College Recruitment Ad No . 3, 711 x 1 O" 
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~ farming forests 
~ chromyl chloride 
~ aluminum chloride 

Farming Forests 
As Joyce Kilmer put it, "Only God 
can make a tree," but we are not im
modest in saying that now science can 
make it grow better and faster. 

This is the revolutionary concept of 
silviculture : treating a tree as a crop 
-for its cellulose content. Its purpose 
is to make available more and cheaper 
pulp and paper products. 

Forestry has long been held back by 
the concept that a tree will grow, if it 
just has enough water. For years we 
have practiced extractive forestry by 
cutting down our natural, virgin for
ests for wood products. When this area 
is restocked, or when it is farmed and 
then returned to the growing of trees, 
the growth is inferior, because plant 
foods - nitrogen, phosphorous, potas
sium- have been lost from the soil. 

The solution to this problem is sim
ply putting food back into the soil, but 
most foresters have felt that giving 
trees nutrients is generally impractical. 

To determine exactly how practical 
it is to fertilize trees, Allied Chemical's 
Nitrogen Division sponsored a five
year study at North Carolina State 
College. This pioneering work, just 
being completed, indicates beneficial 
effects of plant food on Loblolly pine. 

Other recent studies have revealed 
that fertilization produces ~ 40 to 65% 
increase in tree growth, cutting years 
off the growing cycle of pulp wood. 
By speeding a tree's growing time, the 
forester gets a faster turnover of capi
tal and shortens the time the tree is 
exposed to danger from fires or pests. 

Growth is the most dramatic indi
cator of forest fertilization. But there 

423 

are many more advantages : an increase 
in sap and nut production, and in the 
quality and quantity of seeds; a healthier 
tree, better able to stave off fungus 
and pest attacks ; a better root system 
and thicker foliage, making the tree 
more efficient. 

Aerial fertilization is an important 
economy, for dusting planes can "feed" 
hundreds of trees in a day. 

What is believed to be the first aerial 
application of a complete ferti lizer to a 
forest recently took place at Rutgers 
University Dairy Research Farm at 
Beemerville, N. ]. The test, on an 11-
acre stand of red pine, was by Rutgers' 
Forestry Department and Allied's 
Nitrogen Division. 

Fertilizers currently being used in 
forest studies are ARCADIAN 12-12-12 
-a balanced, granular (nitrogen-phos
phorous-potash) combination, ARcA
DIAN UREA 45- a high analysis, pel
leted, 45% nitrogen fertilizer, and 
ARCADIAN nitrogen solutions. 

In conjunction with its field studies, 
Nitrogen Division is also sponsoring 
the first world-wide bibliography of 
forest fertilization with a grant at the 
College of Forestry of New York 
University at Syracuse. 

This definitive work contains over 
600 references, and the important point 
is that most of them relate studies 
which show a favorable response to 
forest fertilization. The Allied Chem
ical-New York University bibliography 
demonstrates that it is technically feas
ible to fertilize our forests. The Allied 
Chemical-North Carolina test demon- · 
strates that it is economically feasible. 
ARCADIAN and SotVAY are Allied Chemical trademarks 

Chromyl Chloride 
A new chromium chemical-with many 
unique properties-has been developed 
in a high grade of purity by Allied's 
Mutual Chemical Division. 

Chromyl chloride (Cr02 Cb) is a 
volatile liquid, characterized by its 
cherry-red color, soluble in carbon 
tetrachloride and similar solvents. In 
undiluted form it is a strong oxidizing 
and chlorinating agent, reacting so vig
orously with many substances as to 
cause ignition. 

In suitable solvents, many controllable 
and selective reactions may be carried 
out between organic materials and 
chromyl chloride. It is a starting mate
rial for making chromium organic com
pounds, some of which have unique and 
useful properties as surface coatings 
and bonding materials. 

Until recently, the researcher need
ing chromyl chloride was required to 
prepare it himself. Mutual Chemical 
has since put this interesting chemical 
in pilot plant production. 

Aluminum Chloride 
We can only suggest the variety of uses 
to which aluminum chloride (AICia) 
can be put. It is, for example, a cata
lyst in chemical synthesis; it promotes 
reactions in the production of dyestuffs 
and intermediates, insecticides and 
pharmaceuticals; most recently, it is 
finding use for the first time in alumi
num plating. 

The older and perhaps more often 
thought of application is in the Friedel
Crafts reaction. SoLVAY anhydrous 
aluminum chloride is produced as a 
high quality crystalline solid and is 
shipped in a variety of granulations. 

Creative Research 

These examples of product de· 
velopment work are illustrative 
of some of Allied Chemical's 
research activities and oppor
tunities. Allied divisions offer 
rewarding careers in many dif
ferent areas of chemical research 
and development. 

ALLIED CHEMICAL 
61 Broadway, New York 6, N.Y. 
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The Martian Conquest of Eaaolta 

"YES, THE PROBLEMS encountered by physical n-space 
are very interesting. At the speed of light," the~ 
physicist rambled on, obviously taking pleasure in 

the snow job he was doing on his psychologist companion, 
"a body leaves the special condition of 3-space. At that 
point, as far as the observer in the 3-dimensional frame is 
concerned, the body ceases to exist. Fortunately, the op
posite situation does not occur. That is, the observer in 
n-space is aware of all dirnensions equal to or less than n. 
Incidentally, that region of space greater than n dimen
sions is commonly known as deficiency space." Smiling 
faintly, he added, "Some allegations have charged that 
doubtlessly it is populated solely by angels. In summary, 
the entire situation of n-dimensional space is perhaps 
made clearer by an analogy. The situation is very similar, 
but on a much higher level, to that of a craft breaking 
through the sonic barrier. The observer directly below the 
craft, if it moves at sonic velocity, hears no noise. As the 
speed of sound is surpassed, the craft moves ahead of the 
sound wave. On piercing the sonic barrier, the character
istic shock wave occurs. By analogy, the characteristic re
action of a craft or object piercing the light barrier is elec
tromagnetic. That is, light, gravity, electromagnetic fields, 
and so on, are simply the shock waves of dimension when 
matter transfers from n to 3 dimensions or vice versa. 
The governing criteria for determining the amount and 
kind of energy transfer that results is the conservation of 
energy principle. The transfer from the 3-dimensional 
frame to the n-dimensional frame occurs const"'ntly. The 
net amount of energy and mass for any given dimensional 
universe must remain constant." Thus was the simple sum
mary of 5000 years of Martian science by AA KKLL, as he 
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by Jerry Cuderman 

coolly and calmly, with over-abundant self-sufficiency, re
clined in his large swivel chair and ran a comb through 
his hair. A fine line of a moustache served to emphasize his 
aristocratic Old Mars features. An expert on photon 
ballistics, he had designed the photon power unit of the 
star ship he was on. 

Before him sat the renowned psychologist, TT TssNN, in
ventor of Tssnnanalysis and head of the ethnological 
group of the MES (Martian Expeditionary Service). "It 
shall be very interesting," commented the psychologist, try
ing to make intelligent conversation, "to see what effects 
the new propulsion unit will have on Martian modes of 
thinking." 

KKLL, physicist, leader of the scientific group, merely 
smiled and said that indeed it would be interesting. How
ever, in his mind, he was thinking back to the time before 
the great war when the first star ships left Mars, never to 
return. There hadn't been any psychologists aboard those 
ships. Now the psychologists had muscled in in full force 
into the service, on the pretext that the reason that they 
didn't return was that they hadn't been able to withstand 
the mental rigors of space. Accordingly, thought KKLL, 

they felt all space ships should have the tender ministra
tions of the Psychological Corps. 

As things were now, in the Tenth SMY (Standard 
Martian Year) in space, there hadn't been too much use 
for the psychs (as they were called by the engineers, mak
ing use of their reputed practical nature and abbreviating 
wherever possible). As a result KKLL and the other tech
nologists on board made use of them whenever possible 
as detail boys. The engineers, having designed most of the 
instruments, detested the necessary but tedious job of 
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Mars ... 
reading them. TssNN, meanwhile, having been largely ig
nored by KKLL, was becoming progressively more ill at 
ease. He at length stood up and announced that he had 
some business to attend to and must be going. KKLL 
nodded and bent over his desk, deeply engrossed in the 
minute intricacies of a future photon power unit. 

TssNN, having been coolly and perfunctorily discharged 
by KKLL, made his way to his own office. There he glanced 
at the Psychological Workers' Code hanging on the wall 
and thought of Mars Man's first encounter with other 
races and the bitter experiences which taught the Martian 
conquistadors that communication with other races is 
fraught with danger and more often than not results only in 
difficulty and disaster. As a result, he pondered, the MES 
scientists were limited largely to the study of dead planets. 

To date, 12 had been discovered. Of these 12, 4 were 
dead because their suns had ceased to shine, 8 because 
their races had committed suicide. He was now going to 
the eighth of these. This eighth planet, the Martian de
Leonian Patrols (so called because of the almost perpetu
al fountain of youth relativity accorded them) had said, 
was a blue and violet planet similar to Mars in type, but 
warmed by a blue star far more distant than the Red 
Planet's own Sol. What effect would this environment 
have, if any, on the members of the expedition, he won
dered. It was also the first extra-galactic star the service 
had tackled. 

On TssNN's desk stood the 6 books from the other sui
cide planets, each entitled Why Planets Commit Suicide
iTH REVISED EDITION (The first edition was so horrible 
even he didn't want it, in light of later information). He 
smiled wanly and rationalized that even engineers often 
change their initial plans and blueprints. The only differ
ence was that he knew he was rationalizing. 

Meanwhile, in another part of the ship, the Corps of 
Martian Engineers was preparing its equipment and or
ganizing its group for the analysis of the machinery of a 
dead planet. RR Qxx, head engineer, sat in his office, con
templating a nuclear compressor that he had found on one 
of the previously-explored dead planets. This one had been 
designed using a particularly screwy set of units, or, stating 
it more accurately, using 3 different kinds of units, since 
3 kinds of engineers apparently took part in its design. 

On the wall, above Qxx's desk, set permanently into 
the wall, was the official bronze plaque specifying the 
Standard Mars Units for length, mass, and time. These 
had been specified after the Great War in the previous 
century. The fundamental unit of time was the Martian 
day, divided into 10 parts, each of which could be sub
divided into lO's to any degree of scientific accuracy. Both 
length and mass were measured in units which coincident
ally agreed with the gram and centimeter almost exactly 
(to 42 decimal places). The plaque further stated that 10 
Martian days equaled on time period, 10 time periods 
equaled one SSM (Standard Martian Month), 10 SMM's 
equaled one SMY (Standard Martian Year), and 100 
SMY's equaled one SMC (Standard Martian Century). 
The plaque further warned: 

ADHERENCE TO ANY OTHER SYSTEM THAN SMU WILL BE 
PUNISHABLE BY DEATH! 

Qxx wondered if this might be a bit severe, but was will
ing to go along with it because it made everything so much 
simpler. 
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"Well, we are approaching the planet Eaaolta and every
thing is in readiness, at least in my department," he mused. 
Picking up the magnetic contacts for the switchboard, he 
placed them on the board for conference with TssNN and 
KKLL, since it was appropriate for the group to have a 
final briefing before landing on the planet. 

They all knew their instructions, yet they also knew that 
there would be casualties; there always are. For lack of 
knowledge of the unknown has a fatality attached to it, 
a feeling of uncertainness. It seemed to them as though, on 
every expedition to date, the gods who guarded knowledge 
required at least one humanoid sacrifice in exchange for 
each link in the chain of knowledge. 

As Qxx picked up the phones, he received immediate 
response from both of the parties called. "Gentlemen," 
he reported, "we have just intercepted the orbit of the 
planet Eaaolta, Planet 4, Star K0073 in Sector 2 of the 
Galaxy of Andromeda. Would you care to report to the 
control room so that you can better observe the scenery on 
the inspection run as it appears on the scope?" Receiving 
immediate assurance from the other dignitaries on board 
that they would be right up front, he removed the contacts 
from the board. 

Tension mounted on the ship, as all groups were eager 
to get off after their long confinement. Before leaving the 
ship, each of the major groups would receive its final brief
ing from KKLL, TssNN, and Qxx, respectively. Then they 
would land, that is, immediately after preliminary inspec
tion. The inspection was, by tradition, routine. They all 
knew what they would find; the patrols had reported this 
planet nearly 20 years ago. They reported one city, intact, 
but lifeless. The rest was barren, blasted wasteland and 
ocean. 

According to the code of the service, they must save the 
city for the last. This was because the other parts of the 
planet would probably turn up very little, and the in
vestigation of the city correspondingly would probably 
turn up a great deal. If the city were exhumed first, then 
the investigators, feeling they had uncovered everything, 
would skip over the rest and perhaps miss very important 
local details. 

The circling of the planet took something less than an 
hour. The city was in darkness, while the most badly 
scarred side was eerily lighted by the blue rays of the plan
et's sun. There were no technological lights anywhere on 
the darkened side of the planet. The other side was largely 
covered by oceans and the slag of an incandescent century. 

The plan was to canvass the planet in sectors covering 
l j 36 of the surface of the planet, with the city in the last 
sector. The landing was without incident and the party 
quickly disembarked and got into AFS's (Atmospheric 
Flying Saucers) for the exploration of the planet. 

For weeks the party scavenged in the rubble of the first 
35 sectors. They probed into wrecked factories, in eroded 
mines, in valleys, and on gullied plains. What life now ex
isted on the planet was insignificant. There were plants 
that might have looked like corn, except that the kernels 
were on the inside of the cob. There apparently had been 
bipeds on the planet, but now they were multipeds which 
grew in chains and were cruel, vicious, and serpentine. 

(They !=aught one psychologist and tore him to bits, 
devouring him before the others' eyes. Rumor among the 
engineers had it that he had attempted to arrange an 
affair with one of the female monsters in the chain, only 
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to discover that there were 6 lllore attached to her within 
the hut.) 

The psychologists, biologists, and sociologists, and for 
that matter, the physical scientists had a field clay. They 
were compiling data that had a familiar ring to it. In fact, 
most of it paralleled Martian development up to the 
period ending 2 centuries before the present. TssNN was 
well into his 7th Revised Edition. KKLL didn't have any 
difficulty whatever. He just scanned the wreckage of nu
clear development of the dead world. All safety factors, 
transmutation allowances, and nuclear wastebasket design 
were obviously based on the same theoretical considera
tions that he was familiar with. On the other worlds this 
was seldom true. 

The engineers, however, were getting nowhere. They 
could find no consistent system of measurements used. As 
a result, it was impossible to rework the calculations used 
to figure machine designs. At one point, in certain com
puter mechanisms, it seemed that they used a digital sys
tem. No handbooks or instructions for the machines ex
isted, so each piece of wreckage had to be studied afresh. 

Qxx finally was able to show that basically 35 systems 
of length measurements, 35 systems of mass-force units, and 
35 systems of time units had been utilized and that each 
of them had correspondingly been combined with all the 
others. Someone finally ventured the opinion that this was 
the method used on the planet. for security system; for it 
would be easier to develop a new idea or device than to 
steal it from the enemy and then figure it out. Qxx had 
noted that each sector of the planet seemed to have pretty 
much its own system, so he went one step further and 
postulated that, "Very likely there is one more set of units 
in the 36th sector." Thus done, he led the engineering 
crew back to the AFS in preparation for moving to the 
final sector of the planet. 

Fifteen minutes later, the craft approached the capi
tal of the planet. Amazingly, it covered almost the entire 
sector, thereby comprising nearly l j 36 of the surface of 
the planet. Everyone gasped as they gazed on the sight 
below them. Here was a city of a thousand silvery spires 
reaching for the sky and a million domes with their poly
hedral faces glistening in the sun. Glidewalks powered by 
atomic energy still moved, but there was no life anywhere. 

As usual, the party started from the periphery and 
worked toward the center. All came to the sudden realiza
tion that here was a city unprecedented in the history of 
the universe. There were no stores; no grimy, sooty heaps 
of bricks; no industrial smokestacks-only the antiseptic 
walls of aluminum, titanium, and stainless steel. There 
were no land cars anywhere, only an occasional AFS. 

Bewilderingly, they found the buildings contained only 
instruments, scopes, and other electronic apparatus, much 
of which even they couldn't identify. The entire city 
seemed to be dedicated to astronomy. Here existed astro
nomical sciences that not even the Martians had yet 
dreamed up. Apparently all of the mines, factories, and 
blasted cities, in fact, the entire race, had been employed 
in developing astronomy. Why? 

At last, the party headed into the largest dome at the 
very center of the City. As the party entered it, bewilder
ment changed to . amazement. There, pointing straight up 
as though prepanng to blast off, sat the first star ship ever 
to leave Mars! 

It was nearly two centuries ago that the Mar Destiny 
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had left Mars. I,t had never returned, and now they won
dered how it got here, though inwardly they knew that 
somehow it crossed the light barrier. As all students of 
Martian history know, it was scheduled to go to one of the 
planets of Vega in the galaxy of the Milky Way. Yet here 
it was, 750,000 light years away from not only Vega, but 
the Milky Way itself. 

At 10-degree intervals, surrounding the ship, were 
placed glass cases, each of which contained the henneti
cally sealed body of a Martian. 

They entered the ship and there found the logbook of 
the Mar Destiny. 

KKLL opened the metalbound volume. The title page 
read: THE MAR DESTINY- FLAGSHIP oF THE MAR's lsT 
EXTRAPLANETARY jOURNEY. DESTINATION: THE PLANETS OF 
VEGA. This was followed by the roster of the crew. The 
following page revealed the first entry in the log. As is 
standard practice on star ships, only major events are re
corded and at the end of each year of the journey, a sum
mary of major events of the year is entered in the book. 
It read: 

32d Mars Century, Year 1, Time Period 1, Day 1: Left 
Mars with military honors. Plan to intercept orbit of Vega 
32-22-1-1. 

32-3-7-12: The Mar Destiny was hit today by a meteor
ite. Major control section hit. Repaired by Corps of West 
Mars Engineers. 

32-4-8-9: Calculations reveal we are off course . Vega 
seems to be receding. Star Compass 1 (East Mars Units) 
indicates we are asymptoticly approaching positive in
finity; Star Compass 2 (West Mars Units) indicates we are 
approaching negative infinity. Instruments entirely un
reliable at this point. There is no way to recalibrate them 
in space. 

32-15-1-10: Contradictory to all theory, we are moving 
faster than the speed of light. We are approaching a star 
cluster. For 5 years, we have been traversing a void be
tween clusters. We are within months of the nearest one. 

32-15-4-10: We are now about 24 light hours from the 
planets of a blue star, name unknown. Our astronavigator 
has determined our approximate interception time. We 
have, at present, 36 members in our crew. 

32-15-5-25: We spent the entire day of 4-16 in the ob
servation of the planets of the blue star. We found planets 
1, 2, and 3 desolate and subject to impossibles in climatic 
extremes. Planet 4, Eaaolta, is identical to Mars, climati
cally speaking . It is inhabited by life in humanoid form . 
Industrially and technologically it is illiterate. Apparently 
it is just entering the age of artisans. Plants and animals 
have been domesticated. 

There is a large lake nestled withing a high bluff which 
is clearly the crater of an extinct volcano. A large city lies 
about a half-day's journey on foot to the north. From our 
position on the bluff, we could stand off the entire popula
tion of the planet with one or two men, if necessary. It 
being early morning, we wasted no time in landing the 
ship . 

At about midday a force of about 10,000 warriors of 
the native race from the city approached our position. They 
were obviously belligerent, judging from the cannon that 
were being pulled up by their biped-type beasts of bur
den. Consequently, we set up a force screen for a distance 
of 100 CGS (Central Government Standard) units. Its in
tensity is 500 EMUs (East Mars Units) or 171.23 WMUs 
(West Mars Units). The Eaaoltans rapidly set up their artil 
lery. They didn't know it, but already surrounded by a 
force screen . They were ensnared completely and, from 
their point of view, hopelessly. 
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Mars ... 
Our group was then split into two parts. Half of us went 

in and took the defenseless city. The other half went about 
the business of disarming our captives. As was to be our 
continued custom, each of us was surrounded by an in 
dividual impenetrable force screen as a simple precaution . 

As was earlier decided, we proceeded to set up a theoc
racy to rule the planet. The entire city was entirely sur
rounded by a force screen so that on one could enter and 
no one could leave. As we took over the city, we visited 
first their temples, then their government buildings, and 
then their schools. We listened in on their language using 
remote pickup, learned their customs, their personal habits, 
their psychology, and their religion. 

At this point, we decided to speak to them. In the 10 
days since we landed, no Eaaoltan had ever heard a 
Martian utter a single syllable. Meanwhile, we had radio 
transmitters hooked up to. hidden receivers everywhere in 
the city . They were designed so , that one half hour after 
our broadcast the receivers would blow themselves to bits. 

32-15-5-15: Today we energized the system and made 
the broadcast to the Eaaoltans. We announced ourselves 
as the material substantiation of their gods and that our 
purpose here was to teach them the error of their ways. 
We laid especial emphasis on the various virtues that they 
were lacking, meanwhile condemning them as sinners and 
banishing them from the city. Those who refused, for the 
most part atheists who refused to change their religion or 
traditionalists who had been living there for 20 years and 
who intended to keep on living there, experienced quick 
extinction. 

Several years ago one of our physicists discovered a 
special force screen which, when surrounding a material 
object, induces positive protons to become negative. When 
the screen is removed, the object within instantly dra
matically disintegrates. With this proof of our omnipotence, 
the city was rapidly evacuated. 

As we learned later, our choice of manner of informing 
the planet of our coming could not have been more 
appropriate. The news of our presence on the planet 
propagated with the speed of gossip and was exaggerated 
so as to make even the West Martians look modest. 

Meanwhile, we began the job of rebuilding the city and 
apportioning the rule of the planet among the 36. It 
was divided into 36 equal sectors. Kaeer, the astronomer, 
was named Captain-General of the City of the Gods, as we 
chose to call our capital. Already we had started to mine 
titanium at the base of the bluffs and had rebuilt 7 build
ings according to our needs. We are now changing the 
schedule with respect to time. The day of our arrival is 
the first day of the · Year 1, as far as the natives of this 
planet are concerned. 

Year 2 AM (After Martians): The various races almost 
fought to serve us and to accede to our wishes. Finding it 
was to be hard to do this, many were disillusioned, but too 
late to do anything about it. Millions already toil in new 
factories and mines. Thousands of schools have been built 
and millions are studying technology. Of course, we are 
not yet starting them out with the release of nuclear 
energy and unified force fields. 

Our primary purpose in enslaving the race is to find 
out where we are and to go home to Mars. When we learn 
our location, we will teach them about nuclear energy so 
that we can rapidly get the power plant rebuilt for space. 

Year 5 AM: We have trained a million engineers and 
scientists; our theocratic technocracy is a reality. Hundreds 
of millions toil day and night in mines, factories, and 
research centers. All the products of their labors, on per
fection, wind up in the City of the Gods. 

Only the most brilliant are allowed within these walls, 
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and they alone never leave, nor do they know the real 
reason they search. They have been told it is for their 
own benefit, that it is imperative for them to know how the 
other races live and how well off they, in fact, are. 

Year 20: 18 members of the expedition surviving . Half 
of the galaxy has been explored . One star was found 
which is similar to Sol ; closer inspection revealed it was not. 

Year 30: 75 per cent of the galaxy has been explored. 
We ?re reaching the outer extremities of it. Fortunately, 
new mstruments have been discovered to do this effectively. 
Twenty per cent of the work is being conducted from out
side Eaaolta's gravitational field . 

Despite repeated warnings, attempts have been made 
by native astronomers to try to get to other planets. Thus 
far, we have had to disintegrate 3 vessels, carrying some 
of our most brilliant workers. However, it appears our point 
has been established. 

Year 50: The galaxy has been 90 per cent explored. 
There are 5 of us surviving . Two more Sol-type stars were 
found since the last entry. 

Year 60: 99 per cent of the galactic survey has been 
completed . Two of us survive. The return to Mars is proba
bly impossible, even if we do find it. At any rate, the 
Eaaoltans are now working on nuclear development, as 
well as completing the survey. 

Year 70: We have just explored the last sun in this 
galaxy; Sol is not in it! We have gone through the stack 
of space and X-rayed every straw and blade of hope in it, 
only to find the needle is not there. 

Year 71: This is the last entry in the LOGBOOK OF THE 
DESTINY. I am the last of the white gods of the blue 
planet. The rest J.ie in their glass cases as the symbols of 
the Martian conquest of Eaaolta. All sectors of the planet, 
except this one, are under the control of the natives. 
Today the last of the Eaaoltans was banished from the 
City of the Gods. What the future of this planet is, I do 
not know, and, what is more, I do not much care; I am 
certain, however, that they shall not for centuries enter 
the forbidden Valley of the Gods. 

I think now, in my old age, as astronomer of the 
journey, of the many times I have gazed at the heavens 
~nd tried to find the star of my birth. I studied every sec
tion of the galaxy to no avail. Once or twice I chanced to 
look across the void of space and saw the faint blur of a 
distant galaxy. I did not then understand the feeling of 
awe and emptiness that I felt, but I think that I now know. 

As further evidence, I have taken apart the controls 
section and studied and analyz:ed the repairs which were 
made on the ship and the blueprints of the original design. 
Beyond any question whatsoever, when the repairs were 
made, units were converted. Rather than use the East Mars 
Units in which the system was designed, the engineers who 
repaired it (from West Mars) changed all the units to 
West Mars Units. The cumulative error in making the con
versions was sufficient to throw us entirely off course. 

Thus we landed, not on a planet of Vega in the Milky 
Way as the original plan, but nearly a million light-years 
away- propelled in a fraction of a lifetime by powers I 
do not even pretend to understand -to the remote reaches 
of another galaxy. This galaxy I presume to be the Galaxy 
of Andromeda, from which there cannot even be hope of 
escape. 

If perchance someday Mars Man's eyes shall fall upon 
this volume, before him will be placed the key to under
standing this most resplendent observatory in the universe. 
In an ancient saga of Sol's third planet, an entire race was 
enslaved to construct the pyramids, monuments of kings. 
Here an entire race was enslaved to build the instruments 
that mirrored the shining scintillations of a hundred million 

(Continued on Page 444) 
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A Dissertation ... 

To A 

Broad 

(Education) 

by Chas. E. Shanklin 

uyou NEED a broader education!" How many times 
have you heard that accusation leveled against the 
engineers? Do you realize that it might be true? I 

am afraid that it is in many ways. 

Our problem is, what is the cause and what can be done 
about it. Well, you know, engineers are just so darned 
busy! We just don't have time to get a broader education. 

What can we do about it? What does a liberal arts 
student learn that an engineer doesn't learn or already 
know? I have decided there is very little. Most of the SLA 
education is repetition and systematic application of logic. 
It seems to me that the engineer should be able to pick 
up the fine points of SLA in very short order. Therefore, 
I have prepared a condensation of the entire four-year 
course in Sciences, Literature, and Art. By reading this 
article an engineer can gain a liberal education in about 
ten minutes. 

The natural sciences include biology, botany, zoology, 
and astronomy. Physics and chemistry fall into this 
category but are omitted from this discussion since the 
engineer is assumed to have a smattering of these subjects. 

BIOLOGY consists of the study of cells, plants, man 
(and woman), and evolution. It is essentially a study of 
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life as contrasted to death." Death is discussed in phi
losophy and covered by mortuary science. The biological 
cell, not to be confused with jail cell or storage cell, is a 
small form of life. A very small form of life. Actually, it 
is the smallest form of life. For a review of plant life, see 
botany. Biology limits its study of man to a review of his 
organs and their functioning. Woman seems to be similar 
to man in many respects except that she has a higher 
center of gravity and lower specific heat. Evolution is a 
process by which man is supposed to have developed 
from the ape. Recently a Professor Rumtagen of Podunk 
University has tried to prove that man is reversing his 
steps, but he hasn't been able to publish any results since 
his subjects won't talk to him. All they do is sit and eat 
bananas. There is one more important element of biology 
known as the "biological urge." However, discussion of 
that topic would be futile where the "anti-social engineer" 
is concerned. 

BOTANY is the study of plants. It does not include 
power, mass production, or factory outlet plants. How
ever, the botanical plants do emit products, such as food 
and other incidental articles including peanut oil. One 
of the more recent developments is the refining of 
chlorophyll for use as an oral deodorant. 
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Education ... 
ZOOLOGY is that field of endeavor wherein animals 

are observed. Of course, at the same time a science known 
as manology is occurring. Manology is the art practiced 
by animals in watching man. There seems to be some 
question as to who is learning more from these parallel 
studies, man or animal. A Professor Rumtagen of Podunk 
Junior College claims to have found an electric eel who 
plays a wicked game of handball as a result of watching 
and being watched by man. The lesson for engineers to 
learn from zoology seems to be, "Watch, lest you be 
watched." 

ASTRONOMY is the study of the universe. This 
covers a pretty wide field. Many students in SLA find it 
enjoyable to lie around in such a field and pursue the 
study of this science (so they say). It has been rumored 
that in the study of stars and other stellar phenomena 
there is a certain danger of Earthonomy, a situation where
by we are studied by other particles of cosmic existence. 
An astronomer must beware of being misled into believ
ing that he is observing the course of a comet when he is 
really seeing a flying saucerful of cosmic dust. However, 
the Public Health Department is trying to curb this re
action with the claim that such insanity leads directly to 
lung cancer. 

The social sciences cover a pretty wide field since they 
include everything that doesn't seem to fit anywhere else. 

ANTHROPOLOGY is the study of the development 
of culture. This is what the engineer supposedly lacks. 
Culture, that is. Anthropologists go around digging up 
the remains of ancient civilizations. A Professor Rumtagen 
of Podunk High School was recently doing some digging 
in Arizona and discovered the remains of a prehistoric 
creature known as Well Enough. While he was looting 
Well Enough's palatial cave, he contracted a severe case 
of schizophrenia which almost proved to be his undoing. 
Maybe next time he will know to let Well Enough alone. 

PHILOSOPHY is a fascinating field wherein we can 
learn what is good and what isn't. Nietzsche was an out
standing German philosopher who made some remarkable 
developments in the field of rationalization. He proved the 
ethical acceptability of free love by the use of a concept 
he called the Superman. His Superman shows many of the 
same attributes of today's engineer. Another German 
philosopher named Emmanuel Kant came along and 
attempted to refute Nietzsche's principles of free love. 
This conflict of ideas was the cause of the German 
theme, "Never say Kant." 

ECONOMICS centers its research around the law of 
supply and demand. Some of the more notable work in 
this field was done by a gentleman named Malthus. He 
claimed that while population increased by a geometric 
progression, the means of existence only increased by an 
arithmetic progression. This Englishman deduced that 
since there would be more people than food in the years 
to come, we should outlaw free love and start more wars 
to reduce the surplus population. This outlook was the 
cause of that famous English quotation, "Never say 
Malthus." 
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PSYCHOLOGY seems to discuss why men do what 
they do. It says the basic motive is desire of one form or 
another. It seems there should be a parallel study con
cerning why men don't do what they don't do. The engi
neers' favorite psychologist will probably be Sigmund 
Freud who wrote a book called the Analysis of Dreams. 
Another psychologist worthy of note is his brother-in-law, 
Sigfreud Mund, who made a study of nightmares. How
ever, he divorced his wife and then found his nights so 
peaceful he expired from oversleep. 

GEOGRAPHY concerns getting the lay of the land. 
This is one of the most popular subjects in SLA. It is 
usually studied by two people at the same time, preferably 
one male and one female. In fifteenth century Spain, the 
queen, Isabelle, and an Italian emigrant named Columbo 
were pursuing this study when Columbo, as a sample of 
his devotion to Isabelle, told her that he would go to the 
end of the earth for her. She suggested that this was a 
superb idea, having realized that he was a pauper and the 
best things in life aren't really free. In his attempt to reach 
the end of the earth, he seemed to be going around and 
around. From this he deduced that the world was round 
and is known to this day for h :s accidental discovery. 

HISTORY is a system of recording facts. No one knows 
who invented history, which is an example of its poor 
coverage. This is one field which even Russia has not yet 
claimed to have invented. One of the outstanding phases 
of history is the rise and fall of the Roman Empire. It 
seems that Rome had just about conquered everything 
in sight and all the Romans were quite happy. Then 
Julius Caesar discovered that a section of sandy_ wasteland 
in Africa was still free. When the Roman army reached 
this place (called Egypt), they found the local under
ground was using a new strategy called the "open-arms 
policy." The Romans found the hospitality so enjoyable 
they decided to stay awhile. While they were in Egypt, 
Hannibal crossed the Steppes, joined forces with Chiang 
Kai-Chek, and took the Bastille by storm. This victory 
caused them to get over-confident, and they tried to dam 
up the River Tiber where they soundly defeated Caesar's 
brother-in-law, Julius La Rosa. This so completely de
moralized Caesar that he bid five no trump, doubled, and 
redoubled, and got set ten tricks and lost the Roman 
Empire as a result of the Barfstroon Tariff Act. To this 
day it has never been found. 

LITERATURE is a review of wntmg. It may be 
divided into roughly two groups. They are prose and 
poetry. P"oetry is for advanced writers only. Prose is a 
simplified form of writing for authors who don't know 
enough rhymes. 

A poet worthy of note was a chap named Shakespeare. 
His sideline was beeke~ping. People would often come to 
him to buy bees. However, they could never make up 
their minds, whether they wanted one bee or two bees. 
Shakespeare was a very impatient man, and would start 
yelling. "Two bees, or not two bees? That is the question." 
This would result in the customer's replying, "I wouldn't 
take you bees if you were go in to give them away;" 
whereupon Shakespeare would say, "I wouldn't sell them 
to you even if you offered me n! farthings for them." 
Needless to say, Shakespeare didn't make a very good 
living from this business. 
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You've Never Had It So Good 

H 
AVE YOU ever stopped to consider the plight of your 
your earlier counterpart here at Minnesota? What 
did the engineering student of 75 years ago have to 

work with, and how has engineering progressed since 
that period? These are only a couple of the questions 
whose answers tell a lot about the type of schooling we 
are now receiving. 

In fact you will not have to go clear back to the start 
of the University to find departments that had to struggle 
along with inadequate bui ldings and equipment. Not 
until 1947 d id Mechanical and Aeronautical Engineering 
move into their present home. Their old building stood 
on what is now the parking lot north of the Administra
tion Building; and a few of the old timers around here 
can still remember what a dilapidated firetrap that was. 
Chemical Engineering didn't get its new building and 
facilities until 1948. 

But these are really recent changes. What was the life 
of the engineering student in the early days? 

To get an idea, take a good look at the University of 
Minnesota in 1875. The entire University was housed in 
one building 186 ft. long by 90 ft. wide and three stories 
high, probably very adequate for the time. The student 
of engineering, then called Mechanic Arts, could expect 
to spend six years in college; four years in the Collegiate 
Department and the last two in his specialized department. 
This Mechanic Arts consisted of civil-mechanical engineer
ing, and architecture. 

For equipment the Mechanic Arts Department had an 
elaborate array consisting of a transit, a Y level, a compass, 
chain and tape measures, and a full set of fine drawing 
instruments. Of course, in 1875 there were only 267 
students in the University, and only five in the Mechanic 
Arts Department to use all that fine equipment. 

These early students did have one advantage; they paid 
little tuition. Also the cost of living seemed lower. A young 
man often lived comfortably on $160 for the University 
year. Yes, $160 doesn't sound like much now, but getting 
it then was· another matter. From the Bulletin of 1875 
came this advice: "The University cannot promise em
ployment to all who desire to earn their living. The few 
places it can offer are always in the hands of old students. 
New comers cannot expect to get them. The following 
~dvice, deduced from the observations of several years, 
1s offered to young persons of limited means who want an 
education. 
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"(1) If possible, learn a good trade or art before coming 
to the University. Your chances for work will be greatly 
increased, and you can get better wages. (2) Bring some 
money- fifty dollars at least- on which to live until you 
find work. (3) If you want work you must look for it. 
It will not come to you at first. Be active, resolute and 
enterprising. (4) If you have to pay your way through 
college, resolve to take time enough to do it well without 
ruining your health." 

It wasn't enough to go six years to college; you had to 
have a trade before you even came if you wanted to work 
your way through. Sure, things were easy then! 

By 1886, enrollment was down to 251 for the entire 
University. Worse yet, the College of Mechanic Arts had 
only one senior and one junior enrolled. A big step had 
been taken however; the College of Mechanic Arts was 
a separate department having its own five-year curriculum, 
and was to move into its own new building-what is 
now Eddy Hall. 

The amount of equipment was increasing. Why they 
even had a pair of test gauges that registered pressures up 
to 300 pounds! There was a 50,000-pound testing machine. 
The new building was going to be provided with an 
engine room, a machine shop, a woodworking shop, a 
forge shop, and a foundry by 1887. You must admit the 
University was optimistic when you consider the two 
students enrolled in Mechanic Arts at the time. 

Electrical engineering was added to the department in 
1887. Evidently a student was interested in the field. 
Th:s new course generally followed the mechanical engi
neering curriculum, except for a few specialized courses 
on electricity. 

In the fall of 1889, the School of Mining and Metallurgy 
opened under the College of Science, Literature, and the 
Arts. This new school was in a building- burned in 1913 
-which stood approximately where the University High 
School now stands. After the fire, this department floated 
from place to place, as many engineering departments have 
done, until the present Mines Experiment Station was 
opened in 1923. 

At the turn of the century, two separate buildings were 
built to house mechanical and electrical engineering. 
These stood, as previously mentioned, on the present 
parking lot site north of the Administration building. By 
1924, electrical engineering had moved into its present 

(Continued on Page 470) 

435 



Battle Hymn 

of the 

Institute 

I HAVE NOTICED during my last eight years as a profes
sional junior, a declining esprit de corps among· 
engineering students. I devoted my every wakened 

hour during winter quarter towards the analysis and solu-
tion of this grievous problem and I concluded that this 
increased apathy is due to the lack of a rousing engineer's 
song. 

How morale building it would be to have a lusty song 
we could burst forth with as we are dragged to the 
whipping post and whipped into a frenzy for turning in 
a lab report a day late. 

How inspiring it would be if we had a golden song to 
sing as we burn down the entire St. Paul campus in a 

by Eugene Dushek 

spirit of friendly rivalry and then roast foresters over the 
glowing embers. 

How encouraging it would be if we had a bawdy song 
to gasp out as we are stoned to death by disgruntled 
S.L.A. students while standing in the S.L.A. tally line. 

How quaint it would be if we had a tender song to 
sing as we walk arm in arm, six abreast, down the halls, 
kicking everyone we see who doesn't carry a slide rule. 

How appropriate it would be if we had a swan song 
we could burst forth with during final exams as we slash 
our wrists to the very marrow of the bone with the cursor 
glass from our slide rules. 

Yes, I have decided we need a song and I have taken 
it upon myself to write a few lyrics for it. I am now living 
in hope some musical genius will supply the proper music. 

Let us lift ou1· glasses and give rise to rousing 
cheers, 
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Salute a strange humanity, the noble engi
neers. 

Let us give the college motto and a g1·eat 
tumultuous yell, 

We're not so very smart but we try like hell. 

' 
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We'll build bridges that will buclcle and 
buildings which will fall, 

And build mighty dams of conm·ete wheTe 
no water flows at all . 

We will live in mass confusion, ouT thoughts 
will be pell-mell, 

We'Te not veTy so smaTt but we t?·y like hell. 

We'll build aiTplanes that taxi with a speed 
approaching sound, 

But they'll pmbably be too heavy to eveT 
leave the ground. 

Our planes look good on pape1· but they 
neve-r fly so well, 

We're not very so smaTt but we t?·y like hell . 

The voltages we genemte will never wm 
your prmses, 

They will fluctuate from day to day and 
have too many phases. 

Our volts look good on paper but they never 
wodc so well, 

TVe're not so very smart but we try like hell. 
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We will build a great Teactor which will stop 
the atom cold, 

Then blow the thing to pieces changing 
common lead to gold. 

Alchemistic engineering doesn't seem to 
woTk too well, 

JiV e'-re not so ve1·y smaTt but we tTy like hell. 

No pmblem is too ngorous fm minds as 
sharp as ours, 

For we can talk of formulas and natural 
laws for hoUTs. 

They all look good on paper but they never 
work too well, 

We're not very smart but we try like hell. 

Abolish all of nature's laws they only make 
us think, 

lVho wants to fight with formu!as when 
there is booze to drink. 

That's the only kind of engineering which 
we all do well, 

We're not so very smm·t but we drink like 
hell. 
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Is There A V olkswagon 
In The House? 

THE VOLKSWAGEN AUTOMOBILE has become a familiar 
sight on American highways during the last few years. 
Not intended for a sports car, the bug-shaped Volks

wagen performs its design function, dependable and 
economical transportation admirably. The car's four-speed 
transmission and extreme maneuverability give the driver 
a certain sports car "feeling" which is lacking in the 
present-day tank-like Detroit automobile. 

The Volkswagen was one of the results of Adolf Hitler's 
"Strength-through-joy" program that was designed to 
arouse the nationalistic feelings of the German people. In 
1934 Dr. Ferdinand Porsche was ordered to supervise the 
design and production of a car that had a cruising speed 
of 60 miles per hour, gasoline economy of at least 30 miles 
per gallon, capacity to seat four or five adults, and a de
pendable air-cooled engine. A vehicle of this design would 
eliminate the clogging of Germany's superhighways with 
slow-moving traffic, help ease Europe's already great gaso
line shortage, and not be reliant on liquid cooling and its 
inherent difficulties in extremely cold weather. 

The entire cost of $100,000,000 for design, development, 
and production, was borne by subscription from 300,000 
German people, who were to receive the car at cost, when 
it was ready for production. By 1936, a prototype was 
ready for testing and later, sixty handmade models were 
operated throughout Germany by Hitler's S.S. troops in a 
combined testing and advertising campaign. Before the 
huge plant at Wolfsburg, built to mass produce the Volks
wagen, could get into production the Second World War 
broke out. The plant's facilities were immediately convert
ed to the manufacture of airplane parts, the Nazi counter
part of the "Jeep", and other military gear. In the closing 
year of the war the Wolfsburg plant became a primary 
target of Allied bombers, and 65 per cent of it was de
stroyed. 

With the end of the war came British occupation of the 
Volkswagen works. To ease the shortage of transport re
pair shops, part of the facilities was repaired, and German 
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engineers and technicians were hired to man the crews. 
There was talk of dismantling what remained of the plant 
and transporting it to England. Before making a decision, 
the British ordered production of several hundred cars for 
their forces in Germany. The German engineers built so 
many rattles into the vehicles that British authorities de
cided they were no good, and the machinery not worth 
dismantling. Through this ruse, according to legend, the 
remains of the Volkswagen works survived as a German 
industry. 

In 1947 the Allies began to help Western Germany back 
on its feet industrially. The British put Heinz Nordohoff, 
the prewar boss of the General Motors' subsidiary Opal 
Works, in charge of the Volkswagen plant. A modern as
sembly line was set up staffed by former prisoners of war 
and skilled workers, who had come into Western Germany 
from Eastern Europe. At the same time, a network of sales 
agencies and servicing stations was organized throughout 
Western Germany ready for the day when the cars would 
be marketed. The export market was prepared as carefully 
as the German market. Today there are nearly 3,000 
authorized agencies throughout the world with over 800 
in the United States. 
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Dr. Ferdinand Porsche's design has remained almost un
altered since the first prototype was produced before the 
advent of the Second World War. This constant design has 
helped to restrain the terrific depreciation of last year 
models when new designs are introduced in the following 
years. 

The car's body and chassis are of unit body and frame 
construction. This feature provides unusual watertight
ness, rigidity, and comparatively light weight. The un
usual bug-like shape was designed to obtain good stream
lining and thus cut down wind resistance. 

Each wheel is independently suspended by means of tor
sion bars, an engineering feature which has been used very 
little in the past but which has proven to be superior 
through racing car adaptation. This construction gives ex
cellent road-holding, good control over rough roads, and 
absorbs the bumps of washboard roads very well. 

The engine, transmission, and differential are assembled 
as a unit and located behind the rear axle. Both the trans
mission and differential cases are aluminum castings, an 
important factor in reducing the unsuspended weight 
which is extremely important in light cars. The location 
of the engine and its auxiliary equipment at the rear 
axle provides a greater weight ratio to the drive wheels 
-57 per cent of the total weight-giving the car good trac
tion and ability to get through on icy or snow-covered 
roads. The weight supported by the Volkswagen's front 
wheels is only a third that of the average American car, 
and it steers with great ease and quickness. 

The thirty-six horsepower engine has four horizontally 
opposed pistons with overhead valves, a feature which 
keeps it in running balance and remarkably free of vibra
tion. At 60 miles per hour the engine turns 3000 revolu
tions per minute; this slow speed combined with a short 
stroke provides a long engine life which is sorely lacking 
in many of the imported small cars. Because of the en
gine's small output, the transmission is equipped with four 
syncomeshed forward speeds which provide one of the 
easiest and smoothest gear-shift mechanisms ever built. 
The car's low rolling friction, aerodynamic body design, 
and absence of sharp protrusions are instrumental in its 
good gas mileage. 

In a small car like the Volkswagen, room is a critical 
factor. Since it has bucket type front seats, only an occa
sional third passenger, preferably a child who isn't too 
bulky, can sit in the front; leg room is very adequate, six 
footers can sit comfortably by adjusting the seat rearward. 
The rear seat is bench type, capable of comfortably carry
ing two adults; leg room, especially if the front seats are 
accommodating large persons, is at a premium. Headroom, 
floor to top and entrance height, is adequate. The two 
door design, however, makes it difficult to reach the back 
seat. 

Cargo space is limited. The Volkswagen has a space un
der the hood for small bags and a trough behind the rear 
seat about a foot deep, one and one-half feet wide, and 
three feet long. The back of the rear seat folds down, pro
viding plenty of room for a good sized load- if two persons 
are doing the traveling. 

The Volkswagen has good riding qu'alities, and owners 
have reported the surprising top speeds of nearly 80 miles 
per hour. Because of its small size and steering ease, it 
presents no parking problem and is excellent commuter 
transportation in heavy metropolitan traffic. The car's 
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standard of quality and workmanship is equal to or great
er than Detroit's cheaper line automobiles. Maintenance 
costs are low. When the first models were produced for 
German use, the company offered a free gold watch to all 
owners who proved they had received 100,000 miles of 
mechanically trouble-free driving. This offer was with
drawn because of the large number of cars which gave this 
phenomenal service. Its economy of more than 40 miles 
per gallon at 30 miles per hour and of 30 at 60 is one 
of the best. 

The standard sedan, heater included, lists at $1495 at 
coastal ports of entry. In Minneapolis this model costs 
$1650, with a nine-month waiting list. It h as one of the 
highest resale values of any foreign automobile. It is evi
dent why Volkswagen's sales volume is greater than the 
combined volume of all imported cars. 

SPECIFICATIONS OF VOLKSWAGEN 

Model: 
Deluxe two door sedan 

Price: 
$1495.00 at coastal ports of entry 

Dimensions: 

wheel base 
overall length 

overall width . . 
overall height 
road clearance 
turning circle (wall to wall> 
steering factor 

Weight and tires: 
curb weight 
weight distribution 
tire size 

95 in. 
160 in . 
61 in. 

59 in. 
7Y2 in. 
39ft. 

... . . . 058 

. 1610 lbs. 

. . . . . . . . . . . . . . 57% 
..... . ...... . .. 5.60-15 in. 

theoretical tire carrying capacity (above curb weight) 1130 lb. 

Engine: 
type ........ . over head valve 4 horizontal opposed 

bore and stroke ........ .. ... 3.03 in. 2.52 in. 
compression ratio ....... . ..... 6.6 to 1.0 
maximum horsepower . . . . . . . . . . . 36.0 @ 3700 rpm. 
maximum torque . 56.0 ft. lbs. @ 2000 rpm. 

Engine speeds: 
over all ratio, high gear 
engine revolutions per mile, high gear 

3.61 
...... 2986 

piston travel per mile, high gear ..... . .. . . . 1254 ft. 

Performa nee: 
level acceleration 

0 to 50 mph 

0 to 60 mph 

.· . . .. . . . ... . . . . . . . . . . .. . .. . 17.1 sec. 

.29.9 sec. 
.............. . . ............ . . 23 .8 sec. 

covered \4 mile, standing start acceleration on 9.0% grade 
30 to 40 mph. . . . . . . . . . . . . . . 24.4 sec. 
top speed attainable . . . . . . . . . . . . . . . . . . . . . . 41.0 mph. 

Economy: 
constant speed gasoline mileage 

30 mph. 

40 mph . ...... . . . . .. . . . .. . . . . .. . 
50 mph. 
60 mph. 

48.0 mpg . 

44.8 mpg. 
39.0 mpg. 
30.0 mpg. 

traffic gas mileage (simulated traffic test) ......... 26.4 mpg . 
highway gas mileage ............. 37.0 mpg. 
overall gas mileage (3,000 mile test) 33.7 mpg. 
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Greybeard and His Burro Take 
Up Chemistry 

E 
VEN THOUGH the uranium fever is beginning to cool, 
many part-time prospectors still carry the infection 
and have turned to hunting other critical metals such 

as copper, lead, zinc, cobalt and nickeL However, while 
uranium-finding requires only a geiger counter and little 
or no knowledge of geology, the systematic search for base 
metals calls for skills and knowledge the average outdoors 
man doesn't have. 

Until the last few years new ore bodies have been dis
covered by finding surface outcroppings that indicate ore 
in the form of veins, bed replacements, and disseminations 
in the underlying rock. 

Since most of the easily found deposits have already 
been discovered, the search for new mines has swung to 
remote areas and buried deposits and prospectors have had 
to devise new methods. One of these, geochemical water 
sampling, has recently become popular chiefly because it 
does not require advanced knowledge of chemistry or 
geology and anyone can build and use the simple ap
paratus. 

The basic idea behind water sampling is that streams 
and ground water dissolve small amounts of heavy metals 
from the rocks through which they pass. Since the concen
tration is generally proportional to the amount of mineral
ization in the rocks, analysis of the water determines 
whether or not it is anomalous. Thus the heavy metal con
tent in the water of a stream is higher after it passes over 
a vein that it was before. The metals present in natural 
waters in detectable amounts are copper, lead, zinc, cobalt, 
and nickel. The method is fast, inexpensive, reproducible, 
and free from interference from metals which are of little 
no interest. 

BASIC REQUIREMENTS 
Any reliable method for identifying anomalous or great

er-than-normal concentrations of heavy metals in stream 
water must meet several criteria. Chemically the method 
must be reproducible, sufficiently sensitive to be affected 
by minute changes in metallic content, and free from in
terference by metals of little or no interest. A minimum 
of apparatus is desirable and both reagents and chemical 
manipulations should be few and _simple in character. 
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From the practical point of view, the method must be 
rapid, free from risk of contamination, and relatively in
expensive. The technique should also yield the maximum 
of useful information in a single test. 

CHEMICAL THEOR Y 
An understanding of the chemistry of the method is 

helpful in evaluating the results of the tests. The reagent 
used is dithizone, a solid organic compound, dissolved in 
chloroform, an organic solvent immiscible in water. When 
the dithizone solution is shaken with water containin~ 
heavy metals in solution, the dithizone, which is normally 
a bright green color, reacts with the heavy metals to form 
red metallic conplexes which are soluble and remain in 
the chloroform phase. The color obtained ranges from 
green when only a small concentration of metals is present 
relative to the amount of dithizone, to red when it is high. 

Under appropriate conditions di thizone can be used to 
obtain a single reaction from a group of metals and these 
conditions can be adjusted so that the group contains only 
the metals of interest in base metal prospecting. Usually 
only iron, manganese, zinc, lead, copper, cobalt and nickel 
reach a detectable concentration in natural waters. Of 
these iron andmanganese are not of economic interest and 
tend to mask the presence of the other metals due to their 
relatively greater abundance and solubility. To prevent 
them from reacting, the acidity of the water sample is ad
justed to a pH of 8.5 by adding a buffer solution contain
ing a large excess of citrate. Thus the same percentage of 
any given metal is extracted from the sample in a repro
ducible manner. The remaining metals are all of interest 
and a positive group reaction is an effective guide to 
mineralization. 

SENSITIVITY 
Copper, lead, and zinc combined have a background 

concentration ranging from 0.01 to 0.10 parts per million 
in the rivers and lakes of North America and anything 
above this level can be considered anomalous. Thus the 
test results will be completely masked if the reagents have 
not been highly purified. It is possible, however, to buy 
most of the chemicals at the necessary purity while the rest 
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are easily purified by simple methods. To make full use of 
the sensitivity obtained by using pure reagents, a very 
dilute solution of dithizone is used to allow full observa
tion of color changes at low concentrations. This method 
is sensitive to 0.005 parts per million of heavy metals. 

CHOICE OF SOL VENT 
Dithizone and its corresponding metallic complexes are 

soluble in a number of immiscible organic solvents. In the 
past carboq tetrachloride, acetone, and acetone with 
xylene, all of which require prepared standards, have been 
used. 

To be of use to the unskilled prospector, however, the 
field test must allow a quantitive estimate of total heavy 
metals without the use of standards. Chloroform is there
fore used as a solvent both because it does not require 
standards and because dithizone is more soluble in it 
than any other common immiscible solvent. 

VOLUMETRIC ADDITIONS 
The use of trace-element methods of chemical analysis 

in the field presents a difficult problem. Small, accurate 
volumetric additions of various reagents are required. The 
usual devices for making these additions- pipettes, drop
ping bottles, and pipette droppers- are unsatisfactory be
cause they require cleaning to avoid contamination and 
are easily broken. This problem was solved by designing 
the same bottles shown in Fig. l. The bottle has a l ml 
volumetric flask fused to the inside and the chemistry of 
the method has been adjusted so that in every case only 
l ml additions are necessary. The flask, whose use will be 
described later, is self cleaning. 

APPPARATUS AND REAGENTS 
The field kit contains the following five items: 

(l) One sample flask and stopper. 
(2) One polyethelene squeeze bottle containing a 100 

ml solution of combined buffer, indicator, and 
complexing agent. 

(3) One polyethelene squeeze bottle containing a 100 
ml solution of dithizone in chloroform. 

(4) One carrying case. 
(5) One chart for quantitative estimation. 

In addition to the field kit a reserve supply of material 
Qften is required at the base camp in order to prepare 
fresh solutions of dithizone when necessary. 

A suggested supply is: 
(l) A spare sample flask which is used to prepare 

fresh dithizone as required and is also available 
in case of breakage in the field. 

(2) Two liters of re-distilled chloroform stored in a 
pyrex bottle. 

(3) 500 ml of combined buffer, indicator, and com
plexing solution stored in a pyrex bottle. 

(4) Six gelatin capsules containing 100 ml of dry 
dithizone. 

(5) A 4-oz polyethelene bottle in which to store a 
concentrated solution of dithizone in chloroform. 

Chemicals and apparatus listed in the supply to be kept 
in the base camp allow preparation of fresh dithizone solu
tion for the field kit whenever it is required- daily if 
necessary. 
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PREPARATION OF REAGENTS 
Working solution of dithizone is prepared as follows: 

(1) Empty a 100 mg capsule of dry dithizone into the 
spare sample flask. 

(2) Fill to the 100 ml level with pure chloroform, 
stopper, and shake. 

(3) Transfer to the small polyethelene bottle in the 
base kit, rinse the reserve flask with a little 
chloroform. 

(4) Using the siphon from the dithizone bottle in the 
field kit, carefully transfer 1 ml of concentrated 
dithizone solution to the reserve flask by means 
of the 1 ml volumetric flask. 

(5) Dilute again to 100 ml with chloroform, stopper, 
shake, and transfer to the correct bottle in the 
field kit. 

Although dithizone in chloroform is relatively stable 
and may last a week under field conditions, the method 
described above allows daily preparation with a minimum 
of trouble. The concentrated solution of dithizone should 
last indefinitely if it is kept out of heat and direct sun
light, but in any case, it can be replenished readily in 
case of accidental loss by using a fresh capsule of dry dithi
zone. The dilute solution of dithizone will eventually oxi
dize:; .md must be replaced at that time. Oxidized dithizone 
can be recognized by a loss in intensity of the green color, 
which eventually fades to a weak brown. If the prospector 
doubts the dithizone he should prepare a fresh solution. 

The chemicals used in the preparation of the buffer and 
dith'zone solutions are: 

Dithizone solution 
Dithizone-C.P. reagent 
Chloroform-C.P. reagent of manufactured purity for 

dithizone test (stamped on label). 
Buffer solution · 

De-mineralized water-water de-mineralized by passage 
through any of the standard brands of resin de
mineralizers on the market. 

Ammonium citrate- C.P. reagent 
Ammonium hydroxide- C.P. reagent 
Phenol red 

All of these reagents and apparatus may be purchased 
from any chemical supply house at normal cost. 

The dry dithizone is weighed in l 00 mg lots and stored 
in medicinal gelatin capsules. 

The solution containing the buffer system is prepared 
as follows: 

(1) Dissolve 400 gms of ammonium citrate in l liter 
of de-mineralized water and filter. 

(2) Add 25 ml of 0.02% solution of phenol red. 
(3) Adjust the pH to 8.5 using ammonium hydroxide 

and indicator paper. 
(4) Purify with dithizone in chloroform and decant 

the purified solution from the immiscible chloro
form solution. 

(5) Adjust the pH of the solution to 8.9 with purified 
ammonium hydroxide. 

The ammonium citrate in the buffer solution is used to 
complex the iron and manganese present in the water and 
prevent them from reacting. All reagents after purification 
must be stored in pyrex bottles. 

(Continued on Page 495) 
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Z:ltt eonctpt 

You will recall that last month's dialogue 
ended with the young engineer retreating 
under the professor's spirited tongue lashing. 
Tonight the young enginee1· has again re
turned to clear up some points and get in a 
few licks of his own. He is just now rapping 
at the door to the professor's big dark house. 

''So, YOU HAVE returned to tor
ment me!" said the professor 

· as he perceived the engineer's 
shadowy figure and admitted him to 
the house. "Go right on into the 
study." 

"I've still got some questions to 
ask," said the engineer over his shoul
der as he entered the study, ''I'm still 
not too clear about some of your 
ideas." 

"All right, let's hear them," said the 
professor. "You can throw your coat 
over there, while I start the coffee." 

The engineer threw his jacket over 
one chair and flopped in another. He 
pulled a crumpled piece of scratch 
paper from his pocket and studied it 
until the professor returned carrying 
a percolator. 

"A prepared brief? That's hardly 
fair," joked the professor. 

'I just didn't want to be led astray 
or forget anything." 

"First of all," the engineer began, 
''I'm not sure I understand your 
ethic of inverse entropy. Could you 
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by Fred Hallberg 

give me a practical example of how it 
works?" 

"Certainly," said the professor as he 
lit another of his inevitable cigars. 
"Suppose you were an engineer who 
was given the task of constructing a 
roadway across a rough, boulder
strewn waste-land. You would first buy 
or lease the most efficient, economical, 
earth-moving equipment available
the most efficient meaning those ma
chines which produce the most me
chanical work per pound of fuel 
burned, of course." 

"Of course." 
"You would use these machines to 

cut and fill, to crush and rearrange 
the boulders, until you had achieved 
a smooth, level roadway. When you 
had completed the job you would 
stand in the middle of this highly im
probable formation, cutting arrow
straight across the rugged waste-land 
and say, 'It is good, for I have created 
order out of chaos'. Which could be 
translated into, 'It is good, for I have 
caused the maximum decrease in the 
entropy of my environment achieve
able with a corresponding increase in 
the entropy of the fuel burned in my 
earth-moving machines.:" 

"And you believe this kind of think
ing operates outside the engineering 
profession?" 

"It determines what is good and val-

uable in a wide range of affairs, from 
the marketing of diamonds to cor
poration politics. A diamond is valu
able if it is unusually large or sym
metrical; a business promotion is de
sirable if the new position is more 
unique than the last." 

"So you think it is bad to strive for 
a business promotion!" 

"I believe it is evil to make the re
duction of your entropy relative to 
your social environment your only 
goal in life. But I will say this much. 
The ascendant engineer, driven as he 
is by his simple and honest desire to 
conquer and harness nature, is infin
itely superior to the faceless corpora
tion man in a gray flannel suit whose 
only goal is prestige and only value 
expediency!" 

The professor had wandered into 
another of his prejudices and paced 
and fumed in anger while the em
barrassed engineer silently consulted 
his notes. After a while the engineer 
spoke up. 

"About your definition of man, Pro
fessor, were you trying to give a gen
eral definition or were you merely de
fining what you liked to see in man?" 

The professor thought a moment 
and said, "I suppose I did emphasize 
those aspects of man which interest me 
most. But that was intended as an 
oblique attack on those who would 
have us believe man can be complete
ly defined by his physical dimensions 
and his intelligence quotient." 

"Just a minute, Professor. Why 
can't man be completely defined by his 
physical dimensions and his IQ? 
Wouldn't that account for both his 
physical and intellectual characteris
tics?" 

"Ow!" cried the professor, "You 
have missed my whole point! A man's 
intelligence quotient is a physical 
characteristic. Just as surely as is his 
height, or weight, or the distance 
around his biceps. You can measure 
the weight a man can press or you can 
measure how fast he multiplies three 
digit numbers. · Both are physical 
measurements of physical phenomena, 
and completely divorced from matters 
of the spirit." 

"Seriously, Engineer, this failure to 
recognize man's spiritual character is 
a dangerous thing. For if it were true, 
as you suggest, that man is no more 
than physical dimensions and an IQ, 
we could easily determine who were 
the 'best' or most 'valuable' among us 

(Continued on Page 490) 
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That Wonder Metal 

Titanium 

THE urgent needs of the defense program and the com
petition of a free enterprize system make industry seek 
new sources of fabricating material. The essential 

characteristics desired in these new materials are (1) 
higher strength-to-weight ratio, (2) retention of strength 
at high temperatures, and (3) higher corrosion resistance. 
One material on which much money and time in research 
have been spent is the metal titanium. Is titanium the 
answer? 

A look at some of the properties of titanium will show 
us why it is such an outstanding metal. In the first place, 
titanium has a strength-to-weight ratio higher than the 
aircraft aluminum alloys and almost twice as high as 
stainless steel. This is most desirable in all aircraft manu
facture since every pound of reduced weight can mean an 
extra pound of payload or additional thrust per pound 
of plane in the case of high-speed aircraft and missiles. 

Secondly, titanium retains its strength at fairly high 
temperatures. The titanium now being produced retains 
good strength up to a limiting temperature of about 
750°F. This is much better than aluminum, which begins 
to show loss of strength at about 300°F. This would cer
tainly be an advantage in high-speed airframe structure 
where the thermal limit is a barrier. Since the thermal 
limit of steel is, however, considerably higher than that of 
titanium, titanium is still restricted in its use to power 
plants. However, industry is now attempting to push the 
thermal limit up around 1100° or 1200°F for titanium 
base alloys. 

Another desirable characteristic of titanium is its high 
corrosive resistance. Subjected to similar conditions, 
titanium parts have withstood continuous corrosive action 
up to 15 times as long as stainless steel. This is probably 
the most important property of the metal for non-defense 
industries where high corrosive conditions exist. The 
long life of titanium makes it economically competitive 
with the more commonly used metals. 

0 H, yes- the cost. As you have probably guessed, cost is 
about the only factor which has kept our wonder 

material from already being the universal metal. Quantity 
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by Ted Holosteen 

is certainly not a problem, titanium being the tenth most 
abundant element making up the earth's crust. The only 
two metals exceeding it in quantity are iron and 
aluminum. Titanium is 100 times as plentiful as either 
lead or zinc. 

The high cost of titanium arises from the difficulty of 
separating the pure metal from the ore. Although 
titanium is relatively inert at moderate temperatures, it 
is extremely active as a liquid. In liquid form, titanium 
will react with nearly anything it contacts. At present, two 
methods are employed to extract the pure metal from its 
dioxide in the ore rutile. Both methods are reduction 
processes in which the ore, after being chlorinated, is 
reduced either with magnesium or sodium. The sodium 
process is the newer and better of the two since pure 
titanium is easily separated from the sodium salt, and the 
salt is readily disposed of. 

A new method of producing crude titanium will be 
used on · large scale production in the near future. The 
Electromet Process, as it is called, is an electrolytic method 
of obtaining titanium metal from its dioxide in a different 
ore called ilmenite. The company initiating this process 
believes it will be able to reduce the cost of producing 
crude titanium by about 75% . 

The crude titanium product, however, is far from 
being usable. The yield of the crude product to a product 
suitable for machining is slightly less than 50%. Since 
this metal is being substituted for very high grade alloy 
materials, the purity of the titanium must be high. Much 
of the cost of titanium ingot accrues in processing the 
crude product to the machinable product. In 1956, 
titanium ingots cost $2.95 per pound. American industries 
hope to reduce this price to about $1.15 per pound when 
titanium production matures, about the minimum ex
pected under present methods of production. 

