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Steelaire Home. The entire structural frame of this house is made from tough, cold-formed steel, so it is unaffected by rot, 
fungus, and termites. Even more important is the fact that the steel frame resists warping and sagging. It's one of a line of 
Steelaire homes and is made by the U.S. Steel Homes Division of United States Steel. 

World's Biggest Crowd. On power shovels, a "crowd" is the arm which moves 
the dipper and dipper-stick forward and back. It coordinates closely with the lift 
motion of the dipper, and is a key part in the operation of the shovel which must 
withstand extremes of stress at any temperature. This is a picture of the biggest 
crowd ever built, now installed on the biggest power shovel in the world. It's made 
from USS "T-1" Steel, the remarkable new constructional alloy steel developed 
by United States Steel. An exceptionally strong and tough steel, it is noted for its 
welding characteristics. "USS" and "T-1" are registered trademarks. 

Slap That Bermudavarius! The Talbot Brothers of Bermuda, famous for their 
colorful calypso music, recently retired their homemade packing-case "bass viol," 
and proudly premiered in its place the world's first Stainless Steel bass viol (or 
dog house or Bermudavarius, as it's customarily referred to). An exact replica in 
USS Stainless Steel of their original homemade design, it was built for them under 
U. S. Steel's supervision by a well-known manufacturer of Stainless Steel sinks 
who commented that the fabricating job wasn't difficult-but certainly was different. 

I 
AMERICAN BRIDGE , • , AMERICAN STEE~ & WIRE and CYCLONE fENCE ••• COLUMBIA-GENEVA STEEL 

CONSOLIDATED WESTERN STEEl ••• GERRARD STEEL STRAPPING, •• NATIONAL TUBE ••• OIL WELL SUPPLY 

TENNESSEE COAL & IRON 1 •• UNITED STATES STEEL HOMES ••• UNITED STATES STEEL PRODUCTS 

UNITED STATES STEEL SUPPLY ••• Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 
UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT COMPANY 

Watch .the United States Steel Hour on TV every other Wednesday (10 p.m. Eastern time). 
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Dr. Peter J. W. Debye, professor emeritus of chemistry at Cornell 
University, and Dr. Lloyd P. Smith, President, Avco Research 
and Advanced Development Division, discuss the Avco research 
program prior to Dr. Debye's recent colloquium at the Division's 
Lawrence, Massachusetts, headquarters. 

Pictured above is our new Research Center now under construc
tion in Wilmington, Massachusetts. Scheduled for completion in 
early 1958, this ultramodern laboratory will house the scientific 
and technical staff of the Avco Research and Advanced Develop
ment Division. 

Avco's new research division now offers unusual and ex
citing 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, Massachusetts. 
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THE FULL IMPACT of science on man and his economy is just 

beginning to be realized. Past achievements, translated into 
today's technology, are transforming the world. 

In the dynamic environment man has created, his civilization 
cannot stand still. He is committed to move forward to new 
scientific breakthroughs that lay the foundation for a strong 
economy based on advanced technical achievement. 

Creative scientists and engineers, working together in an intel
lectual environment where ideas can be freely expressed and 
freely explored, will shape this new economy. Avco is creating 
the environment in which uninhibited thinking men can search 
out new problems and work toward their solution. A new research 
center will provide a physical environment, facilities and contact 
with stimulating minds to nourish the best ideas that each man 
contributes. 

Some of America's foremost scientists and engineers are at work 
here. Consultants, like Dr. Peter J. W. Debye, contl-ibute through 
colloquia and the stimulation of the inter-disciplinary currents 
imperative to high-level scientific performance. 

Avco's scientific approach to urgent national defense problems 
has already brought advances in high-altitude, high-speed flight, 
missile re-entry, aerodynamics, heat transfer, materials and other 
areas. Practical problems have been solved; scientific horizons 
have been widened. But the greatest challenge at Avco lies with 
work yet to be done. 
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Can your imagination identify the prob
lems being 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 Sperry plants 
are conveniently located near leading 
engineering 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 more facts 
to J. W. Dwyer, Sperry Gyroscope 
Company, Section lBS. 

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 

MINNESOTA TECHNO lOG 
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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, 126 plants in 70 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 locomotives 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 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 

GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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CuoERMAN'S CoMMENTS 

As is the case each year, there are many new faces in our midst. Our first encounter with 
the new Freshmen was probably as we strolled complacently across the mall during registration. 
They were particularly conspicuous as the bearers of banners, and the carriers of fancy slo
gans and symbols of group identification. The classic example of this is perhaps a case that I 
noted several years ago as I walked across campus during Welcome Week. The originator of the 
group symbol is very likely persuing his career in engineering very successfully as the idea under 
discussion was very original as well as carefully executed. The group name, it seems was "Wil
lie's Dillies." Each had a crown of wire parabolas mounted on his head from the center of which 
was suspended an enormous dill pickle. 

From the rollicking of Welcome Week, the freshman I. T. student will suddenly find himself 
engulfed by an entirely different world. It is hoped, that the festivities of "Welcome Week" did 
not coat him with a mood of complacency, for the job ahead is a serious one. The hours are more 
likely to be long and lonely ones rather than short and social ones. The formulas of Physics and 
Algebra, and the themes of Engineering English will occupy most of his time. 

Those of us on the 'Log staff wish each and every incoming Freshman the best of luck and 
hope that as your career progresses, that you will find time to come down and join the staff or at 
least to write one or two articles for the 'Log during your 5-year career here in the Institute. 

It seems that everyone except Editors are agreed that Editorials are generally useless things. 
This is probably true. However, it is the only chance for the editor to spout off on his pet peeves 
and to air his favorite grudges. Editors are generally Gung Ho individauls-this one isn't. How
ever, he becomes very much upset by two things. First of all people who can't meet reasonable 
deadlines. and secondly, people who gripe about the quality of the magazine and yet "haven't 
got the time" to come down and put a few hours on the 'Log to bring the publication up to 
their own high standards. It is the easiest thing in the world for an Editor to set up glorious 
plans for a successful year and set up all kinds of pretty projects all of which are doomed to 
failure if there is no one to execute them. The schedule of most engineering students is not an 
easy one, but a few hours spent on some outside activity, and the 'Log is a very worthy one, are 
usually well rewarding in themselves. The big push this year is in the direction of organization. 
The people in key positions will be experienced individuals with regard to 'Log publication, 
but there will still be plenty of opportunity for new members on the staff to work into respon
sible key positions. It is my hope that we can increase the size of the staff to 40 or 50 by the end 
of the Fall Quarter. This will allow scheduling of work so that no individual will be asked to do 
more than 3 or 4 hours of work per week, at most. When one considers that there are approxi
mately three thousand students in the Institute, our goal is not unrealistic. 

This is the time for you to step forward if you are at all interested in joining the 'Log. Some 
students feel that they don't know anything about magazine publication. Our program is varied 
enough that you can choose some facet that particularly appeals to you. The rest we can teach 
you. 

I hope to work more closely with Technical fraternities and societies than has been the case 
in the past. lVIany of our problems would be sol vecl if at least one member of every society was 
to join the staff and take an active part as a member, of the the TECHNOLOG staff as well. Also 
we shall encourage eligible young ladies (i.e., with secretarial, technical, or journalistic abilities) 
to join the staff. 

I wish to thank all the members of the staff who made it possible for the magazine to come 
out at this early date. With continued increase in membership of the Technolog Press Club, and 
the continued cooperation of its me1nbers, I am sure that we can maintain our head start and 
aim at giving the students of I. T. a bigger and better magazine. 

J. F. C. 

MINNESOTA TECHNOlOG 
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PENETRATION indicates consistency VISCOSITY indicates fluidity 

~------seoo~.~-
Start 

Start After 5 Seconds 
En ell 

Consistency is determined by measuring the penetration made in 5 sec
onds by a standard needle loaded with 100 grams. The test is normally 
run at 77°f and penetration is measured in units of 0.1 mm. 

fluidity is determined at specified temperatures with a SayboiHurol 
Viscosimeter. Results are expressed as Saybolt-Furol Viscosity .•• the 
time in seconds for 60 cc of the product to flow into measuring flask 
through a precisely dimensioned orifice. The slower the flow, the higher 

FIG. 1 the viscosity. FIG. 2 

FLASH POINT indicates safe heating temperature DISTILLATION indicates volatile content. .. residue 

Small Flame 

77°F 

Start 

Flash Point °F 

End 
Start A 

Volatile constituents evolve when the temperature of an Asphaltic product 
rises suffi-ciently. The temperature at which they "flash" or temporarily 
ignite when a small flame is passed through them, during heating of the 
product, is its flash point. This temperature is usually well below the 
fire point or the temperature which will support burning. 

Volatile Content is determined by gradually heating to 680°F, a measured 
volume of material in a distillation flask connected to a condenser. 
Relative amounts of volatile materials evaporating at different tempera· 
tures and of residual Asphalt are thus determined. further tests are. 
usually run on Asphalt residue to determine its characteristics. 

FIG .. 3 

sts on 
The suitability of an Asphaltic material for 
highway or other use depends upon charac
teristics which can be determined by a series 
of tests. Four of the principal tests are: 

PEN ETRATBON TEST (Fig. 1) 

indicates the consistency or hardness of 
Asphalt cements (which are semi-solids) 
used in hot-mix Asphalt pavements. The 
softer the product, the greater its number of 
penetration units. On the basis of consistency 
. . . denoted by penetration ranges . . . 
Asphalt cements are classified into grades. 
Those paving grades now recommended by 
The Asphalt Institute are: 

PENETRATION GRADES 
60-70 85-100 120-150 200-300 

(a 40-50 penetration grade is recommended 
for special and industrial uses.) 

FIG .. 4 

s altic aterials 
VISCOSITY TEST (Fig. 2) 
indicates the fluidity of liquid Asphalts. Vis
cosity measures the consistency of these 
products just as the penetration test measures 
the consistency of semi-solid products. Those 
liquids flowing too slowly for accurate meas
urements by the viscosimeter at 77°F are 
tested at higher temperatures-usually at 
122°F, l40°F, or 180°F. 

FLASH POINT (Fig. 3) 
indicates the temperature at which vapor 
ignition may occur when heating and manip
ulating Asphaltic materials. 

DBSTBLILATION TEST (Fig. 4) 
indicates the amount of Asphaltic residue to 
expect in liquid Asphalts after lighter 
constituents volatilize under manipulation 
and use. It indicates, too, the relative rapidity 
at which these lighter constituents "cure" out 
of the Asphalt. 

Be sure to cut out and 
file this data sheet, 
as well as future sheets 
and those previously 
inserted in this publica
tion. Make them your 
professional reference 
material. 

THE ASPHALT INSTITUTE, Asphalt Institute Building, College Park, Maryland 

MINNESOTA TECHNOLOG 
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New brochure describes career 
opportunities at Phillips 

D. R. McKeithan, Director 
Technical Manpower Division 

PHILLIPS PETROLEUM COMPANY 
Bartlesville, Oklahoma 

This new booklet describes in detail 
the unusually fine career opportuni
ties at Phillips Petroleum Company
the growth leader among America's 
integrated oil companies. New proj
ects and expansion programs at 
Phillips have created many attractive 
openings for young men in practically 
every company operation. 

At Phillips, the production of crude 
oil, the refining and marketing of auto
motive and aircraft fuels and lubri
cants continue to grow. Phillips is also 
in the forefront of the great boom in 
petrochemicals, sparked by a constant 
stream of new deve~opments in syn
thetic rubber, plastics, carbon black, 
fertilizers and other chemical products 
originating in Phillips research labs. 
Less publicized Phillips projects in
clude research, development and pro
duction programs in the atomic energy 
and rocket fuels field . . . as well as 
uranium mining and processing. Phil· 
lips is also the number one producer
marketer of natural gas and liquefied 
petroleum gas in the nation. 

Phillips policy of promotion and 
transfer from within is creating oppor
tunities for young engineers and scien
tists who will be the key men of to
morrow. 

Write today to our Technical Man
power Division for this new brochure 
... and when the Phillips representa
tive visits your campus, be sure to 
arrange for an interview. ., 
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Hundreds do it every day, without ever leaving the 
company. Confined by an unimaginative management, 
they sink to the level of pencil pushers ... or slip-stick 
a1·tists, losing the value of their intensive academic 
training. But the youthful engineer does not have to 
suffer this fate. Selecting the right company ... with 
thought to its reputation for leadership, initiative, and 
atmosphere ... makes the difference. 

Linde Company is world renowned for its progressive 
development in many fields . . . in atmospheric gases 
and acetylene, welding and flame processes and equip· 
ment, synthetic crystals and adsorbents to name a few .. 

A 1..£AD£R FOR 50 YEARS 

The terms "Linde" and "Union Carbide" are registered trade-marks of UCC. 

This leadership has only been won through the creative 
powers and initiative of LINDE engineers and scientists. 
And, these men have received individual recognition 
of their achievements. 

You can find out more about career o'pportunities at 
LINDE, in research, development, production, sales, and 
staff positions, from your Placement Officer. A hooklet, 
"Look to LINDE for your future," is available by address
ing Mr. P. I. Emch, Central Recruiting Office, Linde 
Company, Division of Union Carbide Corporation, 
30 East 42nd Street, New York 17, N.Y. 

MINNESOTA TECHNOLOG 
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At los Alamos •• * the challenge of controlled thermonuclear energy 
The controlled release of fusion energy in a practical thermonuclear reactor will be an important 

milestone in the nuclear age. This scientific achievement is the obiect of PROJECT SHERWOOD ••• 
one of the interesting scientific investigations now under way at Los Alamos Scientific Laboratory. 

Pictured above is "Columbus 1," an early experimental device developed by Los Alamos 
scientists to further this study. The bright line along the axis of the tube was produced by a dis
charge in heated and highly conducting argon gas. This discharge was "pinched" down to a 
small fraction of the tube diameter by the mutual attraction of its own currents .. The temperature 
was roughly equal to that of the sun's photosphere. When deuterium was substituted for argon, 
intense bursts of neutrons appeared at time A on the voltage time signatures of the pinch (above, 
left), providing an interesting puzzle as to their origin. The similar signatures of successive 
discharges indicate the degree of reproducibility that has been achieved. Detailed studies of such 
reproducible behavior have led to considerable advances in understanding both the dynamics and 
the means for stable containment of heated plasmas. 