Although the price of a machinable titanium product 
is high as compared with stainless steel or aluminum, it is 
certainly not prohibitive for metal with such desirable 
characteristics. I will now present a rundown of some of 
the characteristics which tend to hold titanium back on 
the competitive market. 



Titanium 
In the first place, titanium is very hard and therefore 

difficult to machine. Similar hard materials such as stain· 
less steel are machined by taking small cuts. This method 
cannot be used in machining titanium for two reasons. 

TITANIUM has a very poor rate of heat dissipation. If 
cut too rapidly, it heats excessively. Heating is not 

only hard on cutting tools, but creates a fire hazard. 
Fine chips or turnings ignite readily and burn with 
intense combustion. 

Titanium cannot be machined by conventional 
methods because of its tendency to gall. If the metal 
becomes too hot, chips will readily weld onto it and 
wear out cutters almost as quickly as they can be in
stalled. The only way to machine the metal success
fully is by taking a slow, coarse cut. Slow cutting 
reduces the heat generated. The coarse cut will emit 
chips of greater mass through which more of the sur
face heat can be dissipated and which will not weld 
to the surface readily. Not only is slow, coarse machin
ing hard on cutting tools, but it consumes much expen
sive production and equipment time. 
Another undesirable characteristic of titanium is its 

low ultimate-strength to yield-strength ratio. Not only 
does the high yield strength make forming very difficult, 
but low usable ductility favors fractures and restricts the 
amount of forming permissible. Now, titanium can be 
worked easily at high temperatures. The disadvantage 
here is that the surface contaminates rapidly if held above 
700°C. very long. The effects of hot or cold forming on 
its properties are yet to be determined. 

As mentioned before, the expense of producing finished 
titanium products keeps the metal from being keenly 
competitive as yet. Industry predicts that titanium sheet 
will cost from $10 to $12 per pound within a few years. 
The most optimistic observers see a price of 2 to $5 
within 10 years. This would certainly be competitive with 
stainless steel, which now sells for 83 cents a pound, both 
because of larger volume of titanium per pound and the 
advantages of titanium over stainless steel. Many uses 
of titanium hinge on the ability of industry to apply heat
treating processes to it in order to design in the desired 
characteristics. 

The market for titanium thus far has been pretty much 
limited to defense. Non-defense uses only about 10% of 
the supply. The government has shown a keen interest 
in the development from the outset by guaranteeing a 
market for all the metal produced. A let-up in industry's 
assimilation of titanium in 1955 produced such a surplus 
that the government was forced to purchase 55% of the 
total output. Some observers contend that more money 
should be spent on research rather than on actual produc
tion with existing processes. But who is to say which is 
right? 

As production increases, prices apparently decrease. 
There have been 5 major price cuts in the past 5 years. 
In 1948, 3 tons of titanium products were produced. In 
1957, it is anticipated that the U . S. will ship more than 
10,000 tons of titanium milled products. Some of the 
major titanium producers are nearly doubling their 
production through new plants and concentrated efforts 
in old plants. Mallory Sharon expects to turn out 500 
tons per month in 1957. Republic Steel is building a plant 
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with a capacity of 6000 tons per year. These and other 
large producers exhibit optimism and are concentrating 
on continued increased production. One company is even 
guaranteeing the quality of his product in 1957. 

0 N the consumption side of the fence, more uses for 
both defense and non-defense are being found for 

titanium all the time. Pratt and Whitney has in produc
tion an all-titanium work compressor-rotor for the F 57 
gas turbine. Commercial airliners find titanium practical 
for fire walls and engine nacelles because of the light 
weight and moderate heat tolerance. The chemical in
dustry shows increasing interest in the metal because of 
its resistance to corrosion and cavitation The long life of 
a titanium fitting reduces shut-down time for repair as 
well as the cost of a replacement part. 

Titanium also shows promise in marine equipment be
cause of its resistance to saltwater corrosion. Titanium 
is well suited to some automobile applications, but the 
cost has prohibited much demand in this field as yet. It 
appears to be the coming thing though. General Motors' 
FIREBIRD II will have a titanium body. Who can tell 
what the future holds for this wonder metal, titanium? 

• • • 

Mars 
shining, splitting suns. Perhaps we have gone mad, thrown, 
as it were, into this maelstrom of misfortune. But it does 
not matter any more. 

Here, Mars Man, is all the knowledge of every sun, 
planet, and asteroid in this galaxy; which have moons and 
which do not; their composition, mass, and energy; their 
intensity and velocity. Here you will find Astronomy such 
as the universe has never known and which will probably 
never be surpassed. 

We thought, in our obsession, that it was dedicated to 
the return to Mars. We found, instead, that it was dedi
cated to the kings and queens of Mars, who found it 
charming to flatter themselves with Kings' Feet and Queens' 
Yards in Kings' Feet, and to the esoterics who boosted their 
own personal egos with their own personal conversion 
units. In turn, they sealed the fate of this ship, un
doubtedly others like it, and perhaps an innocent planet, 
which a superior race enslaved for a century and then 
itself crumbled into dust in its antiseptic capital -a city 
dedicated to units. 

KKLL, TssNN, and Qxx stood there momentarily speech
less. KKLL was the first to speak, saying reverently, "It's 
time their wishes were granted." TssNN and Qxx nodded. 
TssNN picked up the logbook and took it to the photon 
ship. Some members of the expedition carried the glass 
cases to the photon ship while others gathered up the 
astronomical documents. An hour later the photon ship 
blasted off for Eaaolta for the return to Mars. 

• • • 
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Professional Engineering 

• • • 

PROFESSIONAL REGISTRATION gives the engineer legal Sta
tus, and entitles him to practice engineering under the 
statutes of the state in which he is registered. With 

registration goes the title of "Professional Engineer", desig
nated by the letters "P.E.". 

The Minnesota law states "No person except an archi
tect, engineer, or land surveyor, registered as provided for 
in Section 326.02 to 326.16 shall practice architecture, pro
fessional engineering, or land surveying, respectively, in 
the preparation of plans, specifications, reports, plats, or 
other engineering or architectural documents ... ". In 
addition, state and municipal regulations require registra
tion for advanced engineering positions, and many large 
industrial firms now require registration for promotion of 
men to senior engineering positions. 

Registration is a certification that an engineer has met 
certain minimum requirements as to education, experience 
and character. Degree of competency, of course, is based on 
the individual's performance and reputation. 

In addition to the 48 states, the District of Columbia, 
Alaska, Hawaii, and Puerto Rico have laws regulating the 
practice of engineering and registration of engineers. In 
Minnesota, the registration act is administered by the 
State Board of Registration for Architects, Engineers and 
Land Surveyors, 316 New York Building, St. Paul. 

In general, requirements for engineering registration 
are a degree from an accredited engineering school, and a 
minimum of four years progressive engineering experience. 
One year experience credit may be given for an advanced 
degree. Examination for registration includes a written 
examination and oral interview in addition to professional 
and character references. The written examination consists 
of four parts, each four hours long. Parts I and II are given 
periodically at the University to graduating seniors. Upon 
successful completion of Parts I and II, the State Board 
issues an Engineer-in-Training Certificate, (E.I.T.). The 
balance of the examination is taken after accumulation 
of the required experience. 

This year, the Engineer-in-Training Examination will 
be given at the University of Minnesota on April 27. This 
is a uniform examination being given in all states in the 
central zone on this date. Applications for this examina-
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by H. L. Loomis 

Howard B . Loomis, P.E., re
ceived his Bachelor of Civil 
Engineering degree from the 
University of Minnesota in 1951. 
While at the University, he 
served as President of the Stu
dent Chapter A.S.C.E. and was 
elected to Tau Beta Pi, Chi Ep
silon, and Plumb Bob. Mr. 
Loomis is a member of the Na
tional Society of Professional 
Engineers, Minnesota Society of 
Professional Engineers, and A. S. 
C. E. At present he is Vice Pres
ident of the Minneapolis Chap
ter M. S. P. E., Chairman of 
Young Engineers Committee M . 
S. P. E., and Trustee of Lake 
Nokomis Presbyterian Church. 
Mr. Loomis is a project engineer 
in the Engineering Department 

of General Mills Inc., and is a 
registered professional engineer 
in the states of Minnesota and 
Illinois . 

tion may be obtained at 133 Main Engineering. All grad
uating seniors are urged to take this examination since it 
is always difficult to return and take this examination at a 
later date. 

Through the National Council of State Boards of Engi
neering Examiners, the member boa:rds have been working 
toward more uniform requirements for registration, and 
as a result, most states recognize Minnesota's E.I.T. cer
tificate, and will also grant professional registration by 
reciprocity, without examination, to men registered in 
Minnesota. 

The National Bureau of Engineering Registration is 
maintained by the National Council as a service to pro
fessional engineers seeking registration in other states. The 
National Bureau issues Certificates of Qualifications to 
professional engineers who comply with its requirements. 
Such certificates are evidence of qualification for registra
tion as a professional engineer with other state boards. 
Registration in other states is then generally granted by 
reci prod ty. 

The future of the engineering profession hinges on the 
members of the profession. R egistration is one of the first 
individual steps an engineer can take toward improvement 
of himself and his profession. 
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Mulling Over 
these Questions 

about your 
First Job? 
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company 
I choose 
boost my 

' professional 
?'eputation? 

Are there 
goodmen 

on the team? 

Does the 
location 
suit a 

modern 
way of life? 

Check Republic Aviation's Answers 

REPUBLIC has been pioneering new concepts in aircraft design 
for over 25 years. Our present production plane is the most 
advanced fighter·bomber in the U. S. Air Force-the incredible 
F·l05 Thunderch lef. Our Guided Missiles Division is investigat· 
ing the upper atmosphere and advanced satellite problems; 
and have created the first portable, inexpensive rocket, Terrapin. 

Our engineers are working ten years ahead ... which means that 
every project you're assigned to is at a research or develop· 
mental level. And you get a crack at responsible assignments 
from the start ... modern facilities to test out your ideas ••• with 
engineering aides to do the routine work. 

Well- for one- there's Alexander Kartveli, Vice President, Re· 
search & Development, who sparked the Thundercraft series. 
There's Dr. Theodore Theodorsen, for another- among whose 
accomplishments is the theory of wing.flutter- who heads our 
Scientific Research Group ... and there are hundreds of other 
engineers and scientists of major stature. 

You'll live on Long Island with its fabulous beaches and parks 
-less than an hour from New York City's cultural and enter· 
tainment facilities .. . giving a man the best combination for a 
well·rounded life ... and enough money to enjoy it- coupled with 
a benefit program that's a model for the industry. 

Only you can answer that ••• and your talent Is the key. But 
everything that is possible for a company to do- for you to 
achieve your maximum potential- REPUBLIC does ... including 
attendance and presentation of papers at professional meetings 
and advanced studies at prominent universities and colleges. 

To fmd out all about our brand new and un1que tra;n;ng 
program see the Republic man when he v1sits your campus. 
Make an appointment now with your placement d1rector. 

or 1/0U 111411 address 1/0Ur inquiriea to: 

Mr. George R. Hickman 
Engineering Employment Manager 
Farmingdale, Long Island, New York 
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The proof of the planning is in the finished 
plans. That's why you're smart to 'PI8 Eagle 
TURQUOISE-the pencil the professionals 
prefer. Look what it gives you: Uniform grading 
(17 scientific formulas guarantee exactly the 
blackness you want-from every pencil, every 
time!). A strong non-crumbling needle point 
that stays sharp for line after long line of 
unchangilig width. Inimitable smoothness
thanks to Eagle's exclusive ''Electronic" graphite. 
TURQUOISE makes your plans look sharp-
and you, too! 

WRITE FOR FREE SAMPLE Turquoise wood 
pencil and Cleantex Eraser, naminq this maqazine 
-or buy any of these drawinq instruments from 
your favorite deal~r. 

• TURQUOISE CLEANTEX ERASER: 
Super-soft, non-abrasive rubber. 

are the largest-selling 
EAGlE PENCil COMPANY • NEW YORK • lONDON MEXICO • SYO • BOGOTA 
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• Few areas of engineering or science offer greater 
problems-or greater opportunity for achievement-than 
inertial guidance. At Lockheed Missile Systems' Research 
and Engineering Centers in Palo Alto and Sunnyvale, 
engineers and scientists are performing advanced 
work on all phases of inertial guidance and navigation. 

New positions have been created for those possessing 
backgrounds in mathematics, physics, electronics, 
servomechanisms, flight controls, precision instrumentation 
and computer design. Inquiries are invited from 
those possessing strong interest in inertial guidance. 

Positions are open in inertial guidance and virtually 
every field of engineering and science related to 
missile systems at Lockheed's Sunnyvale and Van Nuys 
Engineering Centers and Palo Alto Research Center. 

Here R. G. Rickey (left), components specialist, discusses 
new accelerometer designs with E. V. Stearns, head of the 
Inertial Guidance Department. 

MISSILE SYSTEMS DIVISION 
research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO • SUNNYVALE • VAN NUYS 
CALIFORNIA 



and 

Synthane laminated plastics report for wor~ 

Printed circuit for popular television receiver 
uses a metal-clad Synthane Laminate. Such a 
circuit eliminates wiring, wiring errors, saves 
space and weight. 

I 

Since the time when the heart of radio was 
the crystal and eat's whisker, Synthane 
laminated plastics have been the recom
mended insulation in the vital and ever 
expanding communications industry. 

Turn on your TV or radio and Syn
thane goes to work as insulation in coil 
forms, transformers, tuners, plug-ins, 
switches, potentiometers, or as the 
metal-clad base for the entire printed 
circuit. Synthane also qualifies for im
portant work in radar, sonar and guided 
missile applications. 

Among the varieties of Synthane lam
inated plastics are several with insula-

tion resistance and dissipation factor ca
pable of controlling TV's high frequencil" 
-even under tropically humid conditions 
But Synthane makes over 30 grades
each with its own proportion of useful 
mechanical, electrical and chemical vir
tues. You can buy Synthane laminated 
plastics in sheet, rod and tube form or 
avail yourself of our complete fabrica
tion service. 

We have a: number of interesting and 
informative folders on Synthane proper
ties and applications. A post card will 
bring them to you promptly. Synthane 
Corporation, 13 River-Road, Oaks, Pa. 

COMPRESSIVE STRENGTH DIELECTRIC STRENGTH LIGH'r WEIGHT WEAR RESISTANCii 

[SYN"'IIIANITI ... Industry's unseen essential 

~ 
SYNTHANE CORPORATION, 13 RIVER ROAD, OAKS, PA. 
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Ralph supervises supersonic power system 
design ..• 

Consults on engine accessibility problems . . . 

And gets data first-hand. 

MARCH 1957 

Follow the lead of Ralph Posch, 
B.M.E., Class of '51 

Advance while 
' qou re qounq ... 

as a Chance Vought Engineer 

Ralph Posch already is making his mark in the aviation world. 
Ralph's only 31, but he's advanced to lead engineer in 

a career field he's liked from the start. Ralph's progress was 
speeded by Chance Vought's own growth and by keen 

company interest in his development. These same career aids 
are working today for every young engineer who's 

entered missile and fighter development at Vought. Symposiums 
on creative engineering, for example, encourage the 

brand of technical free thinking Ralph has displayed. Company
paid tuition for post-graduate study allows any recent 

graduate to take- immediate steps toward advanced degrees. For 
an increasing number of junior engineers, Vought 

offers a nine-month program of job rotation which prepares 
young men like Ralph for key responsibilities. And in 

every unit of Vought's engineering sections the young profes
sional is given variety that's both refreshing and 

broadening. Find out how Chance Vought will do its utmost 
to help you find and advance in the field that best 

suits you. Send a resume of your background and interests to: 
·MR. C. A. BESIO, Supervisor, Engineering 
Personnel Section, CHANCE VOUGHT AIRCRAFT, 
INCORPORATED, Dallas, Texas 
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Which • one IS 

best for you? 

HERClJLES willlwlp you decide 
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There are many directions to take in building 
your future career in the chemical field. And 
the truth of the matter is that many college 
graduates are not sure in which direction their 
future lies. 

Sales? Production? Research? Development? 
Engineering?-They all require a special com
bination of personality and talent to insure a 
rewarding career. Hercules, one of the nation's 

Personnel Department 

leading producers of basic chemicals for indus
try, offers you the opportunity to take time 
before making this all-important decision. And 
Hercules will assist you in appraising your own 
natural aptitude before you make the final choice. 

Hercules' pace-setting growth and continuing 
diversification provide many opportunities for 
careers in creative chemistry. You can learn 
more abqut Hercules in your placement office. 

HERCULES POWDER. COMPANY 
968 Market Street, Wilmington 99, Del. Sales Offices in Principal Cities. 

SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COTTON, TERPENE CHEMICALS, 
ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, OXYCHEMICALS, 

INDUSTRIAL EXPLOSIVES, AND OTHER CHEMICAL MATERIALS 

HERCULES 
CHIMICAL MATERIALS FOR INDUSTRY 

MINNESOTA TECHNOLOG 
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An artist's inside look at 1000-ton-a-day oxygen flash smelting furnace of !nco-Canada at Copper Cliff, Canada. 

lnco shows 

How ores are made to smelt themselves 
Important fuel savings ... plus tonnage sulfur recovery 

... with new oxygen flash smelting process 
This is the hot, flaming heart of a new 
!nco-Canada furnace for treating cop
per concentrate. 

oxygen from the air. You blow this 
oxygen-and fine copper sulfide concen
trate-into white-hot furnaces. 

And the previously wasted furnace 
gases? These sulfur-rich gases are col
lected and sold for production of liquid 

sulfur dioxide, up to 300 tons a day. 
Oxygen flash smelting is another 

advance in extractive metallurgy. It's 
part of a continuing program to step up 
production, to keep costs down, through 
maximum utilization of ores. 

See the new film: "Milling & Smelt
ing." 16 mm color prints loaned to engi
neering classes and student technical 
societies. Write Dept. 129e: 
The International Nickel Company, Inc., 
New York 5, N.Y. @19~7.T.z.N.co.,z..,, 

It's an oxygen flash smelting furnace. 
That means conservation of fuels, 

conservation of sulfur. That also means 
efficient extractive metallurgy. 

The oxygen reacts with the concen
trate. Iron and sulfur burn, creating 
heat. The ore smelts itself, eliminating 
need of other fuels: copper collects in 
the matte, iron and rock in the slag. 

<~~> International Nickel 
The International Nickel Company, Inc., is the U.S. affiliate of The International Nickel 
Company of Canada, Limited (lnco-Canada)-producer of [nco Nickel, Copper, Cobalt, 
Iron Ore, Tellurium, Selenium and Platinum, Palladium and Other Precious Metals. In this new process, you separate 



Induction melted heat of high-temperature alloy being poured in P & W A's experimental foundry. Molten metal is strained into 
large water tank, forming metal shot which is remelted and cast into test specimens and experimental parts. Development and 
evaluation of improved high-temperature alloys for advanced jet engines is one of the challenges facing metallurgists at P & W A. 
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at Pratt & Whitney Aircraft 
in the field of Materials Engineering 
The development of more advanced, 
far more powerful aircraft engines 
depends to a high degree on the de
velopment of new and improved 
materials and methods of processing 
them. Such materials and methods, 
of course, are particularly important 
in the nuclear field. 

At Pratt & Whitney Aircraft, the 
physical, metallurgical, chemical 
and mechanical properties of each 
new material are studied in minute 
detail, compared with properties of 
known materials, then carefully ana
lyzed and evaluated according to 
their potential usefulness in aircraft 
engine application. 

The nuclear physics of reactor 
materials as well as penetration and 

Engineer measures residual stress in a com· 
pressor blade non-destructively, using X-ray 
diffraction. Stress analysis plays important part 
in developing advanced aircraft engine designs. 

effects of radiation on matter are 
important aspects of the nuclear re
actor program now under way at 
P & W A. Stress analysis by strain 
gage and X-ray diffraction is an
other notable phase of investigation. 

In the metallurgical field, mate
rials work involves studies of corro
sion resistance, high-temperature 
mechanical and physical properties 
of metals and alloys, and fabrication 
techniques. 

Mechanical-testing work delves 
into design and supervision of test 
equipment to evaluate fatigue, wear, 
and elevated-temperature strength 
of materials. It also involves deter
mination of the influence of part 
design on these properties. 

The important effects of gases on the properties of 
metals have been increasingly recognized. Pratt & Whitney 
chemists are shown setting up apparatus to determine 
gas content of materials such as titanium alloys. 

In the .field of chemistry, investi
gations are made of fuels, high-tem
perature lubricants, elastomeric 
compounds, electro-chemical and or
ganic coatings. Inorganic substances, 
too, must be prepared and their 
properties determined. 

While materials engineering as
signments, themselves, involve dif
ferent types of engineering talent, 
the field is only one of a broadly 
diversified engineering program at 
Pratt & Whitney Aircraft. That 
,program- with other far-reaching 
activities in the fields of mechanical 
design, aerodynamics, combustion 
and instrumentation - spells out a 
gratifying future for many of to
day's engineering students. 

P & W A engineer uses air jet to vibrate 
compressor blade at its natural frequency, 
measuring amplitude with a cathetometer. Simi· 
lar fatigue tests use electromagnetic excitation. 

World's foremost designer and builder of aircraft engines 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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JOKES ??? 
• • • 

The garbage had not been put out 
the night before. The family had 
overslept and Mrs. Jones awoke with 
a start to the clanking of cans down 
the street. She jumped up, struggled 
into her robe, and, with her hair still 
in curlers, dashed downstairs and on
to the front porch. 

"Yoo hoo," she called. "Am I too 
late for the garbage?" 

"By no means, ma'am," replied the 
collector. "Jump right in." 

The R ussian school teacher asked a 
pupil who the first humans were. 

"Adam and Eve," the kid replied. 
"And what nationality were they?" 
"R ussian, of course," said the kid . 
"And how do you know," asked the 

teacher. 
"Easy," the kid replied . "They had 

no roof over their heads, no clothes to 
wear, and only one apple between the 
two of them-and they called it Para
dise!" 

A draftee after his first night in an 
Army barracks was shaken by his pla
toon sergeant. 

"It's four-thirty," bellowed the Sgt. 
"Four-thirty," gasped the draftee. 

"Man, you better get to bed. We got 
a big day tomorrow." 

C.E.: "I suppose you dance?" 
Coed: "Oh, yes, I love to." 
C.E.: "Great, that's better than 

dancing." 

Confucius say, he who laughs last 
discovers a double meaning. 

A girl shock of wheat went and 
sleeped 

By a boy shock of wheat that was 
heaped 

On waking, 'tis said, 
She found herself bread 
And shouted, "My Gawd, I've been 

reaped." 

The little boy wanted $100 so bad
ly he decided to pray for it. He prayed 
for several weeks, with no results; so 
he wrote a letter to God. The post of
fice finally forwarded the letter to the 
White House. The President chuckled 
and ordered $5 sent to the boy. The 
lad delighted that his prayers had 
been answered in part at least, wrote 
a thank-you to God, but added this 
P.S.: "I noticed you routed my letter 
through Washington and as usual 
those bureaucrats deducted 95% ." 

Then there was the case of the 
young army doctor in the South Paci
fic who had diagnosed the ailment of 
a sergeant, but knowing he could do 
little with his limited facilities, he 
wired the base hospital: "Have case of 
beriberi. What shall I do?" 

The message was taken by a young 
technician at the base who wired 
back: "Give it to the engineers. 
They'll drink anything." 

Student: "Why didn't I make 100 
on this history exam?" 

Prof.: "Do you remember the ques
tion 'Why did the pioneers go into 
the wilderness?' Well, while your 
answer was very interesting, it was in
correct." 

A lovely co-ed named Loretta 
Loved wearing a very t ight sweater. 

Three reasons she had: 
Keeping warm wasn't bad, 

But the other two reasons were better. 

Customer: Waiter, there's a piece of 
wood in this hot dog. 

Waiter: Yes, sir, but I'm sure:... 
Customer: Sure, nothing! I don't mind 

eating the dog, but I' ll be hanged if I'm 
going to eat the kennel, too! 

Freshman: "Since I met you, I can't 
sleep, I can't eat, I can't drink." 

Coed: "Why not?" 
Freshman: ''I'm broke." 

When his usual "How-de-do" did
n't do the job, the young wolf cried, 
"Oh excuse me, I thought you were 
my mother." 

The passing beauty snapped back, 
"I couldnt' be. I'm married." 

Two bopsters in a museum spotted 
a bust of Julius Caesar. One said to 
the other, "This guy has been gone 
for 2000 years." 

The other replied, "Crazy man, 
those Romans really knew how to 
live." 

Ken: "What did the usherette say 
when her strap broke?" 

Ray (always the straight man): "I 
dun no." 

Ken: "1 have two down in front." 

The two pretty pin-ups for March are 20 year old fraternal twins, Mary Roush, the taller of the two, is a 
secretary in the Aero Plant Personnel Department of M inneapolis Honeywell. Martha works as a secretary in 
an office in LeSueur, Minnesota. Mary is 5'-5" tall and weighs 120 pounds, while Martha, the more impish one 
of the two is 5' -3" short and totes 116 pounds. • 
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Progress and Diversification 
AT PITTSBURGH PLATE GLASS COMPANY 

PAINTS & PLASTICS 
Many new products, including Duracron 
acrylic enamel were introduced in 1956 for 
both consumer and industrial use. Addi
tional capacity is being planned in 1957 for 
Selectron Plastics, a series of versatile 
thermosetting resins. 

FIBER GLASS 
Production facilities for both Superfine and 
textile fibers were expanded during 1956 at 
the Company's Shelbyville, Indiana plant. 

PAINTS GLASS 

The year 1956 was a good one for the Pittsburgh Plate Glass Com
pany-and the Company looks confidently to 1957 as another 
year of progress in its widely diversified fields of operations. 

GLASS 
Window and plate glass 
plants operated at capacity 
in 1956. Partial production 
was started at Pittsburgh 
Plate's new Cumberland, 
Md., plate glass plant. 

CHEMICALS 
During 1956, wholly-owned 
subsidiary, Columbia
Southern Chemical Corpora
tion, began operating a 
titanium tetrachloride plant 
at Natrium, W. Va. A new 
trichlorethylene plant was 
completed at Barberton, 
Ohio. 

RESEARCH&DEVELOPMENT 
Expanded facilities in new and modem labora
tories, plus growing budgets, assure new and 
improved glass, paint, chemical and other 
products. New techniques and equipment, 
perfected by research and development teams, 
are helping speed production. These forward
looking programs not only mean continued 
progress at Pittsburgh Plate and Columbia
Southern, but also better products and service 
for the customer. 

OUTSTANDING CAREER OPPORTUNITIES 
Progress and diversification at Pittsburgh Plate is providing excellent career 
opportunities for qualified graduates. If you are interested in putting your 
talents and initiative to work where they will be respected and rewarded, by 
all means look into your career possibilities with Pittsburgh Plate Glass 
Company. Write to General Personnel Director, One Gateway Center, 
Pittsburgh 22, Pa. 

CHEMICALS BRUSHES PLASTICS • FIBER GLASS 

PITTSBURGH PLATE GLASS COMPANY 
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Planning for growth. Joe Hunt (left) talks with Jim Robinson (center), District Construction Foreman, and 0. D. Frisbie, 
Supervising R epair Foreman. In Joe's district alone, 600 new telephones are put into service every month. 

"I'll take a growing company" 

70,000 telephones to keep in operation ..• 
$20,000,000 worth of telephone company prop
erty to watch over ... 160 people to supervise 
-these are some of the salient facts about Joe 
Hunt's present job with Southwestern Bell 
Telephone Company. He's a District Plant 
Superintendent at Tulsa, Oklahoma. 

"It's a man-sized job," says Joe, who grad
uated from Oklahoma A. & M. in 1949 as an 
E.E. "And it's the kind of job I was looking 
for when I joined the telephone company. 

"I wanted an engineering career that would 
lead to future management responsibilities. 

Moreover, I wanted that career to be in a 
growing company, because growth creates real 
opportunities to get ahead. 

"But to take advantage of opportunities as 
they come along, you must have sound training 
and experience. The telephone company sees 
that you get plenty of both. Really useful train
ing, and experience that gives you know-how 
and confidence. Then, when bigger jobs come 
your way, you're equipped to handle them. 

"If I had it to do all over again, I'd make 
the same decision about where to find a career. 
Now-as then-I'll take a growing company." 

Interesting career opportunities exist in all 
Bell Telephone Companies, as well as at Bell 
Telephone Laboratories, Western Electric and 
Sandia Corporation. Your placement officer can 
give you more information about these companies. BELL TELEPHONE SYSTEM 

L----------------------------------------------------------------------------------J 
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I. Do you wish to extend your experience 
in electronics systems? 

2. Would you like to instruct others in 
advanced fire control systems and labora
tory techniques? 

3. Would you like to handle a responsible 
position representing a leading electronics 
organization? 

4.Do you believe that you can accurately 
relate your findings and studies in tech
nical language? 

5. Are you interested in such devices as an· 
alog computers, digital computers, power 
supplies, transmitters, receivers, and rni· 
crowave antennas? 

&.Do you enjoy working with people? 

If you can answer "yes" to four of the 
above questions and have an Electrical 
Engineering or Physics degree, chances 
are that you can qualify for one of the 
several engineering positions in the 
Hughes Field Engineering department. 

In addition to giving you well-rounded 
experience in electronic systems and con
trols, Hughes offers you training at full 
salary, moving and travel allowances, per 
diem expenses, and many other benefits. 
For further information write Mr. W. A. 
Barnes at the address below. 

r------------------------
1 
I 

I HUGHES 
I I 
I I 
L-----------------------~ 
RESEARCH AND DEVELOPMENT LABORATORIES 

SCIENTIFIC STAFF RELATIONS 

MINNESOTA TECHNOLOG 



Pocket-size pound of pleasure I 

New RCA Transistor Radio 

Drop a gentle hint (like enclosing this 
ad in your next letter home), and come 
graduation time you could be getting 
this amazingly ingenious radio. 

transistors. The cabinet is long-lasting, 
too. It's the fabulous, guaranteed non
breakable "IMPAc" case. Cabinet colors 
include antique white, charcoal and 
spruce green. 

to bring you ever-better "Electronics 
for Living." . Tmk(s)e 

It's a new RCA Victor Transistor Six, 
and this one you can really take along 
anywhere. It's smaller and lighter than 
the average textbook- and lots more 
fun. 

You can carry it easily in pocket or 
purse. It weighs a mere 16 ounces, 
yet delivers a roomful of sound any
time you wish. 

The RCA Victor Transistor Six is bat
tery-powered and uses six long-lasting 

And note the price-now just $49.95! 
This beautiful little bargain is typical 

of the extra value engineered into every 
product of RCA. For, almost without 
exception, these achievements in elec
tronics begin at the David Sarnoff Re
search Center in Princeton, New Jersey. 
Here the scientists and engineers of 
RCA continually seek-and very often 
find- practical and dramatic new ways 

Where to, Mr. Engineer? 

RCA offers careers in research, de
velopment, design and manufactur
ing for engineers with Bachelor or 
advanced degrees in E.E., M.E. or 
Physics. For full information, write 
to: Mr. Robert Haklisch, Manager, 
College Relations, Radio Corpora
tion of America, Camden 2, N.J. 

~ RADIO CORPORATION OF AMERICA 

~ Electronics for Living 
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ENGINEERS: HERE'S DOUBLE TROUBLE! 

Have you ever dreamed of two beautiful girls coming to drag you away from your books and take you 
out on a real party? Just think, you and two dolls who are giving all their time and affection to only you! 
Let's see what happens when two such beautiful girls plot against an engineer to bring about his ruin. 

The lucky victim in this little plot is Norman Jensen, 
a fifth year Mechanical Engineer. 

The trouble twins immediately resort to a different 
method of distraction and with disastrous results to 
the cause of engineers. Norm falls before temptation. 
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Mary and Martha, two curvaceous bundles of 
trouble have plotted against trusty ol' Norm and are 
busily engaged in persuading him to leave the books 
and slide rule behind. Norman, however, is a true 
engineer for he resists this temptation and sticks to 
the scholastic theory of life. 

MINNESOTA TECHNOLOG 



Once they have their victim 
away from the books, the 
twins resort to the original 
plan of attack. Norman, com
pletely taken in by the plot, 
thinks he is in a real paradise; 
but little does he know his 
hours are numbered. 

The evening is almost over and the twins 
hustle our hero to the door simply as a matter 
of courtesy {he never would have made it 
alone). According to custom, they offer him a 
good night kiss, but Norman doesn't seem to 
realize the predicament he's in. 

MARCH 1957 

Later in the evening fate 
strikes Norman a terrible blow 
and his paradise is destroyed. 
It seems his chair jumped out 
f r o m underneath him. The 
trouble twins seize the oppor
tunity to dig deeper into his 
defenses by giving him aid 
and comfort, though really 
they are taking a careful esti
mate of the damage that has 
been done. 



Early the next morning the 
twins romp in on the gladiator 
to survey the wreckage. It 
seems his head is a little large 
and his joints a little stiff (must 
be old age). The trouble twins 
set about to loosen the old 
boy up. 
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That must have done it for ol' 
Norm as he surrenders grace
fully (he passed out). The twins 
assume the traditional position 
of victory and extend their 
challenge to any engineer who 
feels particularly rugged. Man, 
what a way to die. 
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U-Control 
U do at Grumman. Here' all phases of engineering and all types of engineers 
pull the strings in the design and development of high Mach jets. 
At Grumman you won't find yourself all tied up for life as a, well-
Chief of Port Navigation Light Department. Reason: Grumman is too small 
(relatively) and too busy with too many exciting projects. 

·The latter include missiles, jets, STOL's, revolutionary amphibians, 
even boats that fly on sea wings. H U-R-Interested drop a line to 
Mr. A. T. Wilder, Engineering Personnel Director. 

MARCH 1957 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE • LONG ISLAND • NEW YORK 

Designers and builders of the supersonic FllF-1 Tiger, transonic F9F-8 Cougar jet fighter, 
F9F-8T Cougar fighter-trainer, F9F-8P Cougar photo-reconnaissance, S2F anti-submarine 
Tracker, SA-16 Albatross rescue amphibian, metal boats, and Aerobilt Truck Bodies. 
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Frank Kovalcik, Purdue' 48, Covered 24,000 Miles in 
1956 as Western Editor of ELECTRICAL WORLD 

I
F YOU'RE LIKE MOST PEOPLE, you thlnk of an 
editor as a man who's "chair-borne" most of the 
time ... tied to a desk at an indoor job. 

Nothing could be further from the facts when it's 
a McGraw-Hill editor you're thinking about. Frank 
Kovalcik, Western Editor of McGraw-Hill's 
ELECTRICAL WORLD Magazine, can quickly tell 
you that. He's anything but a desk man ••• covers 
11 states and part of Canada. Frank says: 

"In 1956, I made eight major :field trips, covered 
close to 24,000 miles. I was underground in a trans
former vault in Los Angeles, inside a diversion tun
nel in Idaho, atop a steel transmission tower in 
northern California. Projects visited included The 
Dalles multi-purl?ose project, Hoover Dam, Hells 
Canyon, and even behind the scenes (electrically) at 
the Republican National Convention. But none of 
them can touch the "Operation CUE" A-Bomb test 
I covered a year ago! 

"My chance to witness the detonation of a nuclear 
device came when the Federal Civil Defense Admin
istration and the A.E.C. decided to test non-military 
effects of the blast. I reported on what happened to 
electrical utility lines and equipment." 

(Frank wouldn't say so, but his story set a record .•• 
from explosion to editorial pages in four days! The 
pictures at right were part of his original coverage of 
this fast-breaking- "hot" -news story for his maga
zine.) 

McGraw-Hill As A Place to Work 

Frank can tell you about this, too: 
"My first editorial job-with the Purdue Expo

nent in college-didn't use my engineering training, 
but it showed me the way to communicate what's 
new in engineering . . . to report and interpret the 
work of engineers for the benefit of other engineers. 

"When I got :my B.S. in E.E. I started with 
ELECTRICAL WORLD in New York. Within a year 
I was promoted to Assistant Editor and made re
sponsible for a department of the magazine. Before 
the big jump to San Francisco as Western Editor in 
'54 I served briefly as assistant to the managing 
editor. 

"As Western Editor my search for news takes me 
into all important phases of the electric utility indus
try-and into association with top management and 
engineering men. Working with them is a constant 
reminder that the choice of an engineering-editorial 
career was the right one for me." 

YOU-and McGraw-Hill Magazines 
You, too, may :find the right opportunity for your
self with McGraw-Hill-the world's largest pub
lisher of business and technical magazines. If you 
are the kind of man we're looking for-both an engi
neer and an alert, inquisitive, knowledgeable man 
who likes to report, appraise and write, we want to 
talk with you. 

Send today for your copy of "Successful Careers 
in Publishing at McGraw-Hill" for information 
about career opportunities. Or write to us about 
yourself. We're interested in your background, extra
curricular activities, college record, summer jobs and 
career goals. Write to: 

Peter J. Davies 
Assistant to The Editorial Director 

McGraw-Hill Publishing Company, Inc. 
330 West 42nd Street, New York 36, N. Y. -I 

Advertising sales 
~ 0 P]JOrtu 't • .excellent job o . nz zes, too! 
Graw-liiJJ. :Penmgs exist 

-, 
tio 1 lllagazines, do . on lllany Me-

• • .ti na , for advertisin lllestlc and inte 
McGraw-Hill Magazines L ul Careers" Will giv!~:St~a;~~:'Succ:-
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McGraw-Hill Publishing Company, Inc. 
830 West 42nd Street, New York 36, New York 
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... an editor on the go 
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Frank Kovalcik (right) and 
Karl M. Bausch, Chief Elec
trical Engineer of Bechtel Co. 
and official observer at "Oper
ation CUE" for the Edison 
Electrical Institute. Smaller 
illustrations taken by Frank 
show typical blast damage 
caused by a test detonation 
of a nuclear device to electric 
utility lines and other facilities. 
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One of many pilot plants at Standard's Whiting Laboratories. Scientists and engineers fre
quently take new processes from the "bench-scale" all the way to final field application. 

Like to try on this man's shoes? 
DoNALD PLAUTZ belongs to 

the group of engineers at 

Standard Oil's Whiting, Indiana, 
Research and Engineering Laboratories who 
are fitted by training and talent for a process 
engineering career. His fraternal affiliations 
include Phi Eta Sigma, Tau Beta Pi, Phi 
Lambda Upsilon and Theta Tau. 

B.S. (University of Wisconsin); M.S. (Ohio 
State); Ph. D. (University of Illinois), all in 
chemical engineering, Dr. Plautz has utilized 
this training in carrying out varied· responsi

bilities on development of the Ultraforming 

process. He has operated pilot plants, corre
lated data, prepared process manuals, and 
assisted in the initial operation of new Ultra
forming units. 

Ultraforming is an intricate refining process 
which Standard invented, patented and makes 
available to other refiners, as licensees, to pro
vide increased yields of high octane gasoline. 

Perhaps you're not ready to try on this 
man's shoes yet, but Standard Oil offers out
standing career opportunities to college men 
in almost all fields of science and engineering. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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To the engineer ... 

AiResearch two stage lightweight gas turbine 
compressor provides pneumatic power for aircraft main 

engine starting and serves as auxiliary power sourt;e 
for a variety of ground and in-flight services . 

• The rapid scientific advance of our 
modern civilization is the result of 
new ideas from creative minds that 
are focused on the future. Our engi
neers not only have ideas but have 
the ability to engineer them into 
products. 

That's why The Garrett Corpora
tion has grown in both size and 
reputation to leadership in its areas 
of operation. That's why we are seek· 
ing more creative engineers to help 

us maintain and extend our leader
ship. If you fall in that category, 
you'll find working with us fulfilling 
in stimulation, achievement and 
financial rewards. In addition, finan
cial assistance and encouragement 
will help you continue your educa
tion in the graduate schools of fine 
neighbor~ng universities. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig-

THE CORPORATION 

eration systems, pneumatic valves 
and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer, 
electro-mechanical equipment, elec
tronic computers and controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these af\d other fields. 
Send resume of education and expe
rience today to: Mr. G. D. Bradley 

88Sf S, SEPULVEDA IILVD., LOS ANGELES 45, CALIFORNIA 

DIVISIONS: AllfltS/£ARCH MANUI'ACTURING, LOS ANGELES • AIR/£SEARCH MANUFACTURING, PHOENIX o AIRSUPPLY 

AllfltSitAifCH INDUSTRIAL o REX • AltlfO ltNGINEitRING • AIR CRUISIERS o AIRESEARCH AVIATION SERVICIE 
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Engineering 
building and had become a flourishing department. When 
Northrop Memorial Auditorium was built in 1926 a part 
of the Mechanical Engineering Building had to be re
moved; so a central structure was added joining the old 
Electrical Engineering Building and the remaining part 
of the Mechanical Engineering Building. Thus enlarged, 
the structure housed mechanical engineering until its 
present home was erected. 

By the turn of the century, engineering had become 
such an important school here at the University, that it 
became the College of Engineering and Architecture. This 
college grew along with the rest of the University. Main 
Engineering was finished in 1912 to house civil engineer
ing, architecture, and the Mathematics Department, as it 
does today. Shortly before, in 1911, the Experimental 
Engineering Building was completed, and was rated as 
one of the finest experimental buildings in the country. 
It has undergone many changes since that time to provide 
us with the equipment it has today. 

If a shorter period of schooling can be considered an 
advantage, the engineering students from 1919 to 1946 
had an advantage. During this time the four-year cur
riculum flourished. But immediately following World 
War II the faculty again felt that the five-year course 
enriched with social-humanistic studies was necessary. 

' 
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The Department of Aeronautical Engineering came 
into existence in 1929 with an enrollment of 126. By 
1940 it was the largest department in the Institute of 
Technology with an enrollment of 546; thus taking this 
honor away from the School of Architecture which had 
held this distinction since the early days of engineering 
at the University. 

The Institute of Technology amalgamated the College 
of Engineering and Architecture, the School of Chemistry, 
and the School of Mines and Metallurgy in 1935. Last 
year the School of Physics was added. The present enroll
ment of the Institute is about 3500. 

The addition of new, and the combining of old depart
ments has greatly enhanced your present opportunities 
for engineering training so that you may obtain the type 
of education you desire. 

This recounts the growth of engineering to the present 
time here at the University of Minnesota. Improvements 
have been made, new buildings provided, and more and 
better equipment obtained so that you can acquire a 
more thorough engineering background. 

Remember, it was not too many years ago that certain 
departments in the Institute of Technology did not have 
the buildings or equipment to work with that they now 
have. We present engineering students can consider our
selves fortunate to have all these facilities. 

Engineer's Bookstore 
Main Engineering Building 
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Ideas grow and grow at 

• • • "", UNION CARBIDE 

~~ 

. . . . . . . . . . . . 
• 

UCC DIVISIONS INCLUDE: 

Bakelite Company 

Carbide and Carbon Chemicals Company 

Electro Metallurgical Company 

Haynes Stellite Company 

Linde Ai r Products Company 

National Carbon Company 

Silicones Division 

Union Carbide Nuclear Company 

.\ ~ 
'\. ' 

Last year, approximately one third of Union Carbide's 
total sales were of products not available 15 years ago. 
For the past 25 years,. the Corporation has averaged one 
new product a month. Now it is introducing them at the 
rate of two a month. 

Ideas born in Union Carbide Laboratories grow 
•. . from exploratory and fundamental research to 
applied research and product and process develop· 
ment ... through pilot plants to production to sales . 
In all these fields the Divisions of Union Carbide 
need engineers, chemists, physicists, and business 
and liberal arts majors. For more information write 
Co.ordinator of College Recruiting. 

UNION CARBIDE 
AND CARBON C ORPORAT I ON 

30 East 42nd St. 1!13:3 New York 17, N . Y. 
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• 
. . . on the second language 

"Our first language is English. Our second is Mathe
matics. Not all of us are truly bilingual. but probably 

all are versed in a few concepts of Mathematics ,_, that of 
a function, for example. The majority of us know those 
fields of mathematical analysis which developed with 

the physical sciences well enough to use them as the 

principal tools of our professions. A minority of us -
the professional mathematicians ,_, have pushed on to 

ground which may never become a public park, hut 

parts of which are clearly exciting. Some strive to master 
electronic computers which already compress thousands 
of arithmetical operations· into a second. Others, with 
the sharpest tools of modern Mathematics, carve out 
fields for use where human elements and decisions are 
paramount, and for use on problems which could he 
solved by enumeration, if life were long enough -life 
of the Universe, that is." 

-1. D. Williams, Head of the Mathematics Division 

THE RAND CORPORATION SANTA MONICA, CALIFORNIA 

• 
A nonprofit organization engaged in research on problems related to national security and the public interest 

• 
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Picnic 

, , , 

To some it may be a bit out of season to be celebrating St. Pat's Day, but not so with the engineers. 
When the lOth and 11th of May roll around, every engineer will be clad in green and ready to pay 
homage to their patron saint. 

The two days have been set aside as an official IT holiday. After the second hour on Friday, every 
engineer is invited to relax and partake in the celeb~ation. So, engineers, throw your books in the corner 
and have fun at the 1957 Engineers' Day. The program for this year has been planned with the enjoyment 
and fun for every engineer in mind. 

Friday, 

1957 Engineers' 

10:20 
10:45-

Noon -Golf a 

Sche~ule ( 

9:00 PM - E-Day Rrf'W~...+--J-I,.,+,ol 

Day 
1 

I 

The E-Day Picnic is one event that has been receiving a good 
deal of this year. The E-Day Committee has been 

tO~'Ilf"'I!'1Q~ effort to make it in history. 
sons' of 

stuff up with 
't!n!IIP:Pii~ to make it even 

ball, sack races, 

Revue 

One t~~ lh~ c~rta •.iWt' 
E-Day Revue. This annual st;;ge show, 
is acclaimed to be the best show of its l<ind;crilywhere. From 

MARCH 1957 

Brawl 

The crowning 
E-Day Brawl. It i 
tion of St. Pat a 

the Hotel leamingto 
"Hall of States," room jus mpleted last year, is in the 
opinion of th - ay c mittee, es~ place for the 8rawl. 
To furnish slow, mooth mus1c the ~'!Ihgineers like, the 
Brawl commi~e has aFquired St9n Haugesac and his orchestra 
with vocalist. ' lrhe admission is dnl~ $2.50 and with that you 
get a marriage certificate, a wedding ceremony with ring, and 
an annulment at the end of the evening. 
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to back up our belief that 

We•re going to build a proposition which we believe 
deserves your most serious consideration, if you are a me
chanical or electrical engineer. This proposition is built 
on pure and simple fact-no high flown promises or broad 
generalities. Our proposition: you and Collins should get 
together. We present these facts to support it. 

FACT NUMBER 1: 
Collins Radio Company's sales have increased 10 fold in 
each of three successive seven year periods. 1933 sales were 
$100,000; 1940 sales, $1,000,000; 1947 sales, $10,000,000; 
1954 sales ~1 00 000 000, and 1956 sales, $126,000,000. (Note 

,iP ' ' • h graph.) This company has grown, and is growmg ~t a p e-
nomenal rate. Total employment is 9,000 of which 24% 
are research and development personnel. 
You grow when the company you work for grows. 

FACT NUMBER 2: 
As shown in the graph at right, the employment of research 
and development person~el has increased s~eadily ?espite 
fluctuation in sales. Notice that even dunng penods of 
national sales regression Collins continued to strengthen 
its engineering staff. 
Collins has based its growth on the solid foundation of 
stability in the engineering department. 

FACT NUMBER 3: 
At Collins, the ratio of engineers to total employees is 
extremely high, far higher than the average among estab
lished companies engaged in both ?ev<:lopment a?d P.ro
duction. First and foremost, Collms ts an engmeenng 
company. 
Engineering is king at Collins-never takes a back seat 
to production expediency. 

FACT NUMBER 4: 
Collins' reputation for quality of product is universally 
recognized. It h~s led to Collin~' phenomena~ sa.les record. 
At Collins there IS no compromise when quahty IS at stake. 
If you're the man we want, you'll get real satisfaction 
out of this quality-consciousness. 
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FACT NUMBER 5: 
Electronics is Collins' only interest. In no way is it sub
sidiary to the manufacture of industrial or consumer prod
ucts. Collins builds electronic equipment, not airplanes or 
vacuum cleaners. Every research, development and pro
duction facility is devoted to progress in electronics. 
lf electronics is your interest, you'll like the climate at 
Collins. 

FACT NUMBER 6: 
There is a limitless variety of fields and types of work for 
the Collins engineer. Recent Collins work in air and ground 
communication, and aviation electronics include develop
ments in transhorizon "scatter" propagation; single side
band; microwave and multiplex systems; aircraf~ pr?ximity 
warning indicator; aviation navigation, co~mumcat1on and 
flight control; broadcast; and amateur eqmpment. 

There is big opportunity for your special talents. 

Right now we are pre~ared to offer yo~ a te~hnical or 
supervisory assignm~n~ m one of many ~n~~restmg fields. 
And the sky is the hrmt as far as responsibility and salary 
are concerned. 
You will work in one of Collins' new research and develop
ment laboratories located at Cedar Rapids, Iowa; Dallas, 
Texas; and Burbank, California. Offices and subsidiary 
companies are located in New ~ork; Wash.ington,,D. C:; 
Miami· Knoxville· Seattle; Hickman Mllls, Missoun; 
Toront~, Canada; London, England; and South America. 
All your moving expenses are paid. Company benefits are 
tops in the industry. · 

We repeat-if you are a mechanical or electrical engineer, 
you and Collins should get together. Take the first step 
now, for more information, write: 

L. R. Nuss 
Collins Radio Co. 
Cedar Rapids, 
Iowa 

FRED AIKEN 
Collins Radio Co. 
2700 W. Olive Ave. 
Burbank, California 

HAROLD McDANIEL 
Collins Radio Co. 
1930 Hi-Line Drive 
Dallas, Texas 

MINNESOTA TECHNOLOG 



This graph shows the relationship between sales and employment 
of engineering personnel at Collins. Notice the steady increase in 
research and development employment despite sales fluctuations. 

Collins new research laboratory building at Cedar Rapids, Iowa. 
Air-conditioned, shielded against radio waves, completely equipped. 

CREATIVE LEADER IN ELECTRONICS 

COMPANY • CEDAR RAPIDS • BURBANK • DALLAS 
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CANDIDATES 

ROALD HAUGEN -

SAM - President 
Tech Commission 
Plumb Bob 
Pershing Rifles 

FOR 

ST. PAT 

OF 

1957 

• 

RON SAUNDERS -

E-Day 
SAM- Secretary 
ASME 
High School visitation program 

JOHN R. OSBERG

ASCE Treasurer 



JOHN KREUTHMEIER -

Tech Commission 

E-Day Assistant Chairman 
ASME President 

Plumb Bob - President 
Triangle Fraternity 

High School visitation program 

KEN HASS-

President, School of Mines Society 

Graduate representative to Metallurgical Science Club 
Plumb Bob 

American Institute of Mining, Metallurgical and petro
leum Engineers 

American Society for Metals 

Welcome Week Activities 

High School Visitation 

School of Mines E-Day Chairman 

School of Mines Research Fellowship (Recipient) 

HARRY BOLL-

E-Day '56 General Chairman 
AlEE-IRE Chairman 

Tech Commission 

Tau Beta Pi- President 

Eta Kappa Nu 
Grey Friars 

Triangle Fraternity 
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In the 18th CENTURY 
this ''condensation pump'' was a real innovation 

mEVELOPED by Thomas Savery in 1698, this water 
raising engine operated as follows: steam admitted to 
vessel "A" displaced water in the vessel, forcing it up 
through check valve "B." Then a stream of water 
was poured over the outside of vessel "A" causing 
the steam within to condense. The resulting "vac
uum" drew water up through check valve "D," again 
partially filling the vessel. This cycle was repeated 
alternately in two vessels- resulting in a crude con
denser-operated pump. 

T 0 DAVit~ the 1-R rectangular condenser 

COMPRESSORS • BLOWERS • GAS .& DIESEL ENGINES • PUMPS· VACUUM EQUIPMENT 

AIR & ELECTRIC TOOLS • MINING & CONSTRUCTION EQUIPMENT 

12·475 

that's setting the standards 

of performance in modern 

steam power plants 

1-R Surface Condensers are a 
vital adjunct to modern, high
pressure steam turbines. Ingersoll
Rand research and engineering 
over the years have steadily in
creased condenser efficiency per 
cubic foot of space, effecting econ
omies in installation cost and sta
tion construction. 

The forward looking twin shell 
condenser at the left, integrated 
with a 191,000 KW turbine, marks 
another important advance in con
denser design by Ingersoll-Rand. 

If you're interested in a profit
able, progressive career in engi
neering look into the job opportu
nities available at Ingersoll-Rand. 
For further information contact 
your placement office or write to 
Ingersoll-Rand. 
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How to make the most 
of your engineering career 
ONE OF A SERIES 

go where 
research gives you plenty 
0 f 8 e rv iCe Many things can help-or hinder

your progress in engineering. One 
such is the kind of research available in 
the company you join. 

This, by no coincidence at all, is another 
area in which Boeing can be of r~al help to 
you. Boeing backs its engineers with one of 
the most extensive arrays of research 
laboratories in the industry. In addition, 
electronic computing and data processing 
equipment gets you the answers you want
fast. So do such facilities as the huge Boeing 
Flight Test Center. And the Boeing wind 
tunnel, most complete and versatile privately 
owned tunnel in America. This outstanding 
facility, capable of velocities up to Mach 4, is 
at the full-time disposal of Boeing engineers. 
It has enabled Boeing to gain more wind 
tunnel time in the field of jet aircraft 
than any other company. 

These facilities help Boeing engineers 
maintain leadership in advanced fields of 
flight. They help Boeing research engineers 
and scientists extend the boundaries of 
knowledge in many fields. They could 
help you get ahead. 

At Boeing you'd enjoy many other 
advan~ges; a high starting salary, career 
stability, a liberal retirement plan and 
company-paid graduate study programs. 
There are family advantages too; a choice 
of three sections of the country, each with 
excellent housing and schools, shopping 
centers and abundant recreation 
facilities for the whole family! 

NOW is the time to start planning ahead. 
Consult your Placement Office, or write: 

JOHN C. SANDERS, 
Engineering Personnel Administrator, 
Boeing Airplane Co., Seattle 24, Washington 

FRED B. WALLACE, 
Chief Personnel Engineer, 
Boeing Airplane Co., Wichita 1, Kansas 

IIOEINO 
Seattle, Washington Wichita, Kansas Melbourne, Florida 
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Will Hydrojets Rule The Waves? 

H
ow MANY times have you sheared a pin on your out
board motor? Then have had the pleasure of leaning 
over the water to replace the pin, with the possibility 

· of dropping propeller and all to the bottom. And what a 
rock couldn't do to an inboard boat with a propeller! 
Let's eliminate these problems by eliminating the pro
peller. The hydrojet uses a centrifgual pump in the boat 
instead of a propeller in the water. All that extends out 
under the boat is a nozzle to direct the water leaving the 
pump. 

How is a boat propelled? First consider the propeller. 
The propeller pushes back on the water while the water 
pushes forward on the propeller. 

The fluid passing through the propeller is called the 
slipstream. Its velocity increases as it approaches and 
leaves the propeller. The propeller and the boat travel at 
a velocity V1 relative to the water. At some distance be
hind the propeller, the velocity has increased to V 2• The 
force pushing the boat equals the mass rate of flow of the 
water times its velocity change: F = Mw (V2 - V1). 
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by Paul M. Webster 

The centrifugal pump does exactly the same thing. The 
velocity of the fluid entering the center of the pump is 
approximately V1 . The impeller increases the velocity to 
abou~ V2• It then ejects the water out the nozzle. 

The easily damaged propeller extends about a foot 
below the keel of either an outboard or an inboard. The 
nozzle of the hydrojet extends out only a few inches and 
probably is stronger than the bottom of the boat. The 
intake to the pump is flush with the bottom. Without a 
propeller churning the water, you would have a safer 
boat. In water skiing especially, you could come as close 
to a fallen skier as you liked without danger of hurting 
him. After the skier fell, you could also turn around and 
go over the tow line without cutting it. 

Toe shallow draft of the hydrojet allows you to come 
very close to shore with no concern for damaging a pro
peller. I have spent many precious holiday afternoon 
minutes tilting the outboard up so that the propeller was 
barely in the water and holding it there for 50 feet over 

(Continued on Page 487) 
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~ln1 Walker asks: 

James B. Walker received his B.S. in mechani
cal engineering from North Carolina State 
College in June, 1954, and was working to
ward his M.S. in the same field when he was 
called for military service. 

Can a mechanical engineer make real progress in a chemical firm? 

"'Pick'' Pickering ans"Wers: 

You might call that a leading question, Jim, but the 
answer leads right into my bailiwick. I came to 
DuPont in 1940, after taking a combined mechanical 
and electrical engineering course. So I had what you 
might call a double reason for wondering about my 
future with a chemical firm. 

I soon learned that' the success of a large-scale 
chemical process hinges importantly on mechanical 

equipment. And the success of this equipment-especially for a new process 
-depends on (l) Research, (2) Development, (3) Plant Engineering, and 
( 4) Close Supervision. The net result is that a mechanical engineer at DuPont 
can progress along any one of these four broad highways to a top-level position. 

My own DuPont experience includes mechanical engineering work in 
fields as varied as atomic energy, fabrics and finishes, and nylon manufacture. 
Every one of these brought with it a new set of challenging problems in con
struction, instrumentation and power supply. And every one provided the 
sort of opportunities a man gets in a pioneering industry. 

So, to answer your question, Jim, a mechanical engineer certainly has 
plenty of chances to get somewhere with a chemical company like DuPont. 

H. M. Pickering, Jr., received a B.S. in M.E. and E.E. from the University of Minnesota in 
1940. He gained valuable technical experience at Hanford Works, in Richland, Wash., 
and in DuPont's Fabrics and Finishes Plant at Parlin, N. ]. Today, he is Assistant Plant 
Manager at Du Pont's Seaford, Del., plant, where nylon is made. 
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ltEG.U.~PAT.Off. 

BffiER THINGS FOR BETIER LIVING 

••• THROUGH CHEMISTRY 

WATCH "DUPONT THEATER" ON TELEVISION 

WANT TO KNOW MORE about working with 
Du Pont? Send for a free copy of "Mechani
cal Engineers at DuPont." This 24-page 
booklet describes in detail the four broad cate
gories of jobs mentioned by "Pick" Pickering. 
Typical pioneering problems in each of these 
four categories are outlined. This booklet 
briefs a young mechanical engineer on how 
some of the newest and most challenging 
problems in his field were solved. Write to 
E. I. du Pont de Nemours & Co. (Inc.), 
2521 Nemours Building, Wilmington, Del. 

481 



~~Engineers like 
yourselves ... 

• . . are finding their widest opportunities in the air
craft industry. Today's accomplishments are merely 
forerunners of the supersonic and hypersonic aircraft 
and missiles of tomorrow. 

"You're aware of the current demand for engineers, 
but did you know that the greatest shortage is in 
the aircraft industry? That's because the challenge of 
transporting men, materials and, armament through 
the air at constantly increasing speeds involves a 
greater number of basic sciences than possibly any 
other field of research and development. In this in
dustry, any area of engineering study offers you a 
profitable and unlimited future. 

"And remember, these engineering opportunities 
will result in personal satisfaction as well as high 
returns in salary and security. So between you and 
me, I'd advise you to consider seriously the aircraft 
industry as you plan your career." 

A ll across the nation this sound advice is 
..t1.. appreciated by students who are searching for 
the most promising careers in engineering. With time 
and space being vastly diminished by today's aircraft 
and missiles, and by those to come, possibilities for 
creative engineering at Northrop Aircraft, Inc., are 
unequalled anywhere. 

At Northrop such vital projects as theSnarkSM-62, 
first intercontinental guided missile, and Northrop's 
new supersonic jet trainer, the world's fastest flying 
classroom, will continually spark your interest and 
enthusiasm. Northrop research accomplishments in
clude automatic guidance controls for missiles .and 
manned aircraft, significant advances in the field' 
boundary layer control, new type materials for 
strengthening aircraft and missile components, and 
integrated ground support systems for the most: 
advanced flight equipment. / I 

In Northrop's new multi-million-dollar engineer 
ing center you will be working in ideal, modern sur • 
roundings with leading engineers and scientists who 
will encourage your initiative and ideas. 

Write now regarding an interesting future with 
Northrop. Ask us questions ... let us tell you about 
our future. We sincerely believe we can help you. 
Write to Manager of Engineering Industrial Rela · 
tions, Northrop Aircraft, Inc., 1019 East Broadway.--=-... -
Hawthorne, California. 

& 
NORTHRO 
NORTHROP AIRCRAFT, INC.,HAWTHORNE, CALIFORNIA 
Builders of the First Intercontinental Guided Missile 
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Greek- Notes 

KAPPA ETA KAPPA-

Kappa Eta Kappa, professional 
electrical engineering fraternity, re
cently held its annual Founder's Day 
Banquet at the Curtis Hotel. Dr. 
Cledo Brunetti, Director of Research 
and Development at General Mills 
Inc., spoke on Automation. 

Our "second home" is at 531 Wal
nut Street S.E. KHK consists of elec
trical engineering students only. John 
Wiehe Jr. and Sy Ryan were recently 
initiated into Beta Chapter at a 
formal initiation ceremony held at 
Coffman Memorial Union. At this 
same banquet, some new fellows 
started their pledge training period. 
It is the policy of the fraternity to 
pledge a man for one quarter of 
school before he is eligible for active 
membership. 

Several of our actives attended the 
initia.tion of Theta Chapter of Kappa 
Eta Kappa in Milwaukee. This new 
chapter is Milwaukee School of 
Engineering with 46 active members. 
The story is that some of the fellows 
really found out why Milwaukee is so 
famous. 

Two of our members, George Du
Four and George Vandermate, saw 
some of the Western States between 
winter and spring quarter. They tried 
mountain climbing, but found it too 
dangerous, so they decided to go to 
Reno. 

With E-Day coming soon, everyone 
should plan on taking in all of the 
events. The electrical engineering 
building will have open house as will 
the other department buildings. This 
year's "Open House" should be the 
best ever. Kappa Eta Kappa will be 
one of the organizations with displays. 

Some of the speakers at meetings 
this last quarter were Dr. Dekker and 
Dr. van der Ziel of the Electrical 
Engineering Department and Mr. 
Koeper of the School of Architecture. 

Any E.E. interest in KHK should 
stop in at the house or call FR 1-2133. 
The members will be happy to answer 
any questions you have. 
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ALPHA RHO CHI FRATERNITY-

In an attempt to meet more stu
dents who would be interested in 
fraternity life and at the same time 
participate in an outstanding program 
of events, Alpha Rho Chi, national 
fraternity for students of architecture 
and the allied professions, sponsored 
a very complete and successful winter 
quarter Rush Week program during 
the month of January. 

Events were stimulatingly opened 
at the chapter house on Wednesday 
evening, January 9th, in the form of a 
slide lecture by Mr. H. Harvard 
Amason, chairman of the University's 
department of art and. director of 
Walker Art Center. Entitled "School 
of Paris, 1956" the lecture, based on 
Mr. Amason's personal observati_ons 
during his recent stay in Europe 
under a Fullbright, was an evaluation 
of present day aesthetic thought in 
the Paris schools. As it turned out, the 
lecture was a preview for art and 
architecture students, for Mr. Ama
son gave the identical lecture at 
Walker Art Center later in January. 

Friday, January 11, a smoker intro
duced students of art and architecture 
to the chapter members. Invitations 
were given for dinner with the actives 
on Monday night, January 14th. That 
evening a dessert exchange was held 
with Zeta Tau Alpha sorority. 

Professor Donald Torbert of the art 
department presented a slide lecture 
on Louis Sullivan on Tuesday eve
ning, January 15, at the chapter 
house. Following the talk the 
Mnesicles actives and their guests 
were privileged with a private tour 
of the Sullivan Exhibit at the Minne
apolis Institute of Arts, accompanied 
by Dr. Torbert and Miss Helen Har
konen of the Institute. 

On Tuesday and Friday of that 
week luncheons were held for faculty 
members of the department of art and 
architecture, respectively, and a collec
tion of 20 paintings on loan from the 
Kilbride-Bradley Galleries was on 
exhibit. 

Thursday evening, January 17, was 
used for a private tour of the Temple 
of Aaron synagogue, newly completed 
Jewish center in west St. Paul. The 
tour, conducted by Rabbi Bernard 
Raskas, was outstanding in that the 
APX men and their guests had an 
opportunity to view the newly in
stalled stained glass windows designed 
by William Saltzman of Rochester, 
and see the Synagogue's Dedication 
Art Show while touring this outstand
ing building, designed by Percival 
Goodman, New York, AlA. 

Bids were issued to prospective 
pledges and a dance was held at the 
chapter house on Saturday evening of 
that week to mark their acceptance of 
the invitations to pledge. Upon enter
ing through the barrier of blue 
streamers, the couples found them
selves in an atmosphere of gay green, 
red, and blue lights, and the newly 
refurnished hi-fi set made danceable 
music until midnight. 