At Los Alamos, in the cool mountain environment of northern New Mexico, you will find research 
challenges worthy of your abilities. College graduates in the Physical Sciences or Engineering are 
invited to write for information about the Laboratory, the attractive employee benefits, and the 
family living and recreational facilities of the Los Alamos area. Write to: 

OS 
OF~;Ei~~~~f~~F }A~~~N~Aatory 

LOS ALAMOS, NEW MEXICO 

DIRECTOR Of PERSONNIEl 
LOS ALAMOS SCIENTIFIC LABORAtORY 
LOS ALAMOS, NIEW MEXICO 

Los Alamos Scientific Laboratory is a non civil service operation of 

the University of California for the U. S. Atomic Energy Commission. 
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IR IsAAC NEWTON had a friend 
who, like himself, was a great 
scientist; but he was an infidel, 

while Newton was a devout Christian. 
They often discussed their views con
cerning. God, as their mutual interest 
in science drew them much together. 

Newton had a skillful mechanic 
·make him a replica of our solar system 
in miniature. In the center was a 
large gilded ball representing the sun, 
and revolving in proper order around 
this were small balls fixed on the ends 
of arms of varying lengths, represent
ing Mercury, Venus, Earth, Mars, 
Jupiter, Saturn, Uranus, and Neptune. 
These balls were so geared together 
by cogs and belts as to move in per
fect harmony when turned by a crank. 

One day, as Newton sat reading in 
his study with his mechanism on a 
large table near him, his infidel friend 
stepped in. Scientist that he was, he 
recognized at a glance what was be
fore him. Stepping up to it, he slowly 
turned the crank, and with undis
guised admiration watched the heaven
ly bodies all move in their relative 
speed in their orbits. Standing off 
a few feet he exclaimed, "My! What 
an exquisite thing this is! Who made 
it?" 

I 
Without looking up from his book, 

Newton answered, "Nobody!" 
Quickly turning to Newton, the 

infidel said, "Evidently you did not 
understand my question. I asked who 
made this?" 

Looking up now, Newton solemnly 
assured him that nobody made it, but 
that the aggregation of matter so much 
admired had just happened to assume 
the form it was in. 

But the astonished infidel replied 
with some heat, "You must think I 
am a fool! Of course somebody made 
it, and he is a genius, and I'd like to 
know who he is." 

Laying his book aside, Newton arose 
and laid a hand on his friend's 
shoulder. "This thing is but a puny 
imitation of a much grander system 
whose laws you know, and I am not 
able to convince you that this mere 
toy is without a designer and maker; 
yet you profess to believe that the 
great original from which the design 
is taken has come into being without 
either designer or maker! Now tell 
me by what sort of reasoning do you 
reach such an incongruous conclu
sion?" 

The infidel was at once convinced 
and became a firm believer that "J e
hovah, He is God." 

Frontis Piece: Photo Courtesy SPERRY GYROSCOPE COMPANY 
Cut Courtesy MARQUETTE ENGINEER 
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THE LOCKHEED MISSILE SYSTEMS 

Advanced Study Program for 

M.S. a11.d Ph.D. DEGREES 

in science and engineering 

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

The Graduate Study Council offers an Advanced Study Program to enable 
qualified individuals to obtain M.S. or Ph.D. degrees. Under this program the 
participants are employed in their chosen fields of research and development 
at Lockheed Missile Systems 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 
or write: 

COLLEGE RELATIONS DIRECTOR 

!!___~MISSILE SYS'l'EMS 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO e SUNNYVALE eVAN NUYS o CALIFORNIA 



For the new Delaware Refinery of Tidewater Oil Company, 
careful selection of valves was unusually important. Tens 
of thousands of valves were req1,1ired to control the maze 
of piping at this largest refinery ever built at one time. 

To the valve specifiers for this gigantic piping project, the 
long record of Jenkins Valves for an extra-measure of 
efficient, economical service was good reason for using 
many thousands of Jenkins Valves in the total valve equip· 
ment of the refinery. 

It will pay you to have the same important assurance when 
you specify or install valves . . . especially since Jenkins 
Valves cost no more. Jenkins Bros., 100 Park Avenue, 
New YorK 17. 

OCTOBER 1957 

metal are among 
the thousands 
of Jenkins Valves 
in this 
great refinery. 
Sizes range 
from~" to 24!'; 
made of 
various metals 
to suit 
different 
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REPORT FROM RYAN 

ew En 
Created 

ineering Opportunities 
as yan Projects Mushroom 

FRANK W. FINK, RYAN VICE PRESIDENT AND CHIEF ENGINEER inspects architect's drawing of new 
Engineering and Research Center. 

l4 

New Engineering and Research Center 
To eet 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. 

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 
Pro d ith 
New VT L 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 2 ~ million manhours of VTOL 
research and development. It is another 
example of how Ryan builds better. 

Ryan Automatic 
Navigator uides 
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 
lindbergh Field, 2745 Harbor Drive 
San Diego 12, California 

NAME 

ADDRESS 

PHONE NO. 

DEGREE SCHOOL 

FIELD OF EXPERIENCE OR PREFERENCE 

MINNESOTA TECHNOLOG 
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Perqaps 
Nortof.:l Company-

a weiJ .. recognized firm 

manufacturing a variety 

of products essential 

to the world's industries. 

You may find your career at Norton 
Company. Its products are diversified. 
It is the leader in its field. Yet oppor
tunities are personal, because its size 
permits management to know you. 

Career opportunities are in many 
fields for men with engineering trai[l
ing or other academic backgrounds. 
A chemical engineer, for example, 
may start in research, process de
velopment, production engineering, 
design, sales engineering or adminis
tration. 

Positions in the Norton organiza
tion have one thing in common -
personal participation ~nd growth in 
a well-recognized company manufac
turing products essential to all indus
tries and pioneering with new prod
ucts. Its location in Worcester, Mass. 
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Ceramic Fuel Elements for atomic reactors are among Norton Company's new products. 

is in a community with deep cultural 
roots, fine educational opportunities, 
an invigorating year-round climate 
and varied recreational facilities. 

If Norton Company sounds like 
your kind of com
pany, write for the 
hooklet eevour 
Future at Norton." 
Address the PER

soNNEL DIRECTOR, 

Norton Company, 
Worcester 6, Mass. 

There are careers in Production, Research, 

Sales and Administration at Norton Com· 

pony for men trained in: 

ENGINEEI!UNG 
Ceramic: o Chemical o Civil o Electrical 

General o Industrial • Mechanical 

Metallurgical 

SCIENCE 
Chemistry o Physics • Metallurgy 

GENERAL 
liberal Arts o Business Administration 

finance o Accounting 
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Frank Kovalcik, Purdue '48, Covered 24,000 les in 
1956 as Western itor of ELECTRICAL WORLD 

F. YOU'RE LIKE MOST PEOPLE, you think 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-purpose 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. 

c ra - ill 
McGraw-Hill Publishing Company, Incorporated 
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"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. 

Advertising sales opportunities, too! 
1 • Excellent job openings exist on many McGraw-Hill 

magazines, domestic and international, for advertising 
sales careers. "Successful Careers" will give you the facts. 

blicati 
330 West 42nd Street, New York 36, N. Y. 
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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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howrard hughes 
lellowrships 

Ten awards are open to candidates inter
ested in studies leading to a Doctor of 
Philosophy or Doctor of Engineering 
degree or in conducting post-doctoral 
research. 

Each Fellowship provides. a cash award 
of not less than $2000 ••. a minimum 
salary of $2500 for summer or part-time 
work ... up to $1500 for tuition, books, 
and research expenses ..• and moving 
and transportation costs. Eligibility is 
based on the completion of one year of 
graduate work in physics or engineering, 
and qualification for graduate standing at 
California Institute of Technology, Uni
versity of California (Berkeley), or Stan
ford University. Application dosing date: 
January 15, 1958. 

n~aster ol science 
lello'W'shlps 

One hundred awards are open to partici
pants who will complete courses leading 
to the Master of Science degree within 2 

academic years. Tuition, admission fee, 
and books will be provided. During the 
summer they will have the opportunity 
to work with experienced Hughes scien
tists and engineers, while receiving salaries 
based upon their ability and technical 
experience. 

Applicant must receive his B.S. degree 
during the coming year in Aeronautical 
Engineering, Electrical Engineering, Me
chanical Engineering, or Physics. Partici
pant may request his graduate school 
from the following six institutions: Uni
versity of Southern California, UCLA, 
Stanford University, University of Ari
zona, Purdue University, or West Vir
ginia University. 

Write, specifying appropriate ftllowship, to: 
Office of Advanced Studies 

,-----------------------, 
I I 
I I 

I 
I 
I 
I 

I 
I 
I 
I I 
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RESEARCH AND DEVELOPMENT 

LABORATORIES 

Hughes Aircraft Co., Culver City, Calif. 





THE YSTERY F UTER SPACE 

REALITY R ILLUSI N? 

by J. F. CUDERMAN 

This article is a summary of what is generally known about flying 
saucers,. and how their presence has been interpreted .. The author does 
not attempt to give case histories as they have appeared in the various 
books on flying saucers .. He has no way to check the reliability of the 
witnesses listed in these articles and hence feels that a general break 
down of the behavior of the UFO's (Unidentified Flying Obiects) serves 
the case in point iust as well .. The author does attempt to summarize 
the various explanations for flying saucers as they have been given by 
various authorities .. 

HE ENTIRE ToPIC of Hying saucers is surrounded by a 
veil of mystery. Scores of pertinent questions remain 
unanswered, even after years of observation. Why does 

the Air Force clasify information and photographs of Hying 
saucers when it maintains that they are not U. S. Secret 
military developments, and in fact do not exist at all? Why 
don't the saucers land and make contact with us? Where 
are they from, assuming that they do exist? More impor
tant yet to the scientific and engineering viewpoint, how 
are they powered? Would it be possible for the human 
body on such a mechanism to endure the terrific accelera
tions to which it would apparently be subjected? We know 
that the human brain can take about 100 G's of accelera
tion before being scrambled, yet these things apparently 
would subject it to thousands of G's. Under these condi
tions the human grey matter would almost instantly be
come just so much mush. The above questions are but an 
indication of the uncertainty, intrigue and mystery hidden 
within the shining spinning discs commonly known as the 
flying saucers. 

Almost back to time immemorial, accounts of strange 
objects in the heavens spot the pages of human history. 
Many of them appear in the form of edicts of various 
prophets. They appear in many passages of the literature 
of the early civilization in India. There are even several 
passages in the Bible, which various experts on UFO's 
have characterized as descriptions of Hying saucers. These 
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accounts go back way beyond the early Egyptian civiliza
tion. How credible they are is difficult to say. It is of inter
est, however, that most of the ancient descriptions tally 
very closely with those of modern times. Some of the an
cient accounts indicate that the sightings were accompa
nied by shock waves. During the 1800's there was a series 
of mysterious earthquakes in which the quake was report
edly preceded by overhead passage of large luminous ob
jects. During the closing years of the lOth century there 
were persistent reports of large cigar shaped bodies moving 
through the upper atmosphere. These were equipped with 
short stubby wings. It would appear from this that there 
have been several improvements in more recent models of 
the saucers- that is if indeed the observers of the past saw 
the same thing that thousands of modern observers are as
serting that they "really saw." With regard to the earth
quake sightings, it would seem possible that if gravita
tional energy is used for propulsion, as is believed by most 
authorities, that the ships' influence on the earth's surface, 
especially by close approach could be pronounced enough 
to cause an earthquake. In more recent times, it is possible 
that saucer activity has been more largely confined to re
gions of the upper atmosphere. This in fact may be con
nected with the unusually large number of reported sonic 
blasts, when according to official Air Force communiques, 
there were no supersonic aircraft in the area. 

There seem to be three types of phenomena in the heav-
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ens which fall under the heading of saucers. The first of 
these is the familiar disc, the second is the fireball and the 
third is the so called Mother Ship. All of them seem to be 
capable of extreme accelerations and speeds. They have 
been sighted in different formations and circumstances by 
many different observers. They have been clocked, by re
liable observers, at speeds in excess of 40,000 m.p.h. and at 
a height exceeding 200,000 feet. The current altitude rec
ord of piloted aircraft, held by the Bell X-2, is about 90,-
000 feet. There was a period immediately after World War 
II when the fireball phenomenon seemed to be quite com
mon, especially in the southwest and in the vicinity of 
White Sands, New Mexico. Most of them had a peculiar 
green color, very similar to that of copper in the color spec
trum. The amazing thing is that after their passage over
head, the air was found heavily laden with copper parti
cles. That they were not meteorites was shown by the fact 
that their path was not the usual trajectory of a meteorite 
and their velocity did not follow the rules for freely falling 
bodies influenced only by atmospheric friction. There has 
been some speculation that the great meteor which hit Si
beria in June 1908 was not a meteor, but in fact, a Mother 
Ship which crashed. The evidence for this, is, however, 
scant. No one except the Russians have had the opportun
ity to examine the region at close hand. It. is said that a 
1927 expedition into the region found no metal object or 
fragments, only many miles of tree stumps stripped of 
branches. Perhaps the effect was caused by an inversion. It 
was suggested that perhaps the force of impact was suffi
cient to vaporize the object. It is interesting to note that 
several Russian scientists have advanced the possibility of a 
cosmic ship crash in explanation of the incident. They base 
their contention on the fact that the "meteorite was cylin
drical or shuttle shaped and moved slower than is usually 
the case for that type of object." 

Judging from the behavior of the saucers, it would seem 
that they are powered by electromagnetic or electrogravi
tational fields. This incidentally, is the belief of most of the 
scientists who believe in the saucers. This is not an unrea
sonable conclusion. From all reports the objects move with 
tremendous velocities and accelerations. To explain this, 
some wit came up with the Super Bee as the intelligence 
behind the saucer. While anything is possible when dealing 
with a subject as admittedly esoteric as the Hying discs, the 
inescapable conclusion is that even the Super Bees wouldn't 
enjoy it. An independent gravitational field surrounding 
such an object would serve, it would seem, to insulate it 
from the effects of the earth's field. Thus its motion would 
be absolute rather than relative to the earth. As far as the 
object would be concerned, it would not know that it was 
within the earths field unless it uses the earths field as a 
source of energy. Even then there is no contradiction to the 
preceding suggestion of independence of the two fields in
volved. Another suggestion, which actually is very similar 
to the one above, which would allow ordinary human be
ings to be aboard the craft as it accelerates, states that if 
every molecule and atom of the ship and the inhabitants 
thereof were accelerated by the same amount simultaneous
ly, there would be no acceleration of one particle relative 
to any other. Hence, the problem of scrambled grey matter 
etc., would be solved. 

If it is presumed that the electromagnetic field captures 
a small amount of air in its immediate vicinity, then it 
would follow that some of the captured air would be ion-
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ized and that a resultant glow would be observed. This 
would account for the apparent frictionless motion of the 
objects and apparent absence of thermal barrier. It is in
teresting to note that a glow has been observed about many 
of the saucers, particularly at night. The Unified Field 
Theory, authored by Einstein, states that gravity is electro
magnetic in nature. It is reported that energizing certain 
materials results in a loss of weight. It has been reported 
in scattered articles that experimentation with gravity 
fields has reached some measure of success, both in the U. S. 
and abroad. According to these reports, condensor co-ordi
nated discs several feet in diameter induced by electrostatic 
fields have shown rather surprising results. It has even been 
said that a gravity research group in Britain will have a 
prototype of a combat type disc by 1960. 

About the time, several years ago, that flying discs buzzed 
the White House, a number of scientists came out with the 
temperature inversion theory, designed to explain away the 
saucers. The temperature inversion at the J;,;..tne of the 
Washington sightings was about three degrees:''It has been 
demonstrated that at least 15 degrees of inversion are re
quired to produce even the poorest type of mirage. 

The thickness of most of the saucers has been observed 
to be about 1/lOth their diameter. One characteristic of 
the discs which seems rather prevalent is that they seem to 
have the capacity for changing form. This sounds rather 
fantastic, however, and is more probably due to optical 
illusion or viewing the discs from an angle rather than to 
applied topology. It is possible that the shape of the ioniza
tion layer surrounding the craft changes, thus giving the 
impression of change in shape from circular to elliptic or 
vice versa. Most of the discs observed in a hovering posi
tion have exhibited a pendulum type of swaying motion. 

In a number of sightings, the discs appeared in a stack 
type of formation, one above the other, and they seemed to 
rotate very fast as though they were charging up. This type 
of behavior was sighted most often in polar regions and on 
several occasions in South American settings. 

It has been noted that slowly moving discs exhibit a red 
colored glow, while intermediate speeds and acceleration 
show up as a copper green, and the more extreme accelera
tions are accompanied by a brilliant white glow. 

There are a number of observations on record which 
report the entrance and exit of the smaller discs from the 
mother ship which, in every instance, is a long cigar shaped 
craft which operates from high up in the upper atmos
phere. What the place of the so called green fireballs is, is 
hard to tell, unless they are used as signals for the mother 
ship or to pinpoint strategic installations on the earth's 
surface for some type of mapping operation. 

No account would be complete without mention of the 
two "Angles Hair" incidents on record. One of them took 
place over the San Fernando Valley in California, and the 
other in the skies over France. In both cases, two flying 
discs came very close to each other. An electrical type dis
charge seemed to occur between them. And down drifted 
a cloud of webby fiber type substance which when exam
ined was very similar to wool in appearance. However it 

Continued on page 70 
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How RCA tracking equipment will escort 

first man-made moon into its orbit 

"Ten .. nine .. eight .. seven .. six .. " 
At the launching site, and for 2,000 

miles down range, RCA men stand by 
U. S. Air Force equipment, listening 
to the countdown. 

In seconds - just five now - their 
tracking data will begin to pour like a 
flash flood into the Central Control 
room at the Air Force Missile Center. 
And the first man-made moon in all 
history will be rocketing toward its 
orbit in outer space. 

Rocket speed, position, angle of 
climb, course, and much, much more 
must all be resolved into one vital de
cision by the men in Central Control: 

Whether and when-to the split sec
ond- to trigger a ground command 
that can aim the satellite into its orbit 
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or, if necessary, destroy it. 
The tracking data will come from 

the most ingenious and accurate in
struments it is now possible to devise. 
From start to finish they have been 
planned, engineered, installed, main
tained and operated by RCA. 

In helping bring man to the thresh
old of The Space Age, RCA helps ful
fill the promise of untold benefit to 
people the world over - and proves 
again that there is real meaning in the 
slogan-«RCA-Electronics for Living." 

WHERE TO, 

MR. ENGUIINIEER? 

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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The Story ol How a River Was Harnessed 

THJf,TERRIFIC POWE~ gf a river has always been a menace 
to mankind. The Colorado River was no exception. It 
was considered America's most dangerous river before 

it was tamed. 
Farmers that attempted to work the fertile land in the 

lower Colorado River Basin were faced with annual de
struction and ruin by the floods and the following drought 
due to this uncontrolled monster. In the spring, every type 
of dam and dike built on this river was smashed by flood 
waters rushing down from the mountains on the North. 

After many years of destruction by the Colorado River, 
the Bureau of Reclamation was called in to make plans 
for controlling it. After spending a year to find the best 
location for a dam, Black Canyon was picked. Engineers 
and geologists spent three years, 1920 to 1923, in the Black 
Canyon, along the Arizona-Nevada border, testing the 
canyon walls and the river bottom. 

On December 28, 1928, President Coolidge signed the 
Boulder Canyon Project Act, authorizing the construction 
of a dam at Black Canyon at a cost of $165,000,000. The 
compact was immediately ratified by six Southwestern 
States under provision that the dam would control floods, 
improve navigation and regulate the flow of the Colorado 
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by ARNIE AlBRECHT 

River, store water and control silt, and generate electric 
energy. 

The labor contract was given to Six Companies, Inc., 
of San Francisco, California. Work began on March 11, 
1931 and the last concrete was poured on May 29, 1935. 
The current estimated cost of Hoover Dam and All-Ameri
can Canal is $237,235,000. 

Since its completion, Hoover Dam, known as Boulder 
Dam until 1947, has become the lifeline of the Southwest, 
supplying water and electricity to seven states, including 
Colorado, Arizona, Nevada, New Mexico, California, Utah 
and Wyoming. 

An important part of the project was the construction 
of the All~American Canal which carries water to the rich 
Imperial Valley of California, and a recently added branch 
of the .. All~ American Canal, the Coachella Valley Canal, 
also in California. 

Another very important result of the Dam was the 
forming of Lake Mead. This lake, the largest man-made 
lake in the world, is 115 miles long and 585 feet deep. 
When the muddy river water reaches the lake, the silt 
settles and the water becomes a clear emerald green. 

Lake Mead has become one of the leading recreation 
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spots in our country. It is a game and fish paradise and 
holds enough water to supply the lower basin during a 
two-year drought. 

The purpose of this paper is to describe the pre-con
struction preparation, and the actual construction of the 
dam and its appurtenant works. 

Before work could begin on the dam itself, many details 
had to be worked out. Black Canyon was picked because 
of its solid bedrock and a reservoir capacity of over 30,000,-
000 acre-feet. 

With the signing of the first appropriation on July 3, 
1930, the Bureau of Reclamation in Denver was urged to 
rush work on the blueprints for the dam and appurtenant 
structures. 

On March 11, 1931, 6 months ahead of schedule, the 
blueprints had been completed and the labor contract was 
awarded to Six Companies, Inc., of San Francisco, Cali
fornia, for having the lowest bid, $48,890,995.50. 

The first job that had to be done before beginning con
struction, was to lay a branch line of the Union Pacific 
Railroad, from Las Vegas, Nevada, to the dam site. From 
the site of Boulder City, the Bureau of Reclamation built 
its own railways and highways to the damsite. Machine 
shops, air compressor plants, garages, and warehouses were 
constructed near the damsite. Bridges and aerial cables 
were built to span the canyon, and two huge concrete 
plants were designed and constructed. Power draglines, 
power shovels, trucks, cars, derricks, and cranes were ac
quired, along with electric power from San Bernadino, 
California, 222 miles away. 

Next on the list was the construction of Boulder City. 
The site was chosen 7 miles away because of the terrific 
heat given off by the canyon during summer months. A 
modern city was constructed by Six Companies, Inc., to 
give workers a comfortable place to live. 

The following materials were ordered before construc
tion began and were received during construction- 5,000,-
000 barrels of cement, 8,000,000 tons of sand, gravel, and 
cables; 45,000,000 pounds of reenforcement steel; 18,000,-
000 pounds of structural steel; 21,000,000 pounds of gates 
and valves; and 840 miles of pipe. 

With the completion of these preliminary steps, actual 
dam construction was ready to begin. The operation con-

Interior View of Power House 

at Hoover Dam. 

Photo - Courtesy Westinghouse 
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sis ted of four main overlapping steps, ( 1) driving and lin
ing four diversion tunnels, (2) building two cofferdams, 
{3) excavating the dam abutments and river channel, and 
(4) building the dam, spillways, intake towers, penstock 
and outlet system, outlet works, and powerhouse. 

Before construction of any kind could begin in the river 
bottom, the river had to be diverted from the working 
area. This feat was accomplished by blasting four tunnels, 
two on each side of the river, through the canyon walls 
and around the damsite. The tunnels were % miles long 
and 56 feet in diameter. 

Holes, 20 feet long, for dynamite, were made with the 
use of "Jumbos", tractors carrying special apparatus with 
mounted drills. Each blast of dynamite moved them 17 
feet further through the canyon walls. The four tunnels 
were driven in a year's time, during which 3,500,000 tons 
of rock were removed. 

During the next year the tunnels were lined with a 3-
foot thick layer of concrete. The concrete was poured into 
heavy steel forms weighing 250 tons per 80-foot length, 
leaving a tunnel of 50-foot diameter. 

After the concrete had dried, holes were drilled through 
the lining and a mixture of grout was injected to seal 
cracks.3 

To isolate the construction area, cofferdams were built 
above and below the dam site. Immediately after work was 
completed on the Arizona diversion tunnels, construction 
of the upper cofferdam was started. A trestle bridge had 
been built just below the inlets of the diversion tunnels 
and earth and rocks were dumped from both sides of the 
bridge by huge trucks of 50 ton capacity. Within 24 hours, 
a dam was formed of sufficient height to block the flow of 
water and force it into the tunnels. The finished dam was 
450 feet wide, 98 feet high, 750 feet thick at the base, and 
75 feet thick at the crest. 

Just above the diversion tunnel outlets, another coffer
dam was similarly constructed to prevent any backwash 
into the construction area. Because there would be less 
pressure on this dam, it was only 66 feet high, 500 feet 
thick at the base, and 50 feet thick at the crest, while hav
ing the same width. 

Continued on page 98 
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IN QUEST OF DESTINY 

M 
co 

OF 

by JOHN A. JOHNSON 

LMOST EVERY DAY now as you read your newspaper, 
listen to the radio, or watch your television set, you 
will probably get the latest news about orbital satel

lites and space stations. You are probably beginning to 
wonder what it is all about and what it will all lead 
to. The normal question that probably pops into your 
mind is, "What is the sense of spending all that money just 
to send a little ball up to circle the earth?" The answer to 
this question is that the little ball is not an end in itself. It 
is only the beginning of what promises to be one of the 
greatest projects ever undertaken by man. 

When the White House announced on July 29, 1955, 
that the United States would engage in a program de
signed to shoot an artificial satellite into an orbit about 
the earth, even the forward-looking science fiction writers 
were a little stunned. For even they, who had been writing 
about such things for years, did not expect to see such a 
project undertaken in their lifetimes. 

This unmanned satellite will be man's first attempt at 
establishing a man-made planet able to send back informa
tion on conditions in outer space. Circling the earth at 
from 200 to 1000 miles, it will be outside the earth's atmos
phere and thus subjected to the meteors and various radi
ations that our atmosphere protects us from. The E.S.V. 
(Earth Satellite Vehicle), as it is officially known, will be 
about the size of a basketball and will weigh about 21 
pounds. It will be shot by a three-stage rocket into an orbit 
where it will circle the earth in about 90 minutes. Con
tained in the satellite will be a multitude of scientific test
ing and telemetering apparatus that will send back infor
mation about such phenomena as the ultraviolet rays it 
encounters and the reflectivity of the earth. The path of 
the satellite as it circles the earth will also reveal informa
tion about the earth's gravitational field. Reflecting the 
sunlight the same way the moon does, the satellite will be 
visible through a telescope and possibly even to the naked 
eye at dawn and dusk when the greater bulk of the earth 
is not between the sun and the satellite. This first man
made satellite is to be the United States' big contribution 
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to the International Geophysical Year, (July, 1957 to De
cember, 1958). It was hoped to have it ready for launching 
as a curtain riser, but now it looks like there will be no 
launching before early 1958. 

This, however, is only the beginning. Washington has 
already announced that not one, but several experimental 
satellites will be launched during 1958. Using the techni
cal details necessary for sending out these satellites plus the 
information they convey back, we will ultimately be able 
to construct a manned space station. · 

A number of ideas on this manned space station have 
been tossing around among the space engineers for a long 
time. They have pretty well agreed that about 1075 miles 
out would be an ideal site. 

Construction of these manned space stations would 
probably be accomplished by sending out a large number 
of cargo-carrying rockets from earth and putting them into 
an orbit near the site of the space station. The rockets 
themselves will probably also be cannibolised and used in 
the construction of the space station. Men in space suits 
will assemble the structure, propelling themselves and their 
loads about by means of gas jets. The assembly work will 
be greatly simplified·because of the absence of gravity. The 
construction area around the space station will probably 
look like a large junk yard, what with relays of rockets 
climbing into space and clumping their cargoes in the 
orbit to float in space until they are needed. 

First on the construction list will probably be a spheri
cal chamber which will be pressurized and used as a living 
quarters for the construction crew. From this beginning, 
endless variations of design are possible. The one design 
pretty well decided upon would be a large wheel with a 
number of spokes converging on a center hub. The whole 
wheel would spin slowly, giving the effect of normal grav
ity at the rim and zero gravity at the hub. Under these 
conditions the space station personnel could live under 
normal gravity and still carry out experiments under zero 
gravity conditions. It is also possible to envision that over 
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the yeats, as new chambers and laboratories are built, these 
space stations will become miles in extent. 

Although we will not know the full value of a manned 
space station until we have built one, some of its uses are 
quite obvious. Some of the most important are: astronom
ical research, physical research, meteorology, biological 
studies, radio and television relay and broadcast stations, 
and refueling and dock facilities for space ships. It is con
ceivable that all these functions could be carried out on 
the same station, but other demands such as special orbits 
will ultimately lead to specialized stations. 