THETA TAU-

The new house at lOth and 5th was 
actually started in· January and had 
already begun to look like a house 
only a month later. Great plans are 
now in the works for such things as a 
library and a built in hi-fi set. Com
pletion date of the house will be 
some time in August. 

The committee chairmen forE-Day 
are already busy looking for a beauti
ful, charming, properly constructed 
young miss to serve as Theta Tau's 
queen candidate, in hopes of repeat
ing last year's performance by Jackie 
Hanson. Ben Flood and Dan Meaney 
are co-chairmen. 

Rumors have it that the trusty 
chariot, which has already won 
several races for Theta Tau, will have 
a brand new set of tires this year. 
They will be round and should raise 
the cruising speed well above that 
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SHOP-FABRICATED PIPING BY GRINNELL 

With Grinnell shop-fabricated piping- cutting, fitting, welding and assembly "on 
location" is reduced to an absolute minimum. This fact should be of major importance 
to everyone installing piping. For when these operations are performed under the 
less-than-ideal conditions existing in the field, there is always the possibility of less· 
than-perfect results. Errors in cutting or fitting can occur - or welds can contain 
slight imperfections, which may be difficult to detect with field equipment. 

In Grinnell shops, on the other hand, whole sections of complex piping . are 
assembled - every critical point checked with the latest equipment and by the most 
modern methods. When these sections arrive on site, they go up fast and right. 

With Grinnell shop-fabrication, too, there are no unforeseen costs. Included in 
the price (which is determined in advance) are such items of expense as: interpretive 
engineering, shop sketches and planning; procurement of materials, power services, 
expendable tools and supplies. There are no charges for waste material or .s_poilage. 

GRINNELL 
WHENEVER PIPING IS INVOLVED 

Welding under ideal conditions in Grinnell 
shop. (Top) Automatic, submerged-arc weld
ing machine. (Bottom) One of many Grinnell 
welders who must meet full operator quali
fications of the ASME and ASA codes. 

Grinnell Company, Inc., Providence, Rhode Island Coast-to-Coast Network of Branch Warehouses and Distributors 

pipe and tube fittings welding fittings engineered pipe hangers and supports Thermolier unit heaters valves 
Grinnell-Saunders diaphragm valves • pipe • prefabricated piping • plumbing and heating specialties • water works supplies 
industrial supplies Grinnell automatic sprinkler fire protection systems Amco air conditioning systems 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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.................................................................................................. . . 

. 

ADVANCED DEGREES 
can be earned while a full
time employee of CONVAIR

POMONA. Salaries and benefits 
compare with the highest in 
private industry anywhere. 

• . . . . 

lf YOU are graduating in Engineering 
or the Sciences, you owe it to yourself 
to investigate the career 
advantages of becoming a 

CONVAIR 

MISSILES 

PROFESSIONAL ENVIRONMENT 
CONVAIR-POMONA is housed 
in the newest kind of air
conditioned plant. Research 
and Development facilities 
manned by "name" experts. 

MAN 

............................................... 

CONVAIR-POMONA in Southern 
California is the first fully-integrated mis
sile plant in the U.S. Here the Navy's 
TERRIER supersonic missile is designed and 
built. You, as a graduate engineer or science 
major, can build an outstanding career in 
electronics and missiles systems at CONY AIR

POMONA. You will work with the most mod
ern electronic equipment known. Better 
yet, you will work with the kind of friendly, 
informed engineer-scientist groups that are 
pacing the advance into outer space. And 
you will live where the climate and oppor
tunities for spacious living and outdoor 
recreation are unsurpassed in America. 

PROMOTION FROM WITHIN 
assures you of continuing 
evaluation of capabilities and 
the swiftest possible advance
ment in this constantly 
expanding organization. 

CALIFORNIA LIVING 
close to mountains, desert, 
seashore. Modern homes with 
swimming pools are within 
easy price range. Year-'round 
outdoor sports and recreation. 

SEND RESUME FOR COMPLETE 

INFORMATION TO: 

Engineering Personnel Dept. 5-C 

CONVAIR~ 
POMONA, CALIFORNIA •:.y.:• 

A DIVISION OF GENERAL DYNAMICS CORPORATION 

. . . 

. . 

. . . 

. . . . . . 
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PRO~ECT 

BEGINNING ENGINEER•s DREAM 

Within months the first man-made earth satel

lite will be launched by Martin. 

This coming moment in history will mark the 

commencement of the greatest engineering project 

of all time-the conquest of space. 

Today there are many ground-floor opportuni

ties at Martin for new engineers in this newest and 

biggest of all scientific adventures ... It's a begin

ning engineer's dream. 

If yoti are seeking a challenge and a career in a 

new and untried field, you would be wise to investi

gate Project X! 

Contact your Placement Director, the Martin 

Representative, or J. M. Hollyday, The Martin 

Company, Baltimore 3, Maryland. 

IVI,.MW » IIV 
E3 ~ L- -,- I l\v'1 c::::> F=l I!!E!!!:= 
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Education 

MUSIC is the study . of noise. Up to the twentieth
century most of the outstanding musicians were 
Europeans. However, now there are a few Americans 
breaking into the scene. Americans have written such 
classical masterpieces as "Hound Dog in B Minor." "Rock 
Around the Clock in C Major," and "Crisis in Asia 
Minor." The mark of an outstanding musician seems to 
be an awkward name. Examples are Paderewski, Tschai· 
kowski, Rumtagen, and Schroeder. The most famous of 
these is Rumtagen. He was able to cry in three different 
keys as a child. At the age of twenty-one he had developed 
a fourth key. Now Rumtagen has taken up silent singing. 
He stands on a stage before a mob of teen-agers and 
shakes his knees and moves his lips. The teen-agers start 
screaming, and they imagine the sound he is making and 
scream louder. Even if he were singing they couldn't 
hear it. 

ART is generally pursued by a group of people who 
can be recognized by their berets and striped socks. They 
can be spotted almost anywhere on campus by a keen 
observer if a sharp lookout is kept for the pencil and 
paper which are kept in easily accessible places in case 
they should want to sketch something between classes. 
The mark of a successful artist seems to be the fact that 
his work is highly critical. The harder a picture is to 
understand the more successful it is. An especially inter
esting new field has been experimented with lately. It 
consists of hanging up a blank sheet of paper and letting 
the observers imagine their own picture. This way every
one is satisfied and no one is shocked. 

Although this condensation of an SLA course is so 
simple and clear, please do not let this article fall into 
the hands of an SLA student. If they realized how simple 
their course of study is, SLA would be doomed and the 
TECHNOLOG could not keep up with the demand for con
densations of more courses. 

• • • 

Hydro jets 
a shallow rocky bottom. Then there was the time we 
wanted a picture of the boat at top speed. To get close 
enough to the camera we chose a spot on the river where 
the bank dropped quickly. So there I was, full speed 
downstream, just a few feet from the steep shore . .. 
what glory. Wham! The propeller bent on an unseen 
rock, the shear pin broke, and the engine at wide open 
throttle raced away. Shear pins are cheap, but it wasn't 
good for the propeller, the engine, or my pride. 

With an inboard propeller boat, steering is achieved 
by putting a rudder in the slipstream and changing the 
direction of that stream of water with a loss of energy. 
To steer a hydrojet boat, the nozzle is turned, directly 
changing the direction of the slipstream. The nozzle may 
be turned the full 360 degrees, giving you a true reverse 
without any reverse gearing. Therefore, the hydrojet is 
extremely maneuverable. Such a boat will turn around in 
its own length. 
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tllllUOON lULlCOMPAN'f 
SAOINAWt MlCMlGAM 

"Measuring Tools 
for Engineers" 
A Cl1talog and Handbook 
you'll want in school and 
in the field - 32 pages, 
fully illustrated. 

TH~ fuJ:'Kif! 
RULE COMPANY 
SAGINAW, MICHIGAN 

THE LUFKIN RULE COMPANY e Saginaw, Michigan 
Please send me FREE ''Measuring Tools for Engineers and Conlradors, 

NAME:------------------------------------
: SCHOOL.-------------------------------

ADDRESS;--------------------------------
CITYc ___________________ _..TATE: _________ _ 

The workman, through an error, received an empty 
pay envelope. 

"What happened?" he asked the payroll clerk. 
"Did my deductions finally catch up with my salary?" 

The hydrojet is not as good at high speeds. An 
extremely large pump would be required to handle the 
water that a high pitch propeller at high speeds would 
go through. The hydrojet is restricted to inboards. An 
outboard configuration is a little difficult to imagine. It 
costs more. A high capacity centrifugal pump certainly 
costs more than a propeller, shaft and rudder. 

Only a few in many years have come to my attention. 
Recently a man in New Zealand built a 12-foot boat 
which draws only 4 inches of water. Powered by a 10 hp 
English Ford engine, it will go 20 mph. This boat has 
traversed some of New Zealand's most dangerous rapids. 

A little closer to home, I know of a 17-foot Chris-Craft 
with a Jeep engine and a fire truck pump which would 
go about 30 mph. After beaching, the hydrojet would pull 
it right off again. Mud, sand, and stones would go right 
on through the pump. 

For more fun and safety I hope we will see more hydro
jets in the near future. 
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Graduates in engineering, physics, 

applied math., allied sciences: 

You can do much better 

than a "standard" career todayl 

Careers, like cars, come in various models. And now
adays such things as security, adequate compensation, 
vacations-with-pay are not "extras" any more-they're 
just "standard equipment"! 

As an individual, 
you decide whether 
you want whitewall 
tires or maybe a 
sportscar. You 
should do no less 
in choosing where 
you want to work. 
At North American, 
fringe benefits are 
second-to-none; 

MISSI LE DEVELOPMENT bUt YOU Can get 
much more than that. Such extras as creative work, 
advanced technology, latest facilities to implement 
your work-these all add up to rewards an ordinary 
job cannot give. You'll work with men of high profes· 
sional standing. Your personal contribution will earn 
quick recognition. 

It will be worth your while personally, as well as 
financially, to find out about the extras that go with 
a position in any of these four pioneering fields. 

MISSILE DEVELOPMENT ENGINEERING 
The SM-64 Navaho Intercontinental Missile is only one 
of the projects here. You can well imagine the exacting 
standards of the 
work, the quality of 
the facilities, the 
caliber of the men. 
Here you will deal 
with speeds well 
up into multiple 
Mach numbers, 
encountering phe· 
nomena that were 
only being guessed 
at a few years ago. AUTONETICS 

AUTONETICS DIVISION-Automatic Controls Man Has 
Never Built Before. 

The techniques 
of Electro-mechan· 
ical Engineering 
reach their ulti· 
mate efficiency in 
their application to 
missile guidance 
systems, fire and 

.~ ..... ~ flight control sys-
tems, computers 

• ....__..__....,. ___ and recorders. You 
ATOMICS INTERNATIONAL Will explore, Study, 

test, develop and produce apparatus that can extend 
or supersede the human nervous system. 

ROCKETDYNE DIVISION-Builders of Power for Outer 
Space. . 
If you like challenging work, the large liquid-propel· 
lant rocket engine is your field. This Division operates 
the biggest rocket engine workshop in the Free World: 
the Rocketdyne 
Field Test Labora· 
tory in the Santa 
Susana Mountains. 
The engineers and 
scientists say they 
meet more differ· 
ent phases of work 
in a week here than 
in a year of "con· 
ventional" practice. 

ROC KETOYN E 

ATOMICS INTERNATIONAL-Pioneers in the Creative 
Use of the Atom. 
At this Division you will see a new industrial era tak· 
ing shape, and play your part in putting the peaceful 
atom to work for mankind. Nuclear Reactors of various 
kinds, for both power and research applications, are 
designed and delivered to order by Atomics lnternat· 
ional. With many "firsts" to their credit, these dedi· 
cated men continue to spearhead the progress in this 
exacting field. 
For more information write: College Relations 
Representative, Dept. 991·20 Col., North American 
Aviation, Inc., Downey, Calif. 

For more information write: College Relations Representative, Mr. J. J. Kimbark, Dept. 991-20 Col., A · 
~1~a!!d ~d., tw!! ~~i~ni! CAN A VI A I I 0 N, IN C. -~,A 
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Greek- Notes 
attained on the old lumps of black 
tape. 

Annual spring elections held March 
11 resulted in John Erdos being 
elected Regent, Bill Kubon as Vice 
Regent, Dan Rossini as Scribe, Jim 
Faricy as Tre'asurer, and Fred Hall
berg as Corresponding Secretary. 

Several Theta Tau's are planning 
trips to Florida during the spring 
vacation. Among them are John 
Erdos, Dan Meaney, Jim Faricy, and 
Ben Flood. Present plans call for 
driving down in two Volkswagens, 
making the round trip gas bill for 
each car in the neighborhood of 27 
dollars. Several seniors will be taking 
trips to other places with the hope of 
reward in the form of juicy job offers. 

Triangle fraternity-

Pledges are soon to turn active at 
Triangle making current membership 
near normal. Recently, the pledge 
class partied the actives in great fash
ion, along with entertainment by the 
"Varsiteers." The pledges provided 
their own show, complete with a rous
ing tape recording. If pledge coopera
tion persists, activation is almost 
guaranteed. 

Robert 'Tea' McKenna is living at 
Minnesota Chapter o f Triangle 
Spring Quarter. He and Sandy For
seth are out of state Triangles work
ing in conjunction with the work
study program. 

Good times were had by all at the 
annual Quad-Tech. This year's fes
tivities were held at the Hotel Dyck
man, with the four engineering fra
ternities there in full force. 

I crept upstairs, my shoes in hand, 
Just as the night took wing; 

And I saw my wife, four steps above, 
Doing the same darn thing. 

Scientist: " What well developed 
arms you have!" 

Cute Coed: "Yes, I play tennis." 
Scientist: "You ride horseback, too, 

don't you?" 
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your fit.s.t move 
CAN DECIDE THE GAME 

your firs_t job 
CAN DECIDE YOUR FUTURE 

;§~~~§~That important first job can start you off in 
the wrong direction-or it can lead you straight toward your 
goal. If your ambitions are high, Motorola has a place that will 
give you the finest chance possible for the advancement you 
want. You'll get security and good salary, but, more important, 
you'll be working on projects with a future, like missile guid
ance, radar, and microwave. The door is wide open at Motorola, 
and the opportunity to ftilfill your ambitions is yours. 
If you ore on ELECTRICAL ENGINEER, MECHANICAL ENGINEER or PHYSICIST, 
contoct Motorola today. 

CHICAGO, ILL.: MR. L. 8. WRENN, Dept. CO., 4501 Augusta Blvd. 
Challenging positions in Two-Way Communications, Microwave, Radar and 
Military equipment, Television (Color) and Radio Engineering. 

PHOENIX, ARIZ.: 
RESEARCH LAB., MR. R. COULTER, Dept. CO., 3102 N. 56th St. 
SEMI-CONDUCTOR DIY., V. SORENSON, Dept. CO., 5005 E. McDowell Rd. 

Outstanding opportunities in the development and production of Military 
equipment and Transistor products. 

RIVERSIDE, CAL.: MR. C. KOZIOL, Dept. CO., Box 2072 
This new modern research laboratory, located 65 miles from Los Angeles, 
needs men in Missile and Military equipment systems analysis and design. 

Contact your Placement Officer for further lnformatlol\ regarding Interview 
date on your campus or write to one of the above addreues. 

CD MOTOROLA 
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CHEMISTS* ElECTRICAL ENGINEERS* MECHANICAL ENGINEERS* CHEMICAL ENGINEERS 
METALLURGISTS * PHYSICISTS * CERAMIC ENGINEERS * INDUSTRIAL ENGINEERS 

AN ADVERTISEMENT 

YOU READ FROM THE 

BOTTOM UP Specially prepared for Young Engineers and 

Scientists who look more than 1 year ahead 
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Make an appointment through your placement director to see the 
Sylvania representative on his visit to your campus- and write for 
your copy of "Today and Tomorrow with Sylvania." 

~SYLVANIA~ 
SYLVANIA ELECTRIC PRODUCTS INC 

1740 Broodwoy, New York 19, N.Y. 

LIGHTING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY • CHEMO METALLURGY 

Hm---
Then wouldn't it be our duty to the 
human race to eliminate the inferior 
and the misfits? Our western cattle
men doubled the first year weight of 
their herds in less than 25 years of sci
entific breeding. Couldn ' t we expect 
a similar program to, say, double the 
average intelligence of the human 
race in a like number of generations? 
-with greater longevity and disease 
resistance thrown in to boot? Geneti
cists have warned us that the rapidly 
increasing knowledge in their field 
will soon force us to make some 'mo
mentous decisions.' These decisions 
will involve whether or not to breed 
something else close to Nietzsche's 
superman." 

"You certainly do fear the coming 
of Nietzche's superman." 

"Yes I do. I abhor creatures that 
are human in appearance alone. And 
to communicate this abhorrence, let 
me relate a story I read long ago, 
when I was just a kid on a small, mid
western farm.'' 

"Good, I like stories!" 

"I was left alone that night, while 
the rest of the family went to town. 
The wind blew and the house creaked 
and thumped in a terrible manner, so 
to keep from becoming afraid, I picked 
up a pulp magazine and began to 
read." 

"The story concerned the adven
tures of the crew of a space ship, ex
ploring some distant planet. They had 
just landed, and as the dust settled, 
they perceived that they were on the 
outskirts of an inhabited settlement. 
They looked closer and were amazed 
to find that the town looked exactly 
like their boyhood homes in the Uni
ted States! There were the dusty 
streets, and board sidewalks lined by 
neat, white, high gabled houses with 
ivy covered front porches. Further up 
the street they could see the false
fronted buildings that constituted 
'down town'. All of which contributed 
to an overwhelming feeling of nos
talgia and homesickness among the 
crew men. Many were tempted to rush 
out and explore their new discovery, 
but others held back. This was, after 
all, the earth's very first space expedi
tion and a lot depended on their get
ting back. Besides, they had been 
given strict instructions to use the ut
most caution and treat everything as 
dangerous.'' 

(Continued on Page 492) 
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o A not her page for YOUR STEEL NOTEBOOK J 

0 

Steel that lowered housing costs 26% 

T HIS part is a housing that must 
accurately position the spindle of 

a grinding machine that operates at 
high speeds. Dimensional stability is 
of prime importance. The manufac
turer machined the part from bar stock. 
That meant drilling the hole-a costly 
step. Other factors raised costs even 
more. The manufacturer couldn't main
tain the precise tolerances required 
and reduce production costs, too. 

After studying the problem, Timken 
Company metallurgists recommended 
a switch from the bar stock previously 
used to Timken® seamless steel tubing. 
Immediate savings resulted. No drill
ing was required-the hole was already 
there. Scrap loss was reduced. More 
parts were produced per ton of steel. 
One of the annealing operations re
quired with bar stock was eliminated. 
Stress-relieving operations were 
devised to insure complete stability of 
the finished part. Tolerances were held. 
And final reports showed that the 
switch to Timken seamless steel tubing 
cut production cost per housing 26%. 

Want to learn more about steel 
or iob opportunities? 

Some of the engineerins- problems 
you'll face after graduatiOn will in
volve steel. "The Story of Timken 
Alloy Steel Quality" will help you 
learn more about steel. And you 
might be interested, too, in the 

excellent job opportunities de
scribed in " Career Opportunities 
at the Timken Company". Drop us 
a card, ask for one or both book
lets. The Timken Roller Bearing 
Company, Canton 6, Ohio. 

o TIMKEN::;STEEL 
TRA_!l.E·Mf-RK Jt_EG, _~_~ P~. OFF. 

SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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another example of exciting work at los alamos ... 

BREAKING PROBLEM BARRIERS 

Mathematical sup
po;t for many of 
the Laboratory's 
programs is given 
by the Theoretical 
Division, which 
also pursues its 
own investigations 
in hydrodynamics, 
magnetohydro
dynamics, com
puter theory and 
design, and other 
fields. The vast 
amount of com
putation involved 
has brought about 
the creation at 
Los Alamos of 
the largest known 
computing center 
devoted exclusively 
to scientific work. 

los 

The linearized Boltzmann equation shown abQve 
describes the transport of neutrons in a slab. Its 
mathematical structure was first completely wor)(ed 
out at Los Alamos. Many fundamental studi~s in 
·disciplines, ranging from pure mathematics through 
biology, have ~ been published by scientists at the 
Laboratory. 

The Laboratory is entering a new phase of scientific 
endeavor. Pioneering activities in the unexplored 
realms of nuclear power, nuclear rocket engines, and 
controlled thermonuclear power have been added to 
its weapons program; experiments are being planned 
and carried out at pressures and temperatures far 
beyond any previously created by man. These activ
ities exemplify the imaginative approach by which 
the Laboratory maU,tains its pre-eminence in scien
tific achievement. 

alamos 
OF THE ~~!~~~~~!fliF!~~oratory 

LOS ALAMOS, NEW MEXICO 

Hm---
"The inhabitants of the town 

pouring out of the houses and 
and came running down the 
streets toward the strange contra 
perched on the outskirts of their t 

As the town's people drew clos 
crew received a second shock. 1 
habitants too, were human bei 
actly like the people they remem 
from their childhood homes! 

"The appearance of the inh< 
completely mented most of th 
men, and when an emissary discl 
he could even converse with them 
crew's remaining fears dissolver 
they ran out to greet their ne' 
All, that is, except one lone dis& 
who stayed in the ship near his 
ons. 

"It seemed to the crew that 
this town had the very peac. 
tranquility that their hectic lives 
lacked. There was considerable 
cussion about who the town's pe 
were and where they had come t 
but the town's people were blissfu 
unaware of their historical origi1 ..... 
When the town's people prepared a 
big picnic in honor of their visitors, 
even the lone dissenter relented and 
joined in with the festivities." 

"Later when the picnic was finished 
and the sun had set, the crew men 
were farmed out to the different 
houses to spend the night. There was 
no extra bed in the home that adopt' 
ed the dissenter so he had to share a 
bed with the family bachelor. The dis
senter drifted off to sleep co.ntent in 
the knowledge that he and his crew 
had truly found a paradise. 

"Suddenly he awoke, perhaps on 
hearing a noise somewhere in the vil
lage, and snapped out of his trance. 
He realized, to his hotror, that he 
wasn't in bed with Uncle Louie, the 
typical American bachelor, but with 
some unspeakably repulsive creature! 
He screamed and leaped for the door, 
but was dead before he reached it." 

"Was that the end of the story?" 
"That was the end. The appearance 

of the town and its inhabitants was 
merely an illusion perpetrated by in
tellectually superior beings." 

"Boy, I'll bet that scared you- all 
alone on the farm!" 

"It scared me all right. But I believe 
the story had an intrinsic horror that 
could scare the strongest. A monster 
with a human form is the most terri
ble monster of all. Which supports my 

(Continued on Page 494) 
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More graduate engineers 
• tnov1ng up in the ~5 industry 

) 

l' 

••• the nation's sixth largest 

· .. The Gas industry-the sixth largest in the nation 
-has a total investment of over $15 billion. Last 
year the industry set a new all-time record in 
number of customers, volume of gas sold, and 

.1 dollar revenue. In fact, Gas contributed 25% of 
the total energy needs of the nation as compared 

~) with 11.3% in 1940. The Gas industry is a major 
force in the growth development and economic 
health of this country. 

JosEPH J. DRECHSLER 
B.S. in Mechanical Engineering, 1948, johns Hopkins University 

Joe Drechsler, after 8 years with Baltimore Gas and 
Electric Company, is now Assistant Superintendent in a 
department with over 450 employees 

After completing the company's Student Engineering Training Pro
gram, Joe spent one year in the Gas and Steam Testing Laboratory. 
He was then promoted through various levels of engineering and 
supervisory assignments, to his present job of Assistant Superin
tendent on April 1, 1956. This department has over 450 employees 
and is responsible for the installation and servicing of industrial, 
commercial and domestic gas appliances on customers' property, and 
the installation and servicing of gas and steam metering and pressure 
recording equipment. 
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There are many opportunities for you in the Gas 
industry. The industry needs engineers, and does 
not overhire. You won't be regimented. There's 
always room for advancement. With utility com
panies and with manufacturers of Gas equipment, 
there's a future for you as an engineer. Call your 
nearest Gas Utility. They'll be glad to talk with 
you about your opportunity in the Gas industry. 
American Gas Association. 

RoBERT K. VoN DER LoHE 
B.E. in Industrial Engineering, 1948, University of Southern California 

In just 6Y2 years with Southern Counties Gas Company of 
California, Robert K. Yon Der lohe has become Manager 
of Commercial and Industrial Sales 

After two years with a construction engineering firm, Bob Von Der 
Lohe joined the gas company and began his steady climb to his cur
rent position. Starting as an assistant technician in 1950, Bob has 
moved up through the jobs of industrial sales engineer and staff 
representative-industrial sales, to his present post as Manager 
Commercial and Industrial Sales. Bob does more than "sell" in: 
dustries and commercial operations on the use of gas. He also super
vises a staff which advises restaurant and hotel owners on ways to 
improve their gas operations and over-all productive efficiency. 
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Hm---
contention that the word 'Human' re
fers to an incommensurable existence 
outside the world of weights and meas
ures. Yet a geneticist, choosing the cri
teria for breeding 'better human be
ings' would, by that very act, be deny
ing the existence of spiritual man. He 
would be driving his eugenic vehicle 
partially blindfolded and if he did 
reach his professed goal it would be 
pure happenstance- akin to breaking 
the bank at Monte Carlo." 

The engineer stood abruptly, and 
picked up his coat. 

"So that is what you fear, Profes
sor? That we engineers will leave you 
with a world of nothing but weights 
and measures?" 

"Well," said the professor, as he 
walked along, looking at his toes. 
"You engineers are in a position analo
gous to that of a prospector who has 
just struck it rich. For years you strug
gled along, considered by most people 
to be harmless crackpots. Suddenly 
you found yourselves in the limelight. 
You are now admired, even wor
shipped, for simply pursuing your nat
ural interests. Up till now you have 
gotten away with a child-like naivette. 
But the day shall soon come when you 
must stop and ask, 'Am I doing right?' 
It's the thought of that day that keeps 
me awake nights!" 

The engineer opened the door and 
retorted, "If you are so worried about 
it, Professor, why aren't you out tell
ing the engineers instead of brooding 
here in your ivory tower?" 

"What? .. . Why, you are right! I 
mean, it was you who came to me
not the other way. But wait, you can't 
leave now!" 

"I really ought to be going." 

"But I've made enough coffee for 
ten. Besides, if you stay I may even 
listen a bit!" 

"Well, all right." 

And the professor closed the door to 
his big dark house. For a long time 
there is no sound, no movement
only the lighted window to the pro
fessor's study indicating life inside. 
Then begins an ill defined stirring. 
The eastern sky grown white with a 
flat light-darkens, then grows steadily 
lighter and redder. Suddenly we hear 
sounds from within the house. The 
front door bangs open and we hear 
the professor and the engineer, laugh-

ing and talking in complete rapport. 
They come toward us down the side
walk; and as they draw near our vision 
blurs-perhaps from fatigue. We rub 
our eyes, blink, and stare in utter dis
belief. For we see not the querulous 
professor and immature engineer, but 
a new individual, strong and healthy, 
striding confidently into the dawn. 

• • • 

TWELVE L'IL BOTTLES 

I had twelve bottles of whiskey in 
my cellar and my wife made me emp
ty the contents of each and every 
bottle down the sink, so I proceeded 
to do as my wife desired and with
drew the cork from the first bottle, 
poured the contents down the sink 
with the exception of one glass, which 
I drank. 

I extracted the cork from the third 
bottle, emptied the good ol' booze 
down the bottle, except. a glass which 
I drank. · 

I pulled the cork from the fourth 
sink and poured the bottle down the 
glass which I drank some. 

I pulled the bottle from the cork 
of the next and drank one sink out 
of it and then threw the rest down 
the bottle. 

I pulled the sink out of the next 
cork and poured the bottle down the 
sink, all but one sink, which I drank. 

I pulled the cork from my throat 
and poured the sink down the bottle 
and drank the cork. 

When I had them all empty I 
steadied the house with one hand and 
counted the bottles, which were twen
ty-four, so counted them again and 
I had seventy-four and as the houses 
came around I counted them and 
finally had all the houses and bottles 
counted and I proceeded to wash the 
bottles, but I couldn't get the brush 
in the bottles, so I turned them inside 
out and washed and wiped them all, 
and went upstairs and told my other 
half about what I did and oh boy! I 
got the wifest 1'1 nice in the world. 
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Prospecting ... 

QUANTITATIVE ESTIMATION 
To estimate quantitatively the total amount of heavy 

metals present in water, a titration technique (estimation 
of metallic content by color and amount of reagents) is 
used. The titrating agent is the dilute dithizone solution. 
One milliliter additions of the reagents are made to the 
water, with each addition followed by vigorous shaking, 
until the organic phase containing the dithizone and 
metallic complexes is purple in color. 

As pure dithizone is green, and most metallic dithizon
ates are red, the point where pure unreacted dithizone is 
present in excess will result in a purple color. Knowing 
the size of the water sample used and the number of addi
tions made, the prospector can read parts per million of 
heavy metals directly from the chart shown in Fig. ~-

It is a wise precaution to flush the flask with the water 
to be tested before carrying out the actual analysis. 

The simple field procedure requires no knowledge of 
chemistry. The only two reagents used are dithizone 
(green) and a buffer (red). 

The procedure is as follows: 
(1) Fill the sample flask to the 50 ml mark with the 

water to be tested. 
(2) Add 1 ml of red solution (buffer) by inserting the 

tip of the polyethelene squeeze bottle to the bot
tom of the small volumetric flask and squeeze 
gently. 

(3) Then add 1 ml of green solution (dithizone) in a 
similar manner, stopper, and shake vigorously for 
30 seconds. 

(4) Hold the flask upright and allow the immiscible 
organic solvent to collect on the bottom of the 
flask. 

The solvent collecting at the bottom will be either red, 
purple, green, or an intermediate shade depending on the 
amount of reacting metal present. If it is purple, the 
amount is read directly from the chart. If it is red, addi
tional 1 ml portions of green solution are added, with 
shaking, until the solvent turns purple. The concentra
tion of metals is then read off the chart. If the 50 ml 
sample test results in a green layer the test should be re
peated with a 100 ml sample. If this test also proves nega
tive, the sample contains no significant amount of heavy 
metal. 

With a little practice the prospector will quickly learn 
to estimate the sample size he should take. The important 
things to remember are that a green color is negative and 
a red color positive. 

Water need not be removed from the small volumetric 
flask before adding reagents as their specific gravity is 
higher than that of water. 

CHOOSING SAMPLE STATIONS 
Choosing the samples depends on the drainage of the 

area prospected. A general rule is to begin sampling on 
the master stream in the drainage of the area and take 
samples both on the master stream below the entrance of 
each tributary and on the tributary just above the point 
where it enters the main stream. This procedure enables 
the prospector to determine if the source of mineralization 
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is up on the tributary or farther up the main stream. 
Once the tributary carrying the mineralized water has 
been found, the same principle is used until the actual 
mineralized area is pinpointed. The deposit is then ex
plored by trenching, test pitting, and rock sampling to de
termine its size and grade. 

TEST RESULTS 
Extensive field tests have indicated that the technique 

is reliable, rapid, and can be performed with ease under 
adverse conditions. Laboratory tests under conditions 
which were perhaps more severe than those which will 
be encountered in the field show that the dilute solution 
of dithizone in chloroform stored in the polyethelene bottle 
will be stable for about a week. Provision, has been made 
for ready replacement of the reagent if required. 

It must be emphasized that every precaution should be 
taken to eliminate salting of the test sample by accidental 
methods, such as using the test kit after handling mineral 
specimens or metallic objects. The test can not be used in 
areas which have been contaminated by human agencies. 
For example galvanized culverts and tin cans in the stream 
tested will contaminate the sample. 

SUMMARY 
The advantages <;>f geochemical water sampling are: 

(I) The method is fast, simple to use, free from con
tamination and inexpensive. The cost of the en
tire kit and a month's supply of chemicals is ap
proximately $20. 

(2) The kit is light, easy to carry, and no chemical 
training is necessary to operate it. 

(3) Large areas may be quickly eliminated from fur
ther consideration by a few simple tests. 

• • • 

Diner: I'm sorry, but I haven't any money to pay 
the check. 

Cashier: That's all right. We'll write your name on 
the wall and you can pay the next time you come in. 

Diner: Don't do that. Everybody who comes in will 
see it. 

Cashier: No, they won't. Your overcoat will be 
hanging over it. 

Daffynishon: Celebrity-A person who works hard 
to become well-known, and then wears dark glasses 
to avoid being recognized. 

A very fat man got on the scales and deposited a 
penny. 

Two small boys who were watching gasped as the 
needle stuck at fifty pounds. 

"Wow, Billy!" one said to the other. "He's hollow!" 
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PENICILLIUM CITRINUM ASPERGILLUS TERREUS CHAETOMIUM GLOBOSUM 

MYROTHECIUM VERRUCARIA FUSARIUM MONILIFORME ASPERGILLUS NIGER 

And, What Do Fungus Tests Have To Do 

with Turbine Aircraft Engines? 

• It's like this. Allison engines today are flying in all 
parts of the world ... in sub-zero areas, as well as in 
tropical areas where the climate is hot and sticky ... 
where growth of fungus on electronic parts, for in
stance, could cause malperformance. 

So, the fungus test is one of seven environmental 
tests conducted on engine components at Allison. 
Purpose, of course, is to determine whether or not the 
constituents of the components-such as insulation, 
or possibly some lubricants-will support fungus. On 
one engine model, some 50 parts are subjected to the 
fungus test. 

Six types, or clean strains of fungi (above)-repre
sentative of those encountered in tropical areas-are 
kept growing in one of the Allison test labs at all 
times. Engine components are inoculated with a mix
ture of fungi spores; then placed in an air tight cham
ber for 28 days. Specified humidity and temperature 
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conditions are maintained during the required test 
period. Following the test, components are subjected 
to a functional test; then disassembled; inspected; 
decontaminated and returned to the Qualifications 
Parts Cabinet. 

Not too glamorous, this test. But, it does point out 
the ramifications involved in the production of mod
ern aircraft engines which must perform perfectly 
under widely varied conditions. 

• • • 
Allison-a leader in the design, development and 
production of aircraft engines-is looking for young 
graduate engineers and technically-trained personnel. 
Why not arrange for an interview with our representa
tive when he visits your campus. Or, write for in
formation now: Personnel Dept., College Relations, 
Allison Division, General Motors Corporation, 
Indianapolis 6, Indiana. 

MINNESOTA TECHNOLOG 



Illustration shows test of aircraft compass at United States Gauge, 
division of American Machine and Metals , Inc. A magnetic force, 
developed by the loops, pulls the compass card 30° off its normal 
heading. Then the force is released. The instant of release and the 
moment the compass recovers by 5° are both recorded on the film-
become positive evidence of proper performance. 

Wanted: 
an inspector with a split-second eye 

-photogmphy got the job 
A difference of 2/lOths of a second means the compass 
passes or fails. So the maker pits it against a stop watch

gets definite proof of performance with movies. 

Uncle Sam said this aircraft compass must respond 
by 5 degrees in not less than 1 second or more than 
1.2 seconds. That's only 2/ lOths of a second leeway
far too little for human hands and eyes to catch the 
action accurately. 

So, side-by-side, the stop watch and compass act 
their parts before the movie camera. Then individual 
frames along the film show the precise instant that 
the 5-degree mark is reached. 

Product testing and quality control are naturals for 
photography. They are typical examples of the many 
ways photography works for businesses, large and 

small. It is improving production, saving time, reduc
ing error, cutting costs. 

CAREERS WITH KODAK 
• With photography and photographic processes becom- • 
• ing increasingly important in the business and industry • 
• of tomorrow, there are new and challenging opportuni- • 
• ties at Kodak in research, engineering, electronics, de- • 
• sign and production. 

If you are looking for such an interesting opportunity, • 
• write for information about careers with Kodak. • 
• Address: Business and Technical Personnel Dept., • 
• Eastman Kodak Company, Rochester 4, N.Y. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Eastman Kodak Company, Rochester 4, N.Y. 



How General Electric stacks up 
on your job check list 

e COMPANY REPUTATION-As an engineer, the names of 
Thomas Edison and Charles Steinmetz should be known to you. 
These men, who so greatly influenced the industrial surge of our 
country since the 19th century, are symbolic of General Elec· 
tric's past and present technological leadership. 

• SALARY-General Electric's salary program is planned with 
a long-range view for your career; a well-considered starting 
salary and merit increases based on your contributions. Through 
regular counseling by your supervisor you know just "how you 
are progressing". 

e OP PORTUNITIES FOR ADVANCEMENT-Through the 
Company's Personnel Registers, and individual appraisal of 
your qualifications and preferences, you are considered for all 
new or related jobs and promotions throughout the Company. 

• TYPE OF JOB-Based on your personal preferences and 
abilities, you will work in various marketing, manufacturing or 
engineering fields. Your technical or managerial experiences 
may be in any of nearly 100 product departments where you 
contribute to the engineering, manufacturing or marketing of 
some of the more than 200,000 G-E products. 

e PERSONNEL DEVELOPMENT PROGRAMS-General 
Electric, a pioneer in industrial training programs, hastens your 
professional development through classroom and on-the-job 
assignments as a part of the Company's marketing, manufac· 
turing and engiqeering programs. Specific position placement is 
also available if your interests are already formulated. 

• JOB LOCATION-There are opportunities for you as a G-E 
engineer in 150 cities in 45 states, plus many foreign countries. 

• ADVANCED STUDIES-General Electric offers to technical 
graduates the Tuition Refund Program and Honors Program 
for Graduate Study wherein you may take graduate courses at 
nearby universities. In addition, G.E. sponsors graduate-level 
Company courses where top professional men teach in their 
respective fields. 

e TRAINED COLLEAGUEs-As a G-E engineer, you may be 
working with outstanding men who are responsible for the 
envisioning, production, and distribution of such new products 
as man-made diamonds, high-speed rocket and jet engines, the 
new heat pump, commercial atomic power reactors and elec· 
tronic ovens. 

• EMPLOYEE BENEFITS-General Electric's outstanding bene
fit program for you and your family includes all the usual life, 
accident and illness insurance and pension plans, plus a Savings 
and Stock Bonus Plan and discounts on G-E home appliances. 

e THE COMPANY'S FUTURE-General Electric's investment 
in research can mean much to you. Forty-two major Company 
laboratories, dedicated to invention and innovation, will play a 
major role in doubling the Company's sales during the next 
eight years . Only through research is a company assured of 
future growth. For you, this growth at General Electric means 
new and challenging technical and managerial positions. 
General Electric Company, Section 959-3, Schenectady 5, N.Y. 

~g~ss Is Ovr Most lmporl;mfl+otlvd 
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Kenneth A. Brown, class of '46, 
speaks from experience when he says: 

"There's 
plenty of chance 
for advancement 
at U. S. Steel for 

the man who 
really wants to 

get ahead." 

I F KENNETH A. BROWN were to speak 
to you face to face, he would 

tell you: "Hi fellows . . . I'm not 
much older than you . . . I still like 
a lot of the same things you do. In 
addition, I like my work and I sin
cerely believe that you will like your 
work at United States Steel, and like 
the fine bunch of fellows with whom 
you will come in contact." 

Cleveland General Office. Starting 
January 1, 1953, he worked out of 
this office as Chief of Party on vari
ous construction projects. 

On June 1, 1955, Mr. Brown re
turned to engineering and main
tenance assignments at the Duluth 
Works. Although his work was pri
marily concerned with engineering 
problems, he also acquired a knowl
edge of various phases of mainte
nance. This experience qualified him 
for promotion to the position of Divi
sion Engineer on April 1, 1956. On 
January 1, 1957, Mr. Brown re
turned to the Worcester Works in his 
present capacity of Works Engineer. 

Mr. Brown's "success story" is 
typical of that of many graduate 
engineers who have associated them-

selves with U. S. Steel. "The unlim
ited opportunities at U. S. Steel," 
says Mr. Brown, "plus the fine and 
helpful spirit that exists among the 
personnel, make success a matter of 
one's willingness to work to learn 
and to fit into the friendly atmos
phere which exists here." 

If you are interested in a challeng
ing and rewarding career with United 
States Steel, and feel you can qualify, 
we suggest that you get in touch with 
your placement director for addi
tional information. We shall be glad 
to send you our informative booklet, 
Paths of Opportunity, upon request. 
Write to United States Steel Corpo
ration, Personnel Division, Room 
1662, 525 William Penn Place, Pitts
burgh 30, Pennsylvania. 

Mr. Brown, at the comparatively 
young age of 29, is presently Works 
Engineer in charge of all engineer
ing for the Worcester Works of the 
American Steel & Wire Division. He 
graduated from Brown University in 
1946 with a B.S. degree in Engineer
ing. He first joined U. S. Steel as a 
Junior Engineer at the Worcester 
Works, Worcester, Mass. Although 
his original duties included much 
drafting, he acquired a general ad
ministrative background and engi
neering experience. This qualified 
him for promotion to Assistant to the 
Works Engineer in May, 1950. De
spite a tour of military service for 
two years, Mr. Brown's development 
resulted in his being transferred to 
the Construction Division in the 

UNITED STATES STEEL 

e AMERICAN BRIDG: • • AMERICAN STEEL & WIRE and CYCLONE FENCE ; • COLUMBIA-GENEVA STEEL 
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Choose Westinghouse 
for a rewarding future 

You are making a tough 
decision... · 

"where shall I start my career 
... which company offers 
me the best future?" 

Your whole career can be 
affected by your decision, so 
choose carefully. 

We sincerely believe you 
will make a wise decision in 
choosing Westinghouse, a 
company where big and excit
ing things are happening. 

Here you can work with 
men who are outstanding 
leaders in fields such as: 

ATOMIC PowER 
AUTOMATION 

JET-AGE METALS 

LARGE POWER EQUIPMENT 

RADAR 

SEMICONDUCTORS 

ELECTRONICS 

CHEMISTRY 
Paul Halpine, University of Pittsburgh '41, atomic engineer for Westinghouse, checking the 
operations of a model of the first nuclear reactor for the nation's first full-scale atomic 
power plant being built by Westinghouse for the AEC and the Duquesne Light Company. 

and dozens of others 

You will have an opportunity to work with a company 
that is having spectacular growth in many fields •• ~ 
giving you room to grow. 

We value our engineers highly, for we know our 
growth has been due largely to the high caliber of 
engineering personnel we have succeeded in attracting. 
Their development into scientists and managers has 
resulted in dynamic and progressive planning and 
policies. 

We help you apply your training to industry. You 

Westinghouse 
APRIL 1957 

can pick a career in the industry of your choice ••• in 
the type of work you prefer, and in plants, sales offices 
and laboratories from the Atlantic to the Pacific. And, 
you can study for advanced degrees at Company 
expense. 

These are just a few of many reasons why you should 
choose Westinghouse. If you want more information, 
ask your Placement Officer for our booklets, or phone 
or write the Westinghouse interviewer, or Educational 
Coordinator named below. 

Mr. C. W. Mills 
Regional Educational Co-ordinator 
Westinghouse Electric Corporation 
P.O. BoxB 
Chicago 9, Illinois 
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wants 

THIS IS ABOUT the time of year when engineer
ing seniors sit down to some serious thinking 

about their futures. 
For now is the time when they must start to 
decide which company they would like to join. 

And now is the time when they must begin 
taking definite steps toward joining it. 

So IF YOU'RE among those mulling over that 
problem-here is some interesting news for 

you: 
General Motors is seeking outstanding engineer
ing graduates in a wide variety of technical 
fields. 
• G M offers you the untold advantages of its 
nearly boundless facilities and resources
including the fabulous new G M Technical Center. 

• Training programs to help you grow profes
sionally. 
• Increasing responsibilities to match your 
growing talents. 
• Rewards in linewith your achievements. 

• The chance to work closely with some of 
America's finest engineering minds in one of 
GM's 34 decentrali~ed :manufacturing divisions, 
126 plants in 68 cities. 
• Most especially, GM offers yo~ the creative 

" I 

climate of a corporation dedicated to what GM 
President Harlow H. Curtice recently called, 
"The inquiring mind." 

I F YOU FEEL these advantages can do for you 
what they've done for thousands of engineers 

who have carved richly rewarding careers with 
GM-now is the time to take steps. 

If you believe that you have a great deal to offer 
General Motors in return-now is the time to let 
us know. 

AS A STARTER, why not see your Placement 
1"1. Officer this very week? Ask him to put you 
in touch with the GM College Representative. 
Or write us directly. 
........................................ 
• • 

GM positions now available 
in these fields 

-in GM Divisions throughout the country 

MECHANICAL ENGINEERING 

CHEMICAL ENGINEERING 

ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING 

METALLURGICAL ENGINEERING 

AERONAUTICAL ENGINEERING 

• ........................................ 

GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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At Norton, The Daily Grind 
Is What The Products Do 

Norton people can't get into a daily
grind frame of mind, because days 
are no more alike than lightning and 
lightning bugs. As the world's leading 
producer of grinding wheels, grind
ing machines and other . abrasive 
products, Norton has an astonish
ingly various list of customers - and 
serving them all is what makes the 
days so different. 

Norton doesn't serve just one in
dustry- or two or even ten. It serves 
virtually all industry, and industry all 
over the world. 

And, as though supplying the 
world with abrasives and grinding 
machines were not challenge enough, 
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Norton is now extending its product 
lines far beyond those classifications. 
Exciting new materials born in 
Norton furnaces are carrying Norton 
men and women deep into the fields 
of jet propulsion, atomic energy and 
rocketry. 

Square pegs looking for square 
holes and round pegs looking for 
round holes need not apply. Pegs in 
holes can never meet the challenges 
of each new day at.Norton. Pegs in 
holes also have a way of losing their 
identities - something that will 
never happen to you at Norton. 

If the Norton Company sounds 
like your kind of company, write to 

the Director of Personnel, NORTON 
CoMPANY, Worcester 6, Massachu
setts. Ask him for the new illustrated 
brochure, "Your Future at Norton." 

(NORTON) 
ABRASIVES 

tJ)akintf 6effer products • •• 
fo make ywr pf'()(/ucfs 6efkr 

NORTON PRODUCTS, Abrasives • Grinding Wh .... 
Grinding Machines • Refrodories 

BEHR-MANNING PRODUCTS: Coated Abrasives 
Sharpening Stones • Behr-cat Tapes 

U. S. A. • Canada • South Africa • fngland • France 
Germany • Australia • Narthem Ireland • Argentina 

Bra.U 
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Frontispiece 
THE BIG EYE- General Electric Research Laboratory 
x-ray diffraction pattern shows spacing of boron and 
nitrogen atoms in borazon (cubic boron nitride). 
General Electric Cut No. NBX 1108 
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A frank staten1ent about· tl1e 

future in Field Engineering 

At first glance, Field Engineering may not seem to possess 
the potential and stature often associated with other engi
neering activities. 

At Hughes, however, nothing could be further from the 
truth. 

Men who undertake the responsible task of evaluating 
Hughes-produced military equipment in the field are in 
the enviable position of becoming thoroughly familiar 
with the complete design and operation of the advanced 
electronics systems involved. 

Essentially, Field Engineering embraces all phases of support 
required to assure maximum field performance of Hughes 
armament control systems and guided missiles. E.E. and 
Physics graduates selected for this highly important and 
respected phase of our engineering activities work with the 
armed forces and airframe manufacturers at operational 
bases and plants in continental United States and overseas. 

The knowledge, background and experience so gained as
sure unusual opportunities for more specialized develop
ment m other divisions of the Research and Development 
Laboratories at Hughes. In fact, few openings in engineer-

THE WEST'S LEADER IN ADVANCED ELECTRONICS 

ing today offer the rewards and opportunities which are 
available to the Technical Liaison Engineers, Field Engi
neers, Teclmical Training School Engineers, Technical 
Manuals Engineers, and Field Modifications Engineers 
who comprise the Field Service and Support Division. 

Engineers and physicists selected for this highly respected 
phase of our activities at Hughes enjoy a number of dis
tinct advantages. These include generous moving and 
travel allowances between present location and Culver 
City, California. For three months before field assign
ments you will be training at full salary. During the 
entire time away on assignments from Culver City, 
you'll receive a generous per diem allowance, in addi
tion to your moving and travel expenses. Also, there 
are company-paid group and health insurance, retirement 
plan, sick leave and paid vacations ... and reimburse
ment for after-hours courses at UCLA, USC, and other 
local universities. 

E.E. or Physics graduates who feel they are qualified to 
join the Field Engineering staff at Hughes are invited to 
write for additional information about this exciting and 
rewarding opportunity to establish a challenging career in 
electronics. Write to: 

r--------------------------1 
I I 

! HUGHES ! 
I I 
I I 

L--------------------------~ 

RESEARCH AND DEVELOPMENT LABORATORIES 

Scientific Staff ReU!tions • Hughes Aircraft OJmpany, Culver City, California 
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Engineering? Or IMAGINEERING1 
Many capable engineers are perfectly 
content to go through life doing routine 
jobs over and over again. Fr,ankly, such 
engineers wouldn't be interested in 
Sperry-and Sperry wouldn't be inter
ested in them! 

• Engineering, at Sperry, requires a 
combination of fine technical training 
plus imagination - the desire to help 
solve anticipated problems of the future 
and pioneer in new methods and devel
opments. You can see the results of 
such "imagineering" in the impressive 
list of Sperry "firsts" in such exciting 
fields as missiles, inertial guidance, 
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radar, computers, microwaves and gun
fire control systems. 
• A career with Sperry offers many 
advantages. Good pay, of course. The 
opportunity to participate in the really 
important developments of these criti
cal times-working with the acknowl
edged leaders in their fields. Your choice 
of location at Sperry plants in Long 
Island, Florida, California,Virginia and 
Utah-close to excellent colleges where 
you can get advanced training with 
Sperry paying your full tuition. 

• Your Placement Office will tell you 
the times when Sperry representatives 

will visit your school. In the meantime, 
get more of the Sperry story by writing 
direct to J . W. Dwyer, Sperry Gyroscope 
Company, Section 1B5. 

Sperry engineer tests hydraulic servo 
valves for high temperature service on 
jet engines. 

BROOKLYN · CLEVELAND · NEW ORLEANS · LOS ANGELES • 

SEATTLE · SAN FRANCISCO. IN CANADA: SPERRY GYROSCOPE 

COMPANY OF CANADA, LTD., MONTREAL, QUEBEC 
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IF YOU1RII THI! IMPATIIINTI TYPE, 
COME To WoRk FOR US! 

504 

We want YOU! The kind of engineer who 
won't settle for a mediocre job. The kind of 
engineer who keeps pushing himself to find 
fresh, new approaches to problems. The 
Creative Engineer! 
What company offers the most to this 
"impatient" kind of engineer? We believe it 
is The Standard Oil Company of Ohio! We 
are engineering-minded. Seven per cent of 
all our employees are engineers. One-half of 
the president's staff- our top management 
-are engineering graduates. 

Our training programs for engineers are 
among the most complete in the country. 
And as a Standard Oil of Ohio engineer, you 
would be working in one of America's largest 
and most challenging growth industries-oil! 
So before you decide on any company, look 
into Standard Oil of Ohio- where creative 
engineering counts! Contact the placement 
director of your school. Or write Mr. E. G. 
Glass, Jr., Standard Oil Company (Ohio), 
Midland Building, Cleveland, Ohio. 

TH. STANDARD OIL OOMPA Y COHI ) 
MINNESOTA TECHNOLOG 
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Poor ~ 

Me Oat 
Missed ~ 

the ~-A... 

Boat 

There was McOat, stuck in the sand, while the boat 
moved on to interesting new horizons. Every day of 
standing and watching, and waiting, feft him just a 
little more frustrated. 

McOat was an engineer with imagination, train
ing and talent. Off to a bad start. Stuck where he 
couldn't make fullest use of what he had. 

Fortunately, this wasn't fatal for him. It was 
merely discouraging, costly and wasteful. · 

And, as he discovered, there is a bright side to 
this picture for all engineers of his capabilities. 

Creative imagination and talent are exactly the 
qualities most wanted at Chrysler Corporation. Engi
neers here enjoy the satisfaction of knowing that 
they're on the boat from the beginning ... enjoying 

:. ~ .{v •, 
..j.'."' • 

• ~ 4 •. 1 

Jh 

rewarding careers, making fullest use of their abili
ties to arrive at those interesting new horizons. 

Such engineers have helped us develop many dis
tinguished automotive firsts , including push-buttoa 
dr,iving ... the first practical automotive gas turbine 
... and many others, all the way back to all-steel 
body construction and hydraulic brakes. Now they 
are helping us pioneer beyond the automotive hori
zon in the fields of atomic power and solar energy. 

We'd like you to have the facts about an engi
neering career at Chrysler Corporation. Whatever 
your particular field may be-research, metallurgi
cal, chemical, electrical or mechanical-we will 
gladly give you a complete run-down on the oppor
tunities awaiting you. 

Just drop a card or letter to: 

Mr. L.,c.;; Bettega, Technical Personnel Recruitment 
"\ --

Ct1fRYSLER Corporation 
E:·NGINEERING Division 
~ P.O. BOX 1118 • DETROIT 31, MICHIGAN 

APRIL 1957 
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The never-ending search for oil takes men to 
strange places-even to ocean floors. 

Here Mobil scientists, the first company team of 
research geologists trained as skin divers, probe 
the bottom of the Gulf of Mexico. 

From their findings have come clues which may 
lead to the location of new oil reserves to strength
en the Free World-to guarantee you a continu
ous and abundant flow of the thousands of 
products made from petroleum to enrich your life. 

Geology is but one of many professions repre
sented on the world-wide roster of Mobil per
sonnel. We also employ nuclear physicists, math
ematicians, chemists and engineers of every type, 
marketing analysts, marketers . . . people pre- · 
pared to handle more than 100 different positions. 

If you qualify, the Mobil companies offer you an 
opportunity to build a career through training 
that will utilize your talents to the fullest . . . 
constantly challenge your ingenuity ... reward 
you with a lifetime of richly satisfying work. 

For more information about your opportunity 
with the world's most experienced oil company, 
see your College Placement Officer. 

(M~il) 
SOCONY MOBIL OIL CO., INC. 

NEW YORK 17, N.Y. 

Leader in lubrication for 91 years 
AFFILIATES: 

General Petroleum Corp., Los Angeles 54, California 
Magnolia Petroleum Company, Dallas 21, Texas 

lf\obil Oil of Canada ltd., Calgary, Alberta, Canada 
Mobil Overseas Oil Company, New York 17, N. Y. 

Mobil Producing Company, Billings, Montana 
Socony Mobil Oil Company de Venezuela 

and other foreign producing companies 

MINNESOTA TECHNOLOG 
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How to make the most 
of your engineering career 
ONE OF A SERIES 

go where 
engineers are free to do 

creative work On~ of the things that irks 
. engmeers most, surveys 

show, is getting burdened with dull, routine 
chores. This takes the fun out of 
engineering, and slows you down. 

You'll be ahead, therefore, if you select 
a company that helps you avoid this· 
kind of career impediment. 

Take Boeing, for instance. Boeing frees 
engineers for creative assignments by 
hiring engineering aides and draftsmen 
to handle routine jobs. Boeing engineers 
concentrate on engineering. 

Another point: you'll find excitement 
aplenty at Boeing, working with men who 
are literally writing the book in the field 
of long-range jet-powered aircraft. 
You'll work on such projects as advanced 
civil and military jet airplanes, the 
supersonic BOMARC guided missile weapon 
system, and top-secret research programs. 

Boeing's rapid, steady growth assures 
constant opportunities for advancement
and career stability. You'll enjoy a high 
starting salary, and benefits that include 
retirement plans and a company-paid 
graduate study program. There are long-range 
Boeing openings for engineers and scientists 
of ALL types, and for mathematicians 
and physicists. It'll pay you to look 
into these opportunities now! 

NOW is the time to start planning ahead. 
Consult your Placement Office, or write: 

JOHN C. SANDERS 
Engineering Personnel Administrator 
Boeing Airplane Co., Seattle 24, Washington 

FRED B. WALLACE, 
Chief Personnel Engineer 
Boeing Airplane Co., Wichita 1, Kansas 

.BOEING 
Aviation leadership since 1916 

Seattle , Washington Wichita_, Kansas Melbourne, Florida 
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Have you heard about linear programmingP It's a new 
tool of Management Science-a mathematical technique 
devised to help management make decisions more quickly 
and accurately than ever before. 

Suppose, for example, you are a manager faced with 
a veritable jungle of figures-schedules, machine loads, 
cost inventories. A decision based on these must be made. 
Once you would have had to be satisfied with an educated 
"guesstimate," or perhaps recourse to trial and error. 
But now, with linear programming and electronic com
putation, you can get not merely "an" answer, but the 
best possible answer- and get it fast. 

The computer's the key 
Key to the success of linear programming is an electronic 
computer-IBM's 704. Its tremendous calculating speed 
and data capacity solve complex management problems 
often in a matter of minutes. 

If you are preparing for an engineering career, or are 
majoring in math or physics, perhaps you would enjoy 
helping IBM create electronic computers such as the 704. 
The potential of this phase of electronics presents one of 
the brightest chances today for a rewarding career. Why 
not ask your Placement Director for a copy of IBM's 
brochure? Or write direct to our Manager of Engineering 
Recruitment: 

R. A. Whitehome, Room 3304, 
International Business Machines Corporation 
590 Madison Avenue, New York 22, N.Y. 

----------------~ INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 

Transportation costs cut: Shippers use linear programming 
and the IBM 704 to map most economical routes. One 
reports a 50% yearly cost reduction. 

More profit per plant: Manufacturers use electronic com. 
putation to determine which combination of machines and . 
products means minimized costs, maximized profits. 

MINNESOTA TECHNOLOG 



Photo c:ourtesy Columbian Apartments, typical of housing available in area. 

FOLLOW THE lEAD OF DON CARTER, E.E., ClASS OF '54 

Live a little as you build an 
Engineering Career in Dallas 

Don helps Chance Vought designers create producible, easy-to-maintain 
electronic gear for products like this Regulus II surface-to-surface missile. 

IT'S AN OLD VOUGHT CUSTOM, helping young engi· 
neers . Our symposiums on creative thinking and expert 
career counseling have started some spectacular careers. And 
there's longstanding agreement in bachelor circles that 
Dalllls is a good place to live. For details about living and 
advancing in Dallas, write to: 
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MR. C. A. BESIO, Supervisor 
Engineering Personnel Dept. CM-2 

TALK SHOP OR SPORTS CARS to Don Carter, and you'll 
find his keenest interests. At Chance Vought, in Dallas, Don 

keeps up with both subjects. He's living while he's building his 
professional career. Fun, to Don, means sports car races at 

nearby Eagle Mountain Lake, or a splash in his swank apart
ment pool. Fun means career, too, because Vought helped 

Don find a field he thoroughly enjoys - exploring new applica
tions for human engineering in the design of complex elec

tronic gear. Here, Dan's electronics training . comes in handy, 
and so would a good grasp of psychology. So Don's working 

toward an M.A. in Psychology, and Chance Vought's helping 
with tuition. 

Part of Dan's a ssignment is to simplify instrument arrangement in super• 
sonic fighter cockpits. Here he and a Vought psychologist study a 
problem in human engineering. 
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IMPORTANT ON-CAMPUS INTERVIEWS FOR POSITIONS AT 

NORTH AMERICAN'S 
COLUMBUS .DIVISION 

North American Aviation, foremost in the design and production of 
military aircraft, has an established engineering team at its Columbus 
Division with prime responsibility for complete design and development 
of Navy aircraft. 

The New FJ-4-Navy's latest and fastest FURY JET-is the most 
recent achievement at Columbus. Other, even more advanced designs 
are now being developed from initial concept to actual flight ... creating 
top opportunities for virtually all types of graduate engineers. 

Contact your Placement Office for an appointment with North 
American representatives. 

Or write: Engineering Personnel Office, Dept. COL, North American 
Aviation, Columbus 16, Ohio. 

NORTH AMER ICAN AVIATION, INC. /..~~ 
COLUMBUS DIVISION 

NORTH AM E RICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY · IN THE WORL D 

MINNESOTA TECHNOLOG 



FORECAST: 

world of 

the wo 

NEEDED: 

lmagineers 

with a 

sense of 

adventure 

re's a 

WRITE for your copy of A Career for You With Alcoa 

Aluminum is where the excitement is. New uses, new designs, 
more metal being produced than ever before. Tomorrow will 
be even better. Maybe you've seen Alcoa's Forecast ads in 
T ime, Saturday Evening Post, The N ew Yorker. 

The men who will make this forecast come true are in 
college today. Perhaps it's the man who sits next to you in 
Advanced Phys Met or Machine Analysis or Heat Power 
Design or Chern Engineering Kinetics or Marketing or Cost 
Accounting. Or maybe it's you. , 

If you have that extra spark of imagination ... creativity 
... adventurousness ... take the first step: see your Place
ment Director or write for your copy of Alcoa's Career 
Guide. It tells an exciting story ... of the future of the 
young Imagineers who join up with the men who built the 
aluminum business. 

THE ALCOA HOUR 
HUVISION 'S (IIHST l/V( DRAMA 
ALHRNATE SUNDAY (V£NINCS 

Aluminum Company of America 
1825 Alcoa Building 

Pittsburgh 19, Pennsylvania 

Please send me a copy of A Career lor You With 
Alcoa. 

NAME: _______ _______ _ 

ADDRESS·--------------

CITY AND STATE: _________ __ _ 

COLLEGE: _____________ _ 

DEGREE: ______________ _ 

DATE OF GRADUATION ________ _ 
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nuclear energy since 1936 

At the University of California Radiation Laboratory, 

Berkeley and Livermore, there is an unusual spirit among 

scientists and engineers- a spirit stimulated by association 

with pioneers in nuclear research who encourage development 

of new ideas, techniques, and individual initiative. 

Since its founding in 1936, UCRL 

has contributed an impressive list 

of achievements to the world's knowl

edge of the atomic nucleus- from 

development of the cyclotron and 

Bevatron, to electromagnetic separa

tion of uranium-235, to the discovery 

of the antiproton and antineutron. 

These accomplishments have, of 

course, stemmed from an outstanding 

group of men working with un

matched laboratory facilities. But 

just as important-and the key, per

haps, to UCRL's successes-has been 

the spirit with which these men work. 

For U CRL is managed and directed 

by scientists and engineers-men who 

are liberal with their own knowledge 

and enthusiastic in the encourage

ment of their teammates' new ideas 

and new techniques. 

This is the constant and continuing 

spirit of UCRL. It is to be found 

in each new and expanded project

whether it involves pure or applied 

science. It keynotes work on nuclear 

weapon design, nuclear propulsion, 

controlled thermonuclear energy 

(Project Sherwood), and high current 

accelerators, as well as such problems 

as the application of radioactive sub

stances to biology and medicine. 

The UCRL "spirit" appeals to a 

particular kind of scientist and engi

neer-to men of ability and imagi

nation, to men who wish to move 

forward and challenge the unknown. 

If you wish additional information, 

write to the Director of Professional 

Personnel, University of California 

Radiation Laboratory, Livermore, 

California. 

UNIVERSITY OF CALIFORNIA RADIATION LABORATORY • BERKELEY • LIVERMORE 
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To the engineer 'VVho intends 
to blaze~ trails ••• 

~Great engineering advances are now 
taking place in America, and The 
Garrett Corporation is playing a 
vital part in making them possible. 

Reason for our important role is 
the forward looking approach of our 
engineers, who develop new solutions 
for industry as needed. If stimulat· 
ing assignments and recognition for 
achievement is what you're looking 
for, you'll enjoy working with us. 

THE 

Six inch long compressor-turbine assembly in a midget 
AiResearch air expansion refrigeration unit which 
operates at 100,000 r.p.m., can drop temperature more 
than 600° F. in a second, 

And if you like pleasant living, too, 
our plants are located in the most 
desirable areas in America. Also, 
financial assistance and encourage· 
ment will help you continue your 
education in the graduate schools of 
fine neighboring universities. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig· 
eration systems, pneumatic valves 

CORPORATION 

and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer, 
electro-mechanical equipment, elec· 
tronic computers and controls. 

We are seeking engineers in ail 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and expe· 
rience today to: Mr. G. D. Bradley 

985f S, SEPULVEDA BLVD. LOS ANGELES 45, CALIFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING, LOS ANGELES • A/RESEARCH MANU ACTURING, PHOENIX • AIRSUPPLY 

A/RESEARCH INDUSTRIAL • REX • AERO /ENGINEERING • AIR CRUISERS • /RESEARCH AVIATION SERVICE 

APRIL 1957 
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IRC Type liT Resistor leads withstand 5 pounds pull even before 

resistor is molded. After molding, crimped collar provides a 

tooth·and·notch effect for still greater strength. 

INTERNATIONAL RESISTANCE CO. 
401 N. Br~ad St., Philadelphia 8, Pa. 

In Conado: lntemotlonol Resistance Co., ltd., Toronto licensee 

Unique method of anchoring IRC leads keeps them from 

being twisted or pulled out in automatic bending and 

inserting operations. 

New alloy surface on leads assures superior solder· 

ability by any method and under various temperature 

conditions. 

ENGINEERING POSITIONS 
IRC, leader in resistor engineering, offers excel
lent opportunities in engineering positions 
covering many professional fields. New de
velopments in electronics, miniaturization and 
automation constantly present new creative 
challenges. For information, write: 

ENGINEERING EMPLOYMENT, 
INTERNAnONAL RESISTANCE CO., 
401 N. Broad St., Philadelphia 8, Pa. 

MINNE$0TA TECHNOLOG 



need for a 
Frank W. Fink, V.P., Chief Engineer 

successful engineering career?" 
Your future is brighter at Ryan because of this unique combination of advantages: 

Jet Aircraft 

- ....... ~ .. ~-~ 
Jet Drone Missiles 

Electronics Systems 

Jet Engines 

DIVERSIFICATION- Ryan is in all fields of aviation
Airframe- Propulsion- Electronics. 80 percent of Ryan 
engineering is challenging design work in Jet VTO
Global Navigation-Jet Drones- Missile Guidance-New 
Planes- Missiles-Jet Engine Metallurgy and Rocket 
Combustion. 

SIZE - With 950 in the Engineering Division, Ryan is 
big enough to be diversified - small enough to be closely 
knit. You will get stimulating, broad experience- never 
feel "lost in the shuffle." 

STABILITY- In 34 years, Ryan has designed and pro
duced 25 different aircraft, missiles, drones and pioneered 
in jet propulsion- after burning- CW Radar. 

GROWTH- Ryan Engineering Division has tripled in 
three years. Ryan leads in Jet VTO-Automatic Naviga
tion - other fast-growing fields. 

CLIMATE- You will enjoy sunny, clear-sky San Diego 
where living is unlimited -where the world's best climate 
lets you swim, yacht, ski, golf, fly the year 'round. Where 
beaches, mountains, parks are minutes away. 

Ryan needs all types of Aeronautical and Electronics Engineers, 
Designers, Analysts, Specialists. Invest in your future. Act now by 
sending in the coupon below. All replies are strictly confidential. 

r----------------------------, 
Mr. James Kerns I 
Engineering Division, Ryan Aeronautical Company I 
2722 Harbor Drive, San Diego 12, California I 
Dear Sir: I 

I 
Please send me your free illustrated engineering brochure. 1 
Name ____________________________________ __ 

Address. _______________________________ _ 

I 
I 
I 
I 
I 

----------------------------~ 

RYAN AERONAUTICAL COMPANY 
APRIL 1957 515 
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F TACONITE 

A
BOUT 700,000,000 years ago a vast ocean covered the 
northern part of the United States. The waves of this 
sea beat upon a coast made up of many different 

metallic compounds. As a resu lt a high iron content sedi
ment was deposited on the floor of the ocean. As the ocean 
receded the gelatin-like sediment turned Hint-hard and an 
iron formation of iron silicate and/or iron carbonate and 
chert was formed. This original iron formation contained 
only 20-35% iron and strictly speaking was not ore, though 
parts of these beds later were changed into ore. 

In time the heavy ocean bed caused violent upheavals 
and it was tilted and folded, thereby exposing it to erosion. 
As the silica dissolved out of the folded and faulted iron 
formation, iron oxide, derived from other parts of the 
formation, was deposited in its (silica's) place thus raising 
the iron content to 60-70% . 

Glaciers then scraped away much of this ore so all that 
remained was some high grade ore and the unlimited 
amount of low grade ore and iron formation called taco
nite. 

APRIL 1957 

by James Dougher 

During the last 100 years i:nan has taken 2,300,000,000 
tons of ore fram the Lak,e Superior deposits, leaving only 
about half this much or enough for 15-37 years more 
'direct shipping' ore. To supply the growing demand the 
unlimited supply of low grade ore must be utilized. In 
the year 1914, D . C. J ackling formed the Mesabi Iron 
Company, the company which pioneered in the beneficia
tion of low grade ore. They treated the ore with crushers, 
magnetic separators, and agglomeration by sintering. But 
the venture failed in 1924, because it came too soon and 
costs were still too high. Since these humble beginnings 
more than $43 millions have been spent for research con
cerning the various methods of beneficiation, and over 
$150 millions more are slated for investment in the near 
future. 

The low grade, flint-hard ore is better known as taco
nite. "Taconite is defined as ferruginous chert of ferrugin
ous slate in the form of compact siliceous rock in which 
the iron oxide is so finely disseminated that substantially 
all of the iron-bearing particles of merchantable grades 
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are smaller than twenty mesh. Taconite may further be 
defined as ore-bearing rock which is not merchantable as 
iron ore in its natural state, and which cannot be made 
merchantable by simple methods of beneficiation involv
ing only crushing, screening, wa!>hing, jigging, drying, or 
any combination thereof." For all practical consideration 
taconite consists of a formal mixture of Fe$i03, Si02, 

Fe20 3 and Fe30 4• 

An estimate by John W. Gruner of the University of 
Minnesota indicates that for all practical purposes the 
supply of taconite is unlimited. From open pit formation, 
including East Mesabi Range, there are 5 to 6 billion tons. 
Under ground in the Lower Cherty division there are 
260 billion tons per square mile area. The total for one 
mile width to depths of 800 to 1500 feet, depending 
on local dip formation, is 21 billion tons. Additional 
tonnages from the Upper Cherty division for a belt of the 
same width, below the zone of altercation, total about 10 
billion tons. To make this vast amount of low grade ore 
useable it must first be processed into % in. pellets. These 
pellets weigh 125 pounds per cubic foot, have a density 
of 3.3 and have an iron content of 65%. 

An investigation of the following facts will clearly in
dicate why large investments in taconite will prove worth 
while. In a recent year 70 million tons of ore were shipped 
from Lake Superior. This ore contained 51.5% iron oxide 
and 11.5% water; or, about $21 millions were spent ship
ping water around the Great Lakes. Taconite contains no 
water. The tax on regular iron ore is very high, but in 
1941 the State Legislature passed a bill revamping iron 
ore taxation so that taconite would be taxed on a pro
duction basis only, not in the ground like other ores. Also, 
the royalties on state-owned lands were lowered. The cost 
of getting one ton of taconite ready for the furnace breaks 
down as follows: 

Mining and transportation 
Concentrating 
Agglommerating 
Taxes 
Royalty 
Depreciation and interest 

1.323 
1.446 
1.000 
.150 
.216 
.513 

Total 4.648 

The cost at the furnace is $8.16 but the value at the fur
nace is $8.51, leaving a profit of only $.35. However, the 
ore's low phosphorous content is worth $.25, and its 
value as a furnace feed is $1.50, thereby making the total 
profit on taconite $2.10 per ton. 

The process of beneficiating taconite is very complicated, 
and there are many different processing methods employed 
by the various mining companies. The ensuing sections of 
this article will deal with each of the three big mining 
companies and their progress in the development of taco
nite. 

OLIVER MINING COMPANY 

Oliver Mining Company, a subsidiary of United States 
Steel Corporation, is a pioneer in the beneficiation of low 
grade iron ore. As early as 1910, Oliver began shipping 
ore concentrates from their plant at Trout Lake. In 1945, 
U.S. Steel, through Oliver, planned a nodulizing plant at 
Virginia, Minnesota. It acted as a pilot plant until June, 
1953, when it was put into full operation to handle the 
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Direct Shipping Ores 

Cross section of the famous Mesabi Range. On a map it looks 
like a narrow band about 100 miles long, 4 miles wide, with 
one major bend. 

At the Pilotac Mine big electric shovels load the blasted chunks 
into 80-ton capacity railway dump cars for transfer to the 
processing plant. Shovels can load 20 tons of rock at one bite. 

MINNESOTA TECHNOLOG 



Engine on the trestle is pushing a trainload of crude wash 

ore into U. S. Steel's Oliver Iron Mining Division Trout Lake 

Concentrator near Coleraine, Minnesota. In the big mill, Oliver 

"factory·makes" ore into usable iron ore concentrate like' those 

loaded into rdilway cars in the foreground . The Trout Lake mill, 

first on the Minnesota Iron Range, has operated since 1909 and 

has produced usable iron ore concentrate from millions of tons 

of crude material. 

Sinter machine at Oliver Iron Mining Division Extaca agglom· 

erating plant at Virginia, Minnesota, where fine taconite con· 

centrates are made into usable " lumps" which can be shipped 

for use in blast furnaces . It is sintered at Extaca by mixing it 

with coke and passing the mixture under a 450 degree flame 

as shown here. Then the grates move over series of "wind· 

boxes" which suck air through the mass burning the material 

evenly into a hard, tough clinker- rich in iron. 
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concentrated ores from Oliver's "Pilotac" taconite plant 
at Mountain Iron, Minnesota. The Pilotac mine yields 
open pit ore with an iron content of 30% and a density 
of 2.4 tons per cubic yard. 

The Pilotac plant is divided into three sections. In the 
first section a jaw crusher reduces the huge (up to 7 foot 
slabs) taconite feed to 11 in. slabs. A gyratory then grinds 
it down to 4Y2 in. pieces. An underground conveyor belt 
carries the taconite to the second section of the plant 
where similar crushers grind it to % in. The material 
is then put into six, 1000 ton bins set in three groups of 
two each for the three respective parallel concentrating 
lines. The three lines may be operated independently, 
permitting comparison of the results of changes in equip
ment in different lines. In each line the % in. feed is 
ground by rod mill to l/10 in.; and sent to the primary 
magnetic separator (cobber). Coarse cobber concentrate 
is pumped to a ball mill for regrinding, thence to bowl 
classifiers, the overflow of which goes to the finishing mag
netic separators where fine iron is separated. The finisher 
separator tailings go to 150 foot thickeners for recovering 
water; the thickened underflow is pumped to the tailings 
basin. The coarse tailings from the cobbers (45 to 50% 
of the cobber feed) are dewaterecl in spirial classifiers and 
sent in railroad cars to a dump. The finisher magnetic 
concentrate (80%- 200 mesh) is thickened and filtered 
on drum-type filters. The product of the filter then goes 
by railroad cars to the agglomerating plant. 

Approximately 80 hp per hour is required to produce 
one ton of taconite concentrate. Electrical power is re
ceived from utility companies at 110,000v and stepped 
down to 4,000 v and 440 v according to use. 

Such a huge amount of water is required that a 40 acre 
basin is used to recover water from tailings. This water 
is pumped to a 22,000,000 gallon basin, thence to a 1 
million gallon elevated tank at Pi1otac plant. 

Oliver agglomerates taconite concentrates by nodulizing 
and by sintering, both plants being at Virginia, Minnesota. 
The nodulizing plant consists of a single rotary, brick 
lined kiln, 350 feet long and 12 feet in diameter, at a 
declension of Y2 in. per foot. Fine iron ore is mixed and 
feel into the kiln under heat. The process fuses the material 
into round balls or nodules. The plant is in operation 24 
hours per clay, thus requiring 50,000 tons of coke, 35,000 
tons of coal, and 35,000 tons of limestone annually. An 
analysis of the product is as follows: 

Moisture 
Fe 
Si02 

Mn 
Phos 
CaO 

Percentage 
.12 

62.99 
7.33 
.29 
.02 

2.44 

Oliver's sintering plant consists of heat resisting per
ferated grates which move over a bed of fire in a manner 
similar to that of a conveyor belt. This sintering bed, 96 
feet long and 6 feet wide, moves slowly to one end where 
chunks of clinker·like taconite break off and cool on a 
rotary cooling bed. The plant has an output of 500,000 
tons per year. 

On the drawing boards for Oliver is a $60 milliom 
screening and sintering plant at Two Harbors, Minnesota. 
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RESERVE MINING COMPANY 

The year 1937 saw Og1ebay, Norton and Company 
organize the Reserve Mining Company and take over the 
management of the property of the Mesabi Iron Company. 
Controlled jointly by Armco Steel Corporation and R e
public Steel Corporation, R eserve owns 9.5 miles on the 
east end of the range between Mesabi and Birch Lake. It 
has an estima ted reserve of 1,500,000,000 tons of taconite . 

In the middle of 1951, construction began on a crushing 
and concentrating plant at Babbitt, Minn . It was com
pleted in the summer of 1952, and was in experimental 
production by August, 1952. Statistics from this operation 
show that it takes Y2 man hour per ton to pit mine high 
grade ore, hemati te, whereas it takes 1% man hours per 
ton to manufacture taconite. 

In order to feed this huge plant the necessary 9 million 
tons per year, a new jet piercing drill was developed. 
Working with the Linde Air Products Company, R eserve 
engineers developed a fusion piercing process that bores 
blast holes at a rate of 18 to 20 feet per hour. A careful 
examination of Figure 1 will show the extensive grinding 
process taconite must go through to ready i t for the con
centration plant. 

Notes on the crushing plant sheet: The 42 in. crusher 
reduces the ore to 10 in. maximum size at rate of 1000 
tons per hour. The 30 in. crusher then reduces it to 31'2 
in. maximum size, at the rate of 500 tons per hour, and 
drops it into 30 ton surge bins. A 30 in. (800 ton per 
hour) conveyor belt takes it from there and delivers it 
to the top of the fine crushing plant and drops it into 
two 1800 ton surge hoppers. By means of vibrating screens 
and Symons cone- type crushers (480 tons per hour) the 
ore is cut to-% in. size. It is then put in mill storage bins. 

Figure 2 is a detailed flow sheet of the concentrating 
plant. Notes on concentrating plant: The product of the 
road mill is - 10 mesh, 70% solid material. The first mag
netic separators (cobbers) remove 35% of the feed. A coil 
demagnetizes the iron oxide so it can granulate and rise 
to the surface where it is removed and sent to magnetic 
cobbers. The feed is then remagnetized causing the small 
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Air view of the Babbitt processing plant. It has an annual 
capacity of 300,000 tons of pellets. 

Crush ing Plant 

Crude Ore 

I 
42" Gyratory Crusher (to -10 in.) 

30" Gyratory clsher (to - 3Y2 in.) 

I 
Surge Hoppers 

I 
Belt Conveyor 

I 
2 Surge Hoppers (1800 tons each) 

I 
Vibrating Screens 

+~ -~ 

I 
Symons Cone Crusher (to 1 Y:i in.) 

I 
Vibrating Screens 

r 
+ %" 

I 

I 

I 
Symons Crusher 

Mill Storage Bins 

Fig . 1. Flow chart of the coorse and fine-crushing departments 
of the Babbitt plant. 

Fig. 2. Flow chart of the concentrating plant showing the 
handling of feed and tailings. 
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I 
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Pelletizing Flowsheet 

.----------Concentrate 

I 
Thickener 

I 
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I 
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Feeder-coal etc. 
I 
I 

Mixer 
I 

Filters 

I 
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I 
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i ----oust 
Pelletizing Furnace 

I 
Ya" Screen 

.l I 
Oversize 

I 
Finished Pellets 

1 
Undersize 

I 
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General flowsheet ~or Reserve's Pelletizing plant as recommended by 
the School of Mines of the University of Minnesota . 

Fig. 3. Flowsheet of Erie Mining company's crushing plant at Aurora, Minn. 
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Crushing Plant Flowsheet 
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particles to cling together and sink so they can be collected 
with a larger feed in the hydroseparator. After passing 
through another set of cobbers and hydroseparators, -100 
mesh hard coal and Bentomite is automatically mixed 
with the feed before it is thickened by means of drum
type filters. The filter cake (65% iron) is put into two 
bins of 800 tons each to await shipment to the pelletizing 
plant. 

Following the general flow sheet drawn up at the Uni
versity School of Mines, Reserve's pelletizing plant con
sists of four balling drums and four vertical furnaces, 
each one capable of processing 250 tons of pellets daily. 
The balls are fed into the top of the furnace where 1800° 
to 2200°F. harden the balls and make them suitable for 
shipping. After the balls are heated to 1200°F the mag
netite (Fe30 4) is reduced to hematite (Fe20 3) with a 
highly exothermic reaction. The finished pellets weigh 
112 to 117 pounds per cubic foot. 

Also included in Reserve's $160 million taconite bene
fication project is their plant, the E. W. Davis Works, and 
the town of Silver Bay; both are located on the northern 
shore of Lake Superior. 

The Babbitt plant, in capacity, represents one section 
of the new project already under construction at East 
Beaver Bay, on Lake Superior. The initial plant, consist
ing of 12 sections with an annual capacity of 3,750,000 
tons of concentrate, is scheduled for completion by the 
fall of 1957, although the first eight of these sections began 
operation in 1955. 

The plant at East Beaver Bay is known as the E. W. 
Davis Works in honor of E. W. Davis who, as director of 
the Mining Engineering School of the University of Min
nesota for over 35 years, developed the basic methods of 
concentrating and pelletizing iron ore. 

The Reserve Mining Company project will ultimately 
reach a capacity of 10 million tons of high grade concen
trates per year. In addition to the crushing and beneficia
tion plants, the company is building its own 47 mile inter
departmental railroad between the coarse crushing plant 
at the mines and the fine crushing plant at East Beaver 
Bay. The project also includes construction of a harbor 
and dock, power plant, and modern townsites at Babbitt, 
and East Beaver Bay. 

As the wet powdered taconite passes through the magnetic drum 
the iron particles stick to the revolving drum and are scraped off 
while the sand is washed away to sludge basins. 

\JRST[ 
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ERIE MINING COMPANY 

In 1931, Pickards Mather and Company, a partnership 
of many companies partaking in many phases of iron and 
steel, became interested in lower grade iron ore. In order 
to finance this venture they entered into partnership with 
Bethlehem Steel, Youngstown Sheet and Tube Company, 
Interlake Iron Corporation and the Steel Company of 
Canada to form the Erie Mining Company. 

Erie acquired lands north of Aurora in 1938 and 1939, 
and tested the Mesabi Range from Aurora to Nashwauk. 
Operating on the basis of the favorable reports, they 
built housing facilities and a 73 mile railroad from the 
plant site to Two Islands, Minnesota. In 1947, Erie com
pleted the first commercial sized taconite plant in the 
world, at Aurora. By January, 1955, the plant had pro
duced 570,000 gross tons of iron pellets (62% pure) plus 
277,000 tons of iron concentrates. The plant is rated to 
63,000 long tons or 70,000 short tons daily. The power 
and water consumption is terrifically high in that the 
power to the plant is 138,000 v and the plant uses 75,000 
gallons of water per minute. 

Located 5 miles from Aurora, the new concentrator 
covers one square mile. Also included in this extensive 
taconite development is a storage and shipping plant at 
Two Islands, Minnesota. 

From the knowledge thus obtained in the reading of 
this paper, a careful examination of Figures 3, 4 and 5 
will indicate clearly the methods employed by Erie in 
the beneficiation of taconite. 

FUTURE OFT ACONITE IN MINNESOTA 

Forty years ago, farsighted men began to develop the 
state's bountiful supplies of low-grade ores. By special 
processes they transformed the low-grade materials into 
high-grade ores. Over 376 million tons of high-grade ore 
have been made from ores originally thought too poor 
to mine, thus conserving the high-grade ores for the future. 

Today over 60 plants treat Minnesota low-grade ores 
which average more than one-third of the state's total 
ore shipments. More such plants are added each year 
providing jobs for more than 40% of Minnesota's miners. 

Continued success in the ore-treatment processes means 
that tomorrow mining men will be producing ore from 
Minnesota's abundant supplies of taconite. Although 
only in a development plant stage at present, it is a costly 
process and over $400,000,000 is now being spent to build 
and equip big plants to treat the hard taconite rock. This 
is only a beginning and hundreds of millions more may 
be spent to expand taconite production. 

Faced with higher costs, greater investment and larger 
employment Minnesota also is entering a period of greater 
competition. The challenge of its economic problems must 
be met fully if it is to hold its dominant position in the 
market place against competition from domestic and 
foreign ores. 
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Fig. 4. Flowsheet of Concentrationg Plant at Aurora , Minnesota. 
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Pelletizing Plant Flowsheet 
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Fig. 5. Flowsheet of pelletizing pla nt a t Aurora, Mi nnesota 
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GLOSSARY-

AGGLOMERATION- the formation of a substance into 
round balls 

BALL MILL- a revolving drum-type crusher in which 
alloy steel balls tumble on the feed and pulverize it 

BENEFICIATION- the treatment of low grade ore to make 
it suitable as blast furnace feed 

CHERT-rock 

DIRECT·SHIPPING ORE- an ore of sufficient iron content 
so it need not be processed before being used as 
furnace feed 

FEED- that material which is put thru a machine to be 
processed ,., 

FERRUGINous- iron oxide, hematite, or limonite 

FLOWSHEET- the processing schedule of a feed 

GYRATORY- a type of crusher in which the ore is ground 
between two concentric cones revolving in opposite 
direction 

HEMATITE- ferric oxide (Fe20 3) 

HYDROSEPARATOR- a tub in which, by constant agita
tion of the water, iron bearing rock settles and waste 
overflows 

MAGNETIC SEPARATORS- magnetized drUmS WhiCh 
separates iron from waste as the ore passes over them 
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THE PICK AND SHOVEL 

DAYS OF IRON MINING 

T HE man leaning on his shovel in the fading sunlight 
seemed both weary and contemplative. His body 
leaned back against the sky, his face scorched to 

bronze by endless hours and days in the "pits." "When," 
he wondered, "when will it come? Will it be tomorrow?" 

He was waiting for the first railroad to come through. 
The railroad that would bring mining machinery -
machinery that would end the back-breaking toil of hand 
labor. 

The early mining of iron ore in Minnesota was carried 
on with the most primitive kind of tools. The pioneers 
used only such equipment as could be packed from 
Duluth through one hundred miles of forest to the first 
mines on the Vermilion Range; and the operations were 
carried on with shovels, picks, hand drills, and wheel
barrows, the ore being hoisted in buckets with a horse 
winch and carted in horse drawn wagons to the stockpile. 
This was about the extent of the mechanical equipment 
of the Minnesota iron mines in the early eighties. 

As soon as the first railroad was pushed through from 
Two Harbors to the Vermilion, the equipment began to 
be improved upon; wood-burning steam boilers were in
stalled, and small steam "puffers" displaced the horse
winches; wheelbarrows were abandoned and small cars 
were introduced. Hauling the hoisted ore in wagons was 
discontinued, and trestles were built so that the ore could 
be stockpiled more cheaply through the use of cars and 
high piles. These same stockpiles were loaded by hand into 
the 10- and 15-ton capacity railroad ore cars. 

Within a few years a marked change took place. The 
hand drill gave place to the air drill, tramming was done 
by mules, the ore hoisted in self-dumping skips, hoisting 
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by Allan Lyon 

engines were in·troduced, and it seemed as though mining 
as a business in Minnesota had come to stay. 

At the beginning of the nineties we find that another 
marked change has taken place. Air drills were improved, 
shops were erected and mine equipment was manu
factured on the property. The ore skips gave way to the 
car cage with its landing gates and, at that time, wonder
ful safety dogs. 

At this stage we see the use of stockpile trestles that had 
considerable grade from the crushers to the pile. The car 
was first attached to one end of the cable with a counter
weight running on a very steep incline attached to the 
other end of the cable. The idea was that the loaded 
car would pull the counter-weight to the top of the incline, 
and when the car was dumped the counter-weight would 
pull it back. This was improved upon by later double
tracking the trestle so that two cars were fastened to each 
end of a cable; in this way the loaded car running out 
always pulled the empty car back to the crusher. 

The next steps were introduction of the first crude 
electric arc lighting system installed at the Soudan mines, 
installation of large hoisting engines of the Corliss or drum 
type, and large air compressors. About this time the rail
roads brought out their 25-ton capacity ore cars. 

Then, in the early nineties, mining in a small way 
started on the Mesabi Range. Shafts were sunk and under
ground methods adopted, but as ore bodies were dis
covered having a very shallow overburden, it was soon 
decided to use stripping methods. This was started by 
using teams, scrapers, and wagons, then teams and 1-ton 
side dump cars. But hand-stripping was too slow, and the 
next move was the introduction of the first steam shovel. 
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Crawler type shovel Hull- Rust pit. 

It is interesting to note that the first shovel used for 
loading stockpile ore at the Soudan mines was in danger 
of destruction by the miners, presumably because it dis
placed scores of men who made a practice of loading 
stockpile ore by hand and who thought they were being 
deprived of a livelihood. 

After the open pit mines were found to be most advan
tageous in economy on the Mesabi Range, the operators 
began improving their equipment by increasing its s:ze 
and capacity. The early 35-ton pioneer shovel was · de
veloped until it weighs well over 300 tons and is operated 
by either steam or electricity today. Its dipper has a 
capacity of 16 times that of the original; its capacity both 
in reach and loading is many times that of the early 
shovels. The little l-eu. yd. dump cars of wood construc
tion have grown to a capacity of over 30 cu. yds., are con
structed entirely of steel, and are automatically operated 
by compressed air. The small 6-ton "dinky" steam locomo
tives have given way to huge deisels, weighing over 100 
tons, and having many times the capacity and performance 
marks of their predecessors. 

The original hand tramming, underground, gave way 
to the mule, and the mule to the electric and gasoline 
locomotives. In all phases of our industry, great advances 
and improvements have been made. Advances and im
provements that have meant equal advances in population 
growth and standards of living for all of Northern Min
nesota. 

And yet, although we may not know it, it is pretty much 
a matter of good luck that this area lies now within the 
United States, as there was a time during the establishment 
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of the boundaries that it could well have been included 
in Canada. 

The approximate location of the northern boundary 
of the States was described in the Treaty of Paris in 1783. 
It was said of Benjamin Franklin, one of the commission
ers sent to Paris to negotiate the treaty, that had it not 
been for his foresight and a slight deflection of his pencil on 
a map, the upper peninsula of Michigan would now be a 
part of Canada. At the same negotiations an inaccuracy 
in a map showed the Lake of the Woods draining into 
Lake Superior through Pigeon River, so the boundary 
was fixed along this water course. If the negotiators had 
known at that time that the Pigeon River actually head
watered only about thirty miles back from Lake Superior 
and that the watershed to the west was into Hudson Bay, 
St. Louis River would probably have been made the 
boundary, thereby precluding the Vermilion and much of 
the Mesabi Range from the United States. 

The first iron ore out of Michigan was shipped out of 
Negaunee, Michigan in 1852. This was via the lakes, and 
by 1857 regular shipments to lower lake ports had begun. 

The first ore reported in Northern Minnesota was that 
reported on Vermilion Lake in 1848. In 1875, George 
Stuntz, a government surveyor, again reported ore in the 
district and finally prevailed upon a geologist working for 
Charlemagne Tower (an early pioneering leader) to visit 
a place where he had blasted sixty tons of 65% ore out 
of an outcrop. This was on the site of what is now the Sou
dan Mine. Because the area was so inaccessible it was 1882 
before the Minnesota Iron Co., with Tower as president, 
was organized to establish mining, build a railroad, and 
construct ore clocks on Agate Bay, which eventually be
came Two Harbors. The mining end of the venture was 
a forerunner of the Oliver Iron Mining Company; the 
railroad became the Duluth and Iron Range Railway Co. 

The Mesabi R ange, deriving its name from the Chip
pewa Indian language for giant- after the prominant 
ridge of granite called the Giant's Range bounding the 
iron foundation on the north, was first reported as a 
possible source of ore in 1866. In 1890, after a period of 
exploration on the extreme eastern end of the range, good 
ore was discovered just north of what is now Mountain 
Iron by the Merritt brothers, famous early pioneers and 
developers of the Mesabi. 

Prindle pit- showing wrong way of starting cyclone drill. 
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Other equally important pioneers of Northern Minne
sota include such men as Henry C. Flick, head of Carnegie 
Steel Co.; Peter Kimberly and Henry W. Oliver, the plow 
and shovel men of Pittsburgh; John D. Rockefeller, early 
financial leader in many phases of American industry; An
drew Carnegie, famous Scotch financial wizard; and Judge 
Elbert H. Gary, early steel leader. That these men left 
their mark can be demonstrated by the large number of 
geographical locations named after them, and others like 
them. 

Through their efforts plus the "inventiveness", deter
mination, and efforts of many lesser men (lesser in fame), 
the face and future of Northern Minnesota has drastically 
changed in the century since the discovery of ore. 

Were the early pioneer, leaning on his shovel, to re-visit 
us, I am very certain that he would find a Northern Min
nesota more fully developed than his wildest dreams ever 
told him was possible. 

All through the history of iron mining m Minnesota, 
one great fact seems to stand out above everything else, 
and that is the wonderful progressiveness of the industry, 
the constant striving for better and more profitable ways 
of getting the ore out. This is best exemplified today by 
the great amount of time and effort that has gone into, 
and is going into the development of taconite- "The 
White Hope of Minnesota". 

That taconite beneficiation is more than just a possibility 
there can now be no doubt, for the same pioneer spirit 
that has brought us to today, today with its many busy 
and prosperous communities, with its throbbing locomo
tives, power plants, etc., still lives and breathes with the 
same fire as always! 

Allan C. lyon 
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Mesabi Mountain Pit; showing man operating blasting machine from 
shelter house. 

Approved powder car- Mesabi Mountain Pit. 

Locomotive making the long haul out of the Mesabi Mountain Pit. 
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Professiona I Engineering 

• • • 

The Frenchman Jules Verne conceived it in his novel 
"20,000 Leagues Under The Sea." A German tried it in 
1916 and called it the "Deutschland," but it took Ameri
cans to do it and properly name it the "Nautilus." This 
wonder of the seas is the vessel that not only submerges 
and surfaces as its imaginary namesake, but unlike any 
other ship has just completed a record of 62,542 nautical 
miles without refueling. This information is official. It 
was recently told in a joint meeting of the ASME and 
AlEE by its newly appointed commander, the submarine 
expert and World War II Hero, W . R . Anderson. 

The Nautilus is a wonder of our times; a remote de
scendent of "the intelligent whale" that was tried and 
condemned by the Navy in the 1800's; the resul t of 10% 
physics and 90% engineering as is asserted in a plaque 
that it bears. These figures, however, are not precise 
enough regarding the Nautilus; a careful analysis has been 
made of the engineering ingredients that went into its 
making which reveals 58% mechanical, 11 % electrical, 7% 
chemical and 6% operational. The rest of its "make-up" 
is metallurgy and physic;s in the proportion of about 3 to 
l. This is the true formula for the making of the Nautilus; 
the formula of the object of envy of any world power, the 
pride of our nation and particularly of our engineering 
profession, which through coordination and teamwork 
made possible the creation of a veritable materpiece. 

To us engineers, the Nautilus is more than what it 
physically is; it is a symbol of engineering efficiency and 
an example of what American Engineers can do when 
they set themselves to it. 

This revolutionary masterpiece could not have been 
possible without bringing together the talent of the vari
ous engineering professions that built it. 

The Nautilus reminds me of the National Society of 
Professional Engineers. There is a parallelism between the 
two. The National Society of Professional Engineers is a 
vast organization that is growing at an accelerated rate. 
It is formed by 44 state societies, each with a large number 
of chapters, and about 500 committees. The chapters are 
the grass roots of the organization and as in any demo
cratic system they are the ones that establish the objec
tives and the policies of the society. In these chapters, 
many more engineering branches than those brought to
gether for the building of the Nautilus merge under the 
common social inspiration of professionalism. N .S.P.E., 
as we call it for brevity, fulfills the same function for 
engineers as the American Medical Association does for 

APRIL 1957 

Jose B. Ca Iva, barn in Mexico 
in 1897, is an internationally 
known Chemical Engineer. He 
received his B.S. in Ch.E. at the 
University of Pennsylvania and 
the Ch.E. at the same university 
and at the National University 
of Mexico. He has done post 
graduate work at the University 
of Pennsylvania and of Minne
sota. An Experimenter at das 
Materialpruefungsament, Serlin
Dahlem. He is a member of 18 
scientific, technical and profes
sional societies among which are 
Sigma Xi, Phi Lambda Upsilon, 
A.C . S., A. I.Ch. E., A.S. M. E., 
A.I.E.E., Fellow of A.A.A.S., etc. 
He is past president of the Twin 
Cities Chapter af A.I.Ch.E. and 
of the Minnesota Industrial 
Chemists Forum. He is President 
of M.S.P.E. and Director of 
M.A.C.E. In the business world, 
Mr. Calva, who was brought to 
the Twin Cities in 1930 by Min
nesota Mining and Mfg. Co., is 
the President and Technical Di
rector of J . B. Calva and Com
pany which he founded in 1935. 

by Jose B. Calva 

For his accomplishments he is 
listed in American Men of Sci
ence, Chemical Who's Who, 
Who's Who in Engineering, The 
International Blue Book, World's 
Who's Who and Who's Who in 
The Midwest. 

Medics and the American Bar Association does for Law
yers. It is the vehicle for bringing together the various 
branches of the profession with the ultimate goal of unify
ing it. N.S.P.E. is the only society that embraces all of the 
engineering branches, is not concerned with their technical 
aspect~ and is devoted exclusively to the betterment of the 
economic and social status of the engineer WITHOUT 
DESTROYING THE ESSENCE OF PROFESSIONAL
ISM. 

In our state, the Minnesota Society of Professional Engi
neers is the affiliate of N.S.P.E. If you have not heard of 
it, please phone its Executive Secretary, Bob Newbury, 
Capitol 4-1244. He will tell you much more about it than 
I can in the limited space at my disposal. The important 
thing, however, is that you realize the necessity of becom
ing professionally identified with the other engineers and 
like those who contributed to the building of the Nautilus, 
you may contribute to the professional development of 
engineering. The Nautilus and many other Nautili that 
will be built, will protect our freedom and our nation. 
The National Society of Professional Engineers will pro
tect future engineers by preserving the professional quali
ties of engineering. Call Bob Newbury. He will tell you 
many interesting things about M.S.P.E. and N.S.P.E. 
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Metadyne Exciter 

STABILITY in an electric power system is of utmost im
portance if the system is to operate efficiently and de
pendably. A typical power system can be considered 

as a closed loop. If this loop is reduced to its most simple 
form, it can be diagrammed as in Figure I. 

I r•a~r•o&. I 
J_ 

trsn., 
(Slit II Hit} l. 

I '"'""'HollE~ GINIIIATIIII _1= 0 

l ~'ICITCR I I A 

I b 
'----

FIGURE !-Simplified power system 

This system is made up of a load, an energ-y converter, 
such as an A.C. generator driven by a prime mover, and 
a control system. For the purpose of this study the load 
will be considered as large, but changing from one level 
to a higher level instantaneously at a time t0• To rule out 
the use of rapid response circuit-breakers to insure stability, 
assume that the load which is suddenly applied to the 
system is a large device that can only be put into opera
tion by placing extreme loading conditions on the system. 
This loading effect might also be a partial fault located 
such that it cannot be switched out without disastrous 
effects on the scope and efficiency of the power system. The 
control portion of this system can be idealized as made up 
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of a sensing portion and an exciter. The exciter reacts to 
information from the sensing portion on current voltage 
and frequency maladjustments in the generator output. 

In order to limit the variables of this power system so 
definite steps can be made to study the exciter, it is neces
sary to make the following qualifications. First, assume 
that the sensing portion of the control system reacts in
stantaneously. This means that when the load is applied 
at time t0, the ideal control system reacts instantaneously 
and at time t0 it applies a step function of voltage to the 
field of the exciter. Secondly, assume the power input of 
the prime mover to the generator to be constant. With 
these idealizing assumptions the study is limited to the 
exciter portion of the control system, and measurements 
of response time and stability can be conducted on the 
exciter-generator combination with no fringe effects from 
other elements of the system. For experimental purposes, 
these assumed conditions can be met by proper choice of a 
prime mover, and by applying a step function of voltage 
directly to the exciter field. 

Quick response excitation systems tend to improve sta
bility limits of power system in three ways: 

I. Maintaining or increasing machine flux against 
de-magnetizing action of fault currents. 

2. Supplying deficiency in system excitation due to 
loss of other sources of excitation. 

3. Increasing steady-state stability limits by facilitat
ing action in the regions of dynamic stability. 

A quick response exciter must have a time response 
which is a very few cycles of the 60 cycle system frequency, 
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and a high ceiling voltage to normal operating voltage 
ratio. This high ratio will tend to reduce the time response 
by forcing the field current of the generator with high 
output voltage of the exciter during the brief transient 
period. 

Dynamo exciters fall into many classifications such as 
magnetic amplifiers, amplidynes, D.C. generators, etc. 
These exciters have the common problem of response time 
thrust upon them by demands of system stability and ex
tended scope of operation for the power system. Most 
large A.C. generators in use today have D.C. generators 
as exciters with additional devices added to improve gain 
and time response characteristics. These exciters are of 
liberal design to allow a high ceiling voltage to normal 
operating voltage ratio, and have specially designed field 
circuits to reduce the time constants to a minimum. 

The metadyne is a direct current machine having an 
armature, a commutator, and a stator somewhat similar 
to conventional D.C. machines. By definition, it has more 
than two brushes per pair of field poles, and in general a 
multiplicity of field windings are employed to obtain 
special operating characteristics. This machine derives its 
general operating characteristics from the armature reac
tion theory of D.C. machines. It has been found that the 
time response of the metadyne is less than that of any one 
winding. Also the ceiling voltage to normal operating 
voltage ratio is high because the machine, by definition, is 
designed to operate on the unsaturated portion of the 
magnetization curve; thus the metadyne seems ideally 
suited for use as an exciter. 

In order to stay within economic reality in the construc
tion of the metadyne exciter, the simple "S" generator 
(Figure 2) was chosen for consideration. 

Meta dyno 
ArM o'ture 

t Leocl 

FIGURE 2-Simple "S" Generator 

The simple "S" generator has a single field winding 
which receives its excitation from the sensing portion of 
the system control. The quadrature axis brushes are short 
circuited and the load is connected to the direct axis 
brushes. 

When Dr. J. M. Pestarini, inventor and designer of the 
metadyne, did the original work on the "S" generator, 
he found that if a compensating winding (Figure 3) is 
added in series with the load, the current gain is substan
tially increased. From this it appears that 100% compensa
tion would be ideal. However, it has been found that re
activity of the machine increases markedly as the compen
sation is raised from 70% to 100% . This increase in th~ 
reactivity limits the ceiling voltage to operating voltage 
ratio, thus curtailing the field forcing function of the 
metadyne, and increasing the response time. Therefore, a 
value of compensation between 50%-15% is recommended. 
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The metadyne has an inherently high current gain 
which is multiplied by the addition of compensation, 
therefore, only a small cha.nge in the field current is neces
sary to produce a large change in the output current so 
long as the machine is running at rated speed. The actual 
current gain of the metadyne can be made many times 
greater than that of an ordinary D.C. machine. For this 
reason alone the metadyne can be useful as an exciter 
because this single dependable machine could replace 
the D.C. exciter as well as many of the extra devices which 
are added to increase the gain and time response. 

.,. -• ii 

FIGURE 3-Actual "S" Generator 
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Through an investigation of the "S" generator's dy
namic operation, Dr. Pestarini found that the simple "S" 
generator (Figure 2) borders on instability, therefore, pri
mary and secondary stabilizing :windings are necessary to 
guarantee stability and insure adequate operation as a 
generator exciter. The addition of these stabilizing wind
ings reduces the time response of the machine as does the 
compensating winding. For this reason the machine must 
be carefully tuned to produce a minimum time response, 
maximum gain, and sufficient machine stability. 

Assuming that the actual metadyne "S" generator oper
ates in the linear portion of the magnetic characteristics, 
and neglecting mutual coupling, the dynamic equations 
are only two as follows: 

~, hK~ + ~ .. L {IAA(t) 11( k . k:.) 7:,._(tJ ,. n kAc[(t) (I) 

c(" 
i1kf,.t:.(t)-(~-r-11-t'/; +L1 Jt.{Iw(-t-} = 0 C2) 

If a Heavisidean field winding current is assumed, the 
equation can be solved. A solution of this type is sufficient 
for this problem because it amount; to solving these equa
tions for a step function of current applied to the field. 
This is precisely the same idealized system as set up 
earlier in this paper. The solution for these equations are 
roots T 1 and T 2• Both of these roots must be zero or 
negative if the machine is to be stable, and they must ap
proach zero as nearly as possible to obtain the shortest 
possible time response for the machine. Using these cri
terions, the critical equation becomes the following: 
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The parameters of equation 3 are functions of the machine 
and not of the external load; thus tests may be made on 
the metadyne with something other than an actual gen
erator as a load. 

Designing a machine for this particular application 
would demand a graphical solution of the critical operat
ing equation to determine the parameters of ideal opera
tion. 

Because this research project was designed to feel out 
the preliminary aspects of this idea, the universal meta
dyne of the University of Minnesota Metadyne Labora
tory was chosen for the test. This machine has semi
flexible parameters; thus it was decided that the parame
ters would be varied within the limit of the machine un
der actual testing operations to find the best operating 
condition rather than to perform the laborious graphical 
solution, and possibly arrive at a solution that could only 

obe approximated in the preliminary studies. 
Previous to the experimental work on the exciter proj

ect, Dr. Pestarini made preliminary calculations of time 
response and the requirements of stability. In the light of 
the calculated results and past experience with metadyne 
operations, he predicted that the metadyne exciter could 
reduce the time response to a considerable extent over the 
D.C. gnerator. If a completely idealistic machine could be 
built of extremely large size and having no mutual in
ductance effects, the time response might be reduced as 
much as 1000 times according to analytical consideration. 
The metadyne must, however, meet competitive devices; 
thus in a reasonably designed machine, the operation 
could not possibly near this idealization. As insurance 
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against the possibility of an error in the theoretical inves ' ~ 
gation, preliminary tests were undertaken. s 

After the theoretical calculations were completed, a 
experimental program was set up to study the act• 
machine behavior. This program began with the use G 

low power level transformer as a load, and progressed tc 
an actual waterwheel generator as a load. , 

With the secondary of a large transformer as a load, the 
time response of the actual "S" generator metadyne wa~ 

measured. (Figure 4). Experimental results show th< 
the metadyne improved the · time response of the c1 
rent into the transformer load, to a step function of vo• 
age by 125 times. From this it was concluded that the ; 
vestigation was on the right track. The investigative te. 
could not make sweeping conclusions from this test sin, 
the universal metadyne is a 50 kilowatt machine and tb 
load was in the order of 20 watts. 

In the light of the preliminary test, the Northern Statts 
Power Company of Minneapolis consented to using thi 
universal metadyne as an exciter on one of their syste 
generators. A 825 KVA water-wheel generator at 
Northern States Power Company Lower Dam Hy . 
Plant was picked because it demanded an exciter whi 
was closer to the rating of the 50 KW universal metadyr. 
and because the prime mover produces a nearly constan 
power input to the generator during the short duratior 
transient encountered in this investigation. 

A program ot experimental work was undertaken t( 
study the operation of the metadyne under rater condi
tions. First, the metadyne was tuned up dynamically to 
give the most rapid time response and yet remain within 
amount of 67% compensation which was available on the 
the limits of stability. This tuning was done with the set 
machine, and within the desired limits. Maximum avail
able stabilization was used initially in both the primary 
and secondary axis. The amounts of these stabilization 
values were then varied until the best combination was ob
tained. This combination being two turns primary sta
bilization and 0.-8 ohms resistance in the secondary. This 
secondary resistance has the same effect as about one-half 
turn secondary stabilization. The plots (Figure 5) show 
that the metadyne, has a much more rapidly rising 
transient than does the conventional machine. The wave 
form of the metadyne load voltage shows some of the cause 
for the quick rise in its high forcing value. The turned 
metadyne was then used as the exciter on the loaded 
generator. A step function of voltage was applied to the 
field excitation of the metadyne. This then raised the cur
rent level of the loaded generator. Due to the constant 
power input, this change in current only shifted the re
active power loading of the synchronous generator. A 
similar test was then run using a conventional D.C. 
generator as the exciter. The time response curves of these 
tests are plotted in (Figure 6). Depending- on the inter
pretation of these curves, the metadyne improved the 
time response by 5-7 times over the conventional machine. 
Although there is some oscillation, the actual load current 
is reached very rapidly. 

The metadyne exciter does show characteristics of defi
nite improvement over other excitation systems for an 
A.C. generator. The price pair for this improvement is a 
machine of more costly construction, however, this cost 

(Continued on Page 582) 
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1e Problem . .. 

0 

Inertial Guidance 

S
OMETIME sooN, within the next 18 months in fact, an 

80 foot, 3-stage rocket will surge skyward from its 
berth somewhere along the Florida coast. Its first 36 

miles of flight will be straight up; at this point it will 
gradually slop~ southeast. Two hundred seventy-five miles 
off the coast of Florida the first stage will run out of fuel, 
quit firing and drop off into the ocean. The second stage 
will take over, propelling the vehicle along a curved tra
jectory. Its speed will be about 13,400 fps at burnout, 
probably some 140 miles above the earth. Just prior to 
drop off, the third stage rocket will be given a spinning 
motion like a rifle bullet so it will stay on course even 
though the controls section in the second rocket has been 
dropped. The third will now push on to a point above the 
Gold Coast of Africa reaching the orbiting velocity of 
180,000 mph before it will shove the satellite ahead and 
spiral back to earth, burning up like a meteor as it reaches 
the denser a tmosphere. This Project Vanguard rocket, 
which is being developed under the management of the 
office of Naval Research, will be fired during the forth
coming International Geophysical Year. 

The navigation system which it will use is extremely 
new. Unlike systems which require radio or radar track
ing, the Vanguard guidance reference system is entirely 
rocketborne. Heart of the controls system are three highly
accurate gyroscopes that will be calibrated to a "mem
orized" heading reference in the three axes or directions 
of flight- roll, pitch, and yaw. These instruments are 
electronic versions of a centuries-old toy. Known as HIG 
(hermetic integrating) gryros, they have nearly 300 parts 

contrasted to 127 parts in an ordinary watch and require 
bearings alike to within 10 millionths of an inch. (If you 
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took a hair and split it into 400 parts, one part would be 
10 millionths of an inch wide.) Performance-wise it can 
measure the rate at which a glacier melts, or motion 3000 
times slower than the hour hand on a watch. Its response 
is so fast that the minute movements of a second hand are 
snail-like by comparison. If a boy with a sled could slide 
down a one foot slope with the same frictionless ease which 
the HIG operates, he could glide for some 1000 miles be
fore coming to a stop. This particular system devised by 
the Minneapolis Honeywell Regulartor Company is merely 
a step toward the pure inertial guidance systems which are 
yet some number of years off. 

Pilots today can employ three basically independent 
types of aerial navigation: Piloting, celestial, and dead
reckoning. Piloting consists of following landmarks and 
beacons to one's destination. "Beamriding" would also 
come under this classification. In celestial navigation, the 
pilot takes readings of two or more stars, finding his posi
tion much like a ship captain. Dead reckoning is the type 
most often employed by commercial and military Navi
gators. True course and ground level speed are plotted 
periodically on charts to tell the pilot his approximate 
position and ETA (estimating time of arrival). Inertial 
navigation is a special case of this latter type. 

Inertial type of guidance systems offer several significant 
advantages. There are no inherent altitude, latitude or 
range limitations; prior reconaissance is not necessary pro
vided the location of the destination is known; no exten
sive ground facilities are required. Also, the system is non
radiating, and therefore is not subject to detection or jam
ming in military use. There is also one important disad
vantage. Since no outside information is used, the accura-
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Inertial Guidance 
cy of the system depends wholly upon the accuracy of its 
components and initial errors. However, fortunately, many 
of these errors are of an oscillatory nature, rather than con
tinuously increasing. 

Since inertial navigation is closely akin to dead reck
oning, the geographic location (latitude and longitude) 
of the starting point and the destination must be known 
and set into the equipment. For obvious reasons, this type 
of guidance cannot be employed against a moving target, 
such as in an air to air missile. Once the original data 
has been inserted and the system has been placed in op
eration, it will provide the geographic position of the air
craft, the track and ground speed, direction and distance 
to the destination, and the altitude of the vehicle. Now, 
this is not to be confused with automatic dead reckoning 
(DR) computers which have been in operational use for 
some time. These are dependent upon a Doppler or some 
other type radar. Of course, this latter will give rise to 
radiation problems which are to be avoided in the new 
system. 

The fundamental law upon which all mechanics is 
based involves acceleration, not velocity; Newton's Second 
Law states that force is equal to the time-ratio of change 
of momentum. This leads to the principle involved in 
inertial navigation. The procedure is to measure the ac
celeration of the aircraft, and then integrate twice, the 
last figure of course being the distance traveled. However, 
the actual practice is rather more complicated. The ele
ments of the inertial system are (1) accelerometers with 
double integrators, (2) a gyroscopically stabilized plat
form, (3) a clock, (4) a computer, and (5) associated elec
tronic equipment. 

An accelerometer may simply consist of a mass held by 
a spring. Since the force on the mass is proportional to the 
acceleration, and the distance which the spring stretches 
is proportional to the acceleration. A spring-type acceler
ometer is not used in inertial systems, however, because of 
inherent non-linearities in the spring, namely, creep and 
hysteresis. The most satisfactory type of accelerometer for 
this purpose is a pendulum. The tangent of the angle be
tween the vertical and the line of the pendulum is propor
ti"onal to the horizontal acceleration. For large angles, 
however, vertical accelerations will introduce appreciable 
errors. Therefore, it is desirable to keep the angle as small 
as possible. This can be done by amplifying the output 
from the pendulum pick-off and applying it to a motor 
at the pendulum pivot. With a large enough gain, the 
steady-state angle may be made very small, indeed, zero. 
Since motor current is proportional to the motor torque, 
and the counter-torque of the pendulum is proportional 
to the acceleration, the current can be used as a measure 
of acceleration. Two or three of these accelerometers are 
employed to cease motion in the north-south direction, 
east-west direction, and in come applications, in the verti
cal direction. They must be extremely accurate, errors 
being in the range of one part in several hundred thou
sand. Associated with, and oftentimes a part of the acceler
ometer, is an integrator for summing up the accelerations 
as a function of time. 

In order to insure that the accelerometers are not 
subject to undeterminable components of gravity, they are 
mounted on a stable element- a device set at some pre-
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?etermin.ed spacial or~entation . which will not chang 
urespective of the headmg or altitude of the aircraft. Thi 
stable element is actually a set of gyroscopes placed in 
frame which is gimbal-mounted for 3 degrees of freedo 
relative to the air frame. 

The basic element of a gyro is a rotating mass. This is 
usually the rotor of a small electric motor, mounted on 
gim~a~s in s~ch a manner that external torques on it are 
negligible. Smce a large angular momentum is desirable, 
the rotor is designed to have a large amount of inertia, 
and is driven at high speed. Due to the conservation of . 
angular momentum, the axis of rotation will tend to 
remain stationary with respect to inertial space. But, if a 
torqu~ is applied to this rotor, the gyro will precess about , 
an axis of normal to both the spin vector and the torque 
vector. 

Consider a gyro rotor mounted in two gimbal rings, as 
shown schematically. Angle measuring instruments, such 
as Potentiometers or synchros, are provided at gimbal axes 
to apply torques to the gimbals and process the spin axis 
of the gyro to any desired orientation. It is evident that 
slight unbalances in the gimbal and rotor will cause · 
torques which precess the spin axis. Called gyro drift, this 
is one of the principal errors in an inertial system. 

In order to measure acceleration in the desired direction 
it is usually advantageous to stabilize the accelerometer~ 
independently of the vehicle, as mentioned earlier. For 
instan~e, three degrees of freedom may be obtained by 
mountmg gyros and accelerometers on a platform which 
is connected to the vehicle by two gimbals, as shown. The 
platform is stabilized in space by 2 gyros which are also 
mounted on the platform. Initially, it is necessary to pre
cess the gyro spin axes to coincide with 2 axes of the de
sired coordinate system, e.g., one gyro might have the spin 
axes along the vertical, the other horizontal in the north
south direction. The pick-off outputs of these gyros is then 
applied to torque motors on the platform gimbal axes 
until the platform is aligned with the gyros. Of course, if 
the earth were fiat and non-rotating, it would only be 
necessary to integrate the output of the accelerometers 
~wice to obtain the distance traveled. (Incidentally, the 
mtegrators used may be of a type similar to those used in 
analog computors.). 

Let us now approximate the shape of the earth as a 
sphere, but still non-rotating. In order to keep the plat
form level, we must rotate it at a velocity equal to the 
angular velocity at which we travel around the earth. 
This is equal to the linear velocity (the output of the 
first integrator) divided by the earth's radius. A signal 
proportional to this magnitude is applied to the proper 
gyro torque which, in turn rotates the platform, as shown. 
This torque motor acts like an integrator, and is so indi
cated in the diagram. The "output" of this torque motor 
is the platform angle. If this angle Oye is not equal to the 
true motion about the earth Oy, the accelerometer will 
pick up an error due to gravity equal to g sin Oy, where 
Oy =- Oy· For small errors, this can be approximated by 
gOy· 

We see that the torque motor includes a closed loop 
of the second order, and undamped, whose natural 
frequency is gj R. This is the natural frequency of a 
simple pendulum whose length is the earth's radius. It is 
known as a Schuler pendulum, after a German professor 
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of applied mechanics, who published a paper on this 
subject in 1923. Its period is about 84.4 minutes. The 
angle between a pendulum and the vertical is, in general, 
a function of the acceleration. However, it is intuitively 
obvious that a pendulum whose length is the radius of 
the earth, whose bob is, therefore, at the earth's center, 
will always be vertical regardless of any acceleration. The 
loop is equivalent to such a pendulum. 

There is another way of setting up a Schuler loop. Let 
the platform remain in its original position. After travel
ing a distance x along the direction which is originally 
horizontal, and which is found by twice integrating· 
the accelerometer output on such a platform, the ac
celerometer picks up an error equal to g sin ()Y, as 
mentioned before. But sin ()Y = x; R.We can therefore correct 
this error by feeding back a signal proportional to gxj R 
to the accelerometer, as shown. This is known as "feed
back control" and is the essence of servo-mechanisms. 
This is once again an undamped second-order system, 
with a natural frequency of gj R, the Schuler pendulum 
frequency. 

One fortunate result of the Schuler loop is that many 
error sources, such as steady gyro drift, platform misalign
ment or initial velocity error produces errors in computed 
position which oscillate at the Schuler pendulum fre
quency, instead of increasing continuously. 

Now we can set up a complete inertial navigation 
system. We will use a platform and two Schuler loops, one 
for each horizontal as shown in the same figure. Position 
will be computed in terms of latitude L, and longitude. 
The coordinate system is defined as follows: 

x axis: horizontal east 
y axis: horizontal north 
z axis: vertical up. 

The platform is aligned to keep the accelerometers meas
uring along the x and y axes. 

You have already seen how the Schuler loop keeps 
the platform level having disregarded the earth's rota
tion. It is, however, also necessary to keep the platform 
oriented north and east. The necessary rotation about the 
vertical caused by an east velocity is ' sin L, and a signal 
of this magnitude is applied to the azimuth gyro torque 
motor which, of course, causes the platform to follow. 

The effects of the earth's rotation must now be added. 
The earth's rotation vector along the polar axis may be 
resolved into a horizontal and a vertical component. The 
horizontal component is cos L along the y-axis. The 
vertical component is sin L. along the Z-axis. These func
tions are instrumented. 

In addition, the earth's rotation causes phantom acceler
ations due to the coriolis effect which must be cancelled 
by computation. Perhaps a word of explanation would be 
helpful. If the earth were not rotating, a pilot flying a 
straight track from the equator to the North Pole would 
also fly a straight heading in space. But since the earth 
is rotating an observer in space looking down on the earth 
would see that the airplane has really flown a curved 
track in space in order to make good the flight between 
the two points. These corrections, which we'll call Cx and 
Cy are computed as a function of velocity and latitude 
and added to the accelerometer signal. For the recor~, they 
are: 
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Cx= (B2)Vysin L, and 
Cy=- (B2) Vxsin L. 

The system described is an example of just one type of 
inertial system one based on the double integration of 
linear acceleration. There are variations of this par
ticular system, and then there are the so-called "hybrid" 
systems, with contemporary navigation systems. These 
are mostly interim designs which will be discarded when 
inertial guidance is finally perfected. However, until this 
day finally arrives, we must depend upon these hybrids 
to solve our complicated navigation problems. 

The size of an automatic navigation system is an 
important consideration of today's aircraft designer. In 
the case of inertial guidance, it is very difficult to assign 
any particular size to the complete outfit, since military 
security is very rigid concerning this subject. It was 
orginally developed for use in long-range missiles such 
as North America's Navaho and large piloted aircraft. 
However, the . Bell Aircraft Corporation was recently 
awarded a contract to design one of these systems for the 
use in short-haul helicopters. It would only be a rough esti
mate to say that an inertial system may weigh somewhere 
between 75 and 2000 pounds, depending upon its applica
tions. 

The science of inertial guidance instrumentation has 
made significant advances in the past several years. At 
the present date, certainly, there is still much to be 
learned, but with the present rate of progress and with 
an increasing amount of the nation's scientific effort 
going into inertial developments, inertial navigation will 
be a reality- very soon. 

A serious thought for today 
Is one that may cause us dismay; 
Just what are the forces 
That bring little horses, 
If all of the horses say "nay." 

They told him it couldn't be done. 
With a smile he went right to it. 
He tackled the thing that couldn't be done. 
And found that he couldn't do it. .., 

First Engineer: "Say, is Sally's dress torn, or am I seeing things?" 
Second Engineer: "Both, brother, both!" 

"What is your favorite sport, doc?" 
"Sleighing." 
"I mean apart from business." 

An Engineer is said to be a man who knows q great deal 
about very little and who goes along knowing more and more 
about less and less until finally he knows practically everything 
about nothing; whereas, 

A Salesman, on the other hand, is a man wh9 knows very 
little about a great deal and keeps knowing less and less about 
more and more until he knows practically nothing about every-
thing. ' ' 

A Purchasing Agent starts out knowing practicqlly everything 
about everything, but ends up knowing nothi,ng about anything, 
due to association with engineers and salesmen. 

She's the kind of a girl who whispers sweet nothin' dC!in's 
in your ear. 
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Euclid versus Einstein 

T
HE first step in discussing the problem dealt with in 
this paper is to determine what sort of space shall be 
used as a medium. Private, or individual space proves 

to be unsatisfactory for a number of reasons. 
Private space is finite; that is, it is limited by our 

imagination. Nearly everyone is aware that the sun is 
ninety three million miles from us, but how many people 
can actually visualize so great and yet so small a distance. 

Individual space is also non-homogeneous; i.e. It does 
not possess the same characteristics throughout. The 
points of a compass placed close together feel like two 
pricks to the finger while the nerves of the back register 
only one prick, and a tooth cavity feels larger to the tongue 
than to a finger. 

The dimensionality of individual space is highly un
certain. This property of private space is demonstrated by 
the many popular optical illusions. , 

Private space is non-isotropic; that is, it does not possess 
the same properties in every direction. When a person is 
travelling at a given velocity, he appears to be moving 
faster when his line of sight is perpendicular to the direc
tion of his motion than if he is looking in the same direc
tion as he is moving. 

Individual space is also discontinuous; e.g. the "blind 
spot" in a person's field of vision. . 

Public, or physical space is the type which we shall use. 
This space is an abstraction, by the mind, of the aggregate 
of the various modes of sense perception. In other words, 
physical space is the abstract construct which possesses 
the properties of rigid bodies which are independent of 
their material content. Pure physical space, however, is not 
enough for the purposes of this discussion. Into our 
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physical space we must introduce the characteristics of 
pure geometrical space. Why is geometrical space neces
sary? If rods are joined in various ways, figures are formed 
which are i.ndependent of the material content of the rods, 
and measurement then discloses a number of properties 
of these figures. These measurements, however are in
accurate as are all physical measurements. Nevertheless, 
it is found to be possible, by the assumption of a the
ory, in which the objects are abstractions, and certain 
postulates which appear operationally reasonable, to 
deduce by logic rather than measurement all the prop
erties of these rods and bodies. This is geometrical space. 
Euclid developed a geometry which met all experimental 
tests very accurately and came to be considered a priori. 
Anyone who questioned this geometry was considered a 
heretic. 

This attitude was characteristic of the Rationalists. The 
Rationalists maintained that the highest truth resides in 
the mind and therefore is to be discovered only by reason. 
Descartes, the father of modern philosophy, was of this 
group. 

A priori, or Rationalist knowledge, was believed to be 
inborn and was to have come straight from heaven and 
was, therefore, in every way superior to a posteriori 
knowledge, or empirical knowledge, which was obtainable 
only from direct observations. A priori knowledge, be
cause it came from heaven, was supposed to be unlimited 
and therefore applicable to every possible experience while 
a posteriori knowledge because of our limited experience 
was only applicable to a limited area. Therefore, a priori 
knowledge theoretically would enable us to diagnose and 
prescribe remedies for the ailments of the universe. In 
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other words, it would enable us to criticize the Almighty 
God. 

The rationalists further maintained that all knowledge 
obtained from direct observation was necessarily in· 
accurate because it was recorded through the senses and 
was therefore subject to error. Descartes believed that 
innate ideas, knowledge from the "clear vision of the 
intellect," must necessarily be true. Clear and distinct con
ception in his mind of an event or object was sufficient 
proof of truth. Plato believed that ideas were the only 
reality and that physical matter was merely an abstraction 
of this reality. 

Empiricists, on the other hand, believed that truth: 
resides outside our minds and therefore is to be dis
covered only by observation and experiment (a posteriori 
knowledge). This philosophy was the beginning of our 
modern scientific method. 

Due to this fact one would think that the empiricists 
would make the major scientific contributions. However, 
just the opposite is true. The greatest mathematicians 
and scientists of the seventeenth and eighteenth centuries 
were rationalists. The three greatest rationalists of this 
period were: 

Descartes (1596-1650) has been called the father of 
modern philosophy; developed analytic geometry; 
has been called the father of modern mathematics. 

Spinoza (1632-1677) made no particular contributions, 
but his thinking and public speeches were guided by 
mathematics and physics. 

Kant (1724-1804) was very interested in physics and 
astronomy; wrote papers and delivered lectures on 
various phases of science all his life; was first to con
ceiv~ a theory of the nature of galaxies; first to con
ceive a theory of the evolution of the universe; one 
of the first to conceive a theory of biological evolu
tion. 

Kant claimed that the construction of a "pure" science 
of nature, independent of experience and therefore un
contaminated by illusions and errors was possible. More 
recently, a similar claim was made by Eddington. Kant also 
set forth four conceptions of physical space and two con
clusions based on these conceptions. These conceptions 
are as follows: 

I. Space is not a conception which has been derived 
from outward experience. 

2. Therefore space is a necessary presentation a priori 
which serves for the foundation of all external intui
tions. 

3. Space is not a general conception of the relations of 
things but a pure intuition. 

4. Space is represented as an infinite given quantity. 

I. Space does not represent any properties of objects 
as things in themselves, nor does it represent them 
in their relationship to each other. 

2. Space is nothing else than the form of all phenomena 
of the external sense. 

On the other hand, the empiricists gained no special 
scientific achievements. The following are the four major 
empiricists of this period: 
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Francis Bacon (1561-1626) 

Locke (1632-1704) 

Berkeley (1685-1753) wrote "Essay Toward a New The
ory of Vision," which was of no great scientific value. 

Hume (1711-1776) 

At this time the true dividing line between the rational
ists and the empiricists was geographical. Continental 
Europe, with its great love for abstract ideas, laid claim to 
the vast majority of the rationalists, while the British, with 
their flair for practical investigation claim the empiricists. 
By way of illustration, the four main empiricists listed 
above were English, English, Irish, and Scotch respectively. 

About three centuries B.C. Euclid developed a mathe
matical science which is called Euclidean geometry. 
Euclid, and nearly everyone else for two thousand years 
after him, probably thought of his geometry as a true 
description of physical space. 'This however, is not the 
case. Euclidean geometry is an abstract physical science. 
Axioms cannot be considered self evident truths derived 
from our physical experience because we have had no 
experience with, for example, lines extended infinitely 
far. Our experience is confined to a very small portion of 
what we imagine to be the real world; therefore, many 
people including Euclid were reluctant to assume the 
parallel postulate and therefore forebore to use it as long 
as possible. This parallel postulate states that, given a 
line and a point not on the line, there exists one and 
only one line through the point parallel to the given line. 
Two thousand years later, this postulate, which was never 
in good standing, was proven by three men, independently 
of each other, to be totally independent of the other 
postulates, Bolyai, Lobatchevsky, and Riemann introduced 
non-Euclidean geometries in 1832, 1835, and 1854 respec
tively. 

Bolyai's and Lobatchevsky's geometries were very similar 
and therefore only Lobatchevsky's shall be dealt with 
here. Lobatchevsky, as well as the others proved the 
parallel postulate independent by assuming that if the 
parallel postulate were dependent on the other postulates, 
a contradiction in the parallel postulate would produce 
a contradition with the other postulates, whereas if it 
were independent, such a contradiction would produce no 
such results. 