The absence of any atmosphere would make astronomi
cal "seeing" almost perfect. By building large optical and 
radio telescopes on space platforms, we will be able to get 
a much clearer picture of the universe. Our protective at
mosphere is a big problem when it comes to delicate obser
vations. With gravity absent, there will be no restrictions 
placed on the size of astronomical instruments. The diffi
culties encountered in building the 200-inch telescope on 
Mount Palomar were not primarily optical ones. They 
were difficulties due to the fact that the mirror and its aux
iliaries had to remain rigid to a few millionths of an inch 
no matter how the telescope was tilted or revolved. Under 
weightless conditions of free orbit, it would conceivably be 
possible to place the optical elements miles apart with no 
physical connections. This would make it possible to build 
an instrument which could be used to measure the diame
ter of stars and possibly detect planets of the nearer stars. 

The use of radio telescopes during the last few years has 
resulted in a greater understanding of the universe. Due 
to the greater penetrating power of radio waves, we can 
observe portions of the universe that are invisible to the 
optical telescope. The fact that radio waves are much long
er than light waves makes it necessary to build instruments 
of enormous size to get reasonable definition. The biggest 
radio telescope is over 200 feet in diameter, but even so its 
resolving power (the ability to separate close objects) is 
thousands of times poorer than a cheap pair of opera 
glasses. Also, because of its great size it is incapable of be
ing moved. By building these radio telescopes in space, 
they could be miles in diameter and, due to weightlessness, 
still be moved. 

In the field of physical sciences the opportunities offered 
by the space station would be tremendous. The factors of 
weightlessness would open a vast new field of experimental 
science. The presence of a near perfect vacuum of unlim
ited extent would be a great aid in the fields of electronics, 
nuclear physics, and other branches of technology that use 
low pressures. It would also be possible to produce temper
atures near absolute zero over large volumes. The absence 
of any atmosphere would aid greatly in the study of cos
mic rays. 

In the field of meteorology, the space station would be 
of unlimited value. From its position of 1,000 miles up it 
would be possible to watch cloud formations and the 
movement of storm centers. The station could give an 
over-all weather picture at a glance. 

Using the space station for biological studies will open 
new doors to medical science. The study of organisms un
der conditions of zero gravity should prove very interest
ing. Since gravity is an important factor in determining 
the· size of micro-organisms, it should be theoretically pos
sible to breed amoebae as large as footballs. The absence 
of gravity will also give medicine a new weapon in the 
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treatment of heart disease and will probably accelerate 
other forms of convalescence. It is possible that the hos
pitals of the future will be found in space. Since it is not 
necessary to subject passengers to abnormally high acceler
ations in leaving earth, there is no reason why invalids can
not travel to one of these space hospitals for convalescence. 
The fact that the space station could be in almost contin
uous sunlight would also be of great therapeutic value. 

As radio and television relay and transmitting stations, 
the space stations would make possible a reliable system of 
communication between all parts of the earth. Ionospheric 
conditions, magnetic storms, and other conditions which 
interfere with communication would not affect transmis
sion from the space stations. By using three space stations 
in the same orbit and 120 degrees apart, it would be pos
sible to obtain complete coverage of the whole earth. 
These three space stations linked to each other by micro
wave beams could provide radio and television service to 
the whole earth, using no more power than one of today's 
large transmitters. 

As man's scientific and technical knowledge increases, 
he will eventually build space ships which will enable him 
to travel to the moon, other planets of our own solar sys
tem, and to the possible planetary systems of other stars. 
The space stations could conceivably be used as refueling 
stations and dock facilities for the space ships. These space 
stations might also become elaborate maintenance and re
pair hangars for the space ships. Space stations used for 
this purpose will, however, be in the closest and hence 
more economical orbits. 

It is thus evident that the money spent to establish earth 
satellites and eventually space stations will not be wasted. 
The scientific and technical knowledge we can gain from 
these earth satellites will far outweigh the expenditures 
necessary to produce them. If earth's population continues 
to increase at the present rate, it will soon be necessary for 
man to find a new frontier into which he can expand. The 
only way left is out into space. The earth satellite and the 
space stations are only stepping stones in man's eventual 
conquest of space. 
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"The onstrosity" 

28 

AN has made many vain attempts to construct a huge 
tower to get above the clouds, or, as the Babylonians 
believed, to get to Heaven. The thought has haunted 

the imaginations of Englishmen and Americans for many 
years. 

At the time of the Exhibition in Philadelphia, in 1876, 
the great American engineers, Clark and Reeves, proposed 
a new project. Their tower was to consist of an iron 
cylinder 9 meters in diameter, supported by a series of 
metal buttresses disposed around it and starting from a 
base with a diameter of 45 meters. Yet the Americans, in 
spite of their enterprising spirit and the national en
thusiasm excited by this conception, shrank from its 
execution. 

The French, through the perserverance of M. Eiffel, 
were the first to construct a tower of any notable height. 
This enterprise was exposed to many violent attacks, but 
for the most part, public opinion was in favor of a lasting 
monument to commemorate the Paris Exhibition of 
1889. 

The Eiffel Tower was constructed of American iron, 
and is located near the Seine River in the Champs-de-Mars 
at Paris. The tower itself is 984 feet high, weighs 7,000 
tons, is made up of 12,000 pieces of metal fastened to
gether by 2,500,000 rivets and has in the past 70 years 
stood erect, without the replacement of a single rivet. It is 
said that a lump of sugar was once dropped from the top 
and it tore the nose off a Frenchman below, and also that 
a silver dollar dropped on its edge from the top, could 
penetrate a cement block. 

M. Eiffel decided to build his tower of iron, because 
experience had shown that masonry is not suitable for 
a construction of this kind. In 1885, he proposed the 
erection of the tower for the Exhibition in 1889. 

In June, 1886, a commission nominated by M. Lockroy, 
then minister of commerce and industry, finally accepted 
the plans submitted, and on January 8, 1887, the agree
ment with the state and city of Paris was signed. They 
agreed to pay one-fifth of the total cost of $1,500,000. 
Eiffel mortgaged his company to pay the balance. 

The tower was officially inaugurated on the 31st of 
March, 1889, and proved to be the most popular attrac
tion of the Exposition. In those days it seemed nothing 
less than a miracle. 

The base consists of four great piers, which are oriented 
to the cardinal points of the compass. Each pier rests 
upon a concrete bed eight feet thick and thirty-two feet 

MINNESOTA TECHNOLOG 



long. Those nearest the Seine reach a depth of forty feet, 
the other two about thirty feet. 

To guard against the remote but still theoretically pos
sible sinking of these foundations, each pier is further 
safeguarded by a device which alone testifies to Eiffel's 
initiative and genius. 

In a small chamber hollowed out at an angle is installed 
an 800 ton hydraulic press, ready at an hour's _notice to 
raise the entire section. As the base pressure is 64 pounds 
per square inch, this extraordinary apparatus operating 
by water power, is equivalent to a small but very efficient 
man-made earthquake. 

At each corner of the tower, which is square at the base 
and about 300 feet on a side, there is a lattice-work pillar 
which slants inward as it rises upward to a distance of 
about 600 feet where the four pillars are joined, and con
tinue to the summit. 

At I 80 feet above the ground is the first platform con
taining 38,000 square feet of observation space. This 
platform houses five restaurants and has still plenty of 
open space. Two-hundred feet higher, a second level of 
less than half the area of the first, brings the four massive 
piers together to form the single needle-Eke shaft that 
rises into the Parisian sky a "monster of grace." 

From the small room, fifty-three feet square, at the top 
of the tower, which, until the completion of the Empire 
State Building, was the most exalted fixed observation 
spot in the world, the visitor sees below him the egg-shaped 
mass of Paris; he is now in the center of an immense 
circle of sight with a radius of 62 miles. 

Paris gaped. La Tour was much bigger than anyone 
anticipated. And then the storm broke; 300 writers and 
artists signed a manifesto demanding the razing of the 
"hideous monstrosity." 

The elevators are composed of three different systems, 
and are all provided with brakes. They all are worked by 
hydraulic power, and together are capable of conveying 
2,350 persons in an hour to the first and second stories, 
and 750 to the summit, the whole ascent being effected in 
seven minutes. If we include the staircase which consists 
of well over 1,700 steps from base to summit, it is pos
sible for 5,000 persons to visit the tower in one hour. 

For a number of years an automobile company used 
the entire tower as an illuminated signboard. A gigantic 
clock outlined in electric lights told the time and a ther
mometer gave the temperature. The name of the automo
bile was written in blazing letters from top to bottom, 
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I r. 
by JOHN KELCHER 

and lightning flashes zigzagged along one of its sides. This 
display lasting from dark to midnight, cost the manu
facturer the sum of a hundred thousand francs every 
evening, and it was soon discontinued. 

There are twenty-seven iron panels, each of which re
quired a separate diagram, that in turn formed the basis 
of a series of geometrical designs calculated by means of 
tables of logarithms. The twelve thousand pieces, and the 
position of each, and the place for its rivets, had to be 
decided without error. In the iron plates were drilled 
7,000,000 holes, which if placed end to end would form a 
tube 43 miles long. There were five hundred engineer's 
designs, and twenty-five hundred leaves of working draw
ings. It was necessary to employ forty designers and cal
culators,, for a period of a.bout two years to accomplish 
this. 

The stability of the tower is assured by the character of 
the curve from the base to summit and also by the open 
construction permitting the wind to pass through with 
a minimum of resistance. At the center of gravity, about 
300 feet above the ground, a force of 2,500 tons would 
be required to overturn the tower. The horizontal vibra
tion of the tower is so little that it cannot be measured, 
even in a terrific wind storm. 

Amazing as Eiffel's feat was to his contemporaries, it 
takes the modern engineer to appreciate fully his extraor
dinary achievement. No such building had ever been 
constructed, no such problems of balance, wind resistance, 
hoisting of heavy weights to such heights ever attempted, 
yet Eiffel made not one mistake. He had anticipated the 
difficulties- vertigo and gusts of wind that might sweep 
steelworkers to their death. He used techniques that be
came recognized practice years later. 

To the Parisian, as well as to the provincial and to the 
foreigner, the Eiffel Tower symbolizes Paris, and al
though it has been the object of many a criticism from an 
aesthetic standpoint, one cannot picture Paris without it. 
It prepared the way for an entirely new sort of archi
tecture, and represents the triumph of iron over stone. 
After almost seventy years, it still remains one of the most 
impressive structures on the surface of the globe and 
millions still visit it each year. As a matter of fact, it 
grossed over I 0 million dollars in 50 years. 

It is not necessary to go all the way to Paris to see the 
amazing works of Gustave Eiffel. Every visitor to New 
York may admire his handiwork in the Statue of Liberty, 
which consists of an iron structure that holds the colossal 
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bronze figure erect. Within the body, runs a skeleton of 
crisscrossed iron bars; the little sister of the great Eiffel 
Tower. 

The tower has been issuing forth valuable scientific 
information since it was in its infant stages. Elements of 
design and construction have proved useful in the con
struction of many bridges, radio transmitters, and sky
scrapers. 

"The scientific value of the tower has been demonstrated 
by numerous researches in astronomy, meteorology and 
weather; by the study of electrical and magnetic phen
omena, by critical experiments in falling bodies, air re
sistance, wind pressure and other related problems in 
physics. Even physiology has profited through studies on 
blood pressure, lung capacity and the apparently bene
ficial effects of great height upon hearing and other bodily 
functions. There are valuable researches in aerodynamics, 
begun by Eiffel, since greatly expanded by . d1e French 
government, to which, since 1909, the tower has belonged. 
It has been said that if the Eiffel Tower had not been 
constructed we might never have had the airplane."1 

The mass of the moon has been calculated from the 
tower, by the effects of gravitational attraction. A hug·h 
mercury column would rise appreciably when the moon 
passed overhead. 

The amount of bending by the winds, heating and 
cooling by various conditions of the atmosphere, and the 
resistance of the girders to the changes of temperature and 
wind, have been carefully recorded now since 1889. 

Monsieur Eiffel who first carried out these scientific 
observations, built a series of doors in the floor and girders 
of the tower at certain levels. JVL Giullaume has continued 
Eiffel's studies and has also stretched a wire of invar- a 
material not influenced by changes of the temperature
from the second platform, which is 360 feet above, to the 
earth, where it is fastened. The upper end is fastened to 
a screw with a ball-and-socket joint. This rests on a knife 
edge from the girders of the platform, at the far end is 
a weight on a lever, and nearer the point of suspension, 
a plate of lead dips in oil. Furthermore, there is a pencil 
on the lever which writes upon a revolving drum. This 
can be moved about and different scales of markings put 
on it for registering the temperature, winds, and baro
metric pressure. Thus the tower is not only a Gargantuan 
thermometer, but also a wind register and barometer as 
well. The tower really behaves more delicate I y than the 
ordinary small thermometers. In fact it shows all the minor 
variations of temperature. One hundred and twenty-five 
yards of the tower expanded about one inch on January 
25, 1913, and contracted immediately after a shower of 
rain. 

If a pillar or cylindrical covering were provided for the 
entire tower, the mass of the air to mass of the.iron would 
be in the ratio of 4 to 3. Hence the iron responds easily 
to changes in temperature; and the iron becomes more 
quickly heated and cooled than the general atmosphere. 
Thus even a mist of fog, the passing of clouds over the 
face of the sun, a hoar-frost, a summer shower, or even 
more momentary changes than these, will be much more 
pronounced in the tower than in the surrounding air. 

In 1891, M. Cailletet erected a huge mecurizl pressure
gauge inside the tower. The only instruments by which 
high pressure in gasses of liquids can be registered with 
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accuracy are very long vertical pressure gauges. The Eiffel 
Tower afforded a unique opportunity for setting up a 
pressure gauge 984 feet high, every part of which would 
be easily accessible and open to observation. With a gauge 
of this height pressure up to four hundred atmospheres 
can be obtained, but it is impossible to use the customary 
glass tube. Therefore a tube of soft steel of about one
sixth of an inch internal diameter has been used. It is 
connected at the bottom of the tower with a reservoir 
containing mercury. By pumping water into the reservoir, 
the mercury in the tube can be gradually raised to the 
top of the tower. 