Nicholous Ivanovich Lobatchevsky assumed, instead of 
Euclid's parallel postulate, the following postulate: given 
a line and a point not on the line, there exist at least 
two lines through the point parallel to the given line. 
This postulate was assumed along with all of Euclid's 
postulates and produced no contradictions. This fact 
proved the parallel postulate to be independent of the 
other postulates. The resulting mathematical science was 
called Lobatchevskian plane geometry. The Lobatchevskian 
plane can be visualized as being the inside of a circle. 
Fig. I. In Euclidean geometry we can prove that the sum 
of the angles of a triangle is exactly equal to one hundred 
eighty degrees, whereas in Lobatchevskian geometry we 
can prove that the sum of the angles of a triangle is less 
than one hundred eighty degrees. This does not, however, 
entitle us to say that Lobatchevskian geometry is not 
applicable to our physical world, because our measurement 
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L08ATCHE"V5KIAN PLANE 
of angles is at best approximate. We cannot say for certain 
that the sum of the angles of a certain triangle is exactly 
one hundred eighty degrees and not 179.999999996° (or 
for that matter 180.000000000965° .) It can also be proved 
by Lobatchevskian geometry that the sum of the angles 
of a triangle is dependent on the area of the triangle. This 
also does not enable us to say that Lobatchevskian 
geometry does not apply to our physical world, because 
size is entirely relative. When a surveyor goes out to sur
vey a tract of land, he doesn't stop to take the curvature 
of the earth into consideration, because the relative size 
of the tract is so small that the difference in area produced 
by the curvature of the earth is negligible. Likewise, per
haps the largest triangle we can measure, even if we use 
three distant stars as vertices, is so small, relative to the 
universe, that the difference is negligible. 

The Lobatchevskian model shows that Lobatchevsky's 
geometry is consistent, or more accurately it shows that 
Lobatchevskian geometry is as consistent as Euclidean 
geometry, inasmuch as Euclid's plane contains a concrete 
interpretation of Lobatchevsky's plane. However, it must 
not be supposed that the interior of a circle is the only 
possible interpretation of Lobatchevskian geometry. This 
model is only one possible picture or map, and one must 
not read from it more than is intended; just as one must 
not conclude from a map of the United States that the 
state of Kansas has an area of less than three square inches 
and is uniformly pink in color. Lobatchevskian geometry, 
however, is not the geometry which we shall use in this 
discussion. The type which we shall use is double elliptic 
geometry developed by Georg Fredrick Bernhard R ie· 

mann. 
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Riemann developed many non-Euclidean geometries 
different from Lobatchevsky's, but we will just deal with 
double elliptic geometry, so hereafter we will refer to 
this geometry as Riemannian geometry. In this geometry 
Riemann makes two changes in Euclidean geometry; i.e. 
instead of Euclid's parallel postulate R iemann says, "there 
are no parallel lines," and he revises Euclid's second 
postulate. This postulate says that through any two points 
there can be drawn one and only one straight line, and 
Riemann changes it to read: Through certains pairs of 
points there can be drawn an infinite number of straight 
lines. Before we go any farther, let us decide on some 
definitions in Riemannian geometry. The Riemannian 
plane is the surface of a sphere. A point is a Euclidean 
point of the surface of a sphere and a straight line is an 
arc of a great circle on the sphere. By these definitions, 
one can see that through two points which are diamet
rically opposite on the sphere, there can be drawn an 
infinite number of straight lines. It is quite clear that all 
lines intersect. 

In Riemannian geometry, it can be proved that the 
sum of the angles of a triangle is greater than one hundred 
eighty degrees. This does not, however, eliminate R ie
mannian geometry from reality inasmuch as our measure
ment of angles is only approximate, as has been stated 
before. It follows that R iemannian geometry is as con
sistent as Euclidean geometry, since we have a model of 
Riemannian geometry in Euclid's space. On the other 
hand, we must not suppose that the surface of a sphere 
is the only model of R iemannian geometry, just as we 
must not suppose that the interior of a circle is the only 
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model for Lovatchevskian geometry. An important result 
of Lobatchevskian geometry and Riemannian geometry 
is that inasmuch as the sum of the angles is independent 
of the area of the triangle, it is impossible to construct 
two similar figures of different dimensions; therefore, 
similarity requires congruency. Riemann's work is used 
quite extensively in Einstein's General Theory of Rela
tivity. In this work, Einstein drops Newton's law of 
universal gravitation and assumes that space is curved. 
Einstein's gravitational theory suggests the idea of non
homoloidal space. This theory states that a pure gravita
tional field produces a warp in space-time, and therefore 
Euclidean geometry is not valid in such a field. This field 
follows Riemann's principles in its characteristics. Every
body travels in a geodesic in space-time except when 
affected by electromagnetic forces. This path is some
times a bit erratic, however, because of various small 
warps in space-time caused by small bodies. In the neigh
borhood of a piece of matter, there is, as it were, a hill in 
space· time. This hill gets steeper as it nears the top until it 
is a sheer precipice. A body coming in contact with this 
hill will go around, rather than over it. In other words, 
the movement of a body in space-time depends upon the 
contours and peculiarities of the space-time, not on some 
force exerted on it by another body. 

This theory recently received supporting evidence from 
Arthur Hoag of Harvard College Observatory. Hoag 
found a fuzzy object with an almost perfect halo in a 
photograph of the constellation Serpens. This object is of 
the seventeenth magnitude and the halo has a radius 
of seventeen seconds of arc. The nucleus is fuzzy, not star
like, and its appearance without the halo would cause it 
to be classified as a spheroidal galaxy with a total mass of 
about eight hundred million suns. At first glance, it might 
appear to be a planetary nebulae. The color is red, how
ever, and the spectrum is continuous without the 
nebula's bright emission lines. The popular opinion is 
that the halo may be the light rays from another galaxy 
immediately behind the observable one. These light rays 
would be projected to us through a "gravitational lens," 
which is caused by the curvature of space around the 
observable galaxy. 

This theory has its uses also. For example, it solved the 
problem of the perihelion of Mercury, which has been 
bothering scientists for well over a hundred years. Until 
Einstein evolved his gravitational theory, astronomers 
could find no reason for the slow rotation of Mercury's 
elliptical orbit. The difference each year was very small 
(one rotation every three million years,) but it was just 

large enough to give astronomers a good headache. Under 
Einstein's law, however, the sun's gravity and Mercury's 
speed make a difference, and the calculations from this 
theory are in perfect agreement with all observable data. 

This theory also has some rather interesting effects, 
including some rather startling theories of the nature of 
the universe. 

All known facts are consistent with the hypotheses of a 
curved and finite, yet unbounded universe. There is 
nothing whatever in the known universe to show that 
space must be infinite. In fact, a finite universe fits very 
well with the laws that hold in our part and some very 
awkward adjustments of the laws must be made to permit 
an infinite universe. There is also definite reason to be
lieve that there is a finite amount of matter in the universe. 
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One reason is that theoretically, distant gravitation from 
infinite mass would make life as we know it impossible. 
The radius of this universe is estimated at three billion 
(3xl09) light years, i.e., from ten to twenty times as far 

as the strongest telescope can reach. Therefore, it is 
impossible that one of the stars seen by our telescopes is 
our sun. 

There have been two conceptions of a finite, but un
bounded universe constructed, one by Einstein and the 
other by De Sitter. We will deal first with Einstein's 
conception. 

According to Einstein, a straight line extended infinitely 
far will return to its point of origin, but following the line 
into the future will not ultimately bring us back to the 
present. Therefore time is not affected in Einstein's 
universe. Following Einstein's first premise, the light from 
the sun would travel around the universe and in a thou
sand million years would return to its point of origin, 
regardless of the movement of the sun in the meantime, 
and form a "ghost" of the sun at this point. This "ghost," 
however, probably would not be clear ~ecause much of th~ 
light would be stopped by opaque bodtes or bent by gravi
tational fields. Therefore, we need not worry about some 
of the stars we see today being "ghosts." This theory, how
ever, presents a problem, because absolute space and 
absolute time sneak in again by the back door and become 
the location of the "ghosts." 

De Sitter's universe is even odder than Einstein's, be
cause time as well as space goes haywire. An observer in 
this universe, if he observes a number of clocks, each of 
which is correct from its own point of view, will think 
that distant clocks are going slow as compared with 
those in his neighborhood. At a distance of one fourth of 
the circumference of the universe, they will seem to have 
stopped altogether, and to an observer too at this distant 
clock, it will seem that we are standing still. This situation 
is impossible, however, because it would take an infinite 
length of time for the light from this distant clock to reach 
the observer. 

We have seen that a non-homoloidal space can be very 
useful, but also very confusing, and most people would 
agree that Euclidean space is all right for practical pur
poses, but is sometimes incorrect. Therefore, we have the 
problem of what geometrical system to use. To illustrate 
this point, Poincare developed an imaginary non-Euclid
ean universe. 

Imagine a universe in the form of a great sphere as we 
look from the outside. The temperature at the center is 
at a maximum and reaches absolute zero at the periphery, 
and as an object travels from the center to the border, it 
shrinks, until, at the border it is infinitely small. We would 
consider such a universe finite, but the inhabitants would 
consider it infinite because, as they approach the bound
ary, their steps, or whatever rhythmic motion they use, 
gets smaller, nor could they detect their change in size 
because their units of measuremnt would shrink propor
tionally. Therefore he would conclude that there was no 
boundary. What kind of geometry would the inhabitants 
invent? What would they consider a straight line, a 
Euclidean line or a geodesic? 

We've seen that Euclidean geometry isn't the only con
sistent geometry, but many people ask, "Granted, that is 
true, but what significance is it in physics? Even though it 

(Continued on Page 551) 
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THIS BABY'S NAME IS MOLLY 

0 
NCE UPON A TIME is the way a fairy 

tale begins, Once upon a time, 
high up in the Great Rockies, 

just a few hundred yards from the 
continental divide, a girl wonder was 
"born." Her name was Molly. 

Molly was born and raised in an 
old mountain by the name of Bart
lett. Bartlett stands 13,000 feet above 
sea level, not far from the frontier 
town of Climax, Colorado. 

Although Molly, (full name, molyb
denum) laid idle for countless cen
turies, it was not until about 1900 
that she became destined to enrich the 
lives of millions. 

When this story begins, no one paid 
much attention to Bartlett Mountain; 
and hardly anyone could describe 
molybdenum, let alone spell it. 

Only a few metallurgists knew it 
would impart high strength to steel, 
and even then it was too rare to merit 
serious consideration. 

Molly was categorized in the Peri
odic table as Element No. 42, but this 
did not mean anything to the gold 
happy old prospectors around Bart
lett Mountain. 

When a greenhorn prospector 
would come into their midst they 
would send him up to Bartlett Moun
tain to try his luck. When the tender
foot came back with a bag full of 
blue-gray ore, they would laugh up a 
storm. 

It was not until 1900, when an in
quisitive forest ranger sent a sample 
of this blue-gray ore to a geologist 
friend of his in Nebraska, that Molly 
was recognized. The geologist called 
the mineral molydenite; . the ore of 
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the rare element known as molyb
denum. 

The ranger didn't know about 
molybdenum and cared less. He was 
after that fabulous vein of gold that 
all the prospectors said lay hidden in 
the depths of old Bartlett Mountain. 

The ranger and his friends dug and 

by Joe Maitland 

tunneled into the mountain off and 
on for nearly five years, and never got 
anything but a huge pile of that dirty 
blue-gray ore. 

Finally giving up in exasperaton, he 
sold an option on his claim to a few 
city slickers who were bitten with 
the "strike it rich" bug. 
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This group of businessmen believed 
the molybdenum in Bartlett Moun
tain was destined to become the won
der metal of the future. Unfortunate
ly, they weren't very successful in per
suading investors to take a long shot. 
They were faced with numerous prob
lems and questions which had to be 
answered. 

Could this ore be concentrated sat
isfactorily to be of any use?- They 
worked in a freezing cold laboratory 
up in the mountains for weeks and 
finally devised an oil flotation process 
which could obtain concentrates up 
to 60 per cent molybdenum sulphide, 
and a recovery of 60 percent of the 
total metal available in the rock. 

Was the ore high grade enough for 
a profitable recovery?- One winter a 
crew of miners battled their way 
through a blizzard up the side of the 
mountain to the ranger's old diggings 
and recovered a satisfactory sample of 
1000 pounds. 

The sample was milled and ·run 
through the flotation process. It was 
found to be of extremely high concen
tration, almost six pounds to the ton. 

Was there enough ore to make it 
worth their while? The following 
spring a group of miners stripped off 
a portion of top soil and produced 
enough ore to satisfy the investors of 
a reasonable return on their money. 
But even they did not realize the as
tounding truth: The entire mountain 
was almost solid molybdenite. 

With the threats of World War I, 
the United States' demand for molyb
denum became acute. Rifle barrels, 
Baby tanks, and even Liberty ship 
engines were being made from molyb
denum steel. The war ended in 1918, 
and so did the market for molyb
denum. It was now up to the metal
lurgists to discover new peace-time use 
for Molly. 

The search for a job for Molly con
tinued. By priming the flow of molyb
denum into the nation's steel, busi
ness men figured, they could obtain 
funds from sales and continue re
search. They figured Molly would be 
America's ace in the hole to protect 
the nation's steel industry. 

In 1912 the Climax Molybdenum 
Company put a proposition up to an 
automobile manufacturer to build a 
car made entirely of molybdenum 
steel. 
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The Wills Sante Claire Company 
built the car and gave it a rugged acid 
test with four men and 300 pounds of 
luggage. The car putted 608 miles 
over primitive roads and cow paths 
from St. Paul to Kansas City by way 
of Omaha. It took 16 hours and not 
even an overheated engine was re
ported. 

Slowly the metal gained fame and 
popularity. As its sales began to rise, 
more and more capital was willing to 
be invested in the long shot. And so 
it goes; research gradually produced 
the long-forgotten ore of Bartlett 
Mountain. 

Today at Climax, Colorado, which 
is still considered an American fron
tier town, the Climax Molybdenum 
Company has just completed a thirty
five million expansion and moderniza
tion program. Total capacity of the 
Climax Mill is over 27,000 tons of ore 
a day, up nearly 100 per cent in four 
years. The ore mined is of low grade 
(under l% mos.). 

Mineralogically, Molly is a hexago
nal crystal, generally found in dis
seminated shales or grains, but some-

, times in foliated or granular masses. 
It can usually be recognized by its 
greasy "feel. It marks paper with a 
greenish streak. Molly is generally 
found disseminated in granites and is 
especially sociable with tin ore de
posits. The places which Molly is 
found include Saxony, Bohemia, 
Cornwall, England, Queensland and 
New South Wales, Australia, and 
most important of all, Climax, Colo- . 
rado. Colorado and Utah are the 
largest producers of molybdenite. 
Their output last year represented % 
of the world production. The United 
States is the largest producer of molyb
denite concentrates in the world, pro
duction being equivalent to about 
15,000 short tons of metallic molyb
denum. 

Although the "wonder metal", Mol
ly will never get by alone. Having 
tremendous strength at a red hot 
temperature, Molly allows steelmakers 
to make extremely hard steel without 
sacrificing toughness and with mini
mum threat of setting up undue 
stresses which would cause cracking 
during fabrication and heat treat
ment. 

Molly permits high tempering heats 
for toughness without sacrifice of 
hardness. She imparts what is known 

as "creep resistance" to the steel, en
abling it to retain strength and dimen
sion at high temperatures. As well as 
giving hardness that penetrates 
through all the steel, she gives stain
less steel added resistance to corrosion. 

Molly is being used for more and 
more products daily, including drugs, 
fertilizers, lj.nd as a lubricant and a 
color pig~ent in paints in its pure 
metallic form. 

Of many uses, but by far its chief 
one is to increase hardness and 
strength in special steels. Molybde
num and tungsten can be substituted 
for each other. Molly is usually added 
to steel in the form of molybdenum 
oxide, calcium molybdate, or as a 
ferro or manganese-molybdenum al
loy. There is a nickel-molybdenum al
loy that is used for the drawing of 
wire. Chrom-molybdenum steel is 
now being used extensively in auto
mobile construction. The magic alloy 
number 548 is a special blend of 30% 
Co, 19% W, 3% Mo, 2% V, and the 
rest Fe used for high-speed steel cut
ting tools. This magic alloy is given 
a high temperature treatment of 
about l275°C. Molybdenum, titani
um, and nickel carbides are now being 
used for special cutting tools, and the 
mating of Molly with boride, carbide, 
nitride and silicide for percussion 
drills has also been proposed. Molly 
has found untold uses in the vast field 
of electronics. Grids, plates and re
flectors in vacuum and X-ray tubes, 
and windings in electric furnaces are 
just a few of many jobs Molly does. 
Sodium and ammonium molybdates 
are being used to some extent in fire
proofing fabrics and in dyeing leather, 
silk, and wool. As a lubricant, molyb
denite is b e t t e r than graphite, 
especially for high-pressure work. 

Molybdenum has recently been 
recognized as necessary in soil for 
proper plant growth. Symptoms of 
malformed and spotted leaves, which 
were once believed due to some plant 
disease, now have been proved to be 
caused by lack of molybdenum. This 
element seems to help the plant feed 
on nitrate compounds in the soil. 

An experiment was conducted with 
soybean seeds using molybdenum. 
The seeds were germinated in sand 
and four days after they were planted, 
were treated with a solution contain
ing 3.5 me .of Mo99 per gram of Mo03 . 

When the seedlings were 10 days old, 
the leaves were harvested, fractionat-
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eel and assayed for molybdenum. It 
was found that molybdenum was defi
nitely associated with the enzyme ac
tivity of the fractions. 

Although molybdenum is consid
ered a new candidate for the title of 
"wonder metal," "molly" will never 
get by alone. 

Tremendous strength at a red heat 
makes molly of the best materials for 
tomorrow's jet engines and the fancier 
dreams of aircraft designers. 

M oily is ideal except that it goes 
up in smoke when it gets hot in the 
presence of air or oxygen in any form. 

This fact has been known for years 
by metallurgists, but the problem is 
not licked yet. 

Molybdenum treated with a proper 
coating to keep oxygen away from it 
may be the key to the door through 
the terrible bogey called "the heat 
barrier." 

Molybdenum's greatest asset seems 
to be its economy. As little as five 
pounds added to a ton could impart 
a long list of Molly's virtues to steel. 

For every 100 pounds of ingot steel 
needed to make a 50-pound truck 
gear, it took I. 7 pounds of costly 
nickel and a quarter pound of molyb
denum. After experimenting, steel
makers found they could use another 
quarter pound of molybdenum and 
forget about the nickel. 

One other big advantage of Molly 
is that she lives entirely within United 
States. Unlike her brothers Nickel 
who lives in Canada and Tungsten 
who lives in far off Red China. 

Molly's story could die a happy 
death right h~re if it weren't for her 
bright look into the future. As a 
chemist once put it: "Molybdenum is 
ambidextrous, bisexual, and polyga
mous." 

Molybdenum's high melting point 
of 4,760°F. makes it a possible answer 
to the ever-increasing demand for jet 
parts, including the critical "bucket." 

You can depend on one thing, when 
we design rocket ships to the moon, 
Molly will be in the driver's seat. 
She may be used as a cermet (a com
bination of ceramic and metal) or 
who knows maybe someday we may 
even use ceramics themselves. 

With the increased demand for 
molybdenum, the importance of Bart-
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OVER 14 BILLION REVOLUTIONS 
••• and still going strong 

This Pope-built motorized grinder wheelhead, 
equipped with its original Fafnir Super-Precision Ball 
Bearings, has totaled over 14 billion revolutions, oper· 
ates at 72,000 rpm. Used for grinding the races of 
extra-precision ball bearings, this wheelhead is still 
in production-line service. 

Fafnir engineers worked with Pope Machinery Com
pany in selecting bearings for this high-speed wheel
head. The specification of Fafnir ball bearings plus 
their remarkable record of performance, demonstrates 
how Fafnir keeps pace with machine tool progress ... 
and why more and more engineers look to Fafnir 
for help with bearing problems. The Fafnir Bearing 
Company, New Britain, Conn. (23 Branch Offices) 

Fatnlr Super -Precision 
MM201Wl·CR aprlnlf· 
loaded ball bearln&', 
apedfled tor the Pope 
Mac=hlnery Company 
wheelhead Illustrated. 

The Fafnir Bearing Company 
consists of six plants - all 
located in or near New Britain# 
Connecticut. Manufacturing 
space (including a new instru· 
ment bearing division) totals 
more than 1,250,000 square feet. 

Backed by the extensive pro· 
duction and research facilities 
of a company recognized as 
one of the foremost in its field* 
Fafnir engineers have enioyed 
a long-standing reputation os 
bearing experts serving not just 
ane or two, but all fields of 
industry. 

Perhaps Fafnir offers you the 
opportunities you wont in en
gineering and soles engineer· 
ing. We'd be glad to hear from 
you. 

FAFNIR~ 
BALL BEARINGS \Qil9 

MOST COMPLETE liNE IN AMERICA 

lett mountain has also grown. Many 
large copper companies now turn out 
molybdenum as a by-product of cop
per mines in Utah and Chile. Never
theless 75% of our nation's produc
tion, which is over 90% of the known 
world production, can be attributed 
to the blue-gray ore of Bartlet moun
tain, that exasperated the gold pros
pectors so much. 

Old Bartlett mountain is now the 
heart of a thriving community. It is 
the bread and butter of over 1200 
workers, their families, schools, and 
hospitals. Now lying at the feet of the 
old mountain is the modern shopping 
center of the town of Climax, Colo
rado. Even television has found its 
way back to this late American 
frontier town. 

With all the modern conveniences, 
the old fogies of the town still com
plain of having "9 months of winter 
and 3 months of damn poor skiing." 
Things are tough all over evidently. 

The people of Climax have an 
inner feeling of pride and satisfaction 
in knowing that with Molly, America 
can live happily ever after. 

And this is no fairy tale! 

GENERAL 
BOOKBINDING 

Gold Lettering - Stamping 

Tooling 

Medical 
Chemical 
Magazines 

WE BIND 
Theses 
Pamphlets 
Text-Books 

Law Reviews 

COVERS - ALBUMS - BLANKBOOKS 
Made to your specifications 

ERICKSON 
BINDERY 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. GE. 5765 
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The Electronic Classroom-RCA adds a new 
world of sight and so,und to the "3 R's" 

Today's classroom is no longer 
bounded by books and blackboards. 
For our children, school is big as the 
world of sight and sound itself. · 

RCA has sent the electron to school 
-in TV sets, radios, "Victrolas," ® rec
ords, tape recorders, film projectors. 
And with all this, valued help for 
teachers who must make fullest use of 
our overcrowded classrooms. 

Picture a civics class listening to a 
vital debate in the UN ... a young
ster improving his diction with the 
help of a tape recorder ... kindergart
ners dancing to folk music of a faraway 
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country ... inte~es watching~~ opera
~ tio!l close-up on closed-circuit TV .••• 
;The applications are endless. 

Through its leadership in electronics, 
RCA contributes a great deal to the 
success of this new and broader kind of 
education. In fact, helping our on
coming generatiqn to see, to hear ... to 
understand ... is one of the most im
portant jobs we do. TliiK<SI • 

WHERE TO, MR. ENGINEER? 

RCA offers careers in research, de
velopment, design and manufac
turing for engineers with Bachelor 
or advanced degrees in E. E., M. E. 
or Physics. For full information, 
write : Mr. R. Haklisch, Manager, 
College Relations, Radio Corpora
tion of America, Camden 2, N. J. 

• 

RADIO CORPORATION 
Electronics for Living 

OF AMERICA 
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•• at Pratt & Whitney Aircraft 
in the field of Aerodynamics 
Although each successive chapter in 
the history of aircraft engines has as
signed new and greater importance 
to the problems of aerodynamics, 
perhaps the most significant de
velopments came with the dawn of 
the jet age. Today, aerodynamics 
is one of the primary factors in
fluencing design and performance of 
an aircraft powerplant. It follows, 
then, that Pratt & Whitney Aircraft 
- world's foremost designer and 
builder of aircraft engines - is as 
active in the broad field of aero
dynamics as any such company 
could be.' 

Although the work is demanding, 
by its very nature it offers virtually 
unlimited opportunity for the aero
dynamicist at P & W A. He deals 
with airflow conditions in the en-

gine inlet, compressor, burner, tur
bine and afterburner. From both the 
theoretical and applied viewpoints, 
he is engrossed in the problems of 
perfect, viscous and compressible 
flow. Problems concerning boundary 
layers, diffusion, transonic flow, 
shock waves, jet and wake phenom
ena, airfoil theory, flutter and 
stall propagation - all must be at
tacked through profound theoretical 
and detailed experimental processes. 
Adding further to the challenge and 
complexity of these assignments at 
P & W A is this fact: the engines 
developed must ultimately perform 
in varieties of aircraft ranging from 
supersonic fighters to intercontinen
tal bombers and transports, func
tioning throughout a wide range of 
operational conditions for each type. 

Moreover, since every aircraft is 
literally designed around a power
plant, the aerodynamicist must con
tinually project his thinking in such 
a way as to anticipate the timely 
application of tomorrow's engines to 
tomorrow's airframes. At his service 
are one of industry's foremost com
puting laboratories and the finest 
experimental facilities. 

Aerodynamics, of course, is only 
one part of a broadly diversified en
gineering program at Pratt & Whit
ney Aircraft. That program- with 
other far-reaching activities in the 
fields of instrumentation, combus
tion, materials problems and me
chanical design - spells out a 
gratifying future for many of to
day's engineering students. 

I" electronic computers accelerate both the analy
nd the solution of aerodynamic problems. Some of 

problems include studies of airplane performance 
permit evaluation of engine-to-airframe applications. 

Design of a multi-stage, axial-flow compressor 
involves some of the most complex problems In 
the entire field of aerodynamics. The work of 
aerodynamicists ultimately determines those aspects 
of blade and total rotor design that are crucial. 

Mounting a compressor In a special hlgli'11ltltude test 
chamber In P & W A's Willgoos Turbine LaboratorY per· 
mlts study of a variety of _performance problems that 
may be encountered during later development stages. 

World's foremost designer and builder of aircraft engines 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 



Work with the GAS Industry • • • 
the nation's sixth largest 

H. BROWN BALDWIN 
B.S. Mech. Eng., U. of Vermont, 1949. 
Began as Cadet Engineer, Boston Gas 
Co., 1950. Became Staff Engineer in 
Distribution Development Section, 
1952; Staff Engineer in charge of De· 
velopment, 1955; Distribution planning 
Engineer, 1956. Worked closely with 
company's natural gas-t"onversion pro
grams. Now advisor to Distribution 
Department charged with developing 
processes, machines, specifications. 
Assists management in preparing cost 
estimates, job analyses, other projects. 
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W. C. DAHLMAN 
B. S. Gas Eng., Texas A. & 1., 1938. 
Began as Engineer trainee with Lone 
Star Gas Company after graduation 
from Texas A. & I. with first four-year 
Gas Engineering degree offered by 
institution. Joined Houston Natural Gas 
Company in 1942. Became District 
Engineer in Texas City and then District 
Manager in Beeville and El Campo. 
Dahlman is currently Chief Engineer 
with full engineering responsibility 
throughout the twenty counties in the 
company's Texas Gulf Coast System. 

The Gas industry-the sixth largest in the 
nation-has a total investment of over 
$15 billion. Last year the industry set a 
new all-time record in number of cus
tomers, volume of Gas sold, and dollar 
revenue. In fact, Gas contributed 25% of 
the total energy needs of the nation as 
compared with 11.3% in 1940. The Gas 
industry is a major force in the growth 
development and economic health of this 
country. 

There are many opportunities for you 
in the Gas industry. The industry needs 
engineers, and does not over-hire. You 
won't be regimented. There's always room 
for advancement. With utility companies 
and with manufacturers of Gas equip
ment, there's a future for you as an 
engineer. Call your nearest Gas Utility. 
They'll be glad to talk with you about 
your opportunity in the Gas industry. 
American Gas Association. 

MINNESOTA TECHNOLOG 



''AS YOU LIKE IT'' 

You ought to laugh at these jokes; your grandfather did. 

Typist: "But Professor, isn't this the same exam you 
gave last year?" 

Professor: "Yes, but 'I've changed the answers." 

Girls are like newspapers. They all 
have forms, they always have the last 
word, back numbers are not in de
mand, they have great influence, you 
can't believe everything they say, 
they're thinner than they used to be, 
they get along by advertis ing, and ev
ery man should have one of his own 
and not try to borrow his neigh
bor's. 

Common sense gets a lot of credit that rightfully belongs 
to cold feet. 

A fellow walked into a doctor's office and said, 
"Doctor, I feel terrible. I want you to give me a thor
ough examination.'' 

The doctor said, "Fine. First let me ask you a few 
questions.'' 

"Go right ahead," said the man. 
"First, do you drink much liquor?" 
"I have never touched the vile potion.'' 
"Uhuh. Do you smoke?" 
"I have never touched the filthy weed." 
"Do you run around much nights?" 
"I am in bed every night by nine o'clock for a fine 

night's rest!" 
"How about women?" 
"They have no fascination for me.'' 
"Uhuh. Tell me, do you have sharp pains in the 

head?" 
"That's just it! I have terribly sharp pains in the 

head.'' 
"That's your trouble. Your halo's on too tight.'' 
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Newton's tenth law- the dimmer the porch light the 
greater the scandal power. 

"Folks/' said the minister, "the subject of my sermon dis 
even' is liars. How many in the cong-regation has done read 
the 69th chapter of Saint Matthew?" Nearly every hand 
in the congregation was mised. 

"Dat's right/' said the reverend. "You is de folks I want 
to preach to. Dere ain't no 69th chapter of Matthew." 

C.E.: "So your brother is a painter, eh?" 
E.E.: "Yup.'' 
C.E.: "Paints houses, I presume?" 
E.E.: "Nope, paints men and women.'' 
C.E.: "Oh, I see, he's an artist.'' 
E.E.: "Nope, . just paints men on one door and wom

en on another:" 

Flattery is 90% soap 
Soap is 90% lye. 

Answer to question on Physics test: 
A meter is the distance between two 
baTS in Paris. 

Suitor: "Sir, I have an attachment for your daughter." 
Father: "Young man, when my daughter needs acces

sories, I'll buy them myself." 

That reminds me of the story of the 
little boy who had just gotten a pen 
friend from Holland. He was so hap
py about it, that when he came home 
that night he said cheerfully "Gues:S 
what, Mom? I got a girl in Dutch." 
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''Take my advice ... 
"Before I left school I just didn't know where to look 
for a job in engineering that offered the greatest 
opportunity. First of all I wanted to make sure of 
getting into an industry that wasn't overcrowded . •• 
where I wouldn't be lost. · 

"Also, I wanted to hook up with a firm that had 
pioneered in its field, yet was young enough to go 
places and take me along with it. And, I wanted to be 
certain that salary would be right and there'd be a 
good chance of lasting security for my family. 

"After looking around, I decided to get into the 
aircraft industry because of the bright future it 
offered. That's particularly true now with the devel
opment of supersonic aircraft and missiles. To my 
way of thinking there's no greater opportunity in 
engineering-anywhere I 

"So take my advice ... your best bet is in the air
craft industry where you can build a real career for 
yourself and have something worth-while to show for 
it the rest of your life:' 

I n choosing an engineering career, there is 
satisfaction in being with a recognized ,,.,"n,.r·:•rn 

Northrop Aircraft, you will be with a for•efrcmt,JCo~..an 
pany that for more than seventeen years 
neered in the development of entire weapon systen~"' 
manned and pilotless aircraft, all of them di!>ti:jliCJi.~ 
contributions to ·our aerial supremacy. 

Northrop ingenuity is continually applied 
and revolutionary programs. Significant "u''"""<=~ 
being made in the important field of boundary 1<1''""·
control. Northrop is also world pioneer in the 
opment of the first operational inertial and celestial 
guidance systems. Other vital projects include North
rop's new supersonic jet trainer plane, the T-38, and 
the Snark SM-62, first intercontinental guided mis
sile for the Strategic Air Command of the U.S.A.F. 

At Northrop, your capabilities and accomplish
ments will be reviewed regularly for higher rating. 
On the financial side, you'll find the salary right, plus 
many company-paid benefits for extra security for 
yourself and family. And if you wish to cohtinue your 
engineering- studies, Northrop's cooperative educa
tional program is available to you. 

Northrop's great new air-conditioned engineering 
center at Hawthorne, California, offers the latest in 
scientific equipment and comfortable working con
ditions. There you'll be among top engineers and 
scientists with whom you'll be proud to work ... bril
liant men who will be ready and willing to help you. 

Write now and ask us questions as they apply to 
your engineering objectives. Tell us your ambitions 
... we believe we can relate them to opportunities at 
Northrop. Address Manager of Engineering Indus
trial Relations, Northrop Aircraft, Inc., 1019 East 
Broadway, Hawthorne, California. 

NORTHROP 
NORTHROP AffiCRAFT, INC.,HAWTHORNE, CALIFORNIA 

Builders of the First Intercontinental Guided Missile 
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7'his 1s 
fields iJust one ot th 

.&' n "hi h e lllanv o.~ers CAn~ c Union c ~ 
-~ERS WITH 0 arbide 

- ~ JPORTUNtTy ---

Keeping water out in the raln 
MASONRY WALLS made of brick, stone, or concrete have 
long stood the test of time. But today, they can be made 
even better with a coating of silicone water repellents. 
These amazing materials prevent damaging rainwater 
from entering the countless tiny pores or openings in 
masonry structures. 

When the water freezes after penetrating, it can 
cause spalling-cracks off small pieces. And, if it seeps 
all the way through to the inside of a building, paint 
peels ... woodwork warps ... plaster stains and cracks. 

Now, silicone water repellents provide the an
swer. Brushed or sprayed on the surface, they line
not seal-the pores in masonry. Even heavy rain driven 

·by hurricane winds cannot break through this invisible 

raincoat ... yet, because the pores are not sealed, mois
ture from within can evaporate freely. 

The people of Union Carbide produce silicones 
for other uses, too ... automobile and furniture polishes, 
lubricants, electrical insulation, and new rubber-like 
products . . . all of which help bring more and better 
things for all of us. 

STUDENTS AND STUDENT ADVISERS: Learn more about career 
opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 
GASES, and PLASTICS. Write for"Products and Processes" booklet C-2. 

UNION CARBIDE 
AND CARBON CORPORATION 

30 EAST 42ND STREET !!I:!:! NEW YORK 17, N.Y. 

In Canada: UNION CARBIDE CANADA LIMITED, Toronto 

--------------- UCCs Trade-marked Products include--------------
UNION CARBIDE Silicones CRAG Agricultural Chemicals EVEREADY Flashlights and Batteries ELECTROMET Alloys and Metals 

LINDE Oxygen SYNTHETIC 0RCANIC CHEMICALS PRESTONE Anti-Freeze HAYNES STELLITE Alloys Dyne} Textile Fibers 

PYROFAX Gas BAKELITE, VINYLITE, and KRENE Plastics NATIONAL Carbons UNION Calcium Carbide PREST-O-LITE Acetylene 
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Scan 
Collins Radio Company Confidential Application for Technical Employment 

LAST NAME FIRST NAME MIDDLE NAME 

STATE NATURE OF YOUR MOST RESPONSIBLE POSITION 

Send your application to: 

548 

L. R . Nuss 
Collins Radio Co. 
Cedar Rapids, 
Iowa 

Fred Aiken 
Collins Radio Co. 
2700 W. Olive Ave. 
Burbank, California 

BIRTH 
DATE 

Harold McDaniel 
Collins Radio Co. 
1930 Hi-Line Drive 
Dallas, Texas 
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You've got to be good to 
t'Command highest salary 

~Advance rapidly in a strong, growing company 

~Work with highest caliber development groups 

t'Use the world's finest engineering facilities 

t' Maintain Collins creative reputation 

Collins depends on its engineers. That's why 

you have to be good to earn a place on a 
Collins Research and Development team. 
Collins hard earned reputation was built on 

a solid foundation of engineering talent. The 

sales growth of the Company has justified 

Collins emphasis on engineering. Sales have 

increased 10 fold in the last 10 years. And 
employment of research and development per

sonnel has more than kept pace. Collins growth 

will continue, and you can be a part of this 

growth. 
Send the application form printed on the opposite 

page as an expression of your interest in knowing 

more about the opportunities at Collins. Your 
application will be held in the strictest confidence 

and will be answered immediately by a personal 

letter. Take only a few minutes now to fill out the 

application and mail to one of the addresses listed. 

This can be the turning point in your career. 

CREATIVE LEADER IN ELECTRONICS li·l 
Collins Radio Company - Cedar Rapids • Dallas • Burbank 
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• 

... on economy in national defense 

"The widespread belief that there is an inherent conOict 

of interest between those who put national security first 

on the one hand and the taxpayer and his cost-conscious 

representatives on the other is simply erroneous-except 

when the level of the national security budget is at issue. 

Once the budget level has been fixed, the choice of 

weapons which maximizes our military capability is logi-

cally equivalent to the choice which minimizes the cost 

of attaining that capability. Moreover, the weapon 
characteristics so chosen are typically similar at different 

budget levels. In these circumstances economy and mili

tary effectiveness are not opposing objectives to be com

promised: they are different but equivalent aspects of the 

same national objective." 

-Charles Hitch, Head of the Economics Division 

THE RAND CORPORATION SANTA MONICA. CALIFORNIA 
A nonprofit organization engaged in research on problems related to national security and the public interest • 
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Euclid ... 

i~ consistent, does non-Euclidean geometry alter the fact 
that Euclidean geometery is best to describe physical 
phenomena?" Here much doubt arises. If the Earth were 
actually located near the center of Poincare's non-Euclid
ean universe, we could not detect the fact by measure
ment: in other word, we may be living in a non-Euclidean 
universe without being able to detect the fact. This must 
be considered before deciding that Euclidean geometry 
is best. 

We must conclude that experiment can afford no valid 
criterion for a choice of geometry. Therefore, choice of a 
geometrical system is dictated entirely by convenience. 

This theory was logically and soundly developed, and, 
from that point of view, practically unassailable. It is very 
difficult, however, to understand and visualize this type of 
space. This difficulty, on the other hand, is largely due to 
the prejudices built up in our minds early in life. The 
supporting evidence appears to be quite conclusive, but 
it cannot be said that it is definite proof of the . validity 
of the theory. The solution of the problem of the perihe
lion of Mercury provides a very strong point in favor 
of the theory, but the haloed galaxy has not yet been 
proved to be a "gravitational lens." However, the proba
bility that this is the case is very great. 

The two theories stated before of a finite, but un
bounded universe do not appear quite so valid. In Ein-. ,,-, - \\\ 

The CASTELL habit 

stein's theory, the light rays were to return to their point 
of origin, regardless of the movement of the source. This, 
however, assumes absolute space and time, but the primary 
principle of relativity is that all space and time is relative, 
so we have a contradiction. De Sitter's theory does not 
have this contradiction, but it is somewhat outdated in 
some of its more technical aspects. 

Before we apply the theory to self-evidence, let us review 
just what we mean by self-evidence. One form of self
evidence is the unquestionable a priori of the rationalists. 
This philosophy, although not at the time of its greatest 
popularity, gave rise to another form of self-evidence, i.e. 
Euclidean geometry. This geometry, even today seems 
to most people to be the most logical of geometries. 
Therefore, if they were to choose the geometry which to 
them seemed self-evident, they would choose Euclidean 

geometry. 

With the development of non-Euclidean geometries, 
the validity of the philosophy of self-evidence was strongly 
questioned. The theory of non-homoloidal space, rather 
than completely rejecting the principle of self-evidence, 
permits it under many conditions, because the difference 
between Riemann's space and Euclid's space in the observ-
able portion is negligible. Therefore, it may be said that 

I 

non-homaloidal space and Euclidean (self-evident) space 
are purely arbitrary, and their use is dictated entirely by 
convenience . 

\\\ ~ ,,, 
MINNEAPOLIS 

BLUE PRINTING CO. 
612 Third Avenue South 

Minneapolis, Minn. 
FEderal 2-5444 

APRIL 1957 

starts you toward a 

BRIGHT FUTURE 
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F 
FOR YOUR 

..,_ ball-point inks 

..,_ odor control 

..,_ biological grade chemicals 

Ball-point inks 
If you drew a continuous, un
broken line with a ball-point pen 
until its ink supply was exhausted, 
the line would be two to three 
miles long. Enough to write 50,000 
to 70,000 words, compared with 
the 2,500 to 4,000 words you get 
from the same amount of fountain 
pen ink. 

Because you would be exhausted 
long before your ink supply, a me
chanical scriber-which produces 
those mysterious zig-zag lines 
above-is used to test hundreds of 
ball-point ink formulations. 

The amazing number of words 
coming from a ball-point pen has 
enabled ball-points to roll past 
both fountain pens and mechanical 
pencils to become the most com
monly used writing instruments 
today. 

This would not be so if the ball
point pen remained unchanged, 
still staining, skipping, smearing, 
drying up. A better mechanical 
tool was needed to start with. 

Once accomplished, the ink be
came the most important element, 
and synthetic organic chemists 
turned to the key element-the 
colorant-which is half of the en
tire ink formulation. 

Early ball-point inks were made 
with the same dyes used for years 
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in fluid inks. But ball-points have 
different ink requirements; good 
flow properties, lubricity, solubil
ity, storage stability and-most 
important- an exceptionally 
high concentration of dye. Tinc
torial value must be twenty times 
that of a fluid ink. 

From research has come a special 
line of NATIONAL dyes, tailor-made 
for ball-point inks. Research on 
both pen and ink has enabled the 
ball-point to supplant in 15 years 
the pointed pen, in use for 13 cen
turies. 

Odor control 
Odor control presents an ingen
ious twist on the old question of 
whether there is any sound when 
a tree falls in a deserted forest. 

We have always had odor-caus
ing sites. But today, with industry 
expanding and our suburban com
munities moving further into the 
country, these odors become a seri
ous problem. Some sources of this 
problem are sewage plants, land
fill garbage, drainage ditches, 
storm sewers and market area 
streets. 

SoLVAY OzENE (emulsifiable or
thodichlorobenzene) is becoming 
widely used in industrial odor 
control situations, for dripping in-

NATIONAL, SoLVAY, OzENE and BAKER & ADAIISON 
are Allied Chemical trademarks. 

to sewage or spraying on garbage 
and other odor sources. 

OzENE works on odors these 
ways: its own odor serves as a 
masking agent; it slows down the 
production of bacteria which cause 
sulfide odors; it prevents the 
growth of fungi which speed the 
decomposition of waste materials. 

A dark-colored liquid , OzENE 
mixes readily with water and can 
be substantially diluted for eco
nomical use. 

Biological grade chemicals 
Preparing balanced salt solutions 
for the growth of cultures is typi
cal of the stringent needs of bio
chemists for extremely high-purity 
chemicals, products which have 
been purified even beyond the uni
versally recognized American 
Chemical Society quality stand
ards for analytical reagents. 

Three such "reagent plus" com
pounds have been added to BAKER 
& ADAMSON'S line of 1,000 labora
tory reagents. These initial chem
icals-sodium bicarbonate, sodium 
chloride and potassium chloride
show very minute trace impurities, 
materially lower t an in similar 
chemicals produced to A. C. S. 
specifications. 

They are the first in a proposed 
line of biological grade chemicals 
made especially for such impoct
ant scientific applications. 

Creative Research 

These examples of product de
velopment work are illustrative 

of some of Allied Chemical's 

research activities and oppor· 

tunities. Allied divisions offer 

rewarding careers in many dif

ferent areas of chemical research 

and development. 

ALLIED CHEMICAL 
61 Broadway, New York 6, N. V. 
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GREEK NEWS 

TRIANGLE-

Triangle's pledges turned active 
April 7, I 957, at Formal Initiation 
held at the house. A fried chicken 
dinner followed the proceedings at 
which time the junior actives gave 
accounts of their activities for the 
week. 

A new sign divulging the existence 
of Triangle Fraternity stands proudly 

in the front yard. Without the able 
assistance of Ralph Lilyerd, it would 
still be in the hall closet. 

The annual Founders' Day Ban
quet and Dance will be held this 
month on the evening of the 27th. 
Installation of officers for the next 
year will take place at that time. 

THAT A TAU-

Construction on the new house has 
been progressing steadily, with work 
now being done on the second level. 

That bright red color the DZ girls 
have displayed on campus the last 
few days is not sunburn. The coloring 
is the result of Theta Tau's late 
pledge classes' "engineering type" 
play, delivered in the Delta Zeta's liv
ing room. A definite lack of hand 
clapping became increasingly appar
ent as the play progressed to the quiet 
scribbling of actives awarding demerits 
to each pledge. The five hardy sur
vivors of Theta Tau's last excruciat
ing hell week are Jim Koeneman, 
Dave Pearson, Paul Schluter, Roger 
Shultz, and Wayne Traffas. Following 
formal initiation the new initiates, 
actives, and alums enjoyed dinner at 
the Normandy hotel. 

Plans are under way on numerous 
E-day projects, to make this year E-day 
one of the biggest and return the all 
participation trophy to Theta Tau for 
the second consecutive year. 

Alpha Chapter's new Regent John 
Erdos, vacationed between quarters in 
Florida with the new Innerguard Ben 
Flood, Dan Meaney and friends. The 
5000 mile trip was made in two Volks
wagens. 
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Mu,ke an appointment through your placement director to see the 
Sylvania representative on his visit to your campus-and write for 
your copy of "Today and Tomorrow with Sylvania." 

~ SYLVANI1\ ~ 
SYLVANIA ELECTRIC PRODUCTS INC 

1740 Broadway, New York 19, N.Y. 

LIGHI ING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY • CHEMO MfTALLURGY 
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JOHN MORAN, who joined Western Electric's engineering staff at the Kearny Works recently, is now studying for his M.S.M.E. under the new 
Tuition Refund Plan. Western Electric expects to refund the tuition for John's graduate study at the Newark College of Engineering this year. 
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Western Electric's new TUITION REFUND PLAN 

can help you continue your studies while 

launching an exciting career 

Under the new plan, Western Electric will refund 
tuition costs for after-hours study at graduate or 
undergraduate level, up to a maximum of $250 for 
each school year. 

Say, for example, that you decide on a career at 
Western Electric in one of many rewarding phases 
of telephony- electronics, development engineer
ing, design, manufacturing production, plant engi
neering, or some other. You may be eligible for 
financial assistance to help defray the cost of grad
uate or other study from the very first day. Choose 
engineering, science or any course that is appro
priate to your job or that adds to your ability to 
accept greater responsibility, and the Company 
will refund to you up to $250 a year for tuition. 
(You'll note from the map on this page that 
Western Electric's work locations are well situated 
in terms of major population areas. That means that 
many of the nation's best schools are close by.) 

Plus values, like the new Tuition Refund Plan, 
give Western Electric engineers many opportuni
ties that others never have. There's specialized 
training both in the classroom and on the job ... 
a formal program of advanced engineering study 
that includes full-time, off-job courses of up to 10 
weeks' duration ... a retirement and benefit pro
gram that's one of the best known and most liberal 
in industry ... low-cost life insurance that would 
appeal to any man with his eye on the future. And 
of paramount importance is the chance to work 
alongside top men in the field of communications. 

There's a good deal more for which there isn't 
space here. Why not write us or contact your place
ment office to schedule an interview when Bell 
System representatives visit your campus. 

Westertt Electrtc 
MANUFACTURING AND SUPPLY~ UNIT OF THE IELL SYSTEM 
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As one of us, you'd help engineer the manufac
ture, distribution or installation of the equipment 
needed for the nation-wide communications net
work of 49 million Bell telephones. 

Here-where transistors were first developed for 
production; where repeaters for the new transat
lantic telephone cable were tailor-made-there's a 
constant need for new products and new processes. 
Two-thirds of the equipment we make today for 
the Bell telephone companies is of types developed 
since World War II. · 

Besides telephone work, Western Electric-over 
the years - has been responsible for a continuous 
:Bow of defense jobs for the government such as the 
Nike guided missile system and the DEW Line. 

There's plenty of room for advancement ... 
whatever your field of speCialization. So-whether 
you'd be helping with our telephone job, or work
ing on a major defense project like guided missile 
systems-with Western Electric you can expect to 
growl 

For our College Tuition Refund Plan booklet 
and additional information about Western Electric 
write: College Relations, Room 1030, Western Elec
tric Company, 195 Broadway, New York 7, N.Y. 

West em Electric has maior manufacturing plants located at 
Chicago, Ill. , Keamy, N. ]., Baltimore, Md., Indianapolis, Ind., 
Allentown, Pa., Winston-Salem, N. C., Buffalo, N. Y. , North 
Andover, Mass. Distribution Centers in 30 cities. Installation 
headquarters in 16 cities. General headquarters: 195 Broadway, 
New York, N.Y. Also Teletype Corporation, Chicago 14, Illinois. 
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three ... two ... one ... HISJORY! 
Never before in the long story of scientific breakthroughs 

has a single coming event so captured the imagination of the 

entire world. 

It is that moment in history when the final countdown 

launches the Martin VAN GUARD, man's first earth satellite 

vehicle, marking the commencement of the new age of scientific 

exploration. 

There is no "background experience" available for the com

ing Age of Astronautics, and the learning curves are only be

ginning. Hence the opportunities at Martin in this biggest of 

all adventures are a beginning engineer's dream. 

Contact your Placement Director, the Martin Representative, 

or J. M. Hollyday, Dept. C-3, The Glenn L. Martin Company, 

Baltimore 3, Maryland • 

..,.,. ..... 
E3 ,.....ar... L- -,- I 1'./1 c::> ~ £!!!!!:= 
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Al's Corner 

ELECTRON TREATED TAPE 
Moving from pilot research to full-scale production in 

less than three years, General Electric has announced plans 
to increase by 500 per cent its present capacity for pro
ducing a revolutionary new irradiated plastic. 

The plastic, irradiated polyethylene, is the first commer
cial product of electron irradiation - the science of bom
barding materials with high-velocity electrons to produce 
chemical changes. The plastic has numerous applications 
in the electrical and communications industries and the 
promise of new uses in other fields such as packaging. 

Newly-constructed facilities will up production begin
ning this month, from 300,000 pounds to 1,600,000 pounds 
annually. The new facilities will double the 1,600,000 
pound capacity, and this is the best evidence of General 
Electric's confidence in future applications throughout in
dustry. Research is continuing to develop varieties and 
grades of the plastic that will meet special requirements. 

It is now being used to insulate telephone and power 
cables switchgear, small electronic coils, large motors and 
generators and other types of electrical apparatus. Its 
unique bonding and sealing qualities make it useful for 
coil encapsulation and wire harnessing; for rubber mill 
motors, where the sealing properties of insulation are im
portant, and for food and drug containers that are heat 
resistant and sterilizable. 

Insulating materials engineers are currently developing 
a semiconducting tape for power cables, an extrusion 
compound for wire coating and insulation, and a new 
grade of tape to withstand physical stress at temperatures 
higher than 350°C. 

The plastic is a conventional polyethylene which has 
been bombarded by electrons traveling more than 600 
million miles per hour. This knocks a few hydrogen atoms 
out of the plastic's long-chain molecules and causes the 
molecules to "lock arms," forming a new plastic that is 
tough, moisture resistant and chemically inert. Because 
of irradiation and added filler material, the plastic is able 
to maintain its shape under high temperature conditions 
where ordinary polyethylene flows like soft putty. 

Other advantages of the irradiated insulation are: abili
ty to "shrink-fit" under high heat to the precise contour 
of almost any object; high corona starting voltage and low 
corona intensity; excellent voltage endurance; high dielec
tric strength; and improved insulation resistance. 

Highly flexible, the tape can be applied around turns 
and bends without bunching, and it provides a tight, uni-
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Edited By Werner A. Troxel 

form wrapping that m1mmtzes the possibility of voids. 
More compact and less bulky than previous insulation 
material it requires less space to tape connections, making 
it easier to tape terrpinal terminations. 

The million-volt electron beam generator consists of a 
hot-filament electron source; accelerating coils, which ac
celerate electrons almost to the speed of light; and a focus
ing coil. 

In addition to tapes and films, the new insulation ma
terials business will have responsibility for engineering, 
manufacturing, and marketing of varnish cloth and pa
pers, mica products, insulating varnishes and compounds, 
special adhesives, and wire enamels. 

ELECTRON TREATED TAPE- Hand-wrapped around battery 
cores, irradiated polyethylene tape forms a stable chemical
resistant insuoation between core and cylinder. Irradiated tape 
is made by bombarding conventional polyethylene with high
velocity electrons. 
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A GIRL'S BEST FRIEND 

The time-honored belief that "only diamond scratches 
diamond" became obsolete when the General Electric Re
search Laboratory announced the discovery of an entirely 
new material never found in nature. 

"Borazon", name given to cubic boron nitride, scratches 
diamond with ease and remains hard at temperatures 
where diamond literally burns up. The discovery can have 
far reaching impact on industrial processes and thus in
crease the value of products all of us will use in the future. 

Dr. Robert H. Wentorf, discoverer of borazon, demon
strated the scratch tests and other methods he has used to 
prove that the new material is in the same general range 
of hardness as diamond and thus many times harder than 
the next-ranking materials in the hardness scale. 

The 30-year-old Schenectady scientist was a member of 
the GE research team whose work resulted in the an
nouncement of man-made diamonds two years ago. Went
or£ said he uses similar techniques- combining tremen
dous pressures with high temperatures- to produce dia
mond-like crystals of boron nitride never before observed. 

Is borazon harder than diamond? Wentorf cautiously 
guesses it is about the same; borazon scratches diamond al
most exactly as diamond scratches diamond- and dia
mond scratches borazon. 

In actual lapping tests, borazon powder has polished 

HOT AND HEAVY- A special pressure-temperature vessel <en
closed in this hydraulic press enable Dr. Robert H. Wentorf to 
produce borazon. Pressures above 1,000,000 psi and tempera
tures exceeding 3000° F are used to produce crystals of boron 
nitride at General Electric Research Lab with a structure that is 
cubic instead of the ordinary hexagonal form. 
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BEFORE AND AFTER - Face of a natural diamond gem stone 
before and after being scratched with a piece of borazon pro
duced by "superpressure." Borazon is in the same general range 
of hardness as diamond and thus many times harder than the 
nex:-ranking materials in 1he hardness scale. New material re
mains hard at temperatures where diamond literally burns up. 

away the surface of a large diamond at the same rate as 
diamond powder. 

But in another important characteristic, borazon ap
pears to be superior to nature's most glamorous substance. 
Diamond, being basically carbon, literally "burns up" in 
air at about 1600 degrees Fahrenheit. Borazon can with
stand temperatures of more than 3500 degrees Fahrenheit 
and thus should be better for many industrial applications. 

We believe borazon's resistance to oxidation will make 
possible superior methods of mounting stones in industrial 
tools and also may allow bits and wheels to be operated a t 
higher speeds, performing their cutting and polishing jibs 
more quickly and efficiently. 

It is a rna jor scientific achievement- the creation of a 
new material never observed in nature, with properties 
equalling or surpassing those of a material long thought 
to be the "ultimate". 

The first Borazon exhibited here consisted of tiny crys
tals no larger than grains of sand, but even in this form 
the material is expected to be suitable for a variety of 

industrial uses. 

The material is generally black, brown, or dark red, 

although milky white, gray, and yellow crystals have been 

made." 

Ordinary boron nitride is a white solid material similar 
in slipperiness, density, and crystal structure to black 
graphite. Boron and nitrogen "straddle" carbon in the 

periodic table of elements. 

Superpressures above 1,000,000 pounds per square inch 
and temperatures exceeding 3000 degrees Fahrenheit are 
used to produce crystals of boron nitride with a structure 
that is not hexagonal (like graphite) but cubic (like dia

mond). 
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THE QUESTION OF PARITY 

R
ECENT low-temperature experiments at the National 
Bureau of Standards have demonstrated that the quan
tum mechanical law of conservation of parity does not 

hold in the beta decay of cobalt-60 nuclei. This result, 
together with experiments on parity conservation in 
,_.-meson decay at Columbia University's Nevis Cyclotron 
Laboratories, shatters a fundamental concept of nuclear 
physics that has been universally accepted for the past 30 
years. It thus clears the way for a reconsideration of cur
rent physical theories with the possibility of new, far
reaching discoveries regarding the nature of matter and 
the universe. 

In particular, removal of the restrictions imposed by 
parity conservation promises to bring order to the theoreti
~al chaos now existing in regard to subatomic particles. It 
IS generally held that the new "elementary" particles from 
proton accelerators are manifestations of the forces that 
bind the nucleus together. Thus, a better understanding 
of these particles may well lead to a more fundamental, 
unifying theory of the nature of matter and energy. 

The beta-decay experiments were carried out by C. S. 
Wu of Columbia University and NBS staff members 
Ernest Ambler, Raymond W. Hayward, Dale D. Hoppes, 
and Ralph P. Hudson. The bureau's low temperature~ 

laboratory was chosen for the experiments because of its 
previous experience in low-temperature alignment of 
atomic nuclei an essential feature of the beta-decay study. 

Basically, parity conservation in quantum mechanics 
means that two physical systems, each of which is a mirror 
image of the other, must behave in identical fashion 
except for the mirror-image effect. In other words, nature 
is symmetrical and makes no fundamental distinction 
between right- and left-hand rotations or between the 
opposite sides of a subatomic particle. Thus, for example, 
two similar radioactive particles spinning in opposite di
rections about the same axis should emit the same inten~ity 
of radioactivity in any given direction. Neither the right
~or th~ left-han?e? rotation should be favored by a greater 
111tensity of emisswn so long as parity is conserved. 

• Since 1925, physicists have accepted the principle that 
parity is conserved in all types of interactions. During the 
past few years, however, phenomena have been described 
in high-energy physics that could not be explained by 
existing theories. Large accelerators such as the Cosmotron 
and Bevatron have been producing a variety of subatomic 
particles whose behavior has defied systematic analysis. 
One such particle is the K meson, a short-lived particle 
which the proton beam ejects from atomic nuclei. Al
though K mesons are alike in all significant ways, some of 
them decay into three 7r mesons while others decay into 
only two 7r mesons. Mathematically this inconsistent be
havior ~ed to .the ~uspicion that an explanation might be 
found 111 a vwlatwn of the principle of conservation of 
parity. 

In the summer of 1956 T. D. Lee of Columbia Univer
sity and C. N. Yang of the Institute for Advanced Study 
~ade a sur~ey of experimental information on the ques
tiOn of panty. They concluded that the evidence then 
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existing neither supported nor refuted parity conservation 
in the so-called "weak interactions," such as emission of a 
beta particle or K-meson decay. They also proposed a 
number of experiments on beta decays and hyperon and 
meson decays that would provide the necessary evidence 
for or against parity conservation in weak interactions. 
One of the proposed experiments involved measuring the 
directional intensity of beta radiation from oriented 
cobalt-60 nuclei. At the suggestion of Professor Wu of 
Columbia, arrangements were made to carry out this 
experiment in the Bureau's low temperature laboratory. 

Polarization of the nuclei was achieved by cooling a 
paramagnetic crystal containing cobalt-60 to within 0.01 
degree (Centigrade) of absolute zero, and subjecting it to 
a magnetic field. At this temperature the effects of thermal 
a?itatio~ ar~ so s~a~l that atomic nuclei can line up in a 
gtven directiOn wtthm the crystal lattice when a magnetic 
field is applied. 

. T~e m~gnetic P?larity of the nucleus is determined by 
Its directiOn of sp111, and, under influence of a magnetic 
field, most of the cobalt-60 nuclei align themselves so that 
their spin axes are parallel to the field. 

As cobalt-60 is radioactive, its nuclei continuously emit 
beta and gamma rays. If parity is conserved in such inter
actions, then the intensity of the beta emission should be 
the same in either direction along the axis of spin. This, 
of course, was the critical question in the cobalt-60 experi
ments. It was resolved by measuring the intensity of beta 
emission in both these directions, i.e., along and against 
the field direction. 

The cobalt-60 was located in a thin (0.002-in.) surface 
layer of a single crystal of cerium magnesium nitrate. The 
crystal was placed in an evacuated flask which in turn was 
immersed in liquid helium within a Dewar flask sur
rounded by liquid nitrogen. An inductance coil on the 
surface of the inner flask was used to measure the tem
perature of the crystal in terms of its magnetic suscepti
bility. 

A major experimental problem was the location of a 
radiation counter within the evacuated flask for detection 
of beta particles. This problem was solved by placing a 
thin anthracene crystal inside the chamber to serve as a 
scintillation counter. The anthracene crystal was located 
about 2 em above the cobalt-60 source. Scintillations 
caused by beta particles striking the crystal were trans
mitted through a glass window and a 4-ft. lucite tube 
acting as a light pipe to a photomultiplier at the top of 
the flask. The resulting pulses were counted on a 10-
channel pulse-height analyzer. 

In addition to the beta counter within the vacuum cham
ber, two sodium iodide gamma scintillation counters were 
used externally to measure the directional intensity of the 
more penetrating gamma radiation. In this way the in
vestigators were able to determine the degree of polariza
tion of the cobalt-60 nuclei. The two gamma counters 
:vere biased to ~cc~p~ only the pulses from the photopeaks 
111 or~er to d1scnm111ate against pulses from Compton 
scattenng . 

. cooling to the low t~mperature necessary for nuclear 
alignment was accomplished by the process of adiabatic 
demagnetization using a magnetic field of about 23,000 

(Continued on Page 576) 
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Birds 

of 
Extinction 

Grumman's homing "birds" become 

violently extinct when they reach home in 

the proximity of an enemy aircraft, poor 

thing. If you're a "bird" hatching type, 

Grumman's Missile Department may be 

just the incubator you need. 

If your distinction is otherwise, Grumman 

projects include high Mach jets, STOL's 

and VTOL's, and hydrofoil alllphibians 

and boats. You name it, we'll talk. 

Write Mr. A. T. Wilder, 

Engineering Personnel Director. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE • LONG ISLAND • NEW YORK 

Designers and builders of the supersonic F11F-1 Tiger, transonic F9F-8 Cougar jet fighter, 
F9F-8T Cougar fighter-trainer, F9F-8P Cougar photo-reconnaissance, S2F anti-submarine 
Tracker, SA-16 Albatross rescue amphibian, metal boats, and AerobUt Truck Bodies. 
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7rii:fnn'll grading 
exactly the 

every ~oil, •!•1'1 
non-crumbling needle point 

......,_-fiM.t-Wl',.11A8lrD for line after lonq line-of -
unchanging width. Inimitable smoothness
thanks to Eagle's exclusive ''Electronic" graphite. 
TURQUOISE maltes your plans look sharp-
and you, tool 

WIU'l'E FOR FREE SAMPLE Turquoile wood 
pencil and Cleantes Eraser, naminq this m.aquine 
-or buy any of these drawinq instruments from 
your favorite dealer. 

e TUROUOIS£ CLEANTEX ERASER: 
Super-soft, non-abrasive rubber. 

EAGLE 
are the largest-sellin 

lAGLE PENCIL COMPANY • NEW YORK • LONDON 
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SPECIAL ELEORICAL AllOYS 
and MAGNET! C MATERIALS 

CORROSION and HEAT- RESISTANT STEELS 
Super High-Temperature Steels 

TOOL and DIE STEELS 
and SINTERED CARBIDES 

WSWS4S8 
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One of the Royal Family of Steel 
Our niche in the economic health of this nation in peace, and its defense in 
war, is to develop and produce the high-alloy steels and other special metals 
that play an irreplaceable role in modern design and future planning. The 
function of these materials is to do what ordinary metals cannot even approach 
in resisting corrosion, heat and wear, and in performing vital electrical and 
electronic chores. • The kind of pioneering work we do may be what will 
appeal to you after college. In any event, whenever your industrial future brings 
you face-to-face with problems that only special high-alloy steels can solve, 
the place to come for answers is Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 

PIONEERING on the Horizons of Steel 

Allegheny Ludlum 
MINNESOTA TECHNOLOG 



Sold Through Plumbing, Heating and Industrial Distributors 

This famous Fair Offe'r, 
which has appeared 
in every Jenkins cg,talog since 1869, 
gives the buyer,of'Jenkins Bronze, Iron and Steel Valves 
a unique assurance of dependability. 
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a combination hard to match . .. ANYWHERE! 

Important, interesting Congenial Associatei 
work YOUR CAREER 

IN THESE 
Creative Opportunity DIVISIONS OF Finest Facilities 

NORTH AMERICAN 
High Professional AVIATION, INC. Advancement on Merit 

Standing 

The factors that make the difference between a satisfactory job and 
a rewarding career are hard to describe, but easy to recognize. We 
believe you find them in full measure in any one of these exciting 
fields at North American: 

MISSILE DEVELOPMENT ROCKETDYNE 
DIVISION OF NORTH AMERICAN AVIATION, INC. DIVISION OF NORTH AMERICAN AVIATION, INC. 

Over 100 sub and major projects under 
way, including the SM-64 Navaho Inter
continental Missile. 

The mightiest propulsion plants ever built 
-large, liquid propellant rocket engines, 
the power for outer space. 

AUTONETICS ATOMICS INTERNATIONAL 
DIVISION OF NORTH AMERICAN AVIATION, INC. DIVISION OF NORTH AME"RICAN AVIATION, INC. 

Electro-mechanical systems for missiles and 
aircraft- automatic flight and fire control, 
inertial guidance and navigation, advanced 
computer techniques. 

A complete organization, engaged in every 
phase from research to production on 
nuclear reactors for power, industry, medi
cine and research. 

OPPORTUNITIES FOR: 
Aerodynamicists 
Thermodynamicists 
Dynamicists 
Stress Engineers 
Structural Test Engineers 
Flight Test Engineers 
Electrical & Electronic Engineers 
Power Plant Engineers 
Research & Development Engineers 
Weights Engineers 
Environmental Test Engineers 
Instrumentation Engineers 
Fire Control Systems Engineers 
Flight Control Systems Engineers 
Civil Engineers 
Design & Development Engineers 
Test Engineers 

Equipment Design Engineers 
Engine Systems Engineers 
Reliability Engineers 
Standards Engineers 
Hydraulic, Pneumatic & Servo Engineers 
Mechanical, Structural & Electrical Designers 
Wind Tunnel Model Designers & Builders 
Physicists 
Chemists 
Metallurgists 
Ceramicists 
Computer Application Engineers 
Automatic Controls Engineers 
Inertial Instrument Development Engineers 
Preliminary Analysis & Design Engineers 
Systems Engineers 
Armament Engineers 
Servomechanism Engineers 

Weight Control Engineers 
Aero-Thermodynamicists 
Aeroelasticity Engineers 
Mechanical Engineers 
Structures Engineers 
Controls Engineers 
Rubber Compounding Engineers 
Computer Specialists 
Electro-Mechanical Designers 
Electronic Component Evaluators 
Electronics Research Specialists 
Computer Programmers 
Electronic Engineering Writers 
Mathematicians 
Electronics Technicians 
Specifications Engineers 
Engineering Drawing Checkers 
Air Frame Designers 

For more information write: College Relations Representative, Mr. J. J. Kimbark, Dept. 991·20 Col., 

NORTH AMERICAN AVIATION, INC. 
12214 Lakewood Blvd., Downey, California 
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ENGINEERS 

THE MINNESOTA TECHNOLOG 

Proudly Presents 

MISS MINNESOTA 

OF 1957 

MISS . 

ARDYCE GUSTAFSON 

MARCH 1957 
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Due to circumstances beyond our control, but for 
which we are very happy; Miss Gustafson was crowned 
Miss Minnesota of 1957. Immediately certain regulations 
were imposed as to the photographs printed of Ardyce. 
Complying with these regulations we deleted certain 
photographs from our context that were planned for 
this issue. In memory of these photographs and particu
larly to the one planned for this area we present this 
black trimmed space to indicate our mourning. 

·' .• t 

Our girl of the month and Miss 
Minnesota, is the very beautiful and 
talented Miss Ardyce Gustafson. A 
freshman in SLA, Ardyce is 18 years 
old, 5' - 8W' tall and weighs 135 
pounds. She is an excellent singer 
and proved it by also winning the 
talent contest in the Miss Minnesota 
Pageant. The nicest thing about Ar
dyce is her very even tempered and 
engaging personality. 

Well boys- come in! As you can 
see you've caught me quite unpre
pared for such interesting personali
ties. Hang up your slide rules and 
be comfortable while I get ready. 

A person should observe the small 
details when preparing for an im
portant occasion. Fingernails are a 
vital point in make up. Do things 
look all right to you? 
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Selection of a gown always poses 
a problem, but with an Engineer 
around the problem may be some
what obscured in view of other in
terests. 

I'm almost ready now, but first 
the finishing touches must go on. A 
little perfume sort of keeps the boys 
all shook up. 

Gentlemen, I'm ready, do I meet 
with your approval? Oh come now 
stop your stuttering and answer me! 

Sorry boys, but I think the family 
expert is about to give her opinion 
on the subject . . What do you think 
of all this fussing, Kristen? Cra:zylll 
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During the late 19th CENTURY 
this cumbersome machine 

set the pace in large pumping units 

mYPICAL of the m~ssive pumping units that pre
vailed during the late years of the nineteenth century, 
this machine supplied water to a New England munici
pality. Of formidable appearance, it was considered 
the sensation of its day . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TODAY itS the modern BOILER FEED PUMP 
• • • marking another milestone 

in pump development by Ingersoll-Rand 

IN power plants throughout the 
country, modern Ingersoll-Rand 
boiler feed pumps are being speci
fied again and again to meet the 
increasing demand for heavy-duty 
high-pressure service. These trim, 
compact multi-stage pumps, of the 
solid forged-steel barrel-casing de
sign, are delivering trouble-free perT 
formance with sustained efficiency 
for pressures from 1000 to 6500 psi 
and capacities up to 2800 gpm. 

If you'd rather help make indus
trial history than read about it, 
why not look into the fine job op
portunities available with Ingersoll
Rand. For further information, 
contact your Placement Office or 
write Ingersoll-Rand. -

COMPRESSORS • BLOWERS • GAS & DIESEL ENGINES • PUMPS • VACUUM EQUIPMENT • AIR & ELECTRIC TOOLS • MINING & CONSTRUCTION EQUIPMENT 
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... stands for leadership 

G 
and expansion in many· fields 

This new Columbia-Southern barge for transporting caustic soda has a 1200-ton capacity, and reflects the latest in design and improvements. 
Setting the pace in chemical tronsoortation is just one of the many contributions to the chemical industry by Columbia-Southern. 

If you are interested in building a successful and 
creative lifetime with a firmly established, constantly 
expanding company recognized as a leader in its many 
fields, you should investigate your career opportunities 
at Pittsburgh Plate Glass Company. 

In addition to being a leading name in one of the 
nation's most essential industries, flat glass, PPG is a 
"blue-chip" organization in the production of plastics, 
paints, fiber glass, paint brushes, and chemicals. 

Columbia-Southern Chemical Corporation, one of 
PPG's subsidiaries, is the world's largest merchant 
producer of chlorine. From Columbia-Southern also 
come tonnages of vital industrial chemicals: soda ash, 

caustic soda, calcium chloride, pigments used in rubber 
compounding, chrome chemicals, and numerous others. 
Columbia-Southern's position as a leader in the fast
growing chemical industry stems from its reputation 
for solid business practice and customer service, backed 
by constant research and development. 

If you are int.erested in a career with outstanding 
job opportunities where your talents and initiative are 
respected and rewarded, by all means look into your 
career possibilities with the Pittsburgh Plate Glass 
Company. Write for more information to the Pittsburgh 
Plate Glass Company, General Personnel Director, One 
Gateway Center, Pittsburgh 22, Pa. 

PPG produces large quantities of 
glass for automotive, home build
Ing, commercial and industrial uses, 

Pittsburgh Plate's fiber glass and 
plastics are being used in many new 
applications every day. 

Colorful Pittsburgh Paints ore the 
overwhelming favorites of Mr. and 
Mrs. Homeowner the nation over. 

PAINTS • GLASS • CHEMICALS • BRUSHES • PLASTICS • FIBER GLASS 

PITTSBURGH PLATE GLASS COMPANY 
345 PLANTS, MERCHANDISING BRANCHES, AND SALES OffiCES LOCATED IN 250 CITIES 
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F
ROM THE TIME that St. Anthony 
Falls was discovered until the 
present it has played an important 

part in the development of Minne
apolis. 

Father Hennepin discovered the 
Falls in 1680 and christened them 
for St. Anthony of Padua, the patron 
saint of his mendicant order. 

Not until 1825 did the Falls again 
enter into the history of Minneapolis. 
Before this time, only the many fur 
traders in the area were conscious of 
their existence. In 1825, however, 
Colonel Snelling, commander at Fort 
Snelling, put his soldiers to work 
growing wheat in order to keep them 
busy and provide needed flour for the 
fort. The wheat had to be ground to 
make the flour; so Colonel Snelling 
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selected St. Anthony Falls as the 
logical site for _a grist mill to supply 
the flour. This was also an excellent 
place for a saw mill to provide lumber 
for the fort. This first venture of mill
ing at the Falls was not a great success, 
but it marked the beginning of a 
great era for Minneapolis. Because of 
the presence of the fort in the area, 
many settlers came to share in the 
wealth developed by the Falls. 

The first person engaged in lumber
ing in the area was Franklin Steele. In 
1847, he established, with the help of 
two friends, a saw mill on the east 
channel of the river between Nicollet 
Island and the village of St. Anthony. 
This marked the beginning of the 
lumbering industry at the Falls. 

As lumbering grew, more immi-

by Duane Zwiers 

grants were attracted to the area. A 
greater population demanded more 
flour, and so milling flourished along 
with lumbering. Even though the 
power available at the Falls was 
sufficient for both industries, the tim
ber supply was soon depleted and the 
lumber industry moved on. Neverthe
less, the economy was stabilized and 
favorable transportation and banking 
facilities were established. 

The growth of flour and grist mills 
continued as people became conscious 
of the great power available at the 
Falls. In 1851 Robert Smith bought 
the land on which Colonel Snelling's 
mills stood. As the flour milling indus
try continued to prosper, many more 
settlers came. This created a growing 
demand for flour, and so two more 
mills were built, one in 1853, and 
another in 1854. The latter mill, 
called the "Minnesota" mill, was 
three stories high with three runs of 
stone; the total cost was $16,000. 

In 1855 Calwallader C. Washburn 
came to Minnesota along with John 
Sargent Pillsbury. By this time many 
different mills were in existence. 
Washburn persuaded the mill owners 
of Minneapolis to organize the Min
neapolis Mill Company. This com
pany took over all ownership and 
operation of dams and control works 
on the west side of the river. The 
dams and control works on the east 
side were organized under the St. 
Anthony Waterpower Company. This 
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gave the mill owners authority over 
who would be able to take power 
from the Falls. 

Washburn leased out his flour mill 
to Crosby so that it would not inter- . 
fere with his other work. In 1878 the 
Washburn-Crosby firm entered an 
improved flour at the National 
Millers Exhibition in Cincinnati and 
won all three medals. From this the 
trade name "Gold Medal" originated. 

THE YEAR 1878 was memorable for 
another reason. On May 2, 1878, 

the Washburn "B" mill exploded. 
Two other mills across Canal Street 
from the Washburn mill also ex
ploded, and three adjacent mills 
caught fire and burned completely. 
The explosions and fires had been 
caused by sparks generated between 
the runs of stone in the mills; the 
sparks ignited flour dust which then 
exploded. 

This incident threatened to ruin 
the milling industry. However, a 
newly developed exhaust device 
which prevented explosions in flour 
mills soon put the industry back on 
its feet. The explosions actually 
helped the mills, because they gave 
them a chance to change the type of 
grinding being used. Whereas they 
had been using mill stones, they now 
introduced the system that had been 
used in Europe, that of steel rollers. 
This system was far superior as it did 
a better and more efficient job. Much 
of the investigation work required for 
the change-over was done by a brilliant 
Austrian, William de la Barre. In 
1883 he was appointed chief engineer 
for the Minneapolis Mill Company. 
Many of the major improvements 
that have produced the structural out
line of St. Anthony Falls as it is today 
were planned by de 1a Barre. 

When the milling industry first 
started bran was known as a by
product. Since there was no use for 
the bran, thousands of pounds were 
dumped into the river. Charles Pills
bury declared that this was simply a 
waste of profits, and he was deter
mined to find a use for the bran. He 
experimented with young steers and 
found that the bran was excellent 
feed. This put another product of 
Pillsbury's on the market. 

Although the mills had made their 
flour a popular product, there still 
remained the problem of getting a 
good method of marketing their 
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goods. There was no adequate system 
of railroads connecting to the East. 
In 1862 the first railroad connecting 
St. Paul and St. Anthony was com
pleted. Finally, by 1870 an adequate 
rail system was completed to connect 
St. Anthony Falls to the wheat fields 
of the Red River Valley and to the 
eastern markets. 

James Jerome Hill came on the 
scene about 1878. He acquired a bank
rupt railroad (St. Paul and Pacific) 
and extended its lines westward. He 
then encouraged settlers to go and 
settle along his railroad to assure the 
railroad of a constant flow of freight 
into the sparsely settled west. The 
stone arch railroad bridge which still 
stands just below St. Anthony Falls 
was built by Hill in 1880. This bridge 
continues in use today and is a monu
ment to Hill's skill and genius. 

ALTHOUGH Buffalo and Kansas City 
have moved ahead, Minneapolis 

remained as the world's flour milling 
capital for twenty-five years. Even 
though it is losing ground in many 
areas, the flour milling industry is 
still important in the future of Min
neapolis. 

As the population in the area grew 
because of the milling industry, the 
need for more and better schooling 
arose. In November 1851 the Univer
sity of Minnesota officially opened its 
doors: It was located in a frame build
ing at the present site of the Richard 
Chute park at the corner of University 
and Central Avenues. Soon it was dis
covered that there was no deed for 
the land, and so, in I 855, the legisla
ture chose twenty acres of land at the 
present site. The University was in 
trouble financially from the begin
ning, and the future looked dism"al. 
However, John Sargent Pillsbury 
took a great interest in the school 
and began to be a moving force in 
wiping out the debts of the Univer
sity. From then on the University has 
flourished. 

Although the University left the 
vicinity of St. Anthony Falls, it was 
soon to return, for thirty years later 
as part of the Works Progress Admin
istration the St. Anthony Falls 
Hydraulic Laboratory was con
structed on Hennepin Island. The 
Laboratory is significant of the future 
of Minneapolis. Although it has been 
in existence for only twenty years, the 
laboratory has become world-famous 

for its work in the study of hydraulic 
problems by the use of models. Dr. 
Lorenz G. Straub, director of the 
Ia bora tory, has been instrumental in 
this growth. Under his leadership the 
laboratory has developed and pro
gressed. 

The Falls of St. Anthony are beau
tiful, they are nevertheless a hind
rance to river traffic. Many times Min
neapolis has felt the need for ~ore 
dockage facilities farther up the nver. 
In August 1937 Congress approve? 
the Minneapolis Upper Harbor ProJ
ect at the Falls of St. Anthony. This 
project included the extension of an 
adequate navigation channel past the 
Falls into north Minneapolis. A part 
of the preliminary investigation was 
the construction of a I to 50 scale 
model at the St. Anthony Falls 
Hydraulic Laboratory. The Upper 
Harbor Project has been a matter of 
controversy ever since it was started; 
the Corps of Engineers maintains that 
it is not economically justified. That 
is, savings to shippers will not justify . 
the cost of the project. At present the 
project is at a standstill and so its 
future is uncertain. 

The present outline of the Falls is 
due to the development of the rocks 
in the area. As a result of glacial 
action, the entire area around the 
Falls is underlain with a thin layer 
of Plattesville limestone which rests 
on St. Peter sandstone. The sand
stone will carry almost unlimitable 
loads, but if it comes into contact 
with water, it will soon disintegrate 
into a fine quartz sand. When the 
Falls were first formed, they began 
retreating and cutting up the sand· 
stone. This left a series of limestone 
blocks and rapids in the river. If the 
Falls had not been modified there 
would be nothing left today except a 
series of rapids. 

Although the importance of the 
Falls as a source of power for milling 
has decreased, the Northern States 
Power Company realized its impor
tance as a source of power for other 
purposes. They now operate a plant 
that supplies part of the power to the 
Minneapolis area. The plant is 
located between Hennepin Island and 
the bank next to the St. Anthony Falls 
Hydraulic Laboratory. 

No matter what St. Anthony Falls 
holds for the future of Minneapolis, 
they will always remain as the impor
tant factor in developing Minneapolis 
as a center of commerce and industry. 
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KEEP IT CLEAN 

by J. Pilgren 

If you're like me, every time you swim in a public or a 
private swimming pool your eyes get red. They feel like 
you've been arc welding without glasses, and look like 

you really had a good time but can't remember last night. 
You and I then, all in the same breath, proceed to explain 
that we've been swimming, pronounce a curse on chlorine, 
and apologize for chlorine because it keeps the water 
clean. Chlorine does keep the water clean in the sense 
that it is a sterilizing agent. Chlorine kills much of the 
bacteria in the water and much of that introduced by the 
bathers. It also kills some of the algae in the water, but 
during the swimming season it is often necessary to add 
other chemicals, usually a copper salt, to provide adequate 
control of algae. 

These two methods of maintaining water cleanliness 
are effective in insuring "invisible cleanliness," that not 
apparent to the casual observer. Now we ask why does the 
pool also look so clean? It is open to the atmosphere, and 
day after day dust and leaves blow in the pool; hair, 
hair oils, body oils, and dirt accumulate in the water. 
The answer is a filtering plant that operates continuously 
around the clock cleaning the pool water. Pool filters 
operate either on the pressure or the vacuum principle. 
The pressure filter utilizes the pump to force water 
through the filter under pressure, and the vacuum filter 
uses the pump to draw water through the filter. The pump 
is located ahead of the pressure filter and behind the 
vacuum filter. 

The filtering elements in both types of filters are cylin
ders 3.82 in. in diameter by 30 or 36 in. long. The 
diameter is such that 1 lineal foot of filter equals 1 square 
foot of filter area. This simplifies the work involved in 
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determining the size of filter for a given installation. The 
Minnesota State Board of Health specifies a maximum 
flow rate of 3 gpm per square foot of filter surface and 
an entire pool turnover every six hours. These specifica
tions then dictate the number of cylinders or filter ele
ments necessary to do an adequate job. The cylinders 
are woven monel metal or a copper framework supporting 
a closely woven plastic sock. The woven monel or plastic 
serves only as a foundation for the actual filtering media. 

The filtering media is diatomaceous earth. Diatoma
ceous earth is a fine powder consisting of the siliceous hard 
parts of diatoms. When the earth is introduced into the 
water near the filter elements, it is drawn onto the monel 
or plastic mesh. It does not pass through but begins to 
build up a cake on the outside of the mesh. The cake 
does the actual filtering because it is dense enough to 
prevent some oils from recirculating with the pool water. 
Usually the oils tend to cling to dust and dirt particles in 
the water and in this way are effectively taken out of the 
circulating water. 
PRESSURE FILTER 

The pressure filtering unit consists of a tank or pres
sure vessel, a precoat feeder, continuous slurry feeder, 
recirculating pump, hair and lint catcher, and usually an 
air compressor. The number of filter elements per tank 
and the number of tanks used depends on the size of the 
pool. When more than one tank is used, the elements 
are operated in parallel and are usually supplied by one 
pump. 

The precoat feeder iii used to prepare the slurry of 
diatomaceous earth and water that coats the filter 
elements. 
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The continuous slurry feeder feeds a continuous slurry 
to the filter. The slurry amounts to a very small amount 
of earth, only enough to keep the dirt and oils from 
building up a solid cake on the elements. Feeding a con
tinuous slurry deposits the dirt evenly throughout the ever
increasing filter cake. 

The recirculating pump for a pressure filter must 
sually develop a head of from 110 to 120 ft. of water. 
he system head increases for a given flow condition as 
e amount of dirt in the filter cake increases. 
The air compressor is not always included in the 

ystem. Usually, when the pump is shut clown, the filter 
cake falls or is sprayed off the elements by the spray 
lateral. If the cake is packed tight, an air pump from the 
air compressor knocks it off because the air flow is 
opposite in direction to the water flow. 

The hair and lint catcher is in the line to intercept hair, 
leaves, and lint. This device has a removable basket so 
that it may be cleaned without shutting clown the pool. 

The vacuum filter consists of an open steel tank, a 
continuous slurry feeder, recirculating pump, and some
times an air compressor. 

The filter tank is divided into two sections: a prefilter 
stilling chamber equipped with a screen to remove large 
particles; and a filter chamber containing a distributor
collector system, filter elements, and an air wash system. 

The continuous slurry feeder for the vacuum system is 
simple because the slurry can just be introduced into the 
filter by gravity instead of introducing it against the head 
that the pump develops on the pressure system. . 

The recirculating pump on the vacuum filter usually 
develops a head of 35 ft. of water. It also has an automatic 
shut off when the vacuum reaches 20 ft. of water. 

Air compressors are very rarely used with the vacuum 
filter because the filters can be seen, and if, when the 
pump is shut down, the cake does not all fall off, it can 
be washed off by spraying the filters with a garden hose. 

OPERATION 

When the pressure filter is put into operation, the 
valves in the line from the pool are opened. A sufficient 
quantity of diatomaceous earth is clumped into the precoat 
feeder to properly precoat the filter elements. The 
quantity of earth used depends upon the capacity of the 
system. The circulating pump is started, and the value in 
line between the pump and the filter is closed. The valves 
in the line through the precoat feeder are opened, and the 
water-earth slurry then flows into the tank coating the 
filters. The drain valves are closed, and the valve in the 
return line to the pool is opened. The continuous slurry 
feeder _tank is now put in service by pouring in a pre
cletermmecl amount of earth and adjusting the feed so 
that about three pounds of earth are fed into the system 
every ten to fourteen hours. 

The entire system is now operating and should be 
allowed to continue until the pressure gage on the tank 
shell. indicates that tht; filter is ~irty by showing a high 
workmg pressure. A high operatmg pressure means that 
our flow capacity is reduced by dirt in the filter. Filter 
runs vary fro~ 2 to 10 days and longer depending on the 
number of swimmers, atmospheric condition, and condi
tions like algae growth. 

When the vacuum filter is put into service, the valve 
from the pool is opened and water floods the filter. The 
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recycle valve is opened, and the pool return valve is 
closed. Starting the pump circulates water through the 
filter tank and pump only. The diatomaceous earth neces
sary is now clumped directly into the filter chamber. The 
water is allowed to recycle until it becomes clear; then 
the valve to the pool is opened, and the recycle valve is 
closed. If there is a slurry feeder on the installation, it is 
started in the same way as in the pressure filter. 

A vacuum unit will operate for the same length of time 
as a pressure unit and is subject to the same conditions. 
The vacuum filter should be washed down when the 
vacuum gage on the pump suction shows about 15 m. 
Hg vacuum. 

The washing clown or cleaning process is begun by 
shutting clown the pump so as to break the pressure dif
ferential across the filters. Much of the earth then falls off 
the filter elements. Those units that have air compressors 
then "explode" air through the elements to knock off 
remaining earth. The filter tank is then drained, carrying 
the spent earth to waste. In systems not having air com
pressors, the elements are washed by the spray lateral in 
the pressure tank, or by spraying a garden hose in the open 
tank of the vacuum system. The filter tank is then refilled, 
and the previously described coating process is again per
formed to put the unit back into operation. 

Tests have been made on water samples taken from 
pools with this type of filter in operation, and you will 
probably find it hard to believe that the pool water with 
swimmers in it was actually purer than that taken from 
city mains. 

Three deaf Englishmen were riding through England on a 
train. As they came to a town, one said, "Ah, this is Wembly." 

"No," said the second, "this is Thursday." 
Said the third, "So am I. Let's get off and have a Scotch and 

soda." 

Soldier: "Say, you think you're a pretty hard guy, don't 
you?" 

Marine: "I am. I wasn't born, I was quarried." 

You're early boys, he isn't 
here yet." 

575 



Al's Corner 

oersteds. This process involved succes

sive magnetization and demagnetiza

tion of the paramagnetic salt, cerium 

magnesium nitrate, which supported 

the cobalt-60 specimen. The heat pro

duced by magnetization was removed 

by the boiling off of liquid helium in 

the surrounding dewar. The specimen 

was then thermally isolated and upon 

demagnetization and temperature fell 

to about 0.003 °K. 

A vertical solenoid was then raised 

around the lower end of the outer 

dewar to provide a magnetic field for 

polarization of the cobalt-60 nuclei. 

After the beta emission had been 

measured for this condition, the direc

tion of the magnetic field was re

versed, and the beta emission again 

measured for nuclei polarized in the 

opposite direction. It was found that 

the emission of beta particles is greater 

in the direction opposite to that of the 

nuclear spin. Thus, a spinning cobalt-

60 nucleus has a beta emission dis· 

tribution that is not the same as that 

of its mirror image. This result un· 

equivocally demonstrates that parity 

is not conserved in the emission of 

beta particles by cobalt-60. 

According to the theoretical studies 

of Professors Lee and Yang, the pres

ent experiment indicates not only that 

conservation of parity is violated in 

beta decay, but also that invariance 

under charge conjugation is violated. 

This can be interpreted to mean that 

when the algebraic signs of all elec

tric charges in a physical system are 

changed, the physical behavior of the 

system may not always remain un

altered. Most recently, Lee and Yang 

have developed a new theory for the 

neutrino as a result of the forego~ng 

work. 
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another example of exciting work at los alamos .•• 

FAST PI/1/Tf/GHAP/IT 

/5,000.000 
PICTURES/SECOND 

Here at Los Alamos, the de
velopment of high speed 
photography has produced 
framing cameras of unprece· 
dented framing rates and 
exposure times. These cam· 
eras are capable of taking as 
many as 90 frames at rates 
as h1gh as 15 million frames 
a second. They employ the 
technique of sweeping the 
image, reflected from a 
rapidly rotating mirror, over 
a set of correcting lenses 
onto the recording film. This 
results in the effective stop· 
ping of image motion withm 
the frame. In addition to the 
creation of new optical com· 
ponents, the construction of 
these cameras has involved 
the development of tech· 
niques for rotating mirrors 
of substantial size at speeds 
as high as 22,000 revolu· 
tions per seco1td. 
Used in a wide variety of re
search programs as well as 
in the Laboratory's weapon 
investigations, instrumentS 
such as these typify the ex· 
cellent resources, in facilities 
and in the capability for ere· 
ating wholly new experi
mental methods, enjoyed by 
the scientists of Los Alamos 

los( 

1 \ 
• ,•1 ... 

The enlarged frame above shows the collision 
of a steel ball and an aluminum plate at an 
approximate velocity of 4 millimeters/micro
second, illustrative of studies of interaction of 
metals at high impact velocity. The cutaway 
drawing shows some of the features of one of 
the Laboratory's high speed framing cameras. 

LOS ALAMOS, NEW MEXICO 
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... where you can design, build, 

research or sell products like these 

••• and grow with 3 growth industries 

---------------, 

You can grow faster in a company that supplies the 
basic needs of growth! Power, construction and 
manufacturing must grow to supply the needs of our 
population which is increasing at the rate of 50,000 
per week. Allis-Chalmers is a major supplier of 
equipment in these basic industries. 

But there's another factor of equal importance: 
Allis-Chalmers Graduate Training Course offers un
usual opportunities for the young engineer to: 

• Find the type of work he likes best 
• Develop engineering skill 
• Choose from a wide range of career possibilities 

Allis-Chalmers graduate training course has been 
a model for industry since 1904. You have access 

Opportunities 
in these fields 

Thermodynamics 
Acoustics 
System Analysis 

(Electrical and 
Mechanical) 

Stress Analysis 
Hydraulics 
Electronics 
Process Engineering 
Mechanical Design 
Structural Design 
Metallurgy 
Nucleonics 
High Voltage Phenomenon 
Analog and Digital Computers 
Fluid Dynamics 
Basic Research 

-----------

to many fields of engineering: electric power, hy
draulics, atomic energy, ore processing. 

There are many kinds of work to try: design 
engineering, application, research, manufacturing, 
sales. Over 90 training stations are available, with 
expert guidance when you want it. Your future is 
as big as your ability can make it. 

Or, if you have decided your field of interest and 
are well qualified, opportunities exist for direct as
signments on our engineering staff. 

In any case-learn more about Allis-Chalmers. 
Ask the A-C manager in your territory, or write 
Allis-Chalmers, Graduate Training Section, Mil
waukee 1, Wisconsin. 

I 
I 

J 

AlliS· CHALMERS 
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As recently as ten years ago it was just becoming 
evident that digital techniques in electronics were 
destined to create a new and rapidly growing field. 
Today, incorporated in electronic computers and 
other equipment, they constitute one of the most sig
nificant developments in scientific computation, in 
electronic data processing for business and industry, 
and in electronic control systems for the military. In 
the near future they are expected to become a major 
new factor in industrial process control systems. 

The digital computer for scientific computation is 
becoming commonplace in research and development 
laboratories. Such machines range from small spe
cialized units costing a few thousand dollars, to large 
general purpose computers costing over a million 
dollars. One of these large computers is a part of the 
Ramo-Wooldridge Computing Center, and a second 
such unit will be installed the latter part of this year. 
'The digital computer has not only lightened the com
putation load for scientists and engineers, but has 
made possible many calculations which previously 
were impracticable. Such computers have played a 
major role in the modern systems engineering 
approach to complex problems. 

Electronic data processing for business and industry 
is now well under way, based on earlier developments 
in electronic computers. Data processors have much 

in common with computers, including the utilization 
of digital techniques. In this field, teams of Ramo
Wooldridge specialists are providing consulting serv
ices to a variety of clients on the application of data 
processing equipment to their problems. 

The use of digital techniques in military control 
systems is an accomplished fact. Modern interceptor 
aircraft, for example, use digital fire control systems. 
A number of Ramo-Wooldridge scientists and engi
neers have pioneered in this field, and the photograph 
above shows a part of an R-W-developed airborne 
digital computer. 

These, then, are some of the aspects of the rapid 
growth which is taking place in the field of digital 
techniques. Scientists and engineers with experience 
in this field are invited to explore openings at The 
Ramo-Wooldridge Corporation in: 

Automation and Data Processing 
Digital Computers and Control Systems 
Airborne Electronic and Control Systems 
Guided Missile Research and Development 
Electronic Instrumentation and Test Equipment 
Communication Systems 

The Ramo-Wooldridge Corporation 
5730 ARBOR VITAE STREET • LOS ANGELES 45, CALIFORNIA 
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Arne Steiuang and Charles Baumann of Federal Bakery Co., Winona, Minnesota, receive engineering service and 
product data from Stan Nelson (left), of Standard Oil, to help keep maintenance costs low on Federal's truck fleet. 

How to write a success story 

STANLEY NELSON, automotive engineer, is typ
ical of many young men we like to tell about 
in the Standard Oil organization. He keeps 
proving to be the right man in the right job as 
he advances with us. 

Stan likes engineering, of course. He grad
uated from the University of Minnesota with a 
B.S. degree in Mechanical Engineering in 1950. 

He likes people. He especially likes to get 
into business problems with them where he and 
his company can help. Truck maintenance, 
lubrication, and fuel consumption are big items 
to fleet operators, large and small, who have 
found that help from Stan pays off-for them. 

And he likes selling. He functions frequently 
as a key man for the sales department. His 

intelligent analysis of a problem in his field 
may either improve our service to a valued 
customer or help us to secure a new one. 

He likes to keep moving, too, and he's done 
that. He held several sales positions in 
Minnesota and attended Standard's intensive 
Sales Engineering School in Chicago before 
being promoted to his present position in which 
he works out of the Mason City, Iowa, divi
sion office. 

As men like Stanley Nelson earn their way 
upward in our organization we have frequent 
openings for ambitious college men to follow 
them. You might find a career in engineering, 
research or sales with this stable and progres
sive company rewarding, too. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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GMR-235 
THAT OLD PROVERB about necessity mothering inven

tion certainly applies to the aircraft engine industry. Take 
these jet aircraft engine turbine blades, for instance. 

New, higher thrust engines made it necessary to find
or develop-a material which would withstand the high 
temperature shock and stress conditions associated with 
these higher engine powers. Turbine blades turn at speeds 
over 13,000 rpm and are subjected to intense temperatures 
of over 1800°F. No ordinary metal would take that kind 
of punishment. 

It was through the cooperative efforts of General Motors 
Research and Allison engineers that GMR-235 came into 
being. GMR-235 is a nickel-base alloy. Some of the out
standing high temperature mechanical properties require
ments are combined with an inherent ability of the alloy 
to withstand momentary over-temperature exposures 
whi.ch are sometimes met in turbine engine opera
tions. The results of such over-temperature ~xposure on 
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GMR-235 are not reflected in deterioration of its normal 
expected properties when the engine is returned to normal 
operating temperatures. Previously, a 30 to 60 percent loss 
of blade life was encountered when such conditions ex
isted. The superior qualities of GMR-235 have made pos
sible a boost in engine temperature of about 150°F which 
can mean as much as 15% greater engine thrust. Since 
GMR-235 is a cast alloy, turbine parts can be mass
produced in controlled foundry facilities instead of being 
forged by highly skilled personnel. 

* * * 
Development of GMR-235 is typical of the interesting and 
challenging work going on at Allison. Want to know how 
you'll fit into the engineering picture at Allison? Arrange 
for an interview with our representative on your campus, 
or write for information: Personnel Department, College 
Relations, Allison Division, General Motors Corporation, 
Indianapolis 6, Indiana. 

MINNESOTA TECHNOLOG 



Ed Gearhart asks: 

G. Edward Gearhart was graduated from 
the University of Delaware in June, 1956, 
with a B.S. in chemical engineering, and 
is now working for his Ph.D. in chemical 
engineering at Lehigh. At Delaware, he 
was editor-in-chief of the yearbook, 
"Blue Hen," active in sports and secre
tary of the Engineering Council. 

What does Du Pont mean by "on- the- job" training? 
Denton Harris answers: 

Training is pretty much full-time at 
DuPont, Ed. The main objective is 
to train men to reach their full capa
bilities as soon as possible. So we give 
the new man responsibility the day 
he arrives, and increase it as oppor
tunities are available and he's ready 
for more responsibility. 

i 'hat's the basic, guiding policy. But 
DuPont has many departments. And 
training has many facets. 

In some plants, the college graduate 
being trained for supervision is moved 

Denton B. Harris joined DuPont's Engi
neering Research Laboratory in 1 une, 
1952, after completing work for an M.S. 
in civil engineering at the University of 
Massachusetts. He's currently working 
on an unusual project-a broad study of 
the philosophy of design. The objective 
is to learn more about people's design 
preferences, and the trends behind new 
concepts in industrial design. This new 
assignment came after Denton gained 
several years of experience in various 
kinds of civil engineering at DuPont. 
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through all areas of the production 
cycle. In others, where the technical 
phases are more involved, he may 
spend time in a laboratory or devel
opment group before moving on to 
production. 

It works the same way in sales. The 
graduate may first learn the labora
tory side of the products he's going to 
sell. Or he may start right out on 
learning selling techniques. That all 
depends on the products and markets 
involved. 

Are you interested in research work? 
About 2000 DuPont scientists and some 
3500 other employees are now engaged 
in research. Laboratory facilities of the 
highest quality are available at the 
DuPont Experimental Station near 
Wilmington, and elsewhere throughout 
the country. Full information about re
search work at DuPont is given in 
"DuPont Research." Write for your copy 
of this free booklet to E. I. du Pont de 
Nemours & Co. (Inc.), 2507C Nemours 
Building, Wilmington, Delaware. 

The same on-the-job principle ap· 
plies to new men in specialized fields 
of research, development or design ..• 
including daily contacts with super
vision, frequent lectures, discussions 
and conferences. Periodic changes in 
assignment, too. 

It's carefully planned, individualized 
training, Ed. We've found it's the 
most effective way to broaden a man 
quickly. DuPont is a growing organ· 
ization. And men with leadership po· 
tential are always in demand. 

~ 
l£G.U.S. PAT. Off. 

BETTER THINGS FOR BETTER LIVING 
••. THROUGH CHEMISTRY 

Watch "DuPont Theater" on Television 
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Meta Dyne ... 

might well be balanced by a saving in outages due to slow 
response. T he exper imental results are somewhat lacking 
on a few points, therefore, some consideration such as the 
improvement of the time response with exciter speed were 
left unse ttled from these initial tes ts. 

James Foley, a fifth year senior 

in EE, took first prize in the Dis· 

trict V AlEE student paper contest 

for the University of Minnesota . 

The contest is an annual event 

open to all EE students, and is 

held on three levels, local, dis· 

trict and national. Papers are 

judged first at the University, the 

best paper being submitted to the 

district contest. An oral presenla· 

lion of the paper is made at the 

district level and papers are judged 

on this oral as well as written 

presentation. The winner of the 

district contest then presents his 

paper at the National AI EE sum-

mer convention . The papers at the 

National level are judged on their 

written presentation only. 

TO ALL 

GRADUATING SENIORS 

BEST WISHES 

FOR A SUCCESSFULL CAREER 

ENGINEERS BOOKSTORE 
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•. 

They can ... if you start your 

Douglas career now! 

Douglas has many things to offer the career

minded engineer! 

•.. there's the stimulating daily contacts with 

men who have designed and built some of the 

world's finest aircraft and missiles! 

... there's enough scope to the Douglas opera· 

tion so a man can select the kind of work he 
likes best! 

. . . there's security in the company's $2 Billion 
backlog of military and commercial contracts! 
... and· there's every prospect that in 10 years 

you'll be where you want to be professionally, 
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and you'll be in both the income level and geo· 

graphical location to enjoy life to its full. 

Brochures and employment applications are 
available at your college placement office • 

For further information about opportunities with 
Douglas in Santa Monica, El Segundo and Long 
Beach, Calif. and Tulsa, Okla., write today to: 

DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. La Vene, 3000 Ocean Park Blvd. 

Santa Monica, California 

First in Aviation 

' 
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''Whatever is wortlt doing 
at all is wortlt doing well JJ 

From Lord Chesterfield's Letters 
Oct. 9, 1746 

fltuee.t 'Pite44 1~, 
PRINTERS • LITHOGRAPHERS 
5th & 5th SOUTH MINNEAPOLIS 
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Panel caving is one of two bulk mining 
methods which account for 70 per cent 
of the company's total nickel output. 

Diagram of panel caving in Creighton 
mine. The heavy panel of ore and rock 
sinks, breaking up as it moves down. 

---------------------------------, 

A crack at the earth's surface shows bulk mining is proceeding far underground. 

Which Mining Method is BEST? 

There is no one best method of 
getting ore out of the ground. 
Type of ore; type of rock; even 
the location of the mine must 
be weighed. !nco uses five 
underground mining methods 
at Sudbury: Once only 11Waste rock1! .. 

now a new source of Nickel Square Set Cut and Fill 
Shrinkage Blasthole 

Panel Caving 

How !nco's mine engineers 
utilize a panel.:caving method 
in order to recover nickel from 
huge ore deposits that formerly 
were not practicable to mine 

Panel caving is one of the newest 
mining methods put into use by The 
International Nickel Company. 

The tonnage of ore handled by this 
method is immense. Sometimes a 
single block measures 200 by 800 
feet. It may weigh as much as 1 'h 
million tons. 

As these heavy masses move down
ward they break into pieces small 
enough to drop through chutes and 
into machine crushers deep inside 
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the mine. From crushers the ore goes 
a quarter mile by conveyor to hoists 
that lift it to the mine head. 

From there, the ore is milled as 
fine as sand. The concentrate is then 
pumped to the Inco reduction plant 
7 'h miles away. 

Panel mining; new concentrating 
machinery; new, continuously im
proved operating practices; pipeline 
transport. Add them together and 
you can see how they make possible 

L-----------------~----------------

production of nickel from ore de
posits once only "waste rock." 

Inco has prepared a full-color 
sound film-Mining for Nickel-that 
shows the operations of modern 
nickel mines. 16mm prints are loaned 
for showings before technical soci
eties, engineering classes of univer
sities and industrial organizations. 
For details, write Dept. 130f, 
The International Nickel Company, Inc., 
New York 5, N.Y. @1957,T.I.N.co.,Inc. 

A 
,[Mg), International Nickel 
IIAOt .. AI& 

The International Nickel Company, Inc., is the U.S. affiliate of The International Nickel 
Compan y of Can~da, Limit~d (Inco-Cana~a)-produce"': of [nco Nickel, Copper, Cobalt, 
Iron Ore, Tellunum, Selemum and Plahnum, Palladtum and Other Precious Metals. 
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IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION • IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 

NEW ENGINEERING CENTER i: being built with growth in 
mind. Initially large enough for a force of 900 engineers, II is 

designed to permit rapid expansion of any functional area 
without disturbing work in progress. 

ENGINEERS- Openings in all phases of air
craft design and development. Write to Joe 
Russell, Engineering Personnel, Room 10-C, 
Te.mco Aircraft Corporation, Dallas, Texas. 

Growth- in plant facilities, for example, tells the Temco success story. 

New buildings -like the completely modern 100,000-square-foot engi
neering center opening this spring at Temco's Garland plant- clearly 
tell the Temco story of widening engineering skills, increasing contracts 
and significant advances in Temco's own projects. 

At the beginning- back in 1945-550,000 square feet were sufficient. 
Now, eleven years later, with three integrated Texas plants at Dallas, 
Garland and Greenville, Temco has a total of 1,900,000 square feet for 
administration, design and production -plus eight runways and an 
immense total ramp area. 

Completely modern facilities are only a part of the Temco story of 
outstanding engineering opportunities. The challenge of meeting the 
complex needs of the jet-age aircraft industry, plus advanced work in 
Temco's own developments in electronics, aircraft and complete weapon 
systems means that rewarding careers are open to you now at Temco. 

AIRCRAFT CORPORATION • DALLAS 

IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION • IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 

586 
MINNESOTA TECHNOLOG 



Another page for 
0 YOUR BEARING NOTEBOOK 

0 

How to keep a 
portable airport rolling 
This portable semi-trailer is used to haul and 
launch jet fighters and missiles. One problem 
engineers faced in designing it was making sure 
the wheels and axles could take the heavy radial 
and thrust loads. That's why they ended up spe· 
cifying Timken® tapered roller bearings. 

Tapered design lets 
Timken®bearings take both 

radial and thrust loads 
Because of their tapered design, Timken bearings can take 
radial or thrust loads or any combination. And because 
the load is carried along a full line of contact between 
rollers and races, Timken bearings have extra load· 
carrying capacity. And they practically eliminate friction. 

l 

t ---
Want to learn more about bearings 

or iob opportunities? 
Some of the engineering problems 
you'll face after graduation will in
volve bearing applications. For help 
in learning more about bearings, write 
for the 270·page General Inform;~.
tion Manual on Timken bearings. 

And for information about the 
excellent job opportunities at the 
Timken Company, write for a copy of 
"Career Opportunities at the Timken 
Company". The Timken Roller 
Bearing Company, Canton 6, Ohio. 

o TIMKEN HOT JUST A BALL 0 NOT JUST A ROLLER a::> THE TIMKEN TAPERED ROLLER o 

BEARING TAKES RADIAL ~ AND THRUST -tl- LOADS OR ANY COMBINATION * TPI:ADIE-MAPI:K RII:Q, U.S. PAT. OP'P'. 

TAPERED ROLLER BEARINGS 
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your fir.s.t move 
CAN DECIDE THE GAME 

your firs_t job 
CAN DECIDE YOUR FUTURE 

~~====~That important first job can start you off in 
the wrong direction -or it can lead you straight toward your 
goal. If your ambitions are high, Motorola has a place that will 
give you the finest chance possible for the advancement you 
want. You'll get security and good salary, but, more important, 
you'll be working on projects with a future, like missile guid· 
ance, radar, and microwave. The door is wide open at Motorola, 
and the opportunity to fUlfill your ambitions is yours. 

If you are an ELECTRICAL ENGINEER, MECHANICAL ENGINEER or PHYSICIST, 
c;ontact Motorola today. 

CHICAGO, ILL.: MR. L. B. WRENN, Dept. CO., 4501 Augusta Blvd. 
Challenging positions in Two-Way Communications, Microwave, Radar and 
Military equipment, Television (Color) and Radio Engineering. 

PHOENIX, ARIZ. : 
RESEARCH LAB., MR. R. COULTER, Dept. CO., 3102 N. 56th St. 
SEMI-CONDUCTOR DIV., V. SORENSON, Dept. CO., SOOS E. McDowell Rd. 

Outstanding opportunities in the development and production of Military 
equipment and Transistor producta. 

RIVERSIDE, CAL.: MR. C. KOZIOL, Dept. CO., Box 2072 
This new modern research laboratory, located 65 miles from Loa Angeles, 
needs men in Missile and Military equipment systems analysis and design. 

Contact your Placement Officer for further lnformatloft regarding Interview 
date on your campus or write to one of the above addresses. 

MOTOROLA 
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In the Am1a Visual Computer, a single control selects the 
desired chart from as many as 700 photo slides. Each slide 
contains punched code holes which automatically tune in f 
the corresponding Omni Bearing Distance station. The \ 
image of the plane is governed by a combination of the : 
radio signals and the plane's gyro instruments. 

Photography teams with electronics and adds 

new certainty to flight 
Now a visual computer pictures a plane's 
precise position and heading on projected 

ph~tos of aeronautical maps. 

Arma Division,- American Bosch Arma Corp., 
working with the Air Navigation Development 
Board and C.A.A., has developed a valuable new 
aid in air navigation using photography. 

With it the pilot, high above the weather, Hicks 
a switch and before him appears a map of the area 
he's over. On the screen a tiny shadow of a plane 
moves and shows exactly where he is, where he's 
heading and whether he's on course. 

This spells added certainty. Even more! It can 
mean savings in time and money, too. For the 
flight can proceed by plan rather than by dog-legs 
on the beams. 

So again we see photography at work helping 
to improve operations-doing it for commercial 
aviation just as it does for manufacturing and 
distribution. 

Photography works in many ways for all kinds 
of business, large and small. It is saving time, 
saving money, bettering methods. 

. . . . . . . . . . . . . . . . . . . . . . . . 
CAREERS WITH KODAK 

With photography and photographic processes becoming 
increasingly important in the business and industry of 
tomorrow, there are new and challenging opportunities at 
Kodak in research, engineering, electronics, design and 
production. 

If you are looking for such an interesting opportunity, 
write for information about careers with Kodak. Address: 
Business and Technical Personnel Dept. , Eastman Kodak 
Company, Rochester 4, N.Y. . . . . . . . . . . . . . . . . . . . . . . . . 

Eastman Kodak Company, Rochester 4, N.Y. 



How General Electric stacks up 
on your job check list 

e COMPANY REPUTATION-As an engineer, the names of 
Thomas Edison and Charles Steinmetz should be known to you. 
These men, who so greatly influenced the industrial surge of our 
country since the 19th century, are symbolic of General Elec
tric's past and present technological leadership. 

• SALARY-General Electric's salary program is planned with 
a long-range view for your career; a well-considered starting 
salary and merit increases based on your contributions. Through 
regular counseling by your supervisor you know just "how you 
are progressing". 

e OPPORTUNITIES FOR ADVANCEMENT-Through the 
Company's Personnel Registers, and individual appraisal of 
your qualifications and preferences, you are considered for all 
new or related jobs and promotions throughout the Company. 

• TYPE OF JOB--Based on your personal preferences and 
abilities, you will work in various marketing, manufacturing or 
engineering fields. Your technical or managerial experiences 
may be in any of nearly 100 product departments where you 
contribute to the engineering, manufacturing or marketing of 
some of the more than 200,000 G-E products. 

e PERSONNEL DEVELOPMENT PROGRAMS-General 
Electric, a pioneer in industrial training programs, hastens y~ur 
professional development through classroom and on-the-job 
assignments as a part of the Compan?''s ma~~eting, manufa~
turing and engineering programs. Specific positiOn placement IS 

also available if your interests are already formulated. 

e JOB LOCATION-There are opportunities for you as a G-E 
engineer in 150 cities in 45 states, plus many foreign countries. 

• ADVANCED STUDIES-General Electric offers to technical 
graduates the Tuition Refund Program and Honors Program 
for Graduate Study wherein you may take graduate courses at 
nearby universities. In addition, G.E. sponsors graduate-level 
Company courses where top professional men teach in their 
respective fields. 

e TRAINED COLLEAGUES-As a G-E engineer, you may be 
working with outstanding men who are responsible for the 
envisioning, production, and distribution of such new products 
as man-made diamonds, high-speed rocket and jet engines, the 
new heat pump, commercial atomic power reactors and elec
tronic ovens. 

• EMPLOYEE BENEFITS-General Electric's outstanding bene
fit program for you and your family includes all the usual life, 
accident and illness insurance and pension plans, plus a S.avings 
and Stock Bonus Plan and discounts on G-E home appliances. 

e THE COMPANY'S FUTURE-General Electric's investment 
in research can mean much to you. Forty-two major Company 
laboratories, dedicated to invention and innovation, will play a 
major role in doubling the Company's sales during the next 
eight years . Only through research is a company assured of 
future growth. For you, this growth at General Electric means 
new and challenging technical and managerial positions. 
General Electric Company, Section 959-3, Schenectady 5, N. Y. 

71-ogress Is Ovr Most lmporf4nf Prot/lid 

GENERAL fj ELECTRIC 
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Harry M. Crooks, class of '49, speaks from experience when he says: 

"At U. S. Steel there is a wide 
and varied choice of opportunities offered, 

under the most agreeable working conditions." 

THE RAPID RISE of Harry M . Crooks 
to his present responsible position 

is typical of that experienced by 
many hundreds of college graduates 
who have joined forces with U. S. 
Steel. 

Presently Assistant Superintend
ent of the Power and Fuel Depart
ment, National Works, National 
Tube Division of United States 
Steel, Harry M. Crooks graduated in 
January, 1949 with a BS degree in 
Mechanical Engineering, after serv
ing three years in the U.S. Navy. He 
started with U.S. Steel on February 
1 as a student engineer. Within a 
year-and-a-half he was made Process 
Engineer in the Power and Fuel De
partment, and ten months after that, 
Power Engineer. 

After three years as Power Engi
neer, he was promoted on March 1, 
1954 to his present job as Assistant 
Superintendent, with a wide range of 
responsibilities, including all power 

and fuel utilities throughout the 
large National Works plant. This 
position includes supervision of mill 
and furnace air supplies for the steel
making process, steam and mixed 
gases for power, and open hearth oil 
and tar. In carrying out this work, he 
supervises a force of 250 men. 

Mr. Crooks decided to work at 
U. S. Steel because he felt that U. S. 
Steel had one of the finest training 
programs available in industry to
day. During his training, he arrived 
at the personal conclusion that, being 
an engineer, his best opportunities 
were in the operating branch of the 
steel industry. 

Quoting Mr. Crooks: "Through 
the training received at the mill, the 
engineer has the opportunity to work 
in and become acquainted with every 
phase of steelmaking and with every 
department of the plant." 

If you are interested in a challeng
ing and rewarding career with United 
States Steel, and feel you can quali
fy, get in touch with your placement 
director for additional information. 
We shall be glad to send to you our 
informative booklet, Paths of Oppor
tunity, on request. Write to United 
States Steel, Personnel Division, 
Room 1662, 525 William Penn Place, 
Pittsburgh 30, Pennsylvania. 

UNITED STATES STEEL 
AMERICAN BRIDGE .. AMERICAN STEEL & WIRE and CYCLONE FENCE . • COLUMBIA-GENEVA STEEL 

CONSOLIDATED WESTERN STEEL.. GERRARD STEEL STRAPPING •. NATIONAL TUBE •• OIL WELL SUPPLY 

TENNESSEE COAL & IRON •• UNITED STATES STEEL HOMES • • UNITED STATES STEEL PRODUCTS 

UNITED STATES STEEL SUPPLY . • Dlvlsloes of UNITED STATES STEEL CORPORATION, PITTSBURGH 
UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT CO MPANY 

7-678 

SEE THE UNITED STATES STEEL HOUR. It's a full·hour TV program presented every other Wednesday evening by United Stales Steel. Consult your newspaper for time and station. 



Opportunities now available 

at General Motors for 

outstanding young engineers 

~in these fields: 
MECHANICAL ENGINEERING CHEMICAL ENGINEERING 

ELECTRICAL ENGINEERING INDUSTRIAL ENGINEERING 

METALLURGICAL ENGINEERING AERONAUTICAL ENGINEERING 

MAY 1957 

WHAT GM OFFERS THE YOUNG ENGINEER: 

Thousands of engineering graduates are 
building splendid careers at GM right this 
moment. Among the advantages they find 
with us are these : 

• Vast training programs • Practically 
unlimited research facilities (including those 
of the fabulous new GM Tech Center) • 

I F YOU BELIEVE you can help General 
Motors maintain its leadership in a 

variety of technical fields - if you are 
confident you can help General Motors 
continue to produce more and better 
things for more people-here's what we 
urge that you do: 

Either ask your Placement 0 ffice to put 

Enormous product diversification • Intenstve 
decentralization • Choice of job location • 
Creative encouragement • Sense of personal 
participation and achievement • Recogni
tion of professional progress • Advancing 
responsibilities • Unusual prestige and 
job security 

you in touch with us, or write us directly. 

Why not do it today-while it's on your 
mind? 

• • • • 
IMPORTANT: 4-page leaflet, "A Sum
mary of Job Opportunities in General 
Motors," gives you the whole exciting 
story in capsule form. Write for it today! . 

GENERAL MoToRs CoRPORATION 
Personnel Staff, Detroit 2, Michigan 

. ·'' 
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YAVNO 

... on the engineer and national security 

"With our national security at stake, engineers have 

responsibilities greater than in any preceding age. They 

face two vital questions: What military posture will 

ensure greatest security? What means -what weapon 

systems- will provide the desired military posture? 

These questions cannot be answered in purely technical 
terms; in addition to those factors with which engineers 

are at home. social. political, strategic, tactical. and oper-

ational factors must be considered. Today their influence 
on national policy decisions must be uqderstood if we 
are to build and deploy a military capability that can 
deter war. In choosing weapon systems it is no longer 

enough to maximize speed. power, altitude, and payload. 

As more and more powerful weapons become attainable 

it is imperative that their use be increasingly determined 
by the real needs of our civilization." 

-E. ]. Barlow. Head o/ the Engineering Division 

THE RAND CORPORATION SANTA MONICA, CALIFORNIA 

• 
A nonprofit organization enflalled in research on problems related to national security and the public interest 
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WORLD'S LARGEST ELECTRONIC BRAIN 

RCA BIZMAC reduces weeks of paper 
work to seconds-cuts costs by millions I 

In almost the twinkling of an eye, electronics 
handles calculations that would take any person 
days of work. 

The newest - and largest - electronic "brain" 
(more accurately, electronic data processing sys
tem) is Bizmac, developed by RCA. 

Bizmac is quickly becoming one of the most 
powerful allies of business and industry. It "reads," 
sorts, catalogs, analyzes, calculates, forecasts-re
duces months of paper work to seconds-cuts costs 
by millions! 

For insurance companies, Bizmac can keep its 
finger on millions of facts daily. It can help depart-

ment stores keep split-second inventory control. 
And for the U. S. Army, it keeps track of literally 
billions of ordnance parts all over the world. 

The leadership in electronic research that made 
Bizmac possible is inherent in all RCA products 
and services-to help make life fuller, easier, safer 
through "Electronics for Living." TMK<•l ® 

WHERE TO, MR. ENGINEER? RCA offers careers in re
search, development, design, and manufacturing for engi
neers with Bachelor or advanced degrees in E. E., M. E. or 
Physics. For full information, write to: Mr. Robert Haklisch, 
Manager, College Relations, Radio Corporation of America, 
Camden 2, N.J. 

~RADIO CORPORATION OF AMERICA V' ELECTRONICS FOR LIVING 
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The let Propulsion Labora· 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1700 people, it is close to 
attractive residential areas. 

The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re
search under contract with 
the U.S. Government. 

Opportunities open to quali· 
fied. engineers of U.S. citizen· 
ship. Inquiries now invited. 

108 OPPORTUNitiES 

.IN THESE FIELDS NOW 

IMPORTANT DEVELOPMENTS AT JPL 

Weapons Systems Responsibility 
In the development of guided missile 

systems, the Jet Propulsion Laboratory 
maintains a complete and broad respon .. 
sibifity. From the earliest conception to 
production engineering-from research 
and development in electronics, guidance, 
aerodynamics, structures and propuTsion, 
through field testing problems and actual 
troop use, full technical responsibility rests 
with JPL engineers and scientists. 

The Laboratory is not only responsible for 
the missile system itself, including guid· 
ance, propulsion and airframe, but for all 
ground handling equipment necessary to 
insure a complete tactical weapons system. 

. . . ......... . . . . . .. 

MECHANICAL, ELECTRICAL, 
CHEMICAL AND 

AERONAUTICAL ENGINEERING 

One outstanding product of this type of 
systems responsibility is the "Corporal," 
a highly accurate surface-to-surface ballis
tic missile. This weapon, developed by JPL, 
and now in production elsewhere, can be 
found "on active service" wherever needed 
in the American defense pattern. 

A prime attraction for scientists and 
engineers at JPL is the exceptional oppor· 
tunity provided for original research 
afforded by close integration with vital and 
forward-looking programs. The Laboratory 
now has important positions open for 
qualified applicants for such interesting 
and challenging activities. 

With Special Applications in these Fields .•• 
TELEMETERING, RADIO AND INERTIAL GUIDANCE, 
COMPUTER DEVELOPMENT, OPERATIONS RESEARCH 
AND SYSTEMS ANALYSIS, STRUCTURES, DYNAMICS, 
PROPULSION, CERAMICS, METALLURGY 
AND SOLID STATE PHYSICS • 

JET PROPULSION LABORATORY 
A DIVISION Of CALIFORNIA INSTITUTE Of TEC:HNOLOGY 

PASADENA • CALIFORNIA 

MINNESOTA TECHNOLOG 
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How keen . is your 

IIVIAGINEERING1 

This young Sperry engineer is developing a 
component in a new control system to be 
used on intercontinental multi-jet bombers. 
Can your imagination tell you what it is? 

Whether your guess is right or wrong, 
there's no question that at Sperry "imagi
neering" is the order of the day, every day. 
It takes imagination of a high order, after 
all, to lead in such headlined fields as: 

Guided missiles 

Advanced radars 

Automatic flight controls 

Inertial navigation 

Aircraft engine controls • Fire control systems 

When you take the title of "Sperry Engi
neer" you also take the line of work that 
appeals most to your special interests. The 
choice is almost endless at Sperry because 
we're busy on projects that span the engi
neering spectrum. 

You'll work shoulder-to-shoulder with 
men rated tops in their fields. Just as impor
tant to your career as this inspiring daily con
tact is the chance Sperry gives you to study 
for advanced degrees- and pays your full 
tuition! Each Sperry plant-whether in Cali
fornia, Florida, New York, Utah, or Virginia 
- is conveniently located close to leading 
engineering colleges. 

Your Placement Office can tell you when 
Sperry representatives will call at your school 
-be sure to talk to them. If you prefer, write 
for more facts to J . W. Dwyer, Sperry Gyro
scope Company, Section 1B5. 

ANSWER: 

This Sperry engineer is testing transistor-magnetic 
amplifier servomechanism used in computer of 
advanced turbine control system. 

DIVISION OF SPERRY RAND CORPORA TION 

BROOKLYN • CLEVELAND • NEW OR LEANS • LOS ANGE LES 

SEATTLE • SAN FRAN CISCO· IN. CANA'DA: SPERRY GYROSCO PE 
COM PANY OF CANA DA, LIMITED, MONTREAL, QUEBEC 
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Arne Steivang and Charles Baumann of Federal Bakery Co., Winona, Minnesota, receiue engineering service and 
product data from Stan Nelson (left), of Standard Oil, to help keep maintenance costs low on Federal's truck fleet. 

How to write a success story 

STANLEY NELSON, automotive engineer, is typ
ical of many young men we like to tell about 
in the Standard Oil organization. He keeps 
proving to be the right man in the right job as 
he advances with us. 

Stan likes engineering, of course. He grad
uated from the University of Minnesota with a 
B.S. degree in Mechanical Engineering in 1950. 

He likes people. He especially likes to get 
into business problems with them where he and 
his company can help. Truck maintenance, 
lubrication, and fuel consumption are big items 
to fleet operators, large and small, who have 
found that help from Stan pays off-for them. 

And he likes selling. He functions frequently 
as a key man for the sales department. His 

intelligent analysis of a problem in his field 
may either improve our service to a valued 
customer or help us to secure a new one. 

He likes to keep moving, too, and he's done 
that. He held several sales positions in 
Minnesota and attended Standard's intensive 
Sales Engineering School in Chicago before 
being promoted to his present position in which 
he works out of the Mason City, Iowa, divi
sion office. 

As men like Stanley Nelson earn their way 
upward in our organization we have frequent 
openings for ambitious college men to follow 
them. You might find a career in engineering, 
research or sales with this stable and progres
sive company rewarding, too. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 

MINNESOTA TECHNOLOG 



REPORT FROM RYAN 

New Engineering Opportunities 
Created as Ryan Projects Mushroom 

FRANK W. FINK, RYAN VICE PRESIDENT AND CHIEF ENGINEER inspects architect's drawing of new 
Engineering and Research Center. 

New Engineering and Research Center 
To Meet Ryan's Expansion 

Construction of a modern two-story, 
engineering and laboratories building 
has begun at Ryan, to meet the com· 
pany's expanding work in Jet VTOL
Automatic Navigation-Jet Drones 
-Missile Guidance-Jet Metallurgy
Rockets. 

The new facility will provide addi
tional quarters for many of the 1000 
employees in Ryan's fast-growing engi-

RYAN ENGINEER "zooms" straight up in unique 
rotatable cockpit. 

MAY 1957 

neering division. It will also house 
complex, new chemical, metallurgical, 
instrumentation, environmental and. 
autopilot equipment. 

With one in six Ryan employees in 
engineering, this division has tripled in 
three years. Its mushrooming growth 
reflects Ryan's increased importance as a 
research facility in aerodynamics, pro
pulsion and electronics. 

Vertical Flight 
Probed with 
New VTOL Cockpit 

Shortest way into the sky is straight 
up-in the Ryan Vertijet. To probe this 
new realm of flight without becoming 
airborne is a trick performed daily by 
Ryan engineers: Their secret? A rotat
able cockpit connected with electronic 
computers. 

Ryan's flight simulation laboratory is 
a prime tool in the test of new aircraft 
designs. Both the Vertijet and the sub
sonic, turboprop-driven Vertiplane are 
put through their paces via earthbound 
flight test. Ryan leadership in this revo
lutionary new concept of flight is based 
upon 2Ui million manhours of VTOL 
research and development. It is another 
example of how Ryan builds better. 

Ryan Automatic 
Navigator Guides 
Global Flight 

An advanced system of aerial naviga
tion, designed for high speed, long range 
flight, has been developed by Ryan 
electronics engineers, working under 
sponsorship of the Navy's Bureau of 
Aeronautics. 

Designated AN/ APN-67, the new 
navigator is the lightest, most compact, 
self-contained electronic navigator in 
production. Developed to meet military 
needs, it will also meet commercial jet 
flight requirements. 

The system provides pilots and navi
gators with continuous information on 
longitude, ground speed, ground mileage, 
drift angle and ground track. It is accu
rate and instantaneous. Requires no com
putations, ground facilities or wind data. 

AUTOMATIC NAVIGATOR guides pilots with 
single instrument (above) . 

r------------------
Ryan has immediate career 
openings for engineers 
Look to the future. look to Ryan .• • where you can 
grow with an aggressive, forward·looking company. 
You' ll find a variety of stimulating projects. Ryan 
engages in all three elements of modern flight 
vehicles-airframes, engines to propel them and 
electronics equipment to guide them. 
Send today for Ryan's brochure, "Engineering 
Opportunities". Mail this coupon to: 
Mr. James Kerns, Engineering Personnel 
Ryan Aeronautical Company 
Lmdbergh Field, 2745 Harbor Drive 
San Diego 12, California 

NAME 

ADDRESS 

PHON E NO. 

DEGREE SCHOOL 

FIELD OF EXPERIENCE OR PREFERENCE 
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WISCONSIN ELECTRIC 
POWER COMPANY 

That's because good engineers like to work here. One reason is that most of 
our engineering problems are solved regularly by our own engineering staff. 
It took engineering skill of a high order to solve the many problems posed 
by the doubling of our business within the past 10 years. An expansion pro
gram which contemplates doubling again within the next 10 years provides 
wonderful career opportunities for young men of skill, vision and initiative. 
Horizons at Wisconsin Electric Power Company are unlimited! 

When you join our engineering team, you will begin right away to use yoW' 
engineering skills. You may help to design or build power plants, substations, 
transmission and distribution lines. You may face problems that are elec
trical, mechanical, civil or chemical in nature. You may be engaged in creat
ing rate schedules, or in special engineering and economic studies. You may 
help solve some of the challenging engineering problems of our industrial and 
commercial customers. As you grow in stature, you may design electric sys
tems, supervise operations ... or advance into an administrative position, of 
which many are now held by engineers. You may take part in the develop
ment of the exciting new techniques of producing electric power from the 
atom. Important problems are here for you to solve ... substantial rewards 
are here for you to earn! 

Within an operating area of more than 12,500 square miles, the Wis
consin Electric Power · Company system serves more than half a million 
electric customers in Wisconsin and Upper Michigan. More than 5,000 
men and women are employed by the Company and its subsidiaries. 