The steel tube being opaque, the level of the mercury 
cannot be directly read off. Cocks with screws, each com
municating with vertical glass tubes, are arranged about 
every ten feet, parallel with and alongside the tube. Each 
glass has a scale, carefully marked off in polished wood, 
which can be read quite accurately. 

The apparatus was found to be of the greatest value 
in making experiments on pressures hitherto impossible, 
and its value from a scientific point of view can scarcely 
be overrated. 

\!\Tireless and radio are but two of the practical justi
fications for Gustave Eiffel's "Tower of Babel". Since 1901, 
the tower has been transmitting time signals from a tiny 
campanile, eighty feet above the uppermost platform, and 
has well earned the title as "The Cradle of Radiotelegra
phy". In 1904 wireless connections had been perfected 
with the remote eastern forts of France. 1908 saw the open
ing of communication, via ships on the Mediterranean, 
with l\1orocco. In 1915, the human voice on the wing of 
electrical vibration, crossed the Atlantic between France 
and America. Thus merely by ascending a thousand feet 
in the air, the Tower Eiffel has made the world smaller; 
space had been conquered again. 

Today few will dispute the beauty of the great pyra
midal shaft whose subtle curves and gossamer lattice work 
gave it the appearance of a fairy structure barely resting 
on the earth. 

From an engineering point of view the Tower Eiffel is 
in many respects a notable achievement. It is indeed a 
colossal structure which even today inspires most men 
by its huge and massive arches, and emphasis of design. 

The "Hideous Monstrosity" has become the pride of 
Paris. 

The proverbial Irishmen, Pat and Mike, 
were crossing a field when a bull came 
charging down upon them. Mike shinnied 
up the only tree in sight and Pat jumped 
into a hole nearby. The bull jumped over 
the hole and Pat jumped out. The bull 
turned, saw him, charged. Pat jumped in 
and the bull jumped over the hole again. 
This continued until finally the furious 
Mike bawled down to Pat as he jumped 
out, "You damn fool! Stoy in the hole or 
we'll never get home!" 

Pat jumped in as the bull charged and 
when he jumped out again he yelled 
frantically to Mike, "You're a damn fool 
yourself! There's a bear in this hole!" 
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Arne Steivang 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 
$ales 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. 

tandard Oil Com any 
910 South Michigan Avenue, Chicago 80, Illinois 
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Do You Want to Think Efficiently? 

THE BRAIN SCHEMATIC 

by ROBERT NEWTON PRESENTS A E 

'' ERSERK SAILOR Slays Ensign: 4 Held Hostage", 
"Disarmament Talks End In Failure", "Mental 
Hospitals Forced To Expand" read the headlines 

in today's newspapers. How can these problems be solved? 
A partial answer lies in understanding more about the 
mind. Many of the country's problems would be much 
easier if people had better tools to think with. The brain 
schematic is a different approach to understanding the 
mind in that it uses an equivalent system for the brain. By 
learning the brain schematic, not only will you have a 
visual check on your thinking process, but you will gain 
better balance in your anti-entropic efforts. 

In the brain schematic, the mind is assumed to be a 
mechanism that enables you as a personality to control 
your physical self. Assuming that you have a conscious
ness, a subconsciousness, an analysis process, a memory, an 
input, and an output which can represent definite func-
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tions we can set up an equivalent system for the brain. 
This equivalent system is similar to the equivalent cir
cuit used in electric machinery analysis. By using a feed
back process the equivalent system can be made to more 
closely approach the true equivalent system. 

Some people may prefer to call the consciousness the 
"soul", however, modern thinking frowns on this type of 
definition. Professor Nor bert Wiener, who with his col
leagues at M.I.T. have developed the new science of Cy
bernetics, has this to say about the consciousness: "If we 
wish to use the word "life" to cover all phenomena which 
locally swim upstream against the current of increasing 
entropy, we are at liberty to do so. However, we shall then 
include many astronomical phenomena which have only 
the shadiest resemblance to life as we ordinarily know it. 
It is in my opinion, therefore, best to avoid all question
ing begging epithets such as "life", "soul", "vitalism", and 
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the like, and say merely in connection with machines that 
there is no reason why they may not resemble human 
beings in representing pockets of decreasing entropy in a 
framework in which the large entropy tends to increase. 

"When I compare the living organism with such a 
machine, I do not for a moment mean that the physical, 
chemical, and spiritual processes of life as we ordinarily 
know it are the same as those of life-imitating machines. 
I mean simply that they both can exemplify locally anti
entropic processes, which perhaps may also be exemplified 
in many other ways which we should naturally term 
neither biological nor mechanical." 

Professor Wiener evidently links life with locally anti
entropic process, or that the consciousness has the prop
erty of making order out of confusion. In order for this 
definition to be used in the brain schematic the conscious
ness should be considered as the prime mover of the anti
entropic process, and the other elements as tools for the 
consciousness in carrying out this process. In this way we 
avoid using the other elements of the brain schematic in 
our definition of the consciousness as would be done by 
defining the consciousness as our personality. At any rate, 
the consciousness takes into account the human element 
of "free will". 

You probably would not object to comparing the eye 
and the camera, for this has been done by psychologists 
for many decades. Therefore there should be no objec
tion to comparing other parts of the body with analogous 
machines, for example, the input and output of the brain 
schematic can be though of in a similar manner as an audio 
amplifier. The similarity between parts of man and an 
amplifier is in the fact that information is taken in and 
given out after being changed. In the amplifier, electrical 
impulses are received by the input terminals after which 
they are amplified and fed to the output terminals. 

In much the same manner man receives information 
through his sense organs, and acts on the information re
ceived after considering it. By using the eyes, ears, etc., 
sound and light waves, plus other meaningful signals are 
transformed into electrical impulses which the brain is 
able to use. When the brain is finished with the particular 
decision, or whatever it is concerning the brain, and it 
has decided to act in some manner on this information, 
the brain sends electrical impulses to the appropriate 
bodily outlet, such as the arms, feet, etc. The acting out 
of the brain's decision is thus comparable to the amplifier 
output terminals of which the same is analogously true 
for the input. This is what is meant by the input and out-

Fig. l. 

Schematic representation of the brain schematic. 

C - Consciousness 

I- Input 

M -Memory 
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D-Divider 

0- Output 

S- Subconsciousness 

put elements of the brain schematic. 
Let us draw some· comparisons between some simple 

human acts and a possible diagrammatic representation of 
these acts. Consider your act of looking at this sentence, 
for example. To visually symbolize this we simply note 
that the signals are being received by the input. Our 
sketch would not show any difference in the types of sig
nals being received. In other words, whether you were 
being tickled would have the same symbolism. 

Furthering our analogies, man's memory can be com
pared to a recording tape. Even though very complicated, 
the purpose of the memory is simply to return stored in
formation. Professor Wiener discusses this fact in his book 
The Human Use of Human Beings. In the brain sche
matic the memory represents this property in the brain. 

As has been mentioned, observation is represented in 
the brain schematic by going from the input to the con
sciousness. If we abbreviate I for input and C for con
sciousness this procedure can be represented by going 
from I to C )n Fig. 1. All abbreviations used are taken 
from the first letter of the brain schematic element, and 
are used for brevity and convenience. Including the mem
ory, the representation of seeing something would be 
I-C-M schematically. Action, on the contrary, would be 
C-0, orM-C-0 schematically. 

So far, we have talked about the more simple acts of the 
brain. \!Ve can represent the "thinking process" concerning 
simple acts of the memory, and other things that do not 
require "deep thought". Our representation tells us what 
is happening, but it is much more valuable when feed
back, the subconsciousness, and other factors that cause 
creativity are discussed. Professor L. 0. Guthrie, Head of 
the Eng~ineering English Department in the Institute of 
Technology, deserves much credit for the development of 
the brain schematic toward these "more valuable" consid
erations. His thinking resulted in the use of the subcon
sciousness in the brain schematic, also its connection to 
the consciousness, the memory, and the divider. Professor 
Guthrie's additions illustrate how the brain schematic can 
be modified to more closely represent reality using feed
back. 

What do you think the purpose of the subconsciousness 
is? In psychology it means something which affects us, 
but that we are not conscious of. It is sometimes repre
sented as one extreme of the consciousness. Picturing the 
consciousness and subconsciousness as opposite ends of a 
white color which gradually fades into black, we can pic-

Continued on page 96 
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by C. l. SAN OSTROM 

EACH YEAR 150,000 TOURISTS FLOCK TO AN ISOLATED MOUNTAIN TOP LOCATED IN THE 
BACKWOODS OF· SOUTHERN CALIFORNIA. THEY COME TO SEE THE LARGEST TELESCOPE IN 
THE WORLD .. EVER SINCE GAULEO DEVELOPED THE FIRST TELESCOPE, MAN HAS BEEN STRIV .. 
lNG TO CREATE LARGER AND MORE POWERFUL ONES. AS A RESULT OF HIS EFFORTS, MAN 
HAS DEVELOPED A TELESCOPE SO LARGE THAT HE MAY CRAWL INSIDE IT AND VIEW THE 
HEAVENS WITHOUT HIS BODY GETTING IN THE WAY. THIS TELESCOPE AND THE BUILDING 
WHICH HOUSES IT ARE CALLED THE PALOMAR OBSERVATORY .. NEWSMEN CALL IT THE 11GIANT 
EYE/8 THIS ARTICLE DESCRIBES THE CONSTRUCTION AND FUNCTION OF THE TELESCOPE AND 
THE BUILDING WHICH HOUSES IT .. 
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The Palomar Observatory is located 125 miles southeast 
of Los Angeles, California. It sits on a Hat-topped moun
tain 6000 ft. above sea level. A few million years ago this 
mountain was level with the surrounding plain. Then 
forces within the earth began pushing it skyward. Today 
it stands more than a mile above the plain where it be
gan (Fig. I). This mountain, Mount Palomar, is a single 
mass of granite ten miles wide, thirty miles long, and 
reaching twenty-five miles into the earth. 

:Mount Palomar was picked as the observatory site be
cause it afforded several advantages not obtainable at 
other locations. To be of any value for astronomical 
observations a telescope must be away from the glare 
caused by city lights. Also, it must be located in an atmos
phere of steady air. Turbulence in the earth's atmosphere, 
wind, air currents, and sudden temperature changes are 
all nonconducive to telescope viewing. They all make 
star's images dance and blur. Crisp, clear winter nights 
with twinkling stars are especially bad for astronomical 
work. When the twinkling is magnified six million times 
it becomes one big blur. To escape from as much unsteady 
air as possible, observatories are placed on mountain 
tops. After testing hundreds of mountains and spending 
five years doing it, the United States Weather Bureau 
found that Mount Palomar had the world's steadiest air. 
Another factor in favor of Mount Palomar is its size and 
shape. The shock waves resulting from a possible earth
quake would be evenly distributed throughout the granite 
block forming Mount Palomar instead of localizing. As 
a result no structure located on the mountain would be 
damaged. 

In 1923, George Ellery Hale, director of the 100 in. 
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lVIount Wilson observatory, proposed that a 200 in. tele
scope could be built. He wrote a letter to the Rockefeller 
Foundation asking them to finance a 200 in. telescope. In 
his letter he said it was a pity we couldn't trap at least 
a 200 in. disc of the starlight which falls over the earth's 
surface every night. As a result of his letter, the Rocke
feller General Education Board donated $6,000,000 for 
the construction of a 200 in. telescope. The project was 
to be directed by the California Institute of Technology. 

The 200 in. Palomar telescope requires a special build
ing to house it. The building must be able to protect the 
telescope from the weather at one time, and at another 
open its roof and reveal any desired portion of the sky. 
To accomplish this, a building was built for the observa
tory which consisted of two independent sections, an 
upper revolving dome and a lower circular wall (Fig. 2). 

The lower structure is stationary and consists of two 
concentric concrete walls. The walls have a 1 ft. air space 
between them and are panelled from the inside with 
asbestos. This arrangement super-insulates the building. 
Its purpose will be explained later. 

The revolving dome (Fig. 2,B), which is placed over 
the stationary section, is a hemispherical double shell of 
steel girders covered with % in. aluminum sheeting. It 
is 137 ft. in diameter, the same size as the Pantheon at 
Rome. 2 The dome has a wide slit running from top to 
bottom. This slit allows light to enter the dome from 
zenith to the horizon, but only in one compass direction. 
The slit is fitted with a curved sliding shutter (Fig. 2,C). 
This shutter is opened or closed depending on the weather. 
The dome is placed on a circular track which is fastened 

Continued on page 78 
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Will We Have 

PL c 

THIS ARTICLE DISCUSSES THE PRO'S AND 
CON'S OF PLASTIC BODIES FOR AUTOMO .. 
BILES, AND THE POSSIBILITIES OF SEEING 
THEM MASS PRODUCED BEFORE 1970. 

AN YOU IMAGINE your wife coming home and saying, 
"Dear, I cracked the right fender against the garage 
again," and then fixing this crack beyond recognition 

yourself in an hour? This is possible with a car body made 
of glass fiber reinforced plastic. 

This subject is not new as an article concerning plastics 
for car bodies appeared in the A utornobil.e Engineer in 
August, 1940. Since that time, all of the leading automo
bile manufacturers of the world have spent millions of 
dollars for research on plastic reinforced with glass fibers. 
This research program found that the material is stronger 
and more resilient than steel and that an automobile body 
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can be made from plastic. During an early stage of re
search, an engineer asked a workman to knock a hole in a 
panel so that a structural member of the experimental 
body could be adjusted. Using a hammer, the worker 
banged away for five minutes with no damage to the plas
tic panel. He had to use a chisel to make the hole. This 
illustrates the amazing ability of this material to spring 
back to its original shape after receiving a blow. . 

In an attempt to persuade one board of directors to 
grant more money for the project, a test was performed 
at a board meeting. A seven-pound weight was dropped 
from a height of six feet on a piece of mahogany, 5/16th 
in. thick. The test board split in half. Next, the weight 
was dropped on a steel section Ys in. thick. A large dent 
resulted. On a piece of glass fiber reinforced plastic, the 
weight made no impression after 24 drops. The research 
project received the allotment. 

What is this material composed of? Because plastic itself 
is relatively weak, this question is often raised. Layers of 
glass matting are bonded together with a polyester resin. 
This resin is composed of plastic. It is the glass fibers 
which give the bonded material its strength. The fibers 
actually have a greater tensile strength than sheet steel. 
In its final form, the bonded material is composed of 65 
percent plastic and 35 percent fiberglas by weight. 