ASK FOR CAREER BOOKLET 
We invite you to find out more about the many 
career opportunities at Wisconsin Electric Power 
Company. We suggest that you pick up a per
sonal copy of the interesting booklet, "You and 
Your Future" now available at your Placement 

Office. Check the interview 
!It schedule for dates when our 

representatives will be on the 

WISCONSIN ELECTRIC POWER COMPANY 
231 West Michigan St., Milwaukee 1, Wis. 
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Dr. Lloyd P. Smith 
President, Avco Research and Advanced Development Division 

speaks out about A VCO ••• 

AND THE RACE AMERICA MUST NOT LOSE 

Our greatest aim is to make truly significant scientific dis
coveries and technical developments. Discoveries which add 
to our scientific knowledge. Discoveries and developments 
which lead to new products which can be produced for the 
good of mankind and insure our continued economic pros
perity. Discoveries and developments which will maintain the 
nation's defenses strong. Most of all, to make discoveries and 
technical "breakthroughs" which will give our country the 
scientific and technical leadership and prestige which are so es
sential for maintaining the peace of the world. We fully realize 
that to attain these objectives we must win out in a great 
scientific game against a competent and ambitious adversary. 

The Avco Research and Advanced Development Division, 
with its team of creative scientists and engineers, is expending 
great effort to reagh these goals. Significant accomplishments 
have already been made in the physics, chemistry and gas 
dynamics associated with the high-altitude, hypersonic flight of 
missiles; the intercontinental ballistic missile re-entrance prob
lem; missile stability; and electronics as applied to advanced 
radar, computers and air navigation. 

New fields are under investigation and the division hopes to 
make technical "breakthroughs" in magnetohydrodynamics, 
controlled thermonuclear fusion, conversion of chemical and 
nuclear energy into useful work, the creation of new materials, 
the manned satellite, and -''many other areas. Some of these 
fields are so new that our laboratories must also be teaching 
centers so that young· scientists and engineers who join us can 
learn the science and technology basic to these new fields while 
contributing their own creative investigations. 

Pictured below is our new Research Center now under construction in 
Wilmington, Massachusetts. Scheduled for completion in early 1958, this 
ultra-modern laboratory will house the scientific and technical staff of the 
Avco Research and Advanced Development Division. 

A new idea is nourished by exposure to men representing many 
different scientific specialities-a characteristic operating method at 
Avco Research and Advanced Development Division. 

Avco's new research division is now offering unusual and exciting 
career opportunities for exceptionally qualified and forward-looking 
scientists and engineers in such fields as: 

SCIENCE: Aerodynamics • Electronics • Mathematics • Metallurgy 
Physical Chemistry • Physics • Thermodynamics 

ENGINEERING: Aeronautical• Applied Mechanics • Chemical • Electrical 
Heat Transfer • Mechanical • Reliability • Flight Test 

Write to Dr. R. W. Johnston, Scientific and Technical Relations, 
Avco Research and Advanced Development Division, 20 South 
Union Street, Lawrence, MaBBachusetts, 

avcoj research and 
advanced development 

division 
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FAR A 'NAY PLACES 

Rick Bruhn specializes in preventive "medicine." 
Rick is the Mobil marine engineer in Hong 

Kong. His counterparts work in every major 
Free World port-more than 400. 

As you trust the skill, training and experience 
of your doctor, so do the men who know marine 
machinery trust the Rick Bruhns to diagnose 
their ships' needs and prescribe the right fuels 
and lubricants. 

Mobil know-how created the first and most 
comprehensive service of this kind. It helps as
sure that goods you send or receive move without 
delay-that as a passenger you arrive and depart 
on schedule-that every voyage is a Bon Voyage. 

Marine engineering is only one of many 

professions represented on the world-wide roster 
of Mobil personnel. We also employ nuclear 
physicists, geologists, mathematicians, chemists 
and engineers of every type, marketing analysts, 
marketers ... people prepared to handle more 
than 100 different positions. 

If you qualify, the Mobil companies offer you 
an opportunity to build a career through train
ing that will utilize your talents to the fullest ... 
constantly challenge your ingenuity ... reward 
you with a lifetime of richly satisfying work. 

* * * 
For more information about your opportunity 
with the world's most experienced oil company, 
see your College Placement Officer. 

SOCONY MOBIL OIL CO., INC., New York 17, N.Y. 

Leader in lubrication for 91 years 
AFFILIATES: 

General Petroleum Corp., Los Angeles 54, Cal. • Magnolia Petroleum Company, Dallas 21, Tex. 
Mobil Oil of Canada Ltd., Calgary, Alberta, Canada 

Mobil Overseas Oil Company, New York 17, N. Y. • Mobil Producing Company, Billings, Mont. 
Socony Mobil Oil Company de Venezuela and other foreign producing companies 

MINNESOTA TECHNOLOG 



Questions students ask Du Pont 
-and some of the answers in summary form 

"Do you hire men who have definite military commitments?" 
asks Oran A. Ritter, Jr., of Louisiana State University. 

Yes, because DuPont has always been interested in men on a 
long-term basis. DuPont has employed many graduates with 
military commitments even though they were due to report 
for duty a few weeks after joining the Company. 

"Where would I work for DuPont?" asks Gaylord E. Moss, 
of Tufts College. 

DuPont has more than MO plants and research and develop
ment laboratories scattered through 26 states. If you have a 
definite preference, and DuPont has an opening there for 
which yo_u'P,e qualified, your chances of getting it are good. 

We can give only brief answers to these questions in 

this space. But we'll be glad to answer them more 

fully, and to try to answer other questions you may 

have that bear more directly on your own future. Why 

not write us today? Address: The DuPont Company, 

2507C Nemours Building, Wilmington 98, Delaware. 

MAY 1957 

"Would a graduate degree help my chances for advancement 
at DuPont?" asks John C. Nettleton, of Villanova University. 

Many factors are involved, and an advanced degree would un
doubtedly have a favorable effect in all technical work, but 
it would probably be of more direct benefit in research or de
velopment at DuPont than in production, marketing or sales. 

"How are chances for advancement in a large company like 
DuPont?" asks Herschel H. Loomis, Jr., Cornell University. 

Good! DuPont is large, but it's made up of 11 independent 
departments -like smaller companies- under one manage
ment. And it's a basic policy to promote from within and on 
merit as Company growth creates openings. 

~ 
REG. U.S. PAT. Off. 

BETTER THINGS FOR BETTER LIVING 

••• THROUGH CHEMISTRY 

WATCH "DU PONT THEATER" ON TELEVISION 
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John Kruethmeier, in his water-soaked St. Pat suit, 
waves as the parade passes the Aero Engineering 
building. John was selected by a vote of the senior 
engineers to rule over the 1957 Engineers' Day as St. 
Pat. The custom has always been to select a graduat
ing senior whose service to the Institute of Technology 
has been commemorable. 

MAY 1957 

1951 
"I dub thee 'Knight of the Court of St. Pat,'" are the 
words of John Kruethmeier as he knights a member of 
the graduating class. 
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Bet the button sale was made, as E-Day queen candi
date, Jane Quale, exercises her feminine attributes 
on a lucky engineer. Button sales equaled the IT 
enrollment, and no wonder, with sharp saleswomen 
like Jane. 

This lovely lass did not have to go home from the 
Black Book Dance on the bus. 

Engineers "rock-n-rolling" at the Black Book Dance. 
With the ratio of gals to engineers, 2 to 1, there was 
not a single complaint about the dance. It is sus
pected, judging by the way the engineers dragged 
their lovely misses home, that they all got their dates 
to the E-Day Brawl. 
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Sword-bearing St. Pat tries out his throne. 

At the Knighting ceremony, Dean Spilhaus honored 
the occasion with a few well-chosen words before 
knighting St. Pat. The shillelagh in the Dean's hand 
is traditionally used each year to knight St. Pat. 

For services 'above and beyond the call of duty' to
ward the Institute of Technology, Dean Johnson pre
sents the Plumb Bob Award to the deserving senior 
leaders of the Institute. 
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The long-awaited and climatic moment during the 
knighting ceremony came when Jackie Hanson, 1956 
E-Day Queen and Minneapolis Aquatennial Princess, 
crowned Joan Pastor, her successor to the title of 
"Queen Colleen" of 1957. 

John Kruethmeier exercises the full rights of St. Pat in 
congratulating Queen Colleen, Joan Pastor. long 
gone are the days when each graduating senior 
shared the same rights with St. Pat. 

606 

Pictured are the five finalists for E·Day ''Queen Col
leen." They are, left to right, Jane Quale, Queen 
Joan Pastor, Pat Ketchum, Dolores Ecklund, and 
Elaine Anderson. 



Joan just could not take St. Pat's congratulations. She 
was a very happy and excited gal. 

The telling stains are wiped away as John pauses a 
moment after the knighting ceremony. 

607 



Chow time on E-Day found over 500 students at the 
picnic enjoying the free food and the contests. 

There were brown noses by the dozen before the par
ticipants in the wheelbarrow race had crossed the 

finish line. 
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Pop, potato chips, hot dogs, and ice cream was the 
menu of the day and it wasn't long before every
thing had been devoured. 



Besides the race for the greased pig, there were those 
who had to make a pig of themselves in the pie
eating contest. 

Tom Winker, the winner of the contest, displays his 
prize, a McGregor sport shirt. 

"Games and food for everyone" was the theme of the 
picnic. Here a volley ball game is under way with the 
opposing sides picked from anyone who wanted to 
play. 

The faculty again ·accepted the challenge by the stu
dents to play the annual Student-faculty softball 
game. It looks like it is a strike against the batter as 
the students battle the faculty "outside the class
room," for a change The end was a bit different this 
year as the students walked off with the coveted St 
Pat's Keg by soundly walloping the faculty, 19 to 10 
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Here is a novel situation where the engineer may 
realize that all is not for naught. By applying the 
simple formula, Winner = Force X Distance, it ap· 
pears that the Mechanicals have learned the rules 
best, for they won the trophy. 

tJ J d. ,.. / it , ~· . ·, ~~ur ~_ ... \'· .,. . . ( . .. , r.:· / .- ·r·· I',;·. 

'·" ·. ~. . ~- - . . t 
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Another of the many races and games at the E-Day 
picnic. To win this race it looks like it was necessary 
to literally fly, as the two winners are shown doing. 
There were also races in which the girls could com
pete. 

The bowling alleys saw a good turnout as many engi
neers tried their skill against the defiant stable pins. 

MINNESOTA TECHNOLOG 



Elvis and his assistants give the audience a bit of 
''Hound Dog" between the acts at the E-Day Revue. 

Another of the 40 industrial exhibitors who brought 
displays to demonstrate to the public the advance
ment of engineering and how the engineer is serving 
the public. 

MAY 1957 

Gangsters arrive 'en masse' in a scene from "The Still 
in the Night or Just for the Hie! of lt." The play was 
an original script written by engineers and entirely 
staged by engineers. 

A couple inspect the memory circuits of an IBM calcu
lator ' at the Open House. To the unsuspecting girl, it 
may be just a bunch of 'hogwash' that the engineer 
is feeding her. 
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The vows of conditional matrimony were solemnly 
administered to a couple who seem to be taking it 
very seriously. The exchanges of ''I do" bind the 
couple together from the hours of 9 P.M. to 2 A.M. 

The cool comfort of the Hotel leamington's "Hall of 
States" was the setting for the 1957 Engineers' Day 
Brawl. The music came from Stan Haugesac and his 
orchestra. 

612 

Queen Colleen, Joan Pastor, and her escort pass 
through the shamrock in preparation for the mar
riage ceremony The success of the dance made the 
E-Day Brawl a fitting climax to a successful Engi
neers' Day. 



THE CAR OF TOMORROW WILL HAVE 

PINWHEEL POWER PLANT 

In the world tomorrow there will 
be many engineering improvements 
which will make the engineering mar
vels of today obsolete. One of these 
will be a small compact automobile 
engine which may revolutionize the 
whole automotive industry. The hum 
of this turbine engine, which has come 
from the simple idea of a pinwheel 
born many centuries ago, is sti ll heard 
mainly in the minds of some of today's 
engineers. These same engineers are 
confident that in the future this hum 
will be heard by the average man on 
the street instead of the purr of 
piston driven engines he hears now. 
Automobile manufactures all over 
the world are now working to produce 
this car for the average man of tomor
row. A recent poll taken of these 
automobile companies concerning the 
production of gas turbine engines re
sulted in the following predictions.! 

By 1960: 50,000 to 300,000 turbine 
powered automobiles. 

By 1965: 264,000 to 3,900,000 tur
bine powered automobiles. 

By 1970: II ,500,000 to 45,500,000 
turbine powered automobiles. 

By 1975: 48,000,000 to 62,000,000 
turbine powered automobiles. 

A decade ago, if any of our promi
nent engineers were asked the ques
tion, "When will we have a turbine 
powered car for the average man?", 
his reaction would probably have 
been to gasp and walk away. However, 
today he merely shrugs his shoulders 
and goes back to his research notes, 
drawing board and slide rule to at
tempt to be the first to perfect this ac
cepted fact. 

To understand the great amount of 
interest and demand for this pinwheel 
motor, one must first understand how 

1 "Time table for Next Car Engines," 
Business Week, April 2, 1955, p . 134. 
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/ 
FIR~T TURBIN[ 
DRIV[S 

by Warren Wegele 

'3£COND TUR~IN£ . 
DRIV[S CAR 

it works. The simpl icity of the gas 
turbine is its greatest asset, basically 
it has only three moving parts. These 
are two turbine wheels and one com
pression wheel, as shown in diagram 
I. These turbine and compressor 
wheels look like regular gear wheels 
from an automobile transmission, the 
only significant difference is in the 
teeth. In a turbine or compressor 
wheel the teeth are tilted, in the same 
manner as the teeth on a pinwheel, so 
that the mixture of air and fuel flow
ing past will rotate them. 

The turbine motor has two main 
sections, the gasifier section and the 
power section. 

The gasifier section is the front sec
tion of the turbine motor. From dia
gram 1 it is possible to see that this 
section includes two of the three basic 
moving parts, the compressor wheel 
and the first turbine wheel. The air 
flows first into this gasifier unit, where 
it enters the compressing section. The 
centrifugal compressor section receives 
its power from the first turbine wheel 
which is directly behind the compres
sor wheel and connected to it by a 
shaft. In this way the compressor 

wheel is kept rotating at an approxi
mately constant speed of 36,000 revo
lutions per minute. The air is com
pressed into a 5: l ratio and then 
forced into the combustion chamber. 
Here the air is mixed with a fuel; the 
Chrysler Corporation has used white, 
unleaded regular instead of ethyl gas
oline in their turbine powered test 
cars, and ignited by a single spark 
plug. At this point it is important to 
point out that the fuel is kept con
stantly burning in this chamber, much 
in the same way as the gas furnace in 
your house is continually burning. 
The spark plug is only used when 
starting the motor; after that it is not 
used until the car must be started 
again. When this mixture of fuel and 
air ignites it expands; as a result of 
its expansion it forces itself down to 
and through the first turbine wheel. 
The pressure of these exhaust gases 
as they pass through the first turbine 
wheel exert a force on the tilted teeth 
and as a result rotate the first turbine 
wheel. The first turbine wheel rotates 
the compressor wheel through the 
shaft connecting them, completing the 
cycle in the gasifier unit. 

(Continued on Page 621) 

613 



614 

BUSINESS MANAGER 
Jerry Jensen 

OPEN HOUSE 
Bob Swedberg, Chairman 

Lee Hackert 
Dennis Solstad 

Frank Van Alstine 
Dave Whitmore 

Bob Warmka 
Bill Minish 

OFFICE 
Karen Kinney 

SPECIAL EVENTS 
Dave Trask 

BLACK BOOK DANCE 
Bob McKenna, Chairman 

Tom Johnson 
Jerome Potratz 

Robin Berg 
Tom Tweeton 

Merlin Anderson 

GENERAL CHAIRMAN 
Warren Anderson 

OUTDOOR EVENTS 
Stu Sather 

MINNESOTA TECHNOLOG 



ASSIST ANT GENERAL CHAIRMAN 
Dick Sudheimer 

BRAWL 
Jean Anne Olexa, Chairman 

MAY 1957 

Carol Friegang 
Mark Hinderman 
Roger Bertelson 
Jack Schwartz 

Lee Hockert 
Robert Ohman 

PUBLIC RELATIONS 
Bob Taylor 

PUBLICITY 
Jerry Gruenhagen, Chairman 

Neal Vanstrom 
Ed Lappi 
Ken Berg 

Jay Fillmore 
Judy Brown 
Jim Caswell 

Tom Prokasky 
Bruce Vannelly 
Dave Whitmore 

REVUE PRODUCER 
Pat Prior 

REVUE DIRECTOR 
Judy Brown 

REVUE 
Dick Edwards 
Bob Kuanbeck 
Sharon Holme 
Dorothy Heinz 
Dan Hallberg 
Frank King, Jr. 
Don Youngdahl 
Wayne Larson 

Tom Hagenstad 
Lynn Winter 
Larry Ambs 

Leslie Waldow 
Pat Quam 

Tom Bursch 
Ted Warren 
Earl DeJonge 
Earl DeLonge 

Jim Riley 
Bob McKenna 
Sandy Forseth 
Tom Winker 
Joe Maitland 

Verna Brockmann 
Joe Slaby 

Djaugh Samsky 
Larry Trost 

Jane Aldrich 
Karen Kinney 
Chuck Algiers 
Mike O 'Neil 
Ralph Hyden 

615 



616 

PARADE 
Gil Whitson, Chairman 

Roger Handberg 
Tom Werner 
Phil Langlotz 
Tom Bursch 

Gordy Handberg 

QUEENS 
John Erdos, Chairman 

Roger Rydberg 
Alan Greenberg 

Dave Olson 
Joel W iner 

BUTTONS and HATS 
Doug Trask, Chairman 

PICNIC 
Stan Johnson, Chairman 

Karen Kinney 
Ron Wells 
Ed Egan 

Leon Kremer 
Jim Brill 

Bob Holtz 
Dave Smith 

{E \)f\'1 OffH.t:} -

TOURNAMENTS 
Jim Faricy, Chairman 

Keith Flemming 
Jerry McKersie 
Richard (3eary 
Jack Knudson 

Roy Holm 
Jim Hogan 
Ben Flood 

Dan Rossini 
Dan Meany 

Ken Gustafson 
Jack Schwartz 

Don Sundell 

KNIGHTING 
Roger Schultz, Chairman 

Gary Ericksen 
Pat Quam 

Ron Rochon 
Bob Tomyzk 
Bob Hanson 

POSTER 
Bob Holtz, Chairman 

Lee Hockert 
Jay Hopps 

Stan Johnson 
Don Lee 

Dave Mattson 
Larry Trollen 

TICKETS 
Dan Rossini, Chairman 

AI Standish 
Don Lee 

John Kugler 
Ed Meisinger 
Tom Jennings 
Ron Handberg 

MINNESOTA TECHNOLOG 



The Art of 

Investment 

WHERE should an engineer put extra money? 

hy should you save anyway? 

Nicholas J. Harvalis, a waiter with engineering ideas, 
set out to build savings for his old age. During the thirteen 
years he was investing, he had a total wage income of 
$19,500. When he died in 1950, his investments were worth 
$160,000. He paid his share of income tax while he was 
building this fortune. He started with stocks of General 
Motors, S. S. Kresge, Atlantic Refining, National Distillers, 
Laclede Gas, International Nickel, .J. C. Penney, and Gen
eral Electric. When he died, he had the following:_ 

1370 Shares Cities Service common 
200 Boeing common 
300 Rock Island common 
I 00 General Electric common 
200 American Bank Note common 
200 Great Northern Iron Ore common 
40 Hearst Consolidated Publications 

7% preferred 

He bought only stocks of well-established companies 
that paid good dividends. Of course, he was in on a good 
bull market. Since 1900, there has been a general rise in 
the value of stocks, Standard and Poor, which publishes a 
long-term index (an average of selected stocks), Fig. I , 
shows this increase in value. 

Mr. Harvalis had his goal and did attain it. 
What goal do you have? 

Save for your children's college education, a fishing 
lodge, or just for some security on a rainy day. 
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by Kenneth Macek 

You must decide. Just because you don' t have $1,000,000 
to invest, don't give up. There are many small investors. 
Figure 2 gives a breakdown of shareholders by income 
groups. 

In any venture there is risk that capital will suffer. 
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Fixed dollar investments like bank accounts and bonds 
often lose value because the buying power of the dollar 
decreases in a period of inflation. Variable dollar invest
ments like stocks lose value in a period of deflation when 
business outlook is poor. 

Perhaps you have heard about your parents losing 
money in 1929. Things are much different now. The stock 
markets are governed by the Sec uri ties and Exchange Com
mission, a government agency. With a planned economy, 
many. people feel that nothing like 1929 will happen again. 
Of course there will always be bear and bull markets, 
Fig. 3, due to reasons like changes in government policy. 

As a new investor, the New York Stock Exchange is a 
good place to do business. First, it charges a standard com
mission on all transactions. Second, for a company to be 
listed, it must meet requirements of the SEC (Securities 
and Exchange Commission) as to full disclosure as to type 
of business, assets, and officers. This means that to be listed 
the company has met these requirements, but does not 
mean the company will make any money or is a sound 
risk. Two companies which have met SEC requirements 
and are listed on the Big Board (New York Stock Ex
change) but are having trouble making profits are Serve] 
and Studebaker-Packard. Third, a number of companies 
have good dividends for as long as twenty years. The av
erage yield of the common stock for a number of years 
is shown in Fig. 4. The industries that these stocks with 
long-paying records are in is shown in Fig. 5. 

To buy stock, you must place an order with a broker 
who has a seat (the right to buy and sell securities on the· 
Big Board), or a broker who will act as an intermediary. 
It is simpler and cheaper usually if you deal with a broker 
who has a seat. They are listed in the yellow pages of the 
telephone book. 

One should always maintain some cash on hand in the 
form of a checking account or a savings account. For the 
average engineer about $1000 to $2000 is enough to take 
care of unexpected expenses. 

Now with the money left over you may buy some stocks 
and bonds. 

The best buy for the small investor is the Series E 3.25 
percent interest Government bond. There are no transfer 
charges, commissions, and they may be cashed after a short 
period. 

The savings account and Series E government bonds are 
suited for the person who may not take any capital risk, 
but the return is small. The return on your savings ac
count changes often with the demand for credit. So it is 
hard to be sure what your long-term interest will be. With 
the Series E bonds, you are guaranteed 3.25 percent when 
the bond is held to maturity of 9 years and 8 months. But 
since your dollar's buying power may decrease during this 
period because of inflation, you may have a net loss of 
buying power. 

Bonds of many of the large, stable corporations are now 
paying from 4 to 5 percent interest. If they are held to 
maturity, they are not affected by most business conditions 
unless the company cannot pay the interest or redeem 
them. Bonds also may be bought and sold any time before 
they mature. So the bonds value will vary with business 
conditions and the nearness of the maturity date. Your 
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broker usually has bond quotations. There sometimes is a 
chance that a firm will go bankrupt or be operating poorly 
and not have assets to cover its bonds, so the bond's selling 
price will be less than its face value. Here, again, you have 
a fixed dollar asset, al though it does vary from face value 
because of business conditions. The bond owner has first 
claim on the company assets, which usually include some 
property that may be sold. 

Preferred stocks have next call on the company's assets. 
They are also fixed dollar assets, but often are convertible 
into a stated number of shares of common stock. The price 
of common stock at which conversion is worthwhile is 
above the market value of the common stock when the 
preferred was issued. This feature gives preferred stocks a 
semi-variable dollar rating. They usually pay more than 
bonds and less than common stocks. 

Common stocks have last claim on the company's assets 
and earnings, but they do represent ownership. There are 
various ratings given to common stocks as to the capital 
risk and the possible return. These ratings are investment, 
liberal income, good quality, and speculative. Some of the 
companies are listed below in their rating groups. 

INVESTMENT TYPE: STABILITY 

Chase Manhattan 
First Natl. of Boston 
Pacific Gas & Elec. 
Swift & Co. 
Un ion Electric Co. 

LIBERAL INCOME 

Brooklyn Union Gas 
Chesapeake & Ohio 
Columbia Gas System 
Gen. Public Utilities 
Glidden Co. 
New Eng. Elec. Sys. 
Pub. Serv. El . & Gas 
United Corp. 

GOOD QUALITY: WIDER PRICE MOVEMENT 

American Airlines 
Armco Steel 
Caterpillar Tractor 
Chrysler 
Eastern Air Lines 
International Nickel 
Natl. Distillers 
Pepsi-Cola 
Safeway Stores 
Schering 
Sinclair Oil 
Southern Rwy. 
United Fruit 
United Gas Corp. 
U. S. Steel 

SPECULATIVE 

Boeing 
Dresser Ind . 
El Paso Nat. Gas 
Inti. Tel. & Tel . 
Jones & Laughlin 
Kaiser Alum. & Chem. 
McDonnell Aircraft 
Motorola 
North American Av. (#) 
Northern Pacific 
Radio Corp. 
Reynolds Metals 
Schenley 

Now say, you are interested in more return than bonds 
give. The next best investment is a stock of the so-called 
investment caliber. These stocks vary little with market 
conditions and pay usually 4 to 5 percent. An example is 
American Telephone and Telegraph which pays 5.1 per
cent. 

Then there is a class by itself, called growth stocks. 
These increase in value faster than the average of the 
other stocks. Some of the best growth stocks are shown 
below: 

INVESTMENT TYPE: GROWTH 

American Can 
Amer. Nat. Gas 
Continental Can 
Continental Oil 
Dow Chemical 
Gulf Oil 
Merck & Co. 
Minn . Mng . & Mfg. 
Texas Co. 
Phillips Petroleum 
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In order for a company to be classed as a growth com
pany it must have a good long-term outlook, proven man
agement, active research, sound finances, well-protected 
profit margins, and little dilution of common stock. Also 
sales and earnings should be rising. Below are some of 
the growth industries: 

JUST GETTING GOING 

GROWING RAPIDLY 

SLOWER GROWERS 

antibotics 
atomic energy 
nucleonics 
rare metals 
so nics 

air conditioning 
air transport 
aircraft manufacturing 
electronics 
chemicals 
TV 

aluminum 
electric power 
labor-saving machinery 
natural gas 
rubber products 
synthetic fibers 

Again as with general stocks, you may classify growth 
stocks in investment, good quality, and speculative issues. 
Usually growth companies pay smaller dividends because 
they are spending a lot of money on research and plant 
expansion . This means small earnings now with the possi
bility of much larger earnings later and capital apprecia
tion. Table I shows examples of capital appreciation of 
some growth stocks. Now this does not mean that you 
should only buy growth stocks. Some stocks are in growth 
fields but lack one or more of the elements to be classed 
a growth stock. For example, American Telephone and 
Telegraph often finances expansion with additional com
mon stock which dilutes the earning power of the stock 
already on the market and thereby prevents any increase 
in earning or appreciation. 

Now that you have some idea of the various types of in
vestments, you must decide how much risk you want to 

Table 1 -Examples of Growth Stock Appreciation 

Jan 2 Dec 31 Sep 15 
1939 1954 1955 

Abbott Laboratories .... $ 1,000 $ 6,076 $ 5,749 
American Cyanamid 1,000 6,636 8,169 
Boeing Airplane ... . . . . .. . 1,000 17,001 15,030 
Caterpillar Tractor .... . . 1,000 7,508 9,841 
Eastern Air Lines ... . . . . . . . . . 1,000 10,478 14,267 
Eastman Kodak . ... 1,000 4,793 6,063 
Goodrich, B. F. . . . . . . . . 1,000 35,253 42,744 
Insurance Company of 

North America • • • • • • • • • 0 • 1,000 7,182 8,245 
Minneapolis-Honeywell 

Regulator ... 1,000 9,653 11,366 
National Lead . . . . . . . . 1,000 14,672 20,606 
Scott Paper 1,000 9,503 12,388 
Sinclair Oil ..... . .. .. . 1,000 16,434 19,430 
Thompson Products ..... .. . 1,000 20,125 20,180 
Transamerica Corp. • • • • • 0 • • 1,000 15,031 18,177 
Weyerhaeuser Timber 1,000 14,732 22,356 
15 stocks combined . . . . . . . . .. $15,000 $195,077 $234,611 
Average ... .. ' .... 1,000 13,005 15,641 

Note: Dividends assumed reinvested at start of year after received . 
Rights assumed sold and proceeds treated same as cash dividends. 
No allowance has been made for income taxes on dividends or for 
brokerage fees. 
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take or how to divide your risk. An example of dividend 
risk is: 

Savings account .. . . . .... .. ... $1000 
Series E 3.25% 25% of savings 
Income stocks . . . . . . . . . . . 25% 
Growth stocks 50%-

Investment ........ . . . . . . . 
Good Quality ........ . 

. 25 % 
. . 25% 

For an income stock, you might select Northern States 
Power Company of Minnesota ; for growth, investment 
caliber, Minnesota Mining and Manufacturing; and good 
quality, Sperry Rand. 

The preceding type of divided risk portfolio would be 
well suited for a person who does not want to risk his 
initial capital, but still wants some appreciation possibili
ties of the gTowth stocks. Your broker can help you in 
diversifying your savings. 

Now, how do you buy the stock that you want? First, 
you call or write one of the brokers that has a seat on the 
Big Board, telling him you would like to open an account. 
For the small investor, there are two types o[ accounts. 

PERFORMANCE OF 10 MOST POPULAR* M.I.P. STOCKS 

35 monthly payments of $40 invested at Opening Odd-Lot Price 
each month from February, 1954 through December, 1956. 
With dividends or value received from sale of rights reinvested . 

Total 

Issue Payments 

General Electric ... $ 1,400 
General Motors . . . . . . . 1,400 
Dow Chemical 1,400 
Standard Oil (N.J .) 1,400 
Radio Corp. 1,400 
Sperry Rand Corp. ** 1,400 
Amer. Tel. & Tel. .. 1,400 
Tri-Continental Corp. 1,400 
du Pont de Nemours 1,400 
American Airlines . . . 1,400 

Totals . ... . ... . . ...... $14,000 
Credit: New York Stock Exchange. 

* as of 9/ 28/ 56 

Value of Total 

Dividends or Shares 

Rights Received Purchased 

$ 74.34 28.1301 
134.81t 41.9226 
43.34 27.5822 
92 .99t 34.8898 
88.87 36.3968 

142.60 90.9329 
163.72 8.3746 . 134.49 58.7793 
75.38t 8.0269 

102.33 70.5743 
$1,052.87 

t Not including dividends payable subsequent to Nov. 30, 
1956, to stockholders of record prior thereto. 

** Includes Sperry Corp. prior to merger with Remington Rand. 
You tell your broker what to buy, when, and how much 
to pay. You usually have about three days to settle the 
account. He will want some information about your credit 
rating, and in most instances you will have an account in 
a week. 

Another account is the "Monthly Investment Plan." You 
will instruct your account executive to buy a certain dol
lar amount of stocks or stock that you want each month 
or every three months for a period of years. You have the 
option of cancelling your account any time. The minimum 
amount for a period investment is $40. For example, a 
stock sells for $60 a share. He will buy 40j 60 or % of a 
share for your account and you will receive % of dividends 
or any rights that are declared per share. You may have 
him buy stock A in January, April, July and October; 
stock B in February, March, August, and November; and 
stock C in March, June, September and December. 

How much does it cost to buy stocks. The Big Board has 
a commission that all members may not exceed. The odd-

(Continued on Page 664) 

MINNESOTA TECHNOLOG 



Pinwheel ... 
As previously mentioned, the power 

unit is the second unit, in which the 
power to drive the automobile is 
formed. The main section of the pow
er unit is the second turbine wheel. As 
the exhaust gases leave the first tur
bine wheel they flow to the second. 
Again, they flow through the tilted 
teeth on the outer edge of the wheel. 
As they do this the pressure of the 
exhaust gases exert a force on the 
teeth, or blades, and cause the wheel 
to rotate. As the second wheel rotates 
the shaft on which it is mounted, it 
transmits power to the "gearing 
down" section. The reason for this 
"gearing down" section is that the 
turbine wheels turn at such a tre
mendous speed. If the second turbine 
is rotating at approximately 36,000 
revolutions per minute, the shaft will 
be rotating at the same speed, this 
means that the shaft is making 600 
complete turns every second. As a 
result, a reduction gear placed be
tween the shaft coming from the sec
ond turbine wheel and the shaft trans
mitting power to the back wheels has 
a function of lowering this high 
r.p.m. so it may be effectively used. 
As the exhaust gases flow past the 
second turbine wheel they are released 
to the atmosphere. 

In the past the greatest drawback 
to the use of the turbine motor has 
been its inefficiency. However, this 
problem has recently been solved 
through the use of a unit known as a 
regenerator, shown in Diagram 2. Re
search has discovered that if the air 
flow to the combustion chamber is 
pre-heated, the efficiency of the tur
bine motor is greatly increased. There
fore, a regenerator's sole purpose is to 
act as a heater and heat the air as it 
flows through it on the way to the 
combustion chamber. The regenerator 
idea has been used for the last few 
years. However, the size of this unit is 
too large to make it available for prac
tical use with a turbine engine in an 
au tom obi l e . Recently, a smaller 
sized type was developed for use with 
the turbine powered unit for the car 
of tomorrow. The turbine powered 
motor without the regenerator merely 
exhausted its hot exhaust gases to the 
atmosphere. However, in the turbine 
motor with the regenerator, as the 
hot exhaust gases leave the second 
turbine wheel they are channeled to 
the regenerator. Here the heat is 
taken from the hot exhaust gases and 
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transferred to the compressed air on 
its way to the combustion chamber. 
Thus it serves two purposes; (l) Heat
ing the compressed air as it flows to 
the combustion chamber and (2) it 
increases the efficiency of the engine. 

A few months back the Chrysler 
Company drove a standard Plymouth 
automobile with a gas turbine engine 
from New York City to Los Angeles, 
California. The turbine engine used 
developed 120 horsepower, which 
compares to a piston engine of 165 
horsepower, the turbine powered en
gine was 215 pounds lighter. This 
means the man of today driving a pis
ton engine of 165 horsepower is drag
ging around 215 pounds of extra 
weight. You may ask, "Why is the tur
bine powered car lighter?" The reason 
it's lighter is because it's simpler. It 
has one-fifth as many moving parts as 
a piston driven engine. It has no use 
for power-draining equipment such as 
mufflers, automatic transmission, wa
ter pumps, radiator fans, etc. There
fore, a turbine engine with less horse
power can do the work of a piston 
engine with higher horsepower. 

There will be no trouble with the 
ignition system in your turbine pow
ered automobile. The turbine engine 
has no distributor or complex wiring 
system. It has only one spark plug 
which is used only to start the engine 
and it will probably last the lifetime 
of the engine. 

l t has no carburetor that needs 
sporadic attention to assure you prop
er gas mileage and quick winter starts. 

Since it is an air-cooled engine, it 
has no radiator system. The engine 
will cool itself internally as it takes 
approximately six times as much air 
as it needs to burn the fuel, using the 
extra air to cool the engine. The 
temperature in the combustion cham
ber would climb to around 3,750 de
grees if it were not for the excess air 
which brings down this temperature 
to approximately 1500 degrees. This 
in-rushing air also acts as insulation 
around the walls of the combustion 
chamber. It keeps this bundle of flames 
in the interior of the chamber; if it 
was allowed to come in direct contact 
with the walls of the chamber it would 
soon melt the metals which compose 
the wall. For the man who lives in a 
climate where sub-freezing tempera
tures are obtained it means no bother
some trouble and expense of having 
his radiator winterized to prevent his 
radiator from cracking due to the ex-

pansion of the water as it freezes in 
his cooling system. 

The engine has no muffler, which 
drains power on a piston driven en
gine. Yet it has no more noise than 
a piston driven engine. The reason for 
this is the constant burning of fuel. 
The only real noise is a whine, which 
comes from air being sucked into the 
compressor and the sound of the re
duction gear. However, one is safe 
in assuming that in time this will 
even be reduced to a more negligable 
amount of noise than at present. In a 
piston engine you have constant noisy 
explosions which must be muffled. 

No automatic transmissions are need
ed in turbine powered automobiles. 
They will have two positions: one 
forward and the other reverse. This 
will give everyone an automatic trans
mission without the extra cost needed 
to have one installed on piston engine 
cars of today. · 

Repair work is performed easier on 
the turbine engine. Due to the fact 
it has less parts, the time required to 
locate the cause of trouble and repair 
it is less. Also because of less parts the 
turbine engine will occupy a consid
erably less amount of space, giving 
automobile designers a chance to give 
the public more room in the same 
overall size of today's automobile. 

The turbine engine is also much 
easier to start in cold weather than 
piston engines. The reason for this 
stems from the fact that the compres
sor and turbine wheels of the engine 
are constantly rotating, thus the en
gine does not have a tendency to stall 
as in the piston engine. 

The amount of oil used in the tur
bine engine is approximately one-fifth 
of the amount required in a piston 
engine. The oil used in the crankcase 
of a turbine engine never comes in 
contact with the combustion area. As 
a result of this foreign matter is not 
able to come in contact with the oil 
and the oil needn't ever be changed. 
It should be obvious that less oil is 
needed because you have less moving 
parts and therefore less places for 
friction to occur and necessitate oiling. 

In the few past paragraphs I've pre
sented to you some of the reason why 
the gas turbine automobile will be 
cheaper on your wallet. However, I've 
omitted one important thing the aver
age man will want to know. That is, 
"How will this turbine car drive com
pared to my old piston driven rig?" 
First of all, as I've pointed out, it will 
be amazingly quiet. Due to the fact 
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that there are no internal explosions 
which are the main cause of noise in a 
piston driven machine. However, pro
bably the greatest achievement will be 
the fact that there are no vibrations. 
Vibration is bad for any piece of ma
chinery, because with vibration there 
is constant tendency for all the parts 
to become loose. This is one reason 
why after a few thousand miles have 
been accumulated on a piston driven 
automobile squeeks, rattles, etc., began 
to be noticed. However, on present 
day automobiles this has been mini
mized by rubber mountings etc. The 
turbine driven automobile will require 
less time, therefore, in the sporadic 
tightning up of bolts etc. However, 
the most important feature of less 
vibration will be the ride in a turbine 
driven automobile. It will be an amaz
ingly smooth ride, much like sliding 
down a hill on a tobagon. You will 
:1bsolutely have no sensation of feel
ing a motor running beneath you, the 
only sensation will be one of hearing. 
The whir of the turbine blades will 
be the only sensation that will signify 
to the driver that he has a powerful 
and fast piece of machinery at his 
command. 

Many advantages have now been 
presented as to the more desirability 
of the turbine driven automobile over 
1he piston driven automobile. Then 
why has the public been denied this 
automobile? 

The biggest factor has been the long 
search for metals which will with
stand the tremendous heat involved 
in this engine. With advances in 
metallurgy some day there will be 
turbine blades that can withstand the 
thousands of degrees of heat. Now 
most experimental motors are run
ning at approximately fifteen hun
dred degrees Fahrenheit and there
fore sacrifice a percent of efficiency 
which could be obtained if the engine 
were allowed to run «t higher temper
atures. However, there are very few 
metals which will not melt at this 
high temperature, and until new al
loys are discovered to reduce produc· 
tion costs, the turbine engine will 
not be able to compete in price with 
the piston automobile of today. When 
these metals are found there will be 
no need to take in a large amount of 
air for cooling as is done in toclay's 
models. The future goal of the tur
bine engine is to take in only as much 
air as it needs, as the piston engine 
does, when this is achieved the tur
bine will be far more efficient than the 
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piston engine because of its greatly 
reduced friction. Present clay stand
ards have sent metallurgists looking 
for a material that will withstand tem
peratures of sixteen hundred degrees 
Fahrenheit and yet economical enough 
to be used in production. 

Much experimentation is being 
clone with alloys composed of nickel, 
tungsten, chromium, molybdenum, 
and cobalt. Although these metals will 
give the end result of withstanding 
the high temperatures they are in stra
tegic supply and also are not as eco
nomical as desired. However, General 
Motors is now working on an alloy 
they think will be satisfactory. Also, a 
few months ago, engineers at the Uni
versity of Michigan made known a 
non-strategic alloy that is approxi
mately half the cost of the critical 
metal now needed for turbine parts. 
Professor Richard A. Flinn reported 
that the process involves a nickel-base 
alloy rather than the present cobalt
base formula. This is quite a saving 
as cobalt sells for $2.60 a pound and 
is also strategic, whereas nickel is only 
$.65 a pound. 

However, there are other things be
sides metals which are a thorn in the 
turbine's side. Present clay turbines use 
an alarming amount of fuel at speeds 
under 40 m.p.h. and while idling, 
where most driving is clone. Cheaper 
fuels may be used in turbine engines 
and when greater heat resistance alloys 
are discovered this problem should be 
greatly reduced. Also, with the present 
development of a usable heat regener
ator efficiencies can be boosted. 

An important feature of the turbine 
powered automobile which has been 
pointed out is that it has much less 
motor friction than a piston engine of 
comparable size. This fact also has its 
drawbacks. Much of the braking pow
er on a piston driven automobile 
comes from the friction in the motor 
which creates a drag on the au tomo
bile and helps the driver in slowing 
clown his vehicle. In a turbine pow
ered automobile much of this drag 
will be absent, and therefore, necessi
tate the installation of larger brakes 
on the automobile. When the Chrys
ler Corporation drove their Plymouth 
turbine car across the country, they 
installed 12 inch brakes; conventional 
brakes are ll inch. 

The acceleration of today's experi
mental gas turbines is not as fast 
from a stop as the present big V-8 pis-

ton engines of stock automobiles. 
However, there is no reason why gas 
turbine engines also cannot be made 
larger to give results more favorable 
along this line. The acceleration in a 
gas turbine is not as fast, however, the 
power is there. For instance, the 
wheels on a turbine automobile may 
also be spun; however, you must ap
ply the brakes and rev the motor, then 
when the turbine turns up around 
30,000 revolutions per minute release 
the brakes. 

Other problems the turbine pow
ered automobile will have to over
come involve acceptance of the piston 
powered automobile by the public, 
and the great expense that present 
automobile manufacturers have tied 
up in tooling machines. Present day 
automobile manufacturers have ap
proximately 63 million dollars in
vested over a 50-year period of piston 
powered automobiles. The automo
bile manufacturers must write off this 
equipment which they have gathered 
through the years as worthless, and 
then start on a long and expensive 
road once again . This includes pur
chasing new types of equipment. For 
instance, in toclay's gas-turbine engine 
there are two turbine wheels, with the 
outer edge made up of smalt'fins, each 
producing about five horsepower. 
These wheels are only about seven 
inches in diameter, but in limited pro
duction will cost from $1000 to $1500 
each. However, with a mass produc
tion system set up a rate of 500 a clay 
would bring the cost clown approxi
mately 10 a wheel. 

It sl;wulcl be obvious that when the 
present research program on the gas
turbine engine is completed that the 
era of the piston engine will be com
ing· to an encl. Perhaps in this same 
way it might be possible to say that 
the era of the styles of piston engine 
automobiles may also be coming to 
an end. For through the past years 
automobile designers have constantly 
been trying to place the piston engine 
in the rear of the automobile, how
ever toclay's huge V-8 engine has been 
too bulky. It seems though that the 
natural place for the turbine engine, 
clue to its small size, would be in the 
rear part of the automobile. Then in
deed, a designer's dream would be to 
design a body about a gas-turbine 
engine. The next few years may not 
only usher in a new type of automo
bile engine, but a new streamlined 
type of automobile. 
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8instein );tade Simple 

I
T IS the year 2550 A.D. Jack Spade steps out of his space 
ship on to the shining stainless steel landing field. His 
impassive face gives no hint of the triumphant thoughts 

in his mind. 
I'm rid of her at last, he thinks. She and all her nagging 

are long gone from the earth now. 
Jack remembers back in the year 2100 A.D. when he 

bought that experimental rocket ship at the government 
surplus auctions. It wasn't hard to modify it so that it 
would approach the speed of light. It had slowed that 
mysterious clock inside him so that the flight he had just 
taken had only seemed like an afternoon excursion to 
him. But four hundred years had passed by on the earth. 
Einstein was right, he thinks. 

He smiles as he thinks back to the class in college when 
he asked the Prof. if he could run away from his life in a· 
relative way. The class had roared with laughter. The 
Prof. answered by asking and answering himself by stat
ing: "What is the Special Theory of Relativity?" Most 
everyone has heard of Albert Einstein and the theory that 
predicted the atom bomb. But what does it mean? Can 
J.ack Spade run away from his wife by traveling through 
tlme? For the answers to these and other questions, let's 
consider bewildering equations of relativity. 

The bases for the equations are two fundamental state
ments that Einstein made: 

(1) The speed of light is a universal constant. 
(2) All systems are equivalent. 

When Einstein says universal, he means it. Sitting here 
on earth, we find the speed of light to be 186,227 miles 
per second. But if you were in a spaceship traveling away 
from the sun at 186,226 miles per second, and measured 
the speed of light reaching you from the sun, you would 
find that its speed was 186,227 miles per second faster 
than your rocket ship. But here's the hard pill to swallow: 
If. you were traveling in the same rocket ship at 186,226 
miles per s.eco.nd toward the sun, and measured the speed 
of the suns light, you would find that it was going past 
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By B. T. Johnson 

your ship at- exactly 186,227 miles per second. In other 
words, no matter how fast you are travelling, light is al
ways traveling 186,227 miles per second faster than you 
are. 

Well, something's gotta give, and those infernal equa
tions tell us exactly what does give. 

Suppose you could measure the speed of light with a 
yardstick and a clock, When a light wave passes one end of 
the wardstick, you start the clock, and when the wave 
passes the other end, you stop the clock. Then you know 
the time it takes for the light to travel a yard, and you can 
figure out how fastit's going. . 

Now, if you load your yardstick and clock on a rocket 
ship going 186,226 miles per second (which is a pretty 
cute trick in itself), something odd happens to both. The 
length of the yardstick shortens and the clock slows down. 
But you don't notice it if you are on the rocket ship, be
cause you shorten and slow down, too. 

Let's say, though, that you had a bosom buddy, Henry, 
back on earth watching you through his telescope. He 
would be surprised to see your yardstick, you, and your 
rocket ship shortening! If he could see your clock, he 
would also notice that. it was running slower. Simple, 
isn't it? 

Steady, boy. This next bit might hurt a little. 
Take a look at Henry, back there on earth. (Did you re

member your telescope?) If you look shorter to Henry, he 
should look taller to you, right? 

Sorry, you're wrong. Not only do you look shorter to 
Henry, but he looks shorter to you! Remember, Einstein 
said that all systems are equivalent? Well, who is to say 
whether you ar~ traveli~g past Henry at 186,226 miles per 
second, or he IS travelmg past you at that speed, along 
with the earth? · 

Well, if you survived that left jab, you're made of pretty 
stern stuff. But here comes a haymaker that will really 
separate the men from the boys. ' 
. This .time I'll stay clown here on earth (you'll see why 
m a mmute), and you and Henry each take your own 
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rocket ship out for a ride. Being a couple of crazy hot
rodders, you aim yourselves at one another and both of 
you throttle up to 186,226 miles per second. From my 
vantage point here on the earth, I can measure each of 
your speeds as 186,226 miles per second with my yardstick 
and clock. But if you measure Henry's speed with the yard
stick and clock in your rocket ship, you will find that 
Henry is approaching you with a speed of 186,226.99998926 
miles per second; not a speed of 372,452 miles per second, 
as you might have guessed. And of course if Henry meas
ures your speed with his yardstick and clock, he will find 
that you are approaching him at 186,226.99998926 miles 
per second, also. 

Why? Because, according to Einstein, speeds do not 
simply add and subtract, as you were taught in grade 
school science, but they transform according to the equa
tions of relativity. The equations also state that no matter 
how hard you try, you can not travel faster than the speed 
of light. 

This idea of the equivalence of systems is where most 
of the odd notions about relativity arise. For instance, how 
about Jack Spade? Could he really run away from his wife 
by traveling through time? The answer is no, because the 
same thing that happened to the yardstick happens to 
clocks. Remember, now, that you and Henry are in your 
rocket ships racing towards each other at breakneck speed. 
However, unbeknownst to either of you, I have placed a 
time bomb aboard each of your rocket ships, and both 
bombs are set to go off at the same time. When the explo
sions occur, I (sitting snugly and smugly here on earth) 
will see that they happen at the same instant, although 
they both will explode at a later time than I would have 
guessed, since both time clocks slowed down. However, 
you will never see Henry's ship explode, since his clock is 
running slower than yours, and Henry will never see your 
ship explode, since he sees that your clock is running slow
er than his! 

Are you completely confused now? Don't feel bad. These 
length, velocity, and time effects are crucial milestones in 
understanding the relativity theory. 

The theory states that time and motion are only rela
tive; that is, you can not travel without going somewhere. 
If you are shooting through space in your rocket ship, you 
cannot simply say that you are going 100,000 miles per 
hour; you must say that you are going away from the 
earth at 100,000 miles per hour, for instance, or that you 
are going around the sun at that speed. In other words, 
there is no such thing as absolute motion; motion is m_ean
ingless unless you assume that there is something standing 
still in space. Then you can travel away from or toward 
or around that fixed point. 

The same is true of time. You can't say, for instance, 
that this year is 1957; you must say (or assume) that this 
year is the I,957th year after the birth of Christ (the fixed 
time-point). 

Well, then, if distance and time can only exist if there 
is something solid like the universe around, couldn't it be 
possible that there is ~omething in. the _basic nature. of t~e 
universe that affects distance and time m the way Emstem 
says? 
. The answer is yes, there could be, and in fact there is. 

'fhe basic nature is described in Einstein's General Theory 
of Relativity, from which the Special Theory is construct
ed. However, the purpose of this article is to describe 
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Einstein's Special Theory of Relativity, not construct it, so 
let's go on with the description. 

So far we have seen that when the speed of a space ship 
approaches the speed of light, the ship shortens in length 
(the dimension in the direction we are going), and clocks 
on the space ship slow down. We have seen that velocities 
do not add, but transform. We have talked about Ein
stein's basic statements and have shown how they apply. 

About all that remains are the three questions: 

{l) Why can't you travel faster than the speed of light? 
{2) How does the atom bomb work? 
{3) Exactly why can't Jack Spade get away from his wife? 

The reason that you can't travel faster than 186,227 
miles per second is this: When you approach this speed, 
the mass of your rocket ship increases. 

At this point, you must remember one thing: Mass and 
matter are not the same thing. The amount of matter in 
your rocket ship is the sum total of all the parts of the 
atoms in the ship. The mass of your rocket ship is its 
inertial resistance - the amount of force you have to use 
to increase your speed a given amount. Thus it could be 
possible for the mass of your rocket ship to increase with
out a single particle of matter being added to it. 

So the reason that you can't go faster than light with 
your rocket ship is that it takes more and more force to 
increase your speed a given amount as your rocket ship's 
speed approaches that of light. As a matter of fact, if you 
were traveling at exactly the speed of light, your mass 
would be infinite and no amount of force would either 
speed you up or slow you down. 

Exactly what does it feel like, though, to increase in 
mass? The fact is, you don't feel a thing. To see how this 
works, let's- you guessed it- climb into our rocket ship 
and blast off for deep space again, leaving Henry here on 
earth. · 

Say our rocket ship has a mass of 100 tons on earth. 
Then if we are traveling 186.226 miles per second, Henry 
(back on earth) would see that our ship has a mass of 
30,600 tons. However, we could not detect this change in 
our ship's mass, because any weights we bring along for use 
in weighing things would also increase in mass. But if we 
could measure the earth's mass we would find that it has 
increased, not decreased, 306-fold (equivalence of systems 
again). 

Which brings us to the atom bomb. In accelerating to 
the speed of light, we have acquired a large amount of 
kinetic energy. This energy has, in effect, been converted 
to mass. Would it be possible, then, to convert mass to 
energy? Sure it is, and that is exactly what happens in the 
atomic bomb. A very small amount of mass represents an 
awful lot of energy, and that's why the atomic and hydro
gen bombs are so powerful. 

Well, what about Jack Spade? He can't run away from 
his wife, unfortunately. In order to travel near the speed 
of light, he has to first accelerate up to that speed; when 
he wants to land back on earth, he has to decelerate again. 
It is widely assumed, although the mathematics has never 
been worked out, that screwy things happen to clocks 
during acceleration and that the time gained during the 
flight is lost again in the take-offs and landings. After all, 
it has to work out that way; since all systems are equiva
lent, they all have to come out the same in the end, re
gardless of what happens in between. 
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Water Wings 
Want to wet your feet and really move ahead in something new? It's the hydrofoil work being 
done at Grumman. Here boats literally fly on underwater wings. These hydrofoils lift hulls, 
boat and aircraft, clear of the water just as wings lift an aircraft. Hydrofoils are also giving 
Grumman engineers an exciting new lift. If your mind is on a higher plane, Grumman is also 
working on everything from missiles to high Mach jets to STOL' s as well as revolutionary 
amphibians. Drop a line for details to Mr. A. T. Wilder, Engineering Personnel Director. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE • LONG ISLAND • NEW YORK 

Designers and builders of the supersonic FllF-1 Tiger, transonic F9F-8 Cougar jet fighter, 
F9F-8T Cougar fighter-trainer, F9F-8P Cougar photo-reconnaissance, S2F anti-submarine 
Tracker, SA-16 Albatross rescue amphibian, metal boats, and Aerobilt Truck Bodies. 
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Synthane laminated plastics report for work 

Breaker Arms for tractors and outboard motors 
are cut from lengths of molded laminated. Breaker 
arm bushings and rubber angles are important 
ignition components. 

A turn of the ignition key and the thou
sands of parts which make up your car 
go to work as a team. Under the dash or 
under the hood are dozens of parts made 
of Synthane laminated plastics. They 
may seem insignificant but they're as 
necessary as an owner's license. 

Take away Synthane laminated plastics 
and you have a car that won't start, a 
generator that won't run, lights that 
won't light, or a silent radio or motion
less fan-which may give you some idea 
of the importance of a product like 
Synthane in the automotive industry. 

" . ~,~· --~ ~ 5~ 

" 
~ ... 

" ~ 

EASILY MACHINED DIELECTRIC STRENGTH 

Synthane laminates are excellent elec
trical insulators-they resist moisture
smile at oil-are easy to machine and 
mechanically strong. Synthane laminated 
plastics are available in sheets, rods and 
tubes or as parts completely fabricated 
to your designs and specifications. 

For more information about the many 
properties of Synthane laminated plas
tics and how you can benefit by using 
Synthane materials and fabricating serv
ices, write for our latest product catalog. 
Synthane Corporation, 13 River Road, 
Oaks,Pa. 

OIL RESISTANCE DIMENSIONAL STABILITY 

[$YN111AN:iJ] ... industry's unseen essential. 

~ 
SYNTHANE CORPORATION, 13 RIVER ROAD, OAKS, PA. 
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IMPORTANT ON-CAMPUS INTERVIEWS FOR POSITIONS AT 

NORTH AMERICAN'S 
COLUMBUS DIVISION 

North American Aviation, foremost in the design and production of 
military aircraft, has an established engineering team at its Columbus 
Division with prime responsibility for complete design and development 
of Navy aircraft. 

The New FJ-4-Navy's latest and fastest FURY JET-is the most 
recent achievement at Columbus. Other, even more advanced designs 
are now being developed from initial concept to actual flight ... creating 
top opportunities for virtually all types of graduate engineers. 

Contact your Placement Office for an appointment with North 
American representatives. 

Or write: Engineering Personnel Office, Dept. COL, North American 
Aviation, Columbus 16, Ohio. 

NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 

• 

~---~- --
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•• at Pratt & Whitney Aircraft 
in the field of Aerodynamics 
Although each successive chapter in 
the history of aircraft engines has as
signed new and greater importance 
to ·the problems of aerodynamics, 
perhaps the most significant de
velopments came with the dawn of 
the jet age. Today, aerodynamics 
is one of the primary factors in
fluencing design and performance of 
an aircraft powerplant. It follows, 
then, that Pratt & Whitney Aircraft 
- world's foremost designer and 
builder of aircraft engines - is as 
active in the broad field of aero
dynamics as any such company 
could be. 

Although the work is demanding, 
by its very nature it offers virtually 
unlimited opportunity for the aero
dynamicist at P & W A. He deals 
with airflow conditions in the en-

gine inlet, compressor, burner, tur
bine and afterburner. From both the 
theoretical and applied viewpoints, 
he is engrossed in the problems of 
perfect, viscous and compressible 
flow. Problems concerning boundary 
layers, diffusion, transonic flow, 
shock waves, jet and wake phenom
ena, airfoil theory, flutter and 
stall propagation - all must be at
tacked through profound theoretical 
and detailed experimental processes. 
Adding further to the challenge and 
complexity of these assignments at 
P & W A is this fact: the engines 
developed must ultimately perform 
in varieties of aircraft ranging from 
supersonic fighters to intercontinen
tal bombers and transports, func
tioning throughout a wide range of 
operational conditions for each type. 

Moreover, since every aircraft is 
literally designed around a power
plant, the aerodynamicist must con
tinually project his thinking in such 
a way as to anticipate the timely 
application of tomorrow's engines to 
tomorrow's airframes. At his service 
are one of industry's foremost com
puting laboratories and the finest 
experimental facilities. 

Aerodynamics, of course, is only 
one part of a broadly diversified en
gineering program at Pratt & Whit
ney Aircraft. That program- with 
other far-reaching activities in the 
fields of instrumentation, combus
tion, materials problems and me
chanical design - spells out a 
gratifying future for many of to
day's engineering students. 

electronic computers accelerate both the analy· 
the solution of aerodynamic problems. Some of 

include studies of airplane performance 
evaluation of engine·to·airframe applications. 

Design of a multi·stage, axial·flow compressor 
Involves some of the most complex problems in 
the entire field of aerodynamics. The work of 
aerodynamiclsts ultimately determines those aspects 
of blade and total rotor design that are crucial. 

Mounting a compressor In a special hlgli'11itltude test 
chamber In P & W A's Wlllgoos Turbine Laboratory per
mits study of a variety of performance problems that 
may be encountered during later development stages. 

World's foremost designer and builder of aircraft engines 

PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 



In the 17th CENTURY 
this was the last word in blast furnace blowers 

1J.1' AND-OPERATED plungers in hollowed
~ out tree stumps provided a crude but 
workable source of compressed air for this 
primitive African iron foundry- mark
ing an early step in the mechanization 
which permitted man's evolution from 
the stone age to the iron age . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TODAY it~ the TURBO-BLOWER ... 
another history-making development by Ingersoll-Rand 

T HE HUGE blast furnaces of 
today gulp air at 130,000 

cubic feet per minute. For it 
takes three tons of air to pro
duce a single ton of pig iron. 

In steel plants from coast to 
coast, you'll find Ingersoll-Rand 
Turbo-Blowers on the job 24 
hours a day, month after month, 
year after year. Their reputation 
for dependable performance is 
the result of Ingersoll-Rand's 
continuous research and devel
opment in the design and con
struction of air power equip · 
ment. 

If you'd rather make indus
trial history than read about it, 
be sure to look into the fine job 
opportunities available with In 
gersoll-Rand. For further infor
mation contact your Placement 
Office or write Ingersoll-Rand. 

COMPRESSORS • BLOWERS • GAS & DIESEL ENGINES • PUMPS • VACUUM EQUIPMENT • AIR & ELECTRIC TOOLS • MINING & CONSTRUCTION EQUIPMENT 
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Campus 

POSE 

MAY 1957 

Last known picture 
of glorious leader 

Jerry Jensen 
Glorious Leader 

Jerry Cuderman 
Hero No. 2 

James Dougher . . .... Make-out 

Jean Ann O'Connell . . . . .. . .. Office rake 

Bob Reid 

Ron Schaaf 

· Werner Troxel ...... . . . .. . . . . ... ... Features commisar 

John Oliver . 

Ron Rodrigue 

Dick Bobnick . 

Nancy Christiansen . 

AI Standish ... 

leon Kremer 

.... People's hod carrier 

People's photographer 

... . . .. . . .. . . . ... Decadent artist 

. . . Poletarian copy reader 

. . Apathy organizer 

Warren Wegele 

Filthy capitalistic money grubber 

Ced lyons . . Right hand man 

Bill Cordz .... . ... .. ...... . . .. .. . . .. . .. Bartender 

COVER: Was the Queen Contest fixed? 

Will all study make Bill a playboy? 

Will Dorm men get their rooms back? 
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U. of M. Flying Club 
We specialize in Night Landings. 

In 50 years we haven't lost a pilot. 
(They have parachutes) 

Centennial houses 9 & 1 0 
These gentlemen wish their rooms back. 

M/Cf?O.SCOPE" 

PI?OVES !l 
PJI(J6GtNG 

/1';/Lt...S 

8ACT£RIIi 

"But Cynthia, nobody gets 
sick here anymore! 

Too often, that is. 
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Xpou 
Enrolling Number Blues? 

What? Another roll call? 

But it isn't my beer. 

MAY 1957 

Where the hell 1s 
Steve? 

Let's have a roll call. 

Are you going to sneak 
ahead in line again? 
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Why Ask? 

Florence Flask 
Chern E. Soph 

Dabzot- Author 

R.KO. 

Selmon Pistonslap 
I. T. Sr-4 

OPIUM 
"PRES~NTS 

How do you spend your evenings? 

Lotus Ginsberg 
SLA Frosh 

Harry Canary 
Math Prof. 

Peaches Shutte 
Phys. Ed. Jr. 

"I received the same answer from everybody"---

"None of your damn business!" 

tdt~(Juu!a~ The day a Never Ready Flashlight 

saved my no good life. 

/'M4. £mer Brod CY'd.lufJsh 
,4gt1e5 1/ogshead 

All po-pc.o~N SPI~E"D WIIH VAl'. .13UTTER. 
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(Ed. note) 

The author of this testimony may not be reached for 
comment. H e was last seen posing for the above pictut·e. 
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"life is wonderful" 

Ground breaking 'on the University Expansion 
across the river. 

P & S at Practice 

MAY 1957 

Well, S.A.B. approved the party, didn't they? 

The Dean of Students 
(with problem) 

" But I always feed the pigeons on the 
mall every night." 
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An Old American Sport May Be Revived If. 

MINNESOTA ,TAKES TO 

BICYCLE RACING 

B 
!CYCLE racing is undergoing a rennaissance in the 
U.S.A. and Minnesota. A popular amateur and pro· 
fessional sport before W.W. II, the post war amateur 

side developed gradually, and this season, professional six
day events returned to Cleveland, Louisville, and Chicago, 
with a more generous winter season proposed for 1957-58. 
Television coverage of these events holds great promise. 

Locally, the Gopher Wheelmen (A Minneapolis club) 
became active again in 1954, and proved its standard 
consistent with other U.S. Clubs in 1956 with the winning 
of the team championship in the annual 50 mile Elgin 
to Chicago road race, beating clubs from Chicago, Detroit, 
Kansas City, St. Louis, Milwaukee, and competitors from 
the pacific coast, all strong cycling areas. A remarkable 
accomplishment for a club till then quite unnoticed. Most 
of the strong Chicago race Minneapolis competitors are 
members of the new University of Minnesota Wheelmen, 
and are the club's nucleus. 

Among the members are Hartmut Wegner, E. E. Junior, 
the Minnesota State Track Champion for the last two 
seasons, and former Junior Sprint Champion of Berlin, 
Germany; Bob Battin, philosophy Junior, who presses 
Wegner in track competition; and John Storm, M. E. 
Senior, one of the strongest road distance men of the State. 
Other I. T. members are Bob Mangney, Chem. E. Senior; 
Bill Summers, M. E. Junior; John Sander, Sophomore; 
and Don Carlson, Chem. E. Freshman. 

The University Wheelmen opened their competition 
this season in a Minnesota State Event, a 26 mile road race. 
Members of the new club made a fine start, placing mem
bers in places two and three, Wegner and Battin. The race 
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Hartmut Wegner, E. E. Junior, and Bob Battin, philosophy Junior, winding 
'em up in a sprint on the circuit around the Minneapolis Municipal Stadium. 

Photo by Richard l. Hanlin . 

was won by Pat McNamara, Olympic Speed Skater, and 
a former U. of M. student. 

The University of Minnesota Wheelmen offer this chal
lenge to sportsmen on the campus: "Come for a ride with 
us; a routine training spin. Anyone can ride with us, but 
only the ones with guts will come out more than once." 
To quote one new enthusiast; "Those guys just ain't 
human; you 've got to be a machine to stay with them at 
their pace; they don't spit blood, they swallow it." 

MINNESOTA TECHNOLOG 
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Hovv John Peacock 

met 

"White Alice" 

John M. Peacock, B.S.E. 
in Mechanical Engineering, 
Princeton, '4 7. 

One of the huge tropospheric antennas used in the "White Alice" 
project. These screens pick up the "scatter" of UHF radio signals 
beamed from more than 150 miles away! 

"I met 'White Alice' at Bell Telephone Labora
tories," says John. "That's the code name for 
the communications system linking defense in
stallations along 3100 miles of Alaskan borders. 

"Laboratories people had made a basic survey 
to determine the kind of system needed. I was 
assigned to the group that developed tropo
spheric antennas for over-the-horizon UHF 
radio transmission. 