Another question which pops into one's mind is, will 
this plastic body rust or deteriorate? This plastic is cor
rosion resistant to all weather and to salt water. An ex
periment to test corrosive resistance to salt spray was tried 
with a steel body and a plastic model. After four months, 
the steel body showed advanced stages of rusting while the 
plastic model was unaffected. 

Holy smoke! Will all cars be the same color? There 
need be no worries on this question either because the 
plastic can be painted after being molded, or color can be 
bled into the mixture as it is molded. With the color pig
ment bled into the plastic when it is bonded, your car of 
the future will never need to be repainted as it can never 
fade. There will be no need to get a sore back on Saturdays 
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by RICHARD GEIKOS 

when you polish your car because there will be no oxidized 
paint to rub off. Thus, a wash job will bring your car 
to its original luster with no extra strain on your part. 

"Egad," wails John Q. Public, "there goes the price of 
cars right to the moon." Although, the plastic is expensive 
when bought by the pound, the price will be lower than 
that of steel bodies because of the much lighter weight. 
The Glaspar Company of California produces a plastic 
body which weighs 185 pounds and sells for $650. This 
company claims that the cost of materials for this body is 
approximately one fifth of the cost for present car bodies. 
The present price of polyester plastic is high, but with 
more research, it will be reduced when manufactured in 
the quantities necessary for mass production. 

Just how close are car manufacturers to producing plas
tic car bodies? Early models of Chevrolet's Corvette had 
fiberglas reinforced plastic bodies. These sports cars with
stood everything expected of them with respect to the 
weather and road wear. In fact, during one road test, an 
experimental test driver drove his car into a massive tree. 
There was no dent in the body as it had sprung back into 
shape. Some of the bark was imbedded in the plastic, and 
there was a crack 14 inches long in the right fender. The 
crack was mended by laying alternate layers of fiberglas 
matting and polyester resin over the crack. After the fen
der was buffed down, they found that the repair had taken 
less than one hour. 

Actual production has been limited to a small scale. So 
far, the material is ideal for such specialties as sports cars, 
but all the problems that accompany mass production 
have not yet been solved. At present, it is faster to stamp 
out steel bodies than to wait for the plastic to cure in the 
mold. It takes time for the layers of fiberglas to be bonded 
with the plastic resin, and this material must be removed 
from a mold. With infra-red lamps, the curing time can 
be hastened, but the real time saver is the reducing of the 
number of panels for a body. Where a number of sections 
were formerly needed, they now may be incorporated into 
three or four panels. Fewer sections in a car body means 
a saving in time and in labor costs. Some of the sport 
models on the market today are composed of one section, 
with the exception of the doors and the hood. Just think, 
in the future, two mechanics will just unscrew a few bolts 
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and then lift off the body to work on your car. Better yet, 
you can have two or three bodies to fit the same chassis. 
You can change cars with the seasons, or when the wife 
gets tired of that "ishy blue." 

"But can steel structural members be attached to this 
material?" asks one engineer. Structural supports for the 
motor, trunk, hood, and doors can be attached with bolts; 
but machine screws cannot be used. Fiberglas reinforced 
plastic will not support screws in the same manner as steel; 
consequently, wire mesh is imbedded in the plastic where 
the structural members will be attached. This added rein
forcement prevents the bolts from tearing through the 
plastic when the car strikes a bad bump in the highway. 

Can plastic withstand extreme temperatures? Fiberglas 
reinforced plastic is limited to temperatures below 500°F. 
Under extremely cold conditions, this plastic combination 
actually becomes stronger and less brittle than at standard 
conditions. This material expands and contracts with 
changes in temperature in approximately the same degree 
as steel. So temperature will not restrict its use in automo
bile bodies. 

Why aren't the automobile companies starting to change 
over their equipment for the production of these fiberglas 
reinforced plastic bodies? When all of the manufacturing 
and assembly problems concerned with plastic bodies are 
solved, only then will it be economical for these com
panies to begin the enormous job of retooling. The ad
vantages of low tooling and material costs are present only 
when large parts are molded. So until the designers of 
the car of the future can reduce the number of component 
parts of the body, it is cheaper to stamp the body of an 
automobile out of sheet metal. 

Here, we have a material which is stronger and more 
resilient than sheet steel. This material lends itself easily 
to the intricate shapes of an automobile. With these gen
eral characteristics and advantages of fiberglas reinforced 
plastics, it seems possible that the automobile of 1970 will 
have a body made of this material. Say goodbye to your 
car polishing days, the plastic car is here to stay. 

So when the wife comes home and says she just cracked 
the right fender, you can just lean back in your easy chair 
and say, "That's all right, Honey, I'll go out after supper 
and patch it before the ball game starts on T.V." 
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SHORT cuT To the East was long a dream of mariners, 
but not until the Panama Canal was built did that 
vision become a reality. The engineering skill of 

our age proved its mettle by introducing some of the 
greatest engineering marvels of all time in its construc
tion. Greater trade, more economical shipment of ma
terials, plus substantial savings of time and fuel resources 
are only a few of the advantages enjoyed by the nations 
that use it. 

Imagine the feeling that Cortez would have, if he were 
to return today to the misty, humid Panamanian isth
mus to view the 1nighty Panama Canal, which wends its 
way through the hills and swamps which once seemed so 
formidable to the explorers and settlers of the new ·vwrld. 
The swamps, which once harbored the deadly carrier of 
yellow fever, the mosquito, have been filled with earth 
and covered by the man made lakes on which ocean 
liners now travel'. The hills have been severed by a cut 
that would make Paul Bunyan shake with envy. 

Because the canal region is the only place in the world 
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where the Atlantic Ocean is west of the Pacific Ocean, 
the Pacific entrance to the canal is found to be at the 
southeast end and the Caribbean entrance is at the north
west end. The cities of Colon and Cristobal terminate 
the Caribbean side of the canal and are connected to 
Gatun by 7 miles of sea level canal. 

Gatun Dam controls the 163.5 square miles of water 
in Gatun Lake at a height of 85 feet and is linked to 
the sea level channel by 3 locks. Travel on Gatun Lake 
comprises 34 miles of the canal route because its back
waters also serve to fill the channel which was cut 
through the continental divide. This cut, which is known 
as the Gaillard Cut, is joined to Miraflores Lake by the 
Pedro Miguel locks. This lake is maintained at a height 
of 55 feet and is used as a part of the canal for a distance 
of about one mile. The miraflores locks join this lake 
to a 9-mile sea level canal which terminates at Balboa, 
the Pacific en trance of the canal. 

The minimum width of the canal is 300 feet and the 
shallowest spot is 41 feet deep. There are 23 directional 
changes, but the average time for passage through the 
canal is only 7 hours. The average time a ship spends 
going through the locks is only 2 hours and 15 minutes. 
The total length of the canal is 51.2 miles and the popu
lation of the canal zone is 52,300. The Panama Railroad, 
which was first built in 1850 during the California gold 
rush, connects the important parts of the canal and was 
instrumental in its construction. 

The canal system was the result of years of planning, 
study, and political controversy. The French made two 
attempts to build a canal but finaly sold the rights and 
equipment to the United States in 1902. A sea level 
system was also considered by the United States at this 
time, but lower cost, quicker construction, and ability to 
handle a larger volume of cargo tipped the balance in 
favor of the lock type system. A big disadvantage of the 
sea level system was that the Pacific Ocean varied 20 
feet in height with the tides; whereas the Atlantic varied 
only 2 feet. This would have necessitated sea locks to 
prevent treacherous currents in a narrow canal. 

Construction was started in 1905 after preliminary san-
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itation precautions were executed. The Colon break
water was built by constructing a railroad trestle out 
into the Caribbean Sea and dumping rock over its 
sides. The huge pieces of rock, some of which weighed 
12 to 15 tons, were quarried at Porto Bello. 

The sea level canal between Colon and Gatun was ex
cavated to full depth of 42 feet by steamshovels before 
opening it to the ocean. Difficulties arose, however, when 
the Chagres River overflowed and submerged some of 
the shovels, but dredges soon emptied the cut and opera
tions were resumed. 

Six million cubic yards of earth had to be moved at 
the site of the Gatun locks when the subterrain was 
found to be too uneven to be used as a natural founda
tion. Parts of its foundation extend 70 feet below sea 
level. 

The construction of the earthen dam at Gatun re
quired 21 million cubic yards of fill and was built in 2 
sections. It is not one continuous dam but two separate 
dams, with a hill of solid rock in the ceRter, through 
which a spillway or regulating channel has been cut. 
One end of each clam abuts against the rock and the 
other against the encircling hills of the valley. 

Over 100 million cubic yards of material were re
moved from the Gaillard Cut. The channel was to be 
300 feet wide at the bottom with a slope of 3 vertical to 
2 horizontal below the rock line. Above the rock line a 
slope of one vertical to three horizontal was considered 
adequate. However, the operation was plagued with 
slides and excavation was often curtailed while the chan
nel was being reopened. The largest slide, the Cucaracha 
slide, deposited 10 million cubic yards of debris in the 
cut and another at Culebra contained 7 million cubic 
yards. 

Together these two slides have widened the top width 
of the canal at this point from 840 feet to about 2000 
feet. Not all of the slides were that sensational, how
ever. "One of the slides was moving on a surface which 
had a slope of one vertical to six horizontal, and its rate 
of advance was about two and one half feet per day for 
several months. A steam shovel made I 03 cuts across the 
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toe of this slide with the position of the loading track 
unchanged." 

Full control of the Chagres River is necessary to pre
vent wet season floods and hold enough water to operate 
the locks during the dry season. Gatun Lake provides 
the reservoir which can absorb the floods and then furnish 
the locks as necessary. The dam at Gatun which holds 
the lake in check is one and one half miles long and one 
half mile wide at its base. The grass covered slopes taper 
off to a width of 100 feet at the top and give the appear
ance of a hill that has always been there. A concrete spill
way and hydroelectric station are located at the center of 
the dam to harness or release excess water as needed. 

To supplement Gatun Lake, J\!Iadden Dam was built in 
1935 to provide added water reserve and supply electric 
power. It is located about 10 miles northeast of Gamboa 
and is a concrete structure 974 feet long and 233 feet 
high. Its backwaters are 240 feet above sea level, which 
is 155 feet higher than Gatun Lake. 

Continued on page 90 
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by WM. A. McMAHON 

William A. McMahon~ a successful amateur mountain climber relates one of his more 
frustrating moments in his first attempt at this dangerous game high up on the rocks 
as follows: "There we were, 12,000 feet up on the face of the Grand Teton mountain 
in Northwestern Wyoming. Below us was a sheer drop of 700 feet, behind us the ever 
narrowing ledge we were climbing/ and ahead of us the ledge disappearing entirely, 
until nothing but smooth rock remained. The story which follows relates how this obsta
de and others almost as discouraging were overcome. 

HE WHOLE IDEA had started out as nothing more than 
day dreaming. Fred Readel and I had worked together 
for several years before we discovered that we shared a 

rather passive interest in mountain climbing that both of 
us had acquired from reading articles in the National Geo
graphic :Magazine. This mutual interest usually centered 
our conversation about our pet topic. Soon our paper pro
posals became tentative ones. 

Deciding that any successful climbing expedition should 
have at least three members, we succeeded in persuading 
Bob Schaible, a Business School student at the U to join 
our little expedition. Bob and I had climbed every bridge, 
trestle, and cliff in sight when we were younger. 

We decided to climb the Grand Teton after seeing some 
pictures with accompanying description of the Teton 
Range in a national park brochure. 

The brochure said the Tetons are one of the few areas 
in the country which offer an experienced climber a real 
challenge, some of the ascents ranking with the best in the 
Alps. Why couldn't we make the climb? All we had to do 
was put into practice what we had been reading about 
for years. 

When our August vacation rolled around, we headed 
for the Rocky Mountain National Park in Colorado. We 
figured we could get in some high-altitude hiking and also 
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see the park. To illustrate just how inexperienced we were, 
we spent our first night there trying to sleep in army sur
plus jungle hammocks. The hammocks were comfortable 
enough, but the catch was that we had located our camp
site near a ranger station 11,000 feet up in the mountains. 
At this altitude the temperature gets clown to well below 
freezing at night, even in August. Needless to say, we spent 
a very chilly and uncomfortable night. 

We spent the next day hiking, and that night at a much 
lower altitude, we slept in the car, starting out the next 
morning for Grand Teton National Park in Wyoming, 
arriving early enough in the day to make arrangements 
with a professional mountain guide to rent some of his 
mountain tents and down-lined sleeping bags. (No more 
hammocks for us!) When we had completed all of our 
preparations for starting the climb, we rented a fancy 
cabin at a swank Dude Ranch (We were able to get very 
reasonable rates because the tourist season was practically 
over) and treated ourselves to a refreshing sleep in nice 
soft beds. 

We got up at the crack of dawn and found to our de
light that the sun was rising into a cloudless sky. We had 
learned, much to our surprise, that ordinarily toward the 
end of August, heavy snow storms started hitting high up 
in the mountains. We gathered up all of our gear, had a 
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light breakfast (heavy food is likely to cause stomach up
set at high altitudes) and drove to the foot of the moun
tain. We left the car in a small meadow and gazed upward 
at our first mountain. It was an awe-inspiring sight! The 
Grand Teton rises abruptly 6, 760 feet from a 7,000 foot 
valley floor. Nowhere else in this country can you find a 
mountain of this height without any foothills. 

The first phase of the climb turned out to be a long 
hard hike up a trail that continually switched back and 
forth across the flank of the mountain. For every foot up 
the mountain we gained, we had to travel eight or ten feet 
horizontally. Finally after hours of struggling and resting 
we emerged in a steeply sloping canyon which led up to 
the saddle between the Grand Teton and the Middle Te
ton, a somewhat smaller sister peak. 

The canyon rose about 1,500 feet and gradually merged 
into the saddle. For the greater part of the 1,500 feet, the 
canyon was strewn with fantastic blocks of solid rock 
which had broken loose and tumbled down from the 
mountains on either side. Son1e were as large as a two-story 
house. Over, around, and under the rocks rushed a dear 
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ice-cold mountain stream. After stopping for a bite to eat, 
we spent the next few hours picking our way between the 
rocks and gradually working our way up to the saddle. It 
was like trying to get through a maze, and several times 'we 
were forced to retrace our paths because we had reached 
impassable barriers. 

About four in the afternoon, we finally reached the 
saddle and decided to camp there for the night. The alti
tude of the saddle is 11,600 feet, so that would leave us a 
little better than 2,000 feet to climb the following day. We 
pitched our two nylon mountain tents in the shelter of a 
huge boulder and began to fix supper. We melted some 
snow to obtain water for cooking a kettle of soup, the dry 
packaged kind, because we had to keep down the weight 
of the supplies. I had never cared much for soup, but that 
meal really tasted delicious. By the time we had finished 
supper, it was getting dark and quickly cooling off, so we 
went to sleep early. Remembering our chilly night in 
Colorado, we crawled into our sleeping bags with all of 
our clothes on. Twenty minutes later we had all slripped 

Continued on page 84 
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RCHEOLOGISTS HAVE for many years 
been attempting to ascertain the 
definite location of the Troy men

tioned by Homer in the Iliad and 
in the Odyssey. Dr. Heinrich Schlie
mann, a German, was one of the 
first to locate the ancient city. He be
came interested in the project after 
he had read Homer's works. His actual 
excavations began in 1871. Dropfeld 
·worked with Schliemann and carried 
on the diggings after Schliemann's 
death. ]\fore recent research has been 
carried out by C. \1\T. Blegen of the 
University of Cincinnati. 

The location of Troy (Ilium) is in 
northwest Asia J\iiinor on the shore of 
the Aegean Sea. It is on a hill over
looking the entrance to the Hellespont 
(Dardanelles). Schliemann came to the 
conclusion that there were seven cities 
on the same spot built in tiers, one 
on top of the other. Dropfeld later 
proved that there were nine. The 
controversy arises from the fact that 
the cities were built on planes follow
ing the natural contour of the land 
and during the Roman control of the 
city, the top of the hill was leveled 
off to make . way for a vast building 
project. This process destroyed the 
ruins of three of the cities on the top 
of the hill while the ruins on the bot
tom \1\rere left intact. Schliemann dug 
down just through the center of the 
hill, thereby missing several layers, 
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while Dropfeld carefully scouted the 
whole area. 

The layers are referred to as cities, 
but actually many of them were just 
small villages. The "cities" are num
bered from the bottom up. The first 
civilization probably took place in 
about 3000 B.C. during the Neolithic 
or Early Bronze Age. The village con
tained several small dwellings sur
rounded by a small wall about one 
hundred yards in diameter. Stone 
implements, monochrome pottery, and 
relics of carved ivory and copper were 
found among the ruins. This civiliza
tion evidently was in existence for a 
long time. 

The second layer was thought by 
Schliemann to be Homer's Troy. The 
city was surrounded by a large fortifi
cation that was four hundred feet in 
diameter. The people were classified 
as Indo-European Phygians. It is 
thought that they possessed power 
and wealth, but were very primitive, 
and probably there ,,vas not much 
cultural development from then until 
the sixth city. Evidence shows that 
the city was destroyed by fire, and the 
inhabitants apparently left quickly. 
Schliemann therefore got the idea that 
this '"ras the Troy sacked by the 
Greeks. He was later proved to be 
wrong since the details do not coin
cide \dth Homer's description. It 
probably existed about 2000 B.C. 

The next three layers contained very 
small primitive villages. The bones 
of animals, such as deer, found on 
the premises indicate that the main 
livelihood of the people was hunting. 

The sixth city was in existence be
tween 1900 and 1300 B.C. This was 
during J\ii ycenaean Age. The city was 
discovered by Dropfeld in 1882. Schlie
mann actually had discovered it earli
er, but he thought it to be of the 
Hellenistic Period while it really was 
of the Middle Bronze Ag·e. The people 
·were unskilled at crafts and quite un
civilized. Their city was protected by 
a fort having three towers, four gates, 
and walls sixteen feet thick. It was 
destroyed by an earthquake in 1300 
B.C. 

The seventh city was probably the 
Troy mentioned in the Jl£ad. It was 
destroyed by fire in 1184 B.C. There 
is proof that seige was laid to the city. 
Large food preserving jars were found 
in the ruins. Food was probably kept 
in these during the ten-year battle 
described by Homer. The city was re
built and ·went through another primi
tive period until the Hellenistic Age 
was reached. The successors of Alex
ander the Great took over the city 
after 334 B.C. The Romans were the 
last to control the city. They held 
Troy from 189 B.C. until it was des
troyed by the Turks in 1306. The city 
was apparently never rebuilt after that. 



lnco mine engineers construct a 3-dimensional "picture" that shows where new, untapped ore bodies lie. 

This 3mmmD model of an ore body shows where 
future supplies of lnco Nickel will be mined 

How do Inco engineers keep a mine 
"alive"? For one thing, they try to 
learn as much as possible about the 
location of ore for the future. 

New levels-new exploring 
As soon as they open up new levels, 
the engineers start up exploratory 
drilling, to probe and "feel" in many 
directions. 

Their hollow-shafted drills bring 
out specimen cores that show where 
there is worthwhile ore and where 
only worthless rock. 

Hundreds and hundreds of 
ore samples 
These ore samples enable Interna
tional Nickel engineers to build small 
models of their mines' ore bodies. So 
they know where each ore body lies, 
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how large it is, and of what grade. 
They know, as well, how to get that 

ore out of the ground in the safest, 
most sensible, most economical way 
possible-know what shafts may have 
to be sunk, what tunnels and drifts to 
drive. Know, in a word, how to reach 
and mine every possible ton of usable 
ore. And, having mined it, how to 
extract every possible pound of use
ful metal. 

Reserves-at new highs 
Today Inco has larger reserves than 

A 

ever before - although some of this 
ore lies a mile or deeper under
ground. And the Company also reports 
another fact: its multi-million dollar 
"mine-more" program makes possible 
today's high output of Inco Nickel. 
And looking to the future-in 1961, 
Inco Canada's Nickel output should 
be 385 million pounds a year. A hun
dred million more than in 1956! 
"Mining for Nickel/' color film, is loaned 
to technical societies, universities, in
dustry. The International Nickel Com
pany, Inc., Dept. 143f, New York 5, N.Y. 

@1957,T.I.N. Co.,Inc. 

<~~.~~> International Nickel 
The International Nickel Company, Inc., is the U.S. affiliate of The International tvtckel 
Company of Canada, Limited (lnco-Canada)-producer of !nco Niclcel, Copper, Cobalt, 
Iron Ore, Tellurium, Selenium and Platinum, Palladium and Other Precious Metals 
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IN ENGINEERING THE BESt OPPORtUNITIES ARE IN AVIATION GIN AVIAtiON THE BEST OPPORTUNITIES ARE AT TEMCO 

Growth - in expenditures for research and develop
ment, for example - tells the Temco ·success story. 

Temco's investment in research and development 
in the last year increased more than 500% over the 
substantial sum spent in 1954! This tremendous 
growth in developmental efforts is part of a long
range program to establish Temco firmly in the 
ekctronics and missile weapons system field. 

The investment is paying off handsomely. Temco 
was awarded prime contracts for three of its own 
missile and aircraft designs last year. Operations 
research studies continue in other areas, particularly 
the nuclear field. 

Temco's research and development plans continue 
to expand. This growth is providing exper~~nced engi
neers an unequalled opportunity in electronics, 
guidance systems, jet aircraft, missiles and weapons 
systems. 
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MR. JOE RUSSELL, Engineering Personnel 
Room 100-K, Temco Aircraft Corp., Dallas, Texas 

Please send me complete details of the Temco story 
of unusual opportunities for experienced engineers. I 
am especially. interested' iAL_ ________ _ 

NAME. _______________ _ 

1 ADDRESS _____________ _ 
I 
I 

:":---- 1 CITY STATE _____ _ 
I 

AIRCRAFT CORPORATION ~ Dallas, Texas L---------------------------------J 
IN ENGINEERING THE BEST OPPORTUNITIES ARE IN AVIATIONeiN AVIATION THE BEST OPPORTUNITIES ARE AT TEMCO 
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Yes, we want engineers, 

... we don't want just any engineer. We want engineers with ideas, engineers 
with drive, engineers who can stick with a job anQ. work with other people to 
get it done. Scientists, business and liberal arts graduates, too. 

Union Carbide has a marvelous potential. It's a top producer of many 
things, from petrochemicals to titanium, from molecular sieves to flashlight 
batteries. Its sales have soared from a half a billion in '47 to one and a third 
billion in '56. 

And we plan to keep on growing. That's where you come in. 
We need creative people. We spend a good portion of sales profit on research, 

but it takes creative people to make research effective. 
We need people with initiative. They are the key to opening up new markets 

and to get production rolling. We introduce new products at the rate of two a 
month, and the rate is accelerating. 

Representatives of Divisions of Union Carbide Corporation, listed below, will 
be interviewing on many campuses. Check your placement director, or write to 
the Division representative. For general information, write to V. 0. Davis, 
30 East 42nd Street, New York 17, New York. 

BAKELITE COMPANY Plastics, including 
polyethylene, epoxy, fluorothene, vinyl, phenolic, 
and polystyrene. J. C. Older, River Road, Bound 
Brook, N.J. 

SILICONES DIVISION Silicones for elec
trical insulation, release agents, water repellents, 
etc.; silicone rubber. P. I. Emch, 30 East 42nd 
Street, New York 17, N. Y. 

GENERAL OFFICES-NEW YORK 
Accounting, Electronic Data Processing, Operations 
Research, Industrial Engineering, Purchasing. E. R. 
Brown, 30 East 42nd Street, New York 17, N. Y. 

ELECTRO METALU.IRGICAL COMPANY 
Over 100 ferro-alloys and alloying metals; titanium, 
calcium carbide, acetylene. C. R. Keeney, 137-
47th St., Niagara Falls, N. Y. 

HAYNES STHLITE COMPANY Special 
alloys to resist heat, abrasion, and corrosion; cast 
and wrought. L. E. Denny, 725 South Lindsay Street, 
Kokomo, Ind. 

LINDE COMPANY Industrial gases, metal
working and treating equipment, synthetic gems, 
molecular sieve adsorbents. P. I. Emch, 30 East 
42nd Street, New York 17, N. Y. 

NATIONAL CARBON COMPANY Indus
trial carbon and graphite products. PRESTONE 
anti-freeze, EvEREADY flashlights and batteries. 
S. W. Orne, P. 0. Box 6087, Cleveland, Ohio. 
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UNION CARBIDE CHEMICALS COMPANY 
Synthetic organic chemicals, resins, and fibers 
from natural gas, petroleum, and coal. W. C. 
Heidenreich, 295 Madison Ave., New York 17, N.Y. 

UNION CARBIDE DNTERNATIONAL COM
PANY Markets UNION CARBIDE products and 
operates plants overseas. C. C. Scharf, 30 East 42nd 
Street, New York 17, N. Y. 

UNION CARBIDE NUCLEAR COMPANY 
Operates Atomic Energy Commission facilities at 
Oak Ridge, Tenn., and Paducah, Ky. W. V. Hamilton, 
P. 0. Box "P", Oak Ridge, Tenn. 

VISKBNG COMPANY A pioneer in packaging 
-producer of synthetic food casings and poly
ethylene film. Dr. A. l. Strand, 6733 West 65th 
Street, Chicago, Ill. 
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ere's :fission a:n.d t e:n. t ere's :fishi 

just five minutes apart for 3M'er Jim Johnson 

From the lab to the lake in only five 
minutes-that's 3M-land! It's a 
place where young men like Jim 
Johnson, with a talent for both 
engineering and happiness, find life 
good ... to them and their families. 

There's some kind of outdoor fun 
going on year 'round-golf, fishing, 
swimming, boating, hunting, skiing, 
skating. And never more than five 
miles from job or home. 

There's work, too-vital, exciting, 
creative work geared to the future. 
For 3M is a research-minded com
pany. Its scientific plant, including 
the new multi-million dollar Central 
Research Laboratory, is one of the 

finest. In this young, fast-growing 
company there's always been plenty 
of opportunity for young men to get 
ahead, and for new ideas to get a 
hearing. Witness such original prod
ucts as ~~scoTcH" Brand Cellophane 
Tape, and the ~(scoTCHLITE" reflec
tive signs that guide you safely on 
highways day and night. More than 
22% of the products 3M sells were 
developed in the last five years. 

And as for compensation, 3M engi
neers and executives are substan
tially above the average in take
home pay, home ownership, car 
ownership, and stock ownership! 
So, if you're interested write 3M, 
St. Paul 6, Minnesota. 

MINNESOTA MINING AND MANUFACTURING COMPANY 

WH!!i!lllHE ~!UiEARCH IS 'fHE KEY 'fO TOMORROW 
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From Lord Chesterfield's Letters 
Oct. 9, 1746 

JJ 

PRINTERS o liTHOGRAPHERS 
5th & 5th SOUTH MINNEAPOLIS 

OCTOBER 1957 47 



t • I t • 
I I I I 

II • st f r rr I I r • 

Our Jokes were u Appropriated~~ from 

Some of The l..ouziest Magazines 

The hungover couple dawdled over a 
mid-afternoon breakfast, after a partic
ularly wild all-night party held in their 
fashionable apartment. 

"Decarest, this is rather embarrassing/' 
said the husband, "but was it you I made 
love to in the library last night?" 

His wife looked at him reflectively, and 
then asked, ''About what time?" 

A wise man has observed that people 
who live in glass houses shouldn't. But 
then, they might as well -everyone 
knows they do. 

The Engineer 
He only drinks to calm himself, 
His steadiness to improve. 
last night he got so steady, 
He couldn,t even move. 

The reason there were fewer wrecks in 
the days of the horse and buggy is that 
the driver did not depend solely on his 
own intelligence. 

The unusually high birthrate in a sub
urb near our city was recently explained. 
Every morning at 6:15 the express comes 
roaring through town blowing its whistle. 

It's too early to get out of bed, and too 
late to go back to sleep. 

Did you hear about the engineer with 
the waterproof, shockproof, unbreakable, 
anti-magnetic watch? He lost it. 

Science has now advanced to the point 
where they can drive a guinea pig crazy 
in just twelve seconds. 

"I'll never go anywhere with you again 
ds long as I live.11 

"And why not?" 

"You asked Mrs. Smith how her hus
band was standing the heat and he's 
been dead two months." 

"My brother has a wide acquaint
ance." 