"Besides the usual critical problems involved 
in systems of this sort, we had some extraordi
nary factors to deal with, too. There were prob
lems of snow. The structures had to withstand 
150-mile-an-hour winds. And research showed 
that in the Arctic up to sixteen inches of ice 
could accumulate on the antennas. We had to 
design them to be strong enough to support 
this weight without collapsing. But the antenna 
would not function properly with this much ice 

on its face, so a de-icing system was devised to 
limit that ice to an inch or less. 

"We had to work fast, on a very tight time 
schedule, in order to beat Alaska's winter close
in. And we did. From start to finish, 'White 
Alice' was an exciting and interesting project. 
But now I'm working on another over-the
horizon radio system that's just as absorbing. 
By the way-it's to be in Florida!" 

John M. Peacock has been a Mechanical 
Engineer with Bell Telephone Laboratories 
since 1953. Able, imaginative young engineers 
and scientists will find interesting and reward
ing career opportunities throughout the Bell 
System-at Bell Telephone Laboratories, with 
Bell Telephone Companies, Western Electric 
and Sandia Corporation. Your placement officer 
can give you more information about all Bell 
System Companies. 

BELL TELEPHONE SYSTEM 
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Practical Distillation of Sea Water Now Possible with 

A pmctical large-scale method of 
producing fresh water from salt water 
has many potentialities. One approach 
is through flash evapomtors. 

A
CUTE shortages of fresh water 
exist in many areas of the world 
and the economic development 

of these regions depends to a large 
extent upon an economical method 
of producing potable water and water 
suitable for power production and 
process uses. This has led to increas
ing interest in the conversion of sea 
water and other saline or polluted 
water into a potable form. Flash eva-· 
poration offers many advantages for 
this purpose. 

Most sea water contains approxi
mately 35,000 parts per million (ppm) 
of total dissolved chemicals. Although 
in some locations water containing 
4000 ppm total dissolved solids is used 
daily for drinking, more acceptable 
limits of purity range from 500 to 
1000 ppm. Thus the dissolved solids 

640 

in sea water must be reduced by a 
factor of 70 to render it acceptable for 
drinking purposes. 

Distillation of sea water as a means 
of obtaining potable water is not new. 
However, recently major advances 
have been made in the art of sea-water 
distillation. Potable water in large 
quantities is produced in the modern 
units of triple-effect submerged-turbe 
evaporators in operation in Kuwait, 
on the Persian Gulf. Small stills oper
ated on solar energy were developed 
during the last war for use on life 
rafts and in remote locations. Experi
mental research and development is 
in progress in this country and abroad 
for larger installations of this type. 
Attempts have been made to produce 
potable water through flash exapora
tion of the relatively warm surface 
waters of the seas, heated by the sun; 
the much colder waters from greater 
depths were used to condense the dis
tilled vapor after it had expanded 
through a turbine g·enerating sufficient 
electrical power to drive the necessary 
pumping equipment. Recent studies 
of such self-operating installations 
seem to indicate the near practica-

bility of such a cycle, since favorable 
oceanographic thermal gradients are 
found to exist in the deep coastal areas 
of some parts of the world. In all 
these efforts, the main goal is the pro
duction of fresh water from sea water 
at low, or zero operating cost. 

The process of flash evaporation is 
ideally suited for the distillation of 
sea water irrespective of the source 
of energy used. Even though the 
principle is not new, its large-scale 
application to the production of fresh 
water from sea water is comparatively 
recent. 

Flash evaporators of the type dis
cussed here have several advantages. 
Low-temperature waste-heat sources 
can be utilized. Sustained high effi
ciency of operation can be obtained 
since evaporation takes place on the 
water droplets rather than on tubular 
heat-transfer surfaces, which corrode 
and scale. Multiple-effect arrangements 
can be used with low temperature dif
ferences. The equipment is greatly re
duced in weight and space require
ments compared to conventional shell
and-tube evaporators. Initial cost is 
lower and mainteance time and ex-
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pense are reduced to a bare minimum. 

The maximum amount of vapor 
evaporated in flashing saturated water 
from a hig·h pressure to a lower pres
sure is given by the thermodynamic 
equilibrium states of the water before 
and after flashing. This information 
can be obtained from steam tables or 
charts (or tables of thermodynamic 
properties of salt-water solutions). The 
information in these tables is based 
on complete thermodynamic equili
brium conditions existing between the 
vapor and liquid phases in mutual 
contact. Since in actual processes such 
equilibrium conditions are not present, 
two methods are used to approach 
equilibrium- promoting turbulence, 
and increasing the effective surface 
area for maximum evaporation. In this 
connection, a common belief is that 
fine atomization of a stream of water 
is most effective in persenting a large 
surface for evaporation. Sometimes 
overlooked is the fact that increasingly 
finer atomization approaches a dimin
ishing rate of returns rapidly with an 
accompanying adverse effect on carry
over. 

The mechanism of flashing satu
rated or metastable water is similar to 
an "explosion" of a sheet of water. 
This is primarily due to the rapid 
increase in the volume of dissolved 

Within these features conflicting in
terests are evident. The lower the 
temperature of the feed and also the 
greater the temperature drop in the 
flashing process, the greater the specific 
volume of the vapor becomes (nearly 
inversely proportional to the pressure 
level in the evaporator). This neces
sitates larg·e piping and large evapora
tor volumes to keep the vapor velo
cities within a reasonable range and 
thus avoid large friction losses and 
excessive carry-over. 

An experimental flash exaporator 
has been constructed to obtain per
formance data necessary for the future 
design of full-size commercial units. 
The unit is in the Westinghouse de
velopment laboratory. A cylindrical 
shell 84 inches inside diameter by 3 
feet long. To build a higher capacity 
unit, the same diameter could be 
maintained and the shell length in
creased to any required value. 

Heated sea water enters six 3-inch 
spray pipes and is discharged through 
slots into the shell. Since the shell is 
maintained at a reduced pressure, a 

(Continued on Page 658) 
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THE temperature at altitudes of 36,000 feet and above 
goes far below zero, so it's standard procedure to demon
strate the starting capabilities of modern jet aircraft engines 
in a man-made "climate" of a brisk minus 67°F. 

At Allison, demonstration tests are run periodically on 
both military and commercial aircraft engine models in 
cold weather tanks like the one shown above. 

And, how do they get the tank's inside temperature 
down to the required 67° below zero? Here is one way 
Allison engineers do it. Outside air is cooled first with 
air-to-water heat exchangers. Then, a mechanical refrig
eration system takes the air temperature to below zero. 
For the third step, the cold air is run through a turbine 
section of an Allison T-38 engine. As the gas expands, it 
comes out at about a minus l30°F. There is some warm
ing as the air is piped to the cold tank, but usually, warm 
air has to be added to bring the tank temperature UP 
to a minus 67° Fahrenheit! 
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Fuel and oil tanks are located inside the test chamber, 
and they-with the engine-are permitted to "soak" in 
the frigid temperature before firing up. Tests of 72 hours 
"soak" duration have been made on Allison Prop-jet 
engines. Of course, the front opening is clamped shut for 
the test, and performance is checked by remote controls. 
But, occasionally, it's necessary for an engineer to "bundle 
up" and go inside the cell. It's nice summer work. 

* * * Allison now is in the midst of an engineering expansion 
and development program representing an expenditure of 
$75 million. Completion of the program will make the 
Allison engineering Research and Development Center 
one of the most complete in the world ... an ideal place 
to apply your academic training. Write for information 
about your future career at Allison: Personnel Dept., 
College Relations, Allison Division, General Motors Cor
poration, Indianapolis 6, Indiana. 
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For Forty Years our name has been 

Union Carbide and Carbon Corporation . . . more generally 

called "Union Carbide." 

Now our company name will be Union Carbide Corporation. 

The change is in name only. The people of Union Carbide will 

continue to pioneer in developing and producing carbons and 

gases, chemicals, plastics, alloys and nuclear energy. 
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UCC' s principal divisions 

and subsidiaries include 

BAKELITE COMPANY 

ELECTRO METALLURCICAL COMPANY 

HAYNES STELLITE COMPANY 

KEMET COMPANY 

LINDE COMPANY 

NATIONAL CARBON COMPANY 

PYROFAX GAS CORPORATION 

SILICONES DIVISION 

UNION CARBIDE CANADA LIMITED 

UNION CARBIDE CHEMICALS COMPANY 

UNION CARBIDE DEVELOPMENT 

COMPANY 

UNION CARBIDE INTERNATIONAL 

COMPANY 

UNION CARBIDE NUCLEAR COMPANY 

UNION CARBIDE ORE COMPANY 

UNION CARBIDE REALTY COMPANY 

VISKING COMPANY 

Write for free booklet 
and learn how UCC research can help 
you. Ask for "Products and Processes." 
Union Carbide Corporation, Dept. E, 
30 East 42nd Street, New York 17, N. Y: 
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Graduates in engineering, physics, 

applied math., allied sciences: 

You can do much better 

than a "standard" career today! 

Careers, like cars, come in various models. And now
adays such things as security, adequate compensation, 
vacations-with-pay are not "extras" any more-they're 
just "standard equipment"! 

As an individual, 
you decide whether 
you want whitewall 
tires or maybe a 
sportscar. You 
should do no Jess 
in choosing where 
you want to work. 
At North American, 
fringe benefits are 
second-to-none; 

MISSILE DEVELOPMENT bUt YOU Can get 
much more than that. Such extras as creative work, 
advanced technology, latest facilities to implement 
your work-these all add up to rewards an ordinary 
job cannot give. You'll work with men of high profes
sional standing. Your personal contribution will earn 
quick recognition. 

It will be worth your while personally, as well as 
financially, to find out about the extras that go with 
a position in any of these four pioneering fields. 

MISSILE DEVELOPMENT ENGINEERING 
The SM-64 Navaho Intercontinental Missile is only one 
of the projects here. You can well imagine the exacting 
standards of the 
work, the quality of 
the facilities, the 
caliber of the men. 
Here you will deaf 
with speeds well 
up into multiple 
Mach numbers, 
encountering phe· 
nomena that were 
only being guessed 
at a few years ago. AUTONET1cs 

AUTONETICS DIVISION-Automatic Controls Man Has 
Never Built Before. 

N ORTH A MERICAN 

The techniques 
of Electro-mechan
ical Engineering 
reach their ulti
mate efficiency in 
their application to 
missile guidance 
systems, fire and 

""""'-:::;......,.... flight control sys-
tems, computers .u-- .J.--·--•- and recorders. You 

ATOMICS INTERNATIONAL Will expfore, StUdy, 
test, develop and produce apparatus that can extend 
or supersede the human nervous system. 

ROCKETDYNE DIVISION-Builders of Power for Outer 
Space. 
If you like challenging work, the farge liquid-propel
lant rocket engine is your field. This Division operates 
the biggest rocket engine workshop in the Free World: 
the Rocketdyne 
Field Test Labora
tory in the Santa 
Susana Mountains. 
The engineers and 
scientists say they 
meet more differ
ent phases of work 
in a week here than 
in a year of "con
ventional" practice. 

ROCKETOYNE 

ATOMICS INTERNATIONAL-Pioneers in the Creative 
Use of the Atom. 
At this Division you will see a new industrial era tak
ing shape, and play your part in putting the peaceful 
atom to work for mankind. Nuclear Reactors of various 
kinds, for both power and research applications, are 
designed and delivered to order by Atomics Internat
ional. With many "firsts" to their credit, these dedi
cated men continue to spearhead the progress in this 
exacting field. 
For more information write: College Relations 
Representative, Dept. 991-20 Col., North American 
Aviation, Inc., Downey, calif. 

AVIATION, 
A · 

IN C.-~,~ 
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Tear out this page for YOUR BEARING NOTEBOOK ... 

0 How to keep 
the world's 

biggest mouth 
chewing 

0 

0 
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This gigantic power shovel 
bites off 90 tons, lifts it ten 
stories, and moves it 290 feet. 
The engineers who designed 
the shovel had to provide for 
the tremendous loads, from all 
directions, placed on the hoist 
sheaves and swing machinery. 
To take the combination radial 
and thrust loads, keep wheels 
and shafts turning smoothly 
under punishing operating con
ditions, the engineers specified 
34 Timken® bearings at all 
critical points. 

• 
Tapered design lets Tlmken~~> bearings take both radial 

and thrust loads 

Some bearings can take loads from the sides-some from 
above. Because of their tapered design, Timken bearings 
take both radial and thrust loads or any combination. And 
because the load is carried along a full line of contact be
tween rollers and races, Timken bearings have extra load
carrying capacity. 

Want to learn more about bearings or Information Manual on Timken bearings. 
And for information about the excellent job 
opportunities at the Timken Company, write 
for a copy of "Career Opportunities at the 
Timken Company" . The Timken Roller 
Bearing Company, Canton 6, Ohio. 

lob opportunities? 
Some of the engineering problems you'll face 
after graduation will involve bearing appli
cations. For help in learning more about 
bearings, write for the 270-page General 

TIM IEI TAPERED 
ROLLER BEARINGS 

. ' ,,.., 
lOT JUST A BALL 0 NOT JUST A ROLlER (L) THE nMKEN TAPERED ROLLER a::> BEARING TAKES RADIAL ([) AND THRUST -@)- LOADS OR ANY COMBINATION -1)-

t ~' 
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''If I were • 
your place ... Ill 

"This model represents one of the outstanding 
developments of the aircraft industry, the Snark. 
intercontinental guided missile. It illustrates a point 
that I think is important in choosing a career after 
you are graduated. Young graduates of only a few 
years ago are responsible for the dramatic accom
plishments of the Snark. 

"Even more startling things are on the boards .•• 
and consider all the possible challenges to the imagi
nation. For example, thousands of newly-conceived 
formulas were considered before the Snark's guid
ance system was perfected! Hundreds of young 
engineers, like yourselves, contributed their fresh 
ideas in the process. Although young, these men 
now veterans in this important field. Yet we 
know that missile development is still in its infancy. 

"It was this tremendous opportunity for indivi
dual initiative that attracted me to the aircraft 
industry. And if I were in your place today, I'd 
certainly look into it seriously as a most promising 
career possibility:' 

At Northrop Aircraft you'll be with a hard-hitting 
pioneer company that has won distinction in 
manned aircraft and guided missile -·-- - '""== 
Among the high-priority projects that will appeal to 
your ambition • and ingenuity is Northrop's Snark 
SM-62, the first intercontinental guided missile 
designed for assignment to the Strategic Air Com-

' mand of the U.S. Air Force. 
Other significant Northrop accomplishments are 

the development of boundary layer control to 
improve aircraft range performance, and the first 
operational inertial and celestial guidance systems. 
Still another project to tax your imagination and 
skill is Northrop's new supersonic jet trainer, the 
T-38, now being developed for the Air Force. 

In Northrop's great new multi-million-dollar 
engineering center at Hawthorne, you'll be associ
ated with experienced engineers and scientists who 
will respect and encourage your initiative, enthusi
asm and ability. 

You will also enjoy many financial advantages 
that are considered outstanding in the industry ... 
liberal salary, security benefits for yourself and 
family, and a company-paid program for continuing 
your engineering studies. ~ 

Write now and ask us questions as they apply to lr. 
your engineering objectives. Tell us your ambitions I 
... we believe we can relate them to opportunities 
at Northrop. Address Manager of. Engineering 
Industrial Relations, Northrop Aircraft, Inc., 1019 
East Broadway, Hawthorne, California. 

& 
NORTHROP 
NORTHROP AIRCRAFT, INC.,HAWTHORNE, CALIFORNIA 

Builders of the First Intercontinental Guided Missile 
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F 
FOR YOUR 

~ nylon milk bottles 
~ farming fish 
~ paper coating 

Nylon milk bottles 
When you're looking to labora
tory-stage plastics for new 
developments, it is somewhat 
startling to realize that a new 
raw material has come from 
one of the better established 
plastics, nylon. 

For nylon-first a synthetic 
fiber and more recently a new 
molding compound-is now ex
trudable as well. The extrusion 
industry can, for the first time, 
utilize PLASKON nylon with 
standard equipment and stand
ard techniques. 

The import of this develop
ment is underlined by the 
products made possible. Tough, 
transparent milk bottles and 
packaging films. Strong, steri
lizable baby bottles and 
aerosol bombs. Flexible, high
burst-strength lubricating sys
tems and speedometer cables. 
Abrasion-resistant wire cover
ing and automotive scuff pads. 

A 5 mil extruded sheet, for 
example, is remarkably tough 
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and transparent. Other impres
sive properties are high impact 
resistance over a wide tempera
ture range, good chemical re
sistance, ease of colorability 
with a penetrating dye or by 
pigmentation of pellets. 

Several grades of PLAsKON 
nylon- polycaprolactam-type
generally known as "nylon 6" 
~are available for extrusion: 
PLASKON 8201 for general pur
pose extrusion; a heat-stabilized 
form for high temperature and 
wire covering applications; 
special high viscosity and flexi
ble grades. 

Farming fish 
We were going to say, "Don't 
forget to give your fish their 
fertilizer this year." 

What we mean is this: don't 
forget to give your algae their 
fertilizer this year. W ell-ferti-

lized algae make better meals 
for plankton, which make better 
food for insects, upon which 
feed small fish, which in turn 
end up on the menus of large 
fish. 

You can improve fishing 
within a single year by apply
ing plant food to ponds. Fish 
in fertilized ponds can become 
five times larger, both fatter 
and longer. 

Applying the fertilizer is al
PLAsKoN and ARCADIAN are Allied Chemical 
trademarks. 

most as easy as pulling the fish 
out on the end of a line. You 
can either spread it from the 
side of a boat or, on larger 
ponds, use the newest tech
niques · of aerial application. 
Free-flowing ARCADIAN ferti
lizers can be quickly and easily 
spread on a pond by conven
tional dusting planes. 

The best fertilizers for fish 
ponds have a high nitrogen 
analysis. Their nitrogen-phos
phorus-pota.sh (N-P-K) ratio 
should be at least 2-2-1 or 1-1-1. 
Like ARCADIAN 12-12-12. 

Paper coating 
A key problem in coating paper 
on today's fast machine coaters 
is viscosity control. The aim: 

· to increase total solids content 
(for better coating) without 
increasing viscosity. 

Experimental data prepared 
by the Nitrogen Division re
search group indicate that small 
amounts of urea give large vis
cosity reductions and drastical
ly lower the rate of viscosity in
crease on standing. Urea also 
lowers thixotropic index and 
permits use of adhesive disper
sions with higher solids content. 

A pa·per titled "Viscosity 
Control of Paper Coating Ad
hesives" contains 15 substan
tiating graphs. We'd be pleased 
to send a copy. 

Creative Research 

These examples of product de· 
velopment work are illustrative 
of some of Allied Chemical's 
research activities and oppor· 
tunities. Allied divisions offer 
rewarding careers in many dif
ferent areas of chemical research 
and development. 

ALLIED CHEMICAL 
61 Broadway, New York 6, N. V; 

647 



What's !11 !t for Vou 

TECHNICAL writing is fast becoming a very important 
and integral part of engineering. With almost expo
nential increase in new machines and the parapher

nalia of science, an army of journalistic technologists is 
needed to write the handbooks for these machines as well 
as to acquaint the public with the marvels of our age. 
The pay in the field of technical writing is as high if not 
higher than any field of engineering nor is it all hand
book writing. Many technical writers spend most of their 
time traveling from one part of the country to the other 
doing such things as observing atom bomb tests, missile 
launchings, and nuclear reactor installations. 

The national magazines aren't going to be able to have 
ordinary journalists cover scientific and technical events 
much longer. Already many articles in the press are dis
torted and inadequately covered simply because the re
porters have no understanding of the engineering and 
scientific development lurking in the background of much 
of today's progress. 

In view of the increased demand for technical writers as 
well as for other reasons, we on the Log staff for next 
year are going to try to run a magazine that will provide 
students with the opportunity to gain experience in techni-
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by J. Cuderman 

cal writing. This is but one function of the Log but it is 
an important one. 

How well we succeed depends on you, the student in 
the Institute. With student co-operation we will slight no 
field of Engineering and science. 

We will emphasize different fields in each issue of next 
year's Log. These include: 

ME 
EE 
Aero 
Math-Physics 
Arch 
Civil 
Chern E and Chemistry 
AgE 

MINNESOTA TECHNOLOG 



We on the 'Log staff for next year actively seek the sup
port of the societies and Technical Fraternities. If every 
society and Technical Fraternity were to have one man on 
the 'Log staff that man could encourage his fellow students 
to contribute articles as well as to report news on the 
proceedings of the society. At the same time, the staff 
would increase in size. 

We desperately need people on the staff. Our plans for 
next year are ambitious but realistic. We would like to 
increase the editorial staff from about 10 to 40 or 50. This 
compares to the size of staff of other schools putting out 
a publication the size of the Log. This size of staff would 
eliminate overburdening any member of the staff. The 
magazine would come out a month ahead of schedule 
instead of a month behind time. We have already selected 
most of the articles for the October issue and present 
plans call for it to be out the last week of October. 

Again, how well we succeeq depends on student co
operation. Looking at it from your point of view, there · 
is everything to gain and nothing to lose by writing 
articles and by joining the staff. It may be that you'll 
decide as you pursue your career that designing culverts, 
or measuring flow rates of various fluids, or measuring 
big and little voltages or jiggling test tubes is not quite 
what you were looking for when you went into engineer
ing or science. 

Perhaps technical wntmg is more along your line. At 
any rate, experience on a magazine staff is worthwhile for 
anyone contemplating coming up with bright ideas in the 
future, for bright ideas must be advertised. Otherwise 
someone else will call it Jones' Law when actually Smith 
should get credit for it. 
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Take advantage of the summer to write on your pet 
interest whatever you major. Judging from the fact that 
a lot of fellows don't stop with getting one article printed 
in the Log there must be some satisfaction in seeing one's 
name in the byline of an article. In addition, it is valuable 
experience and it may turn out to be your best job recom
mendation. Every time we print an article on a field like 
electronics or math or physics we get several inquiries 
from companies wanting to hire the author of the article. 
Think it over, we would like to talk to you if you are at 
all interested in joining the staff. We would like to have 
your name in the byline of at least one article next year, 
and I am sure that you would derive considerable satis
faction out of this too. 

(the end) 

The commuter had missed the next-to-last train for his 
suburb. There wouldn't be another for three hours. As he 
stood cursing at the gate, a lovely brunette appeared at 
his side. "So you missed your train. I have an apartment 
nearby. There's a bottle of scotch, a steak in the re
frigerator, and a fire on the hearth. Care to join me while 
you wait?" Temptation outpointed suspicion and he went 
along. To his surprise there was no catch. The whiskey 
was of the finest, the fire cheerful, and the food delicious. 
He dallied so long over the subsequent entertainment that 
he missed the last train and finally straggled home via 
milk train and taxicab. 

His wife was waiting for him peevishly, and demanded 
an explanation. 

"Well, I missed the regular train," the man began, and 
deciding not to lie, went on: "There was this good-look
ing brunette who invited me to her apartment." He 
finished without missing a detail. 

"All right.'' his wife said resignedly. "Where did you 
play poker and how much did you lose?" 
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WANTED: NEW ENGINEERS FOR 

A NEW ENGINEERING AGE 

A rocket to the moon before your lOth reunion ... to Mars 

before your 25th ! This is the prediction of experts in the 

new science-and age-of astronautics. 

Martin is doing as much today to make that prediction a 

reality as any other engineering organization in the world. 

The first man-made earth satellite is scheduled to be launched 

by Martin within a matter of months, and we're already 

"running some numbers" on the first moon vehicle. 

If you're interested in Opportunities Unlimited, Ceiling 00, 

we urge you to get the Martin story first-hand. 

Contact your Placement Director, the Martin Representa

tive, or J. M. Hollyday, The Martin Company, Baltimore 8, 

Maryland • 

..,.,.. .... 
EEl ~ '-- ,- I 1'./1 c:;, 
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Al's Corner 

TITANIUM FOR JET ENGINES 

WESTINGHousE scientists have developed a new high
strength, high-temperature metal which is designed 

to help push back the "heat barrier" now being en
countered by jet engines in the nation's new supersonic 
aircraft. 

Impact heating is now a major consideration in the 
design of the inlet and compressor of modern jet 
engines. By using titanium for those parts that were 
formerly made of aluminum, magnesium and low-alloy 
stainless steels, engineers can protect these sections of 
the engine from the effects of impact heating without 
sacrificing the turbojet's light-weight advantage. 

However, back in the turbine section of the engine 
exists what might be called a second "heat barrier" 
which is proving to be a much more difficult problem 
for the turbojet designer. A jet engine gets its energy for 
propulsion by increasing the temperature of the air 
passing through it. As a general rule, the greater the 
increase in air temperature, the more thrust a given 
engine will produce and the faster the airplane will fly. 
If the speeds of new fighters, bombers ·and missiles are 
to continue up the supersonic scale, their engines must 
be able to run at higher and higher temperatures and 
they must do this without having any of their com
ponents suffer significant losses in mechanical strength. 
The new metal is intended as a structural material for 
use in the turbine section of the jet engine, where the 
hottest moving parts are found. It offers special promise 
as a material for constructing turbine discs. 

A jet engine turbine disc is a metal wheel that is. 
bolted to the aft end of the rotating shaft of the engine. 
Anchored to its outer rim are some 50 or more turbine 
blades. White-hot gases from the burning fuel push 
against the blades and spin the disc and shaft at speeds 
up to 20,000 revolutions per minute. The disc, whirling 
at red-hot temperatures, undergoes stresses as great as 
50,000 pounds per square inch. 

The new material, which is referred to simply as 
W545, is an alloy of six essential elements: iron, nickel, 
chromium, and in smaller proportions, molybdenum, 
titanium, and boron. 

Laboratory quantities of W545 were prepared by 
melting in an induction-type furnace. The ingots 
obtained were processed into specimens, which were 
tested for stress-rupture strength under severe tempera-
ture conditions. · 
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Edited By Werner A. Traxel 

Dr. William Mullins of the Westinghouse Research Laboratories 
· illustrates with soap bubbles how atoms group themselves into 

orderly arrangements, or "crystal structures." Because soap bubbles 
have a tendency to join and balance in much the same way as 
atoms do, this "bubble" technique duplicates actual atomic 
crylital structures, of which all metals are composed. Westinghouse 
scientists can thus "see" and investigate on a vastly larger scale 
the patterns and defect structures formed by atoms in nature. In 
an actual crystal structure, the space between each atom would be 
six million times smaller than those shown between the soap 
bubbles. 

Tests show W545 to be an outstanding high-strength, 
high-temperature alloy. When heated to a temperature 
of 1200 degrees Fahrenheit and subjected to a stress of 
75,000 pounds per square inch, the W545 test samples 
withstood these conditions for as much as 300 hours 
without breaking. Under equivalent conditions, standard 
turbine disc materials would probably have a lifetime 
of less than ten hours. 
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Now that it is being prepared on a pilot plant scale, 
it is thought that it will soon find its way into experi
mental jet engines. Its use should permit an increase in 
the operating temperatures of a jet engine by as much as 
l 00 degrees Fahrenheit, which could mean about 100 
miles per hour added to a jet's top speed. 

NEW ADVANCES IN ELECTRONIC LIGHT 
"Rayescent" lighting, created through the phenomenon 

of electroluminescence and ofter referred to as an elec
tronic light, was brought to practical levels of lighting 
brightness only six months ago and has not yet "gradu
ated" from the laboratory to the home. Yet, stimulated by 
this light of the future, scientists are already discovering 
new and challenging possibilities for applications of other 
than lighting. 

Electroluminescence is the production of light from a 
glowing phosphor imbedded in a sandwich of glass and 
metal about one-eighth of an inch thick. It uses no bulbs 
or lamps of any kind. "Rayescent" panels produce a cool, 
shadowless light which can be varied in brightness and in 
color at the turn of a dial. In the home of the future, the 
walls, ceiling and even the floor could be covered com
pletely with such panels of light. 

The rate at which "Rayescent" lighting has advanced 
in the past three or four years suggests that the time is 
not far away when this new and very attractive light source 
will emerge from the laboratory and take its place along
side all the other home conveniences with which science 
has blessed us. 

In addition, there are other interesting possibilities for 
its application. One of these is as a picture-producing device 
to replace, for example, the ordinary cathode-ray tube, or 
television picture tube. This would make possible large, 
flat television screens of any desired size which could be 
hung on the living room wall. 

Every new piece of information, every step forward in 
understanding of basic principles, helps to establish spring
boards from which new developments can take off. Con
versely, such developments feed back to stimulate in
creased basic research effort, which, in turn, produces new 
technlogical applications well beyond those originally en
visioned. 

The main requirement for success in adapting electro-
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luminescence to a large, flat television screen is a method 
for controlling at will the brightness of the screen over its 
entire surface. Since the device can be made to rapidly 
build up light intensity unti l it saturates and "locks in" 
when triggered, it also offers promise as a memory element 
in automatic control. Such elements can be made very 
small and have no moving parts. 

The usual "Rayescent" panel emi ts light when connect
ed to a rapidly changing alternating current, usually of 
several hundred volts . In contrast, scientists gave the first 
public demonstration of a new and entirely different kind 
of electroluminescent light source. The device is now hard
ly more than a gleam in the scientist's eye because its light 
output is so small that no practical use can yet be made 
of it. ' 

The new electroluminescent light source is composed of 
a material called silicon carbide- a substance, which, be
cause of its hardness, is commonly used as an abrasive in 
grinding wheels. In certain crystals of this material, there 
are locations which mark a junction between areas having 
different concentration of impurity. When electrons are 
pushed across this "barrier junction," they fall into a lower 
energy level on the other side and give off light while 
doing so. This requires only a few volts of direct current 
rather than hundreds of volts of high-frequency alternat
ing current. 

FATIGUE-TEST MACHINE FOR SPRING WIRE 
A recently constructed machine for fatigue-testing small 

diameter wire is proving very useful in studies of spring 
materials. This machine stresses the straight wire sample 
in reversed torsion, simulating the stresses in a coiled 
spring under fluctuation tension or compression load. Re
sults obtained with straight wire in this way show good 
correlation with the results of fatigue tests on compression 
springs coiled from similar wire. 

Because helical springs are often used in applications 
where they are subjected to many cycles of fluctuating 
load, their fatigue properties are of major importance. 
However, fatigue tests on compression springs are time 
consuming, and special care is required in coiling, grind
ing, and measuring the spring before test. The present 
machine was designed to determine the torsional fatigue 
properties of spring wire without need of coiling wire into 
springs. Set-up time is thus greatly reduced as the ends of 
the straight-wire specimens need only be bent at right 
angles. 

The machine consists essentially of two aligned grip 
heads that hold the wire specimen while they oscillate in
dividually through an angle of about 120 degrees. The 
amplitude of deflection in the specimen is set by m_eans 
of an adjustable coupling that shifts the phase relation 
between the oscillating grips. 

Power is provided by a l j 20-horsepower electric motor. 
The motor causes rotation of a horizontal shaft which is 
connected at one end to a second horizontal shaft by the 
adjustable coupling previously mentioned. The free ends 
of the two horizontal shafts are connected to the shafts of 
the grip heads by crank mechanisms in such a way as to 
cause Qscillatory motion of the grip heads. Thus, by ad
justing the coupling, the relative motion of the two heads 
can be con trolled. 

MINNESOTA TECHNOLOG 



LOW COST HEATING?? 
• THE prospect of getting something for virtually nothing 

is calculated to pique the interest of almost anyone. 
That's one of the reasons for the widespread fascination 

that has been generated recently by a 100-year-old heating
cooling device called the heat pump. Carrier heat pump 
systems now on the market for commercial and industrial 
buildings can produce anywhere from two to seven units 
of heat energy for every equivalent unit of electrical en
ergy put into them. 

Another apparent contradiction is the fact that this 
equipment can take heat from some source of frigid air 
and use it to warm up considerably hotter air_ 

How does it do these seemingly impossible tasks? A heat 
pump works on the principle of taking heat from some 
source where it has been placed by nature, such as air or 
water, rather than of converting fuel energy into heat as 
in the case of a furnace or conventional electric heater. 

As for raising the temperature level of the heat, that's 
the operating principle of any refrigerating system and 
a heat pump is nothing more nor less than a refrigerating 
system. 

Cooling is a process of removing heat. When you take 
heat from one place, you must get rid of it some other 
place or the refrigerating system stops working. The way 
it's done in most systems is to raise the temperature by 
compression. This allows the heat to flow into some readi
ly available medium like outside air or water, since heat 
always flows "downhill" from a substance at a higher tem
perature level to one at a lower leveL 
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Since you can cool a room by taking heat from it and 
dumping it outdoors at a higher temperature, you can 
also cool the outdoors and dump the heat inside at a 
higher temperature to warm up the space. 

The easiest way to describe the internal workings of a 
heat pump system is to follow the path of heat through 
a conventional air conditioning installation. Indoor air 
at a temperature of 78 degTees, for example, is passed over 
a cooling coil with refrigerant inside. The refrigerant is 
evaporating at a temperature of 45 degrees and evapora
tion requires heat. And the heat from the air will transfer 
itself to the refrigerant because the heat is "flowing" down
hill from the medium at a higher temperature to one at 
a lower temperature. Thus the inside air is cooled. 

The refrigerant vapor is drawn into a compressor where 
it is squeezed by a piston inside a cylinder_ This com
pression also increases its temperature to about 115 de
grees. 

The hot compressed refrigerant is now passed to a coil 
with outdoor air passing across it at 95 degrees. Heat again 
will flow downhill from the refrigerant to the air, heating 
this latter medium up to 105 degrees. In the process the 
heat has been absorbed by a refrigerant in the cooling coil 
at 45 degrees and rejected to the outdoor atmosphere at 
a temperature about 60 degrees higher. 

When a heat pump goes into winter operation, the func
tion of the two coils is reversed. The outdoor air coil be
comes the cooling coiL Outside air at a temperature of 
perhaps 45 degrees gives up heat to a refrigerant evaporat
ing at 25 degrees. Refrigerant temperature is raised to 110 
degrees in the compressor and so can heat room air pass
ing over the inside coil to 85 degrees. 

Engineer's Bookstore 
Main Engineering Building 
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GREEK NEWS 

TRIANGLE-
We held our annual Founder's Day Banquet at the Cal

houn Beach Club on April 26. Brother Kim Cummings 
(Minn., 45), the Assistant Director of Aero R esearch at 
Minneapolis Honeywell, gave an informative and interes t
ing talk on the earth sa tellite. Our new officers for the 
coming year were installed and then everyone turned to 
dancing to the music of Joe Beale and his fine orchestra. 

Triangle's new officers and chairman for the coming 
year are: Paul Ryan, President; Dave Trask, Vice Presi
dent; John Zimmerschiecl, Recording Secretary; Douglas 
Trask, Treasurer; Deem Benepe, Corresponding Secre
tary; Louis Flanders, Steward; J ay Filmore, Librarian; 
't\Tilliam Miller, Sergeant at Arms; Charles Bouclrye, Social 
Chairman; Glen Carlson, Athletic Chairman; Ron Ro
drigue, Chapter Editor; Charles Landgraf, Scholium; and 
Raymond Bjerken, House Manager. 

Triangle has three new pledges for the spring quarter. 
'They are: Sunwhan Chi, a student from Korea; Robert 
Felclges, a four-year Navy veteran; and John Fuller, an 
Air Force veteran. These three gentlemen were real hust
lers when it came to selling E-Day buttons. 

MODERN HIGHWAYS 
REQUIRE ACCURATE 
M E A S U R E. M E N T S 

jUJ:"KI~ 
ENGINEERING TAPES 
RULES-PRECISION TOOLS 

WRITE FOR FREE HANDBOOK 

THE LUFKIN RULE COMPANY 
SAGINAW, MICHIGAN 
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Miss Jane Quale, Triangle's Miss Calculations and one 
of the E-Day Queen finalists, also demonstrated a unique 
ability to sell E-Day buttons. Miss Quale reported that 
she had a wonderful though hectic time as one of the 
E-Day Queen finalists. 

While on the subject of E-Day, we want to congratulate 
John Kreuthmeier on being named St. Pat and Harry Boll 
on being one of the St. Pat cancliclates, a rather notable 
achievement for these Triangle Brothers. Special note 
should be given to Richard Sudheimer who did a com
mendable job as E-Day Assistant General Chairman. Tom 
Winker distinguished himself in a slightly different man
ner. He caught the greased pig and won the pie eating 
contest at the E-Day Picnic. Triangle's float, assembled 
during an all night working session, took second placr 
ltonors in the E-Day Parade. 

Big interest of the day at Triangle is the expected 
launching of Ralph Lilyarcl 's 16-foot inboard runabout 
powered by a 1957 Ford Thunderbird Special, a 312 cubic 
inch, 270 horsepower engine with marine conversion units. 
For those interested in really fine craft and the things that 
go in them, we invite you over to see this one. Mathemati
cal approximation of the expected top speed of the boat 
i~ 73 mph. That should be quite a ride when she gets 
going. 

Brother Bob Malke (Cincinnati, 55), the Triangle West
ern Field Secretary, visited our chapter recently. He spent 
considerable time breaking in new officers and chairmen 
into their positions and giving constructive criticism to the 
chapter as a whole. Brother Malke left a very good impres
sion with us and many of his suggestions have been put 
in to effect. 

Triangle had it's Mother's Day Banquet on May 18. 
Considerable fumbling and fussing occmTed when mem
bers tried to pin the carnations on their mothers. The 
well-groomed appearance of the members for the o~casion 
would have brought jealousy into the eyes of their best 
girls. Everyone had a good meal and a g~od time. 

Many repairs are planned for the Tnangle house this 
summer. Redecoration on the inside is one item on the 
agenda. A completely revamped kitchen and plumbing 
facilities are probably the major items. The house should 
shine this fall. 

Sunday May 26 Triangle had an outdoor picnic. It 
rained! It was wet and it was muddy! The hot dogs were 
frozen and the pop was warm. Our indomitable spirit ~as 
not crushed however, for we fought on bravely agamst 
the existing elements. Miss Minnesota, Ardyce Gustafson, 
graced our rather soggy affair and showed fine form · .. . 
in a rousing volley ball game, which proved to be the high
light of the clay. 

The last of these confounded parties rears its ugly head 
011 June 16. It's an after finals party and steak ~ry ro~le? 
into one. The aforementioned craft of Ralph Lllyard s IS 

expected to provide considerable entertainment for the 
occasion. For this clay we make one fervent request: 
"Please, Mr. Weatherman- no rain!" 
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To the engineer capable 
ol original thinking ..• 

Highly accurate AiResearch electronic amplifier used in 
precision analogue computer networks. Built to withstand 
50 G's vibration, has over 20 megohm input impedance 
and less than 1 ohm output impedance. 

The Garrett Corporation has built an 
outstanding reputation for pioneer· 
ing because of engineers whose 
minds are not shackled to the past 
... or even the present. We concen· 
trate on the future. 

If you're the sort of engineer to 
whom an obstacle is only a chal· 
lenge, you'll be interested in working 
with us. You'll have the finest 
research and laboratory facilities at 

THE 

your disposal ... have your choice 
·of location among the Los Angeles, 
Phoenix and New York areas. Also, 
financial assistance and encourage· 
ment will help you continue your 
education in the graduate schools of 
fine neighboring universities. 

All modern U.S. and many foreign 
aircraft are Garrett equipped. We 
have pioneered such fields as refrig
eration systems, pneumatic valves 

CORPORATION 

and controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, cabin 
pressure controls, heat transfer, 
electro-mechanical equipment, elec· 
tronic computers and controls. 

We are seeking engineers in all 
categories to help us advance our 
knowledge in these and other fields. 
Send resume of education and expe· 
rience today to: Mr. G. D. Bradley 

9851 S. SEPUI.VEDA BI.VD., I.OS ANGEI.ES 45, CAl-IFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING, I.OS ANGEI.ES • A/RESEARCH MANUFACTURING, PHOENIX • AIRSUPPI.Y 

AIRES/lARCH INDUSTRIAl. • REX • AERO ENGINEERING • AIR CRUISERS • A/RESEARCH AVIATION SERVICE 
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are your pencils 
as sharp as 

your perspectives? 

k 
Efficiency reaches the vUiishing point when 

you work-w.itlt an iJlferlor pen~ 
up~Eagle 

the reasons: 1. It gives 

(17 scientific formulas nn'"T"ITl 

blackness you want-from every 

2. It takes a strong non-c~ru.mt:.l.lllll~lDe~!~ 

that stays sharp for line after long 

3. You get inimitable smoothness 
' exclusive "Electronic" graphite. 

your perspectives look sharp-and 

EAGLE 

wlarn FOR FREE SAMPLE Turquoise 
j wood. pencil and Cleantez Eraser, 
naalav ~s JD&9Uine-or buy any 
of tJaeq g instrument. from 

our faYorite dealer. 

e TURQUOISE DRAWING PENCILS: With 100% ®"Electronic" graphite. 17 grada, 68 through 9H. 

e TURQUOISE LEAD HOLDERS: Hold any grade of Turquoise lead-so firmly that lead cannot be pre .. ed back. 

e TURQUOISE DRAWING LEADS: Fit any standard holder. Grades SB throuc;h 9H. 

EAGLE PENCIL COMPANY • NEW YORK • LONDON • TORONTO • MEXICO • SYDNEY • BOGOTA 

MINNESOTA TECHNOLOG 



IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATION ·IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 

Growth- in engineering skills, for example, tells 
the Temco success story. 

In 1946, Temco was equipped to handle only four 
basic aeronautical engineering functions. Today, 
more than 150 different specialized skills are repre
sented in the many groups that make up Temco's 
engineering departments. Included in this list are 
specialists in such advanced activities as nuclear 
engineering, operations research, electronics guidance 
and thermodynamics. 

Similar growth in management and production skills 
has equipped Temco successfully to translate its own 

AIRCRAFT CORPORATION. DALLAS 

and other designs into jet aircraft, missiles and 
weapons systems. 

This continuous growth of engineering capabilities is 
creating new opportunities month by month. If you 
are looking for a challenging opportunity in aviation, 
you'll find it at Temco. ~ 

r------------------------------------------~ ---1 
Mr. Joe Russell, Engineering Personnel 
Room 10-F, Temco Aircraft Corp., Dallas, Texas 

Please send me complete details of the Temco story 
of unusual opportunities for creative engineers. I am 

especially interested in-----------

NAME _________________ _ 

AODR~S-----------------
CITY ___ __;_ _______ STATE ___ _ 

---------------------------------------------------------~ 

fNC/NEERING THE BEST OPPORTUNITIES ARE IN AVIATION ·IN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCD 
MAY 1957 
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DECIDE NOW 
to build your future 

with FTL 
Hundreds of engineers in recent months 
have made the decision to go forward 
with Federal Telecommunication Labo
ratories. 

They liked FTL's long-range pro
gram of challenging assignments .•• its 
modern, expanding facilities and "small
company" project system. 

They liked FTL's unlimited oppor
tunities for solid achievement and re
warding professional recognition ••• its 
unique location, congenial fellow-work
ers and dynamic leaders. 

You'll like FTL, too! Why not decide 
now to join our growing team? 

EAST COAST ASSIGNMENTS INCLUDEt 

Radio Communication Systems 
Traveling Wave Tubes 

Electronic Countermeasures 
Air Navigation Systems 

Antennas • Missile Guidance 
Transistors and other Semiconductor Devices 

Computers • Telephone and 
Wire Transmission Systems 

Opportunities for relaxed living and career
building also at FTL's West Coast Laborato
ries: San fernando, Cal., 1S191 Bledsoe St. 
-openings in Digital Computers, Inertial 
Navigation Systems and Infra Red Systems. 
Palo Alto, Cal., 809 San Antonio Road
openings in Carrier Systems. 

East Coast Laboratory and Microwave Tower 
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Flash Evaporator 
portion of the waters flashes into va
por. The major portion of the remain
ing liquid falls into the sump in the 
bottom of the evaporator, but the 
smaller droplets are entrained by the 
vapor, . which flows upward and into 
the vertical central passage constitut
ing a two-dimensional accelerating 
oozzle. In this nozzle the wet vapor 
is accelera ted and subsequently re
versed in direction. Because of their 
greater momentum the denser water 
droplets impinge on the water surface 
below, while the relatively dry vapor 
is reversed in direction and led away. 
Thus, all but the smallest of the en
trained droplets are separated. The 
vapor is then condensed in an external 
condenser. 

In the test facilities employed for 
the performance testing of the experi
mental flash evaporator, synthetic sea 
water is circulated through a heat ex
changei·, where heat is added to in
crease the water temperature to the 
desired value. The water then flows 
through the slots in the spray pipes 
and into a lower pressure region in 
the shell. A portion of the water is 
vaporized and the remaining liquid 
is recirculated. 

A liquid-level control in the evapo
rator actuates a make-up water system 
and admits water to maintain a con
stant water level in the evaporator 
shell . A vapor sampling system ex
tracts a sample of wet vapor, condenses 
the vapor and measures the purity of 
the condensate. The solids content of 
the circulating sea water is measured 
by an immersion-type conductivity cell. 
A separate conductivity cell measures 
the purity of the condensate as it 
leaves the hot well of the condenser. 
This condensate includes the steam 
that is condensed in the heat ex
changer, hence the solids content in 
the heater drain also must be meas
ured. 

One problem studied was the deter
mination of the effectiveness of flash
ing of sea water. A comparison between 
the measured evaporator sump tem
peratures and the saturation tempera
tures for pure water showed the differ
ence between the two temperatures to 
be nearly 1.5 degrees F. For a shell 
concentration of 37,000 ppm the true 
equilibrium temperature is very nearly 
one degree F higher than that for pure 
water in this range of temperatures. 
Hence, the unflashed portion of the 
water comes within 0.5 degrees F of 

the equilibrium temperature, thus giv
ing flashing efficiencies of 90 percent 
and 97 percent, corresponding to tem
perature drops due to flashing of 5 
and 30 degrees F, respectively. This 
particular design therefore is capable 
of providing adequate atomization and 
vapor release time for almost complete 
equilibrium to be reached. 

The over-all test results for the 
test evaporator show that for a shell 
pressure of 4 inches of mercury the ex; 
perimental evaporator will produce 
16.6 gpm water at a solids content of 
150 ppm when the feed inlet tempera
ture is 154 degrees F. 

Several conclusions can be drawn 
from these studies. The flash evapora
tor of the type discussed here provides 
an economical 'means of producing 
potable water from sea water or pol
luted water sources when a low cost 
source of heat is available. Various 
waste-heat sources can be utilized to 
heat the low-temperature feed water. 
Among many possibilities of heat 
sources are the exhaust of open-cycle 
gas turbines, the exhaust of standard 
steam turbines, low-pressure steam 
frdm waste-heat boilers, and the mod
erately hot water from final coolers on 
refinery heat exchangers, in which case 
the water heater can be eliminated. 
Water heated by solar enerby could 
also be used. 

The design of this experimental 
evaporator is ideally suited for incor
poration of an internal condenser with 
a removable shell. Such an arrange
ment will further simplify the plant 
operation, eliminate piping losses, and 
save space. 

The unit is readily adaptable for 
multi-staging in a compact stack ar
rangement, thus further increasing its 
vapor output per unit heat input. One 
proposed arrangement is shown in 
Fig. 1. This multi-stage unit would 
produce 2.86 pounds of fresh water 
per pound of saturated steam at atmos
pheric pressure. 

Because of its extremely simple de
sign features, such integral condenser
evaporator package units can be manu
factured at low cost. Furthermore, 
since such a system can be installed 
outdoors, its installation costs will be 
low. Operational and maintenance 
costs are at a minimum and no com
plicated controls are necessary. 
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How to make the most 
of your engineering career 
ONE OF A SERIES 

go where engineering 
interesting It's basic that you'll get more fun 

out of working on interesting 

projects than on stodgy ones. So it makes 

sense to choose a company and an industry 

in which you'll draw engineering assignments 

that give you excitement-and professional 

satisfaction. That way, you'll get more fun 

out of life, and advance faster, too. 

It just so happens that Boeing offers you 

assignments on some of the most interesting 

projects in the country. For instance-an 

advanced supersonic guided missile weapon 

system; the 707, America's first jet transport; 

the revolutionary B-52 eight-jet nuclear 

weapons carrier; the KC-135 jet transport

tanker, and top-secret research projects. 

There's a whole world of opportunity for you 

at Boeing, in research, design, manufacturing 

or service. Boeing's growth (400% more 

engineers today than 10 years ago) creates 

an expanding need-and long-range 

opportunities-for engineers of all kinds: 

electrical, mechanical, civil, aeronautical, 

industrial, or related fields, and for 

mathematicians and physicists. 

At Boeing you'll enjoy high starting salaries, 

career stability, retirement and pension plans, 

company-paid opportunities for graduate 

study, and a host of additional benefits! 

NOW is the time to start planning ahead. 
Consult your Placement Office, or write: 

JOHN C. SANDERS, 
Engineering Personnel Administrator 
Boeing Airplane ~o., Seattle 24, Washington 

FRED B. WALLACE, 
Chief Personnel Engineer 
Boeing Airplane Co., Wichita 1, Kansas 

BOEING 
Aviation leadership since 1916 

Seattle, Washington Wichita, Kansas Melbourne, Florida 
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Collins Radio Company Confidential Application for Technical Employment 

LAST NAME FIRST NAME MIDDLE NAME 

STATE NATURE OF YOUR MOST RESPONSIBLE POSITION 

Signature 

Send your application to: 

660 

L. R. Nuss 
Collins Radio Co. 
Cedar Rapids, 
Iowa 

Fred Aiken 
Collins Radio Co. 
2700 W. Olive Ave. 
Burbank, California 

BIRTH 
DATE 

Harold McDaniel 
Collins Radio Co. 
1930 Hi-Line Drive 
Dallas, Texas 
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r? 
You've got to be ·good to 

r/Command highest salary 

., Advance rapidly in a strong, growing company 

.,Work with highest caliber development groups 

v Use the world's finest engineering facilities 

v Maintain Collins creative reputation 

Collins depends on its engineers. That's why 
you have to be good to ea,rn a place on a 
Collins Research and Development team. 
Collins hard earned reputation was built on 
a solid foundation of engineering talent. The 
sales growth of the Company has justified 
Collins emphasis on engineering. Sales have 
increased 10 fold in the last 10 years. And 
employment of research and development per
sonnel has more than kept pace. Collins growth 

a 

will continu~, and you can be a part of this 

growth. .· 
Send the application form printed on the opposite 
page as an expression of your interest in knowing 
more about the opportunities at Collins. Your 

application will be held in the strictest confidence 
and will be answered immediately by a personal 
letter. Take only a few minutes now to fill out the 
application and mail to one of the addresses listed. 
This can be the turning point in your career. 

Collins Radio 

CREATIVE LEADER IN ELECTRONICS lrEil 
Company - Cedar Rapids • . Dallas • Burbank 
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ADVANCED DEGREES 
can be earned while a full
time employee of coNVAIR· 

POMONA. Salaries and benefits 
compare with the highest in 
private industry anywhere. 

• • • . 
• . . . . . . . 

If YOU are graduating in Engineering 
or the Sciences, you owe it to yourself 
to investigate the career 
advantages of becoming a 

CONVAIR 

MISSILES 

PROFESSIONAL ENVIRONMENT 
CONVAIR•POMONA is housed 
in the newest kind of air
conditioned plant. Research 
and Development facilities 
manned by "name" experts. 

MAN 

............................................... 

CONVAIR-POMONA in Southern 
California is the first fully-integrated mis
sile plant in the U.S. Here the Navy's 
TERRIER supersonic missile is designed and 
built. You, as a graduate engineer or science 
major, can build an outstanding career in 
electronics and missiles systems at coNVAIR· 
POMONA. You will work with the most mod
em electronic equipment known. Better 
yet, you will work with the kind of friendly, 
informed engineer-scientist groups that are 
pacing the advance into outer space. And 
you will live where the climate and oppor
tunities for spacious living and outdoor 
recreation are unsurpassed in America. 

PROMOTION FROM WITHIN 
assures you of continuing 
evaluation of capabilities and 
the swiftest possible advance
ment in this constantly 
exi'anding organization. 

. . 

CALIFORNIA LIVING 
close to mountains, desert, 
seashore. Modern homes with 
swimming pools are within 
easy price range. Year-'round 
outdoor sports and recreation. 

SEND RESUME FOR COMPLETE 
INFORMATION TO: 

Engineering Personnel Dept. 5-C 

CONVAIR GD 
8 

POMONA, CALIFORNIA 
A DIVISION OF GENERAL DYNAMICS CORPORATION 

. . . . . . 
• . . . . . . . . . . 
• • 

. 
• • • . . 
• • . . . . . . 
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. . . . . . 

. . . 
• . . . . . 
• . . . . . . . 
. . . . . . . . .. . . . . 
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A frank statelllent about tl1e 

future in ·Field Engineering 

At first glance, Field Engineering may not seem to possess 
the potential and stature often associated with other engi
neering activities. 

At Hughes, however, nothing could be further from the 
truth. 

Men who undertake the responsible task of evaluating 
Hughes-produced military equipment in the field are in 
the enviable position of becoming thoroughly familiar 
with the complete design and operation of the advanced 
electronics systems involved. 

Essentially, Field Engineering embraces all phases of support 
required to assure maximum field performance of Hughes 
armament control systems and guided missiles. E.E. and 
Physics graduates selected for this highly important and 
respected phase of our engineering activities work with the 
armed forces and airframe manufacturers at operational 
bases and plants in continental United States and overseas. 

The knowledge, background and experience so gained as
sure unusual opportunities for more specialized develop
ment m other divisions of the Research and Development 
Laboratories at Hughes. In fact, few openings in engineer-

THE WEST'S LEADER IN ADVANCED ELECTRONICS 

ing today offer the rewards and opportunities which are 
available to the Technical Liaison Engineers, Field Engi
neers, Technical Training School Engineers, Technical 
Manuals Engineers, and Field Modifications Engineers 
who comprise the Field Service and Support Division. 

Engineers and physicists selected for this highly respected 
phase of our activities at Hughes enjoy a number of dis
tinct advantages. These include generous moving and 
travel allowances between present location and Culver 
City, California. For three months before field assign
ments you will be training at full salary. During the 
entire time away on assignments from ~ulver City, 
you'll receive a generous per diem allowance, in addi
tion to your moving and travel expenses. Also, there 
are company-paid group and health insurance, retirement 
plan, sick leave and paid vacations ... and reimburse
ment for after-hours courses at UCLA, USC, and other 
local universities. 

E.E. or Physics graduates who feel they are qualified to 
join the Field Engineering staff at Hughes are invited to 
write for additional· information about this exciting arid 
rewarding opportunity to establish a challenging career in 
electronics. Write to: 

r--------------------------l 
I I 

i HUGHES i 
I I 
L------------------------~-~ 

RESEARCH AND DEVELOPMENT LABORATORIES 

Scientific Staff Relations • Hughes Aircraft Company, Culver City, California 
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Investment ... 
lot broker charges 12.5 cents for stock below $40 a share, 
and 25 cents for stock above $40. This odd-lot commis
sion is included in the price that your broker gives you. 
A round lot is 100 shares or any integer multiple thereof. 
An odd lot is 1 to 99 shares. The commissions your broker 
charges are as follows for odd lots: 

Money Value Commission 
Under $15 ....... . ..... As mutually agreed 
$15 to $99.99 ............. 6% of money value 
$100 or more . . ... Minimum not to exceed $1 

per share, but m any event not less than $6 
per transaction. 

Maximum charges on 100 shares or less $50 per 
· transaction. 

Let's go and buy some stock now. Just looking over the 
market, you notice Piper· Aircraft is selling at 20% 
($20.625), which is 9.13 times what it was selling for on 

August 31, 1953. Consolidated Retail Stores is selling at 
2Vs, which is 0.61 of the price on August 31, 1953. So it 
appears that when to buy is important also. It is often said 
that "when to buy" is equally important as "what to buy." 

The "Monthly Investment Plan" is a dollar-averaging 
scheme. You buy a certain dollar amount whether the 
stock is high or low. In a long-term rising market, the 
average value of the stock you are holding is below that 
of the market, so you might sell for a capital gain. It is 
not too good to use for short periods because you may not 
get in on any market lows to bring your stock average 
down. 

STEAM 
AND THE WORLD'S 
LARGEST BAKERY 
This new boiler plant at Nabisco's huge 
Chicago bakery was planned to provide, 
efficiently and economicaliy, the steam 
that the bakery must have on tap at all 
times for heat, hot water and various 
processing operations. 

Because the reliability, efficiency and 
economy of its steam source are so vital 
to this world-famous company, they 
selected B&W boilers. 

Another easy plan to use is the constant stock-to-bond 
ratio. When stocks are low, as indicated by the ratio, you 
buy stocks. When they are high, bonds. 

Now you are ready to start investing. First, go see a 
good broker. Second, read to obtain a better understand
ing of the market. 

When getting started, don't worry too much about 
losses in value due to small bear markets. An investor is 
after dividends and long-term appreciation. 

Since I got interested in the stock market, a year ago, 
I have made several purchases. I don't operate under 
either plan because I don' t have a steady income. So I 
buy when the market seems low and I have some cash. 
Presently I am holding· Northern States Power, National 
Distillers, Sperry Rand, Van Norman Industries, and 
Kennecott Copper. In the recent bear market my stock 
has declined in value 12.1 percent. This paper loss is the 
price that I feel I had to pay to find out what was going 
on and also to hold my interest. I feel that unless you have 
some money in the market you will not give it enough at
tention to become a good investor. 

Remember, study, then invest as when you buy a used 
car or house. 

If someone calls over the phone and tells you that he 
has a hot tip on a company that is drilling for oil on Mars 
and will give a 1000 per cent return, don't give your 
money to him; give it to the Red Cross and you will get 
more benefit. Some Canada oil stocks are now being sold 
over the phone to unsuspecting buyers. Beware! Your 
broker is the man to see whenever you have questions. 

Think a moment of most companies' 
use· of steam-and its cost. Take a fast 
turn around a boiler plant. Spend a 
little time chatting-perhaps quite prof
itably-with engineers. Get the facts on 
a company's invested steam dollars in 
relation to the return they're getting. If 
the facts add up to problems, B&W en
gineers can and will help industrial com
panies and their consulting engineers 
solve these problems. 

When a B&W boiler is chosen, long
range performance is assured. And isn't 
that what the buyer really wants? Not the 
boiler but its end product, the steam, 
and the assurance of an efficient, de
pendable, economical steam source. The 

service records of thousands of B&W 
boilers, in thousands of large, small and 
medium sized industrial and utility 
plants, supply that assurance. 

The Babcock & Wilcox Company, 
Boiler ·Division, 161 East 42nd Street, 
New York 17, N. Y. · N·213 
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GENERAL 
BOOKBINDING 

Gold Lettering - Stamping 

Tooling 

WE BIND 
Medical 
Chemical 
Magazines 

Theses 
Pamphlets 
Text-Books 

Law Reviews 

COVERS - ALBUMS - BLANKBOOKS 
Made to your specifications 

ERICKSON 
BINDERY 

downstairs 

GRAY'S DRUGSTORE 
1326 4th St. S.E. GE. 5765 

MINNEAPOLIS 
BLUE PRINTING CO. 

612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

ILJI .. u .. C f'\., ... ~ 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KUEFFEL & ESSER CO. 
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your fir.s.t move 
CAN DECIDE THE GAME 

your firs_t job 
CAN DECIDE YOUR FUTURE 

'-----~That important first job can start you off in 
the wrong direction-or it can lead you straight toward your 
goal. If your ambitions are high, Motorola has a place that will 
give you the finest chance possible for the advancement you 
want. You'll get security and good salary, but, more important, 
you'll be working on projects with a future, like missile guid· 
ance, radar, and microwave. The door is wide open at Motorola, 
and the opportunity to fu11ill your ambitions is yours. 
If you are an . ELECTRICAL ENGINEER, MECHANICAL ENGINEER 0t PHYSICIST. 
contact Motorola today. 

CHICAGO; ILL.: MR. L. a: WRENN, Dept. CO., 4501 Augusta Blvd. 
Challenging J><»itiona in Two-Wa_>.: Communicationa, Microwave, Radar aDd 
Militar.Y equipment, Television (Color) and Radio Encineering. 

PHOENIX, ARIZ.: 
RESEARCH LAB., MR. R. COULTER, Dept. CO., 3102 N. 56th St. 
SEMI-CONDUCTOR DIV., V. SORENSON, Dept. CO., 5005 E. McDowell Ref. 

Outstanding opportunitiea in the development and production of Military 
equipment and Tranaiator producta. 

IIVERSIDE, CAL.: MR. C. KOZIOL, Dept. CO., lox 2072 
This new modern .-reb laboratory, located 65 miles from Loe Anplee, 
needs men in Miaoile and Military equipment ayatema analysis and deeip. 

Cantact yaur Placement Officer far further lnformotlel\ regarding Interview 
dote on yaur campua ar write ta ane af the above oddre11e1. 

MOTOROLA 
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''Whatever is wortlt doing 
at all is wortlt doing well JJ 

From Lord Chesterfield's Letters 
Oct. 9, 1746 

fiMU 1'te44 IJ~, 
PRINTERS • LITHOGRAPHERS 
5th & 5th SOUTH MINNEAPOLIS 
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-IIGIIIEERS ••• lOOK 
1'111 YEARS AHEJIDI 

.Wil.l yQur income and location 

allow you to live in a home 

like this ... spend your --~~7' 
leisure time like this? 

They can ••• if you 
start your Douglas 

career nowl 

Your objectives are probably high professional standing, good income, 
good security and good living. All four can be achieved at Douglas. 

Douglas has the reputation of being an "engineer's outfit," with the 
three top administrative posts being held by engineers. Maybe that's 
why it's the biggest, most successful unit in its field. Certainly it offers 
the engineer unexcelled opportunities in the specialty of his choice 
••• be it related to missiles or commercial or military aircraft. 

You've looked around. Now look ahead .•• and contact Douglas. 

Bro(hures and employment applkations are available at your (ollege pla(ement offi(e. 
For further information about opportunities with Douglas in Santa 

Monica, El Segundo and Long Beach, California and Tulsa, Oklahoma, 
write today to: 

DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, Box 6102-K, 3000 Ocean Park Blvd, Santa Monica, Calii. 

First In Aviation 
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1~000 styles-750 stores-yet photography 
gives headquarters inventory figures ove~night 

Thorn MeAn ends ten-day hand-copying jobs with 
Kodak's V erifax Copier-now gets complicated 

sales, size and style data off in a day. 

BEFORE, when Thorn MeAn's mer
chandise manager or stylis t 

needed word on sales or style trends 
in certain stores, it took as much as 
ten days to hand-copy the records. 

But today, when headquarters lo
cated in New York requests informa
tion on any shoe style or store, the 
New England merchandising center 
gets the latest facts and figures away 
in that night's mail. And styling, buy
ing and distributing functions get 
24-hour-instead of ten-day-service 

on vital stock allotment statistics. 
This is because the facts , kept on 

files of removable panels and cards, 
can be slipped into a Kodak Verifax 
Copier and copied, photographically 
accurate, in a minute. 

Photocopying is just one of hun
dreds of ways photography works to
day for all kinds of businesses, large 
and small. It helps with product de
sign, takes kinks out of production, 
increases sales, improves customer 
and personnel relations. 

EASTMAN KODAK COMPANY, Rochester 4, N.Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
CAREERS WITH KODAK 

Thorn MeAn calls the Verifax Copier 
"the kingpin of the allotment control sys
tem." It copies d store's style allotment 
records and width breakdowns and in 
less than 60 seconds has a dry print ready 
for the mails. 

With photography and photographic proc
esses becoming increasingly important in the 
business and industry of tomorrow, there are 
new and challenging opportunities at Kodak 
in research, engineering, electronics, design 

and production. If you are looking for such an 
interesting opportunity, write for information 
about careers with Kodak. Address: Business 
and Technical Personnel D ept., Eastman 
Kodak Company, Rochester 4, N. Y. . . . . . . . . . . . . . . . . . . .... 



GENERAL ELECTRIC OFFERS ••• 

Engineering opportunities in 150 U.S. cities 
The geographic location in which you 
will work and live is one important con
sideration as you plan your future career. 
There are many reasons why technical 
graduates join General Electric Company. 
One of these is the opportunity to work 
in engineering, marketing, and manufac
turing in any of 150 American cities in 
45 states. 

Thus, an engineer can satisfy his 
geographical preferences in planning both 
his professional career and selecting his 
future home. 

General Electric's continuing expansion 
MAIN LIBRARY . 

in over 200,000 product lines has been 
highlighted by this wide dispersal of 
Company facilities. Boundless opportuni
ties in engineering, manufacturing, and 
marketing are open to outstanding engi
neering and science graduates in a variety 
of professional interests. You can find the 
satisfaction of a highly rewarding career 

with one of the nation's most diversified 
enterprises. 

For more information about General 
Electric's programs for technical grad
uates, consult your Placement Director 
or write to Mr. Gregory Ellis, General 
Electric Company, Section 959-2, Sche
nectady, N. Y. 

"fh,g~ss Is Ovr Mosf lmporlt~nf Prot/vel 

GENERALfl ELECTRIC 
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