"Yes, isn't she?!" 

An engineer walked into a bar, saw a 
customer lying on the floor, pointed to 
him, and said to the bartender, "I'll have 
a shot of that." 

Herb Shriner says that crime doesn't 
really pay. "It pays," says Herb, "but it 
costs so much to get elected." 

"I told my boyfriend I didn't want to 
see him any more/' said the coed to her 
companion. 

"What did he say?" her friend asked. 
"Nothing. He just pulled the covers over 

his head." 

A husband returning from a trip was 
informed by his wife that a burglar had 
entered their apartment while he was 
gone. 

"Did he get anything?" the husband 
anxiously inquired. 

"I'll say he did," replied the wife. "In 
the dark, I thought he was you." 

The rest are scattered; Go find them! 

STATISTICS N THE IRLS 
Our Miss October is a girl of some very obvious 

talents. She is 20 year old Janice Johnson, 5517 Colum
bus Street, Minneapolis, Minnesota. She is a graduate 
of Washburn High and a transfer student from Florida 
Southern where she was the Sigma Phi Epsilon queen 
and the Florida Shrine queen. The past summer, Jan
ice was Donaldsons1 float queen in the aquatennial 
parade. Janice will attend the University this fall. 
She is majoring in Education. Water skiing, swim
ming, dancing and parties are her favorite diversions. 
She models part time at Donaldsons1

, Daytons1 and 
Southdale. 

entered as Miss Minnetonka. Engineers last spring 
were in luck as Pat worked in the offices in M.E. This 
summer Pat worked as a model, a legal secretary and 
as a representative of a cigarette company. This 20 
year old lass is in SLA studying speech. Her favorite 
occupation, however, is posing for photographers/ 
something she is well equipped for. 

The little gal serving the drink to our well done hero 
is Patricia Moe. Pat was one of the finalists in the 
Miss Universe contest at Excellsior this summer. She 
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Our third little girl who we present for your critical 
eye is a little Venus complete with garland and pillar. 
She's Mary Lindwood of Minneapolis and was the 
Mid-American Sports Car queen this summer. Mary is 
a part time model and a dental assistant. She at
tended the University the last two years. 

Photo by Ron Rodrigue 
Art wo,rk by Dick Bobnick 
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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 ratt hitn y ire raft 
in the field of bustion 
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 

bringing together of fuel and air in 
proper proportions, the ignition of 
the mixture, and the rapid mixing 
of burned and unburned gases in
volves 3 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. 

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. 

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 exist in combustion work. 

Pratt & Whitney Aircraft operates a com
pletely self-contained engineering facility in 
East Hartford, Connecticut, and is now 
building and staffing a similar facility in 
Palm Beach County, Florida. It also oper
ates the Air Force's Connecticut Aircraft • 
Nuclear Engine Laboratory at Middletown, 
Connecticut, for the United States Air Force 
and the Atomic Energy Commission. For 
further information about engineering ca
reers at Pratt & Whitney Aircraft, write to 
Mr. F. W. Powers, Engineering Department. 
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World's foremost designer and builder of aircraft engines 

PRATT & HITNEY AIRCRA 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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If it goes through pipe 
anywhere in the world -

CHANCES ARE IT'S 
CONTROLLED BY 

Leadership in any field is never casually 
achieved. In the case of Fisher it rep· 
resents more than three quarters of a 
century of continuing research and 
cumulative know-how. 

Today, wherever gases, steam and 
liquids are to be controlled, engineers 
in the nation's outstanding plants in 
the oil, gas, power, chemistry, paper 
and other processing industries ••• 
think first of Fisher for the maximal 
solution. 

Manufacturers of: PRESSURE REGULATORS, DIAPHRAGM MOTOR VALVES and LIQUID LEVEL CONTROLLERS 

Engineers with special problems •• • find the answer In •• • 

FISHER GOVERNOR COMPANY 
Marshalltown. lowa./Wooclstock, Ontario 

Since 1880 
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Mud pies and oU wells have one thing in 
common-mud. 

If Suzy tries to bake her pie, it either gets hard 
or crumbles. The same thing can happen to drill
ing muds which are used to lubricate bits and to 
carry away rock cuttings. 

The deeper you drill, the hotter it gets, the 
greater the pressure. Three to four miles down 
into the earth, temperatures often exceed 400° 
-twice that of boiling water. In such heat, 
drilling muds used to break down, solidify. 
Drilling stopped-wells had to be abandoned. 

Mobil scientists worked years on the problem 
-part of the company's $1.5 million-a-month 
research program. Now the answer-a mud that 
stays muddy at higher temperatures and greater 
pressures than ever before. 

This Mobil Recipe for Mud made it possible 

to complete the world's deepest well-four and 
a quarter miles, enabling America's oil men to 
tap heretofore inaccessible petroleum. 

Chemical research is only one of many pro
fessions represented on the world-wide roster of 
Mobil personnel. We also employ nuclear physi
cists, geologists, mathematicians, engineers of 
every type, marketing analysts, marketers . . • 
people prepared to handle more than 100 differ
ent 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. 

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 Co., 
Dallas 21, Tex. • Mobil Oil of Canada Ltd., Calgary, Alberta, Canada 

Mobil Overseas Oil Co., New York 17, N. Y. • Mobil Producing Co., Billings, Mont. 
Socony Mobil Oil Co. de Venezuela and other foreign producing companies 
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Highlights of 

your future 

with Honeywell 

Glenn Seidel, Vice President in Charge of 
Engineering, BME, Minnesota, '36 

h man 
People, Places, 
Pro;ects 

"The story of Honeywell, as I know it, is a story of 
growth-from a thermostat to over 12,000 products; 
from a handful of employees to more than 30,000; 
from a basement in Minneapolis to a world-wide 
organization. For Honeywell, world leader in auto
matic controls, has expanded as rapidly as this excit
ing field. And employment, sales and income have 
increased steadily year after year. 

"The future is even more challenging. 
diversification puts Honeywell in such new fields as 
office and factory automation, process control, plas
tics, atomic energy, electronics, missiles and satel
lites. Whole new areas of opportunity are waiting 
for today's engineering graduates in each of Honey
well's divisions. Here are some division representa
tives to tell you about them." 

CORPORATE RESEARCH 
HOPKINS, MINNESOTA 

Dr. Finn Larsen, PhD, 
Iowa State, 1948 

Director of Corporate Research 

"Our Research Center is a focal point 
for Honeywell's over-all research 
program. Here, Honeywell scientists 
and engineers conduct basic research 
into areas such as Heat Transfer, Met
allurgy, Thermodynamics, Solar En
ergy, Radioactivity, Electronics, etc. 
This research supplements other re
search carried on by Honeywell's sep
arate divisions, plays an important 
part in the company's development 
program. There's certainly plenty of 
opportunity for the imaginative 
scientist or engineer here." 

AERONAUTICAl DIVISION 
MINNEAPOLIS; lOS ANGELES; 

ST. PETERSBURG 

E. H. Olson, BA, 
U. of Minnesota, 1937 

Director of Aero Engineering 

"In the past six years our engineer
ing force has trebled through our 
expansion into such advanced fields 
as inertial guidance, jet engine con
trol, computers, fire control and 
bombing systems, fuel management, 
and precision gyros. We have devel
oped and produced more autopilots 
than any other manufacturer, and 
built the reference system for the 
Earth Satellite Rocket. The diver
sity and wide acceptance of our prod
ucts indicates the boundless oppor
tunities we have for engineers and 
scientists.'' 

ORDNANCE DDVDSDON 
MINNEAPOliS; SEATTLE; 

MONROVIA, CALIF. 

Clyde A. Parton, BSEE, 
U. of-Alabama, 1940 
Director of Ordnance 

"Here at Honeywell Ordnance we're 
putting all our experience and imag
ination into maintaining America's 
technological lead. We work in such 
new fields as infrared sensors, mis
siles, servo mechanisms, new types 
of turret control systems. We've de
veloped proximity and mechanical 
fuzes, antiaircraft fire control sys
tems, underwater warfare equipment 
and other products in widely diver
sified fields. Our more advanced 
products, naturally, are still classified, 
but they offer outstanding challenges 
and opportunities." 
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BOSTON DIVISION 

BOSTON, MASSACHUSETTS 

George]. Schwartz, MIT, '42 
Vice President 

and General Manager 

"Our Honeywell division is making 
the brains of automation. We turn 
out such small, but complex and 
important components as gyros, 
flight controls, servos, synchros, elec
tronic amplifiers and magnetic con
trols. Engineering projects now in 
progress point to many new prod
ucts and applications from our divi
sion, including development of new 
transistor applications. Opportuni
ties? They're here by the score." 

INDUSTRIAL INSTRUMENTS DIVISION 
PHILADELPHIA, PENNS VI. VANIA 

C. L. Peterson, BSEE, 
U. of California, 1924 

Vice President and Gen. Mgr. 

"No company in the fast growing in
strumentation field is growing faster 
than Honeywell's Industrial Instru
ments Division. There's practically 
no physical quantity under the sun 
that Honeywell instruments cannot 
measure, and, in most cases, control, 
from open hearth furnaces to com
plex processes still on the designer's 
boards. Finding new applications 
and designing the instruments, com
puters and read-out devices of to
morrow, offer you a fascinating 
present and an unlimited future." 
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MICRO SWITCH DIVISION 
FREEPORT, ILliNOIS 

R. W. Pashby, BSEE, 
U. of Illinois, 1932 

Director of Product Research 

"Products of our Micro Switch Di
vision help giant aircraft land safely, 
interlock machine tool operations, 
feed instructions into electronic com
puters. These are just a few of their 
applications-applications which are 
growing year after year. The devel
opment of these precision switches 
requires high engineering skill, puts a 
premium on your imagination, offers 
you tremendous opportunities for 
advancement and recognition." 

HEILAND DIVISION 
DENVER, COLORADO 

S. A. Keller, BS, 
U. of Pennsylvania, 1941 

General Manager 

"This division of Honeywell manu
factures two different classes of prod
ucts: Instruments and Photographic 
Equipment. Our recording oscillo
graphs-typified by the radically 
new 'Visicorder' -are used in a wide 
range of industrial, scientific, and 
military applications. Our famous 
'Strobonar' electronic flash equip
ment is used by 5 out of 6 news
papers and all important press serv
ices. The variety of products and 
markets of the Heiland Division 
promises an ever-expanding field that 
challenges young engineers." 

11 
RESIDENTIAL, RETAIL AND 

COMMERCIAL DIVISION 
MINNEAPOLIS, MINNESOTA 

H. T. Sparrow, BSEE, 
U. of Minnesota, 1930 

Director of Product Research 

"We specialize almost entirely in 
comfort control. Typical of the ad
vances our division has made re
cently is the Supervisory Data Center* 
which enables one man in one loca
tion to read and control the tempera
ture of every room in a large building. 
Our other new products include Air 
Blenders, Zone Control Systems, 
Electronic Air Cleaners and many 
more. Our business is a rewarding 
one for engineers ! '' 

This is Honeywell: more than 
12,000 highly engineered prod
ucts, 14 separate divisions, loca
tions sprinkled throughout this 
country and abroad, projects by 
the hundreds on the outposts of 
every major technological ad
vance. It's a land of opportunity 
for the engineering graduate. 
Want to learn more about it? 
Send for our free booklet, "Your 
Curve of Opportunity:· Write to: 

R. L. Michelson, Dept. TC29C 
Personnel Administrator 
Minneapolis-Honeywell Reg. Co. 
Minneapolis 8, Minnesota 

n yw II 

*Trademark 
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HE DISCOVERY and initial development of a new plastic 
material tough enough to replace metals in many ap
plications was recently announced by General Electric. 

Parts made from the new compound, Lexan polycarbon
ate resin are reportedly strong enough to withstand the 
blows of a carpenter's harnmer. Lexan molding compound 
will replace cast metals, ceramics and other plastic mate
rials in other applications. 

The new material offers an unusal combination of 
toughness, impact strength, heat resistance and dimen
sional stability. These properties make it promising for ap
plications not previously handled by conventional thermo
plastic materials. 

The new resin is now being made in lots of 1ninor pro
portions at the G.E. research laboratory at Pittsfield, and 
all available materials going to the test program. The poly
mer is being evaluated in the form of molding compound, 
extrusion compound, film, varnish and coatings. 

Favorable results of some or all of these evaluations, oc
cupied with our current process studies will provide need
ed information with regard to commercial marketing of 
the material. 

62 

Early studies indicate that Lexan can be made in a va
riety of transparent or opaque colors, with parts showing 
good surface hardness and gloss. Properties of it suggest 
its use in such applications as coil forms, decorative and 
functional appliance parts, gears, automotive parts, hous
ings, structural parts, handles, drawer rollers, electronic 
components, and telephone accessories. 

The excellent electrical characteristics, high thermal sta
bility, low water absorption, and high tensile strength of 
Lexan film make it suitable for use as an electrical insulat
ing material. 

Significantly, the original polycarbonate chemistry on 
which Lexan polymer is based grew out of research di
rected at new improved insulating materials. The affinity 
between electrical and chemical research has been demon
strated in many previous discoveries in the chemical field. 

Like polycarbonate resins, these products have braced a 
pattern of original scientific discovery leading to develop
ment and application in a wide variety of products, not 
always related to their originally intended use as electrical 
insulating materials. 

Continued on page 64 
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Melted, refined and pressed into literally hundreds 
of shapes and forms, glass today is one of mankind's 
most versatile materials. It is truly an outstanding 
symbol of progress in our era. 

Industry after industry has discovered that glass 
in addition to looking through, is mighty important 
looking into. 

And the Pittsburgh Plate Glass Company, a leader 
in the glass field, offers college graduates career 
opportunities equally worth looking into. 

From the research laboratories of this pioneer 
glass producer come new glass products for use in 
the automobile, electronic, aircraft and building 
industries, and in scores of other applications. Pitts-

burgh Plate needs college trained engineers and 
scientists . • • men capable of assuming responsi
bility, men capable of thinking both scientifically 
and creatively. In short, men who can meet the 
challenge of this modern, vibrant Era·of Glass. 

If you are interested in a career where your 
talents and initiative are recognized and will be 
utilized to the fullest, then look into your career 
possibilities with Pittsburgh Plate. You'll like, too, 
its well-rounded job benefit program. 

Contact your Placement Officer now or write to 
the Manager College Relations, Pittsburgh Plate 
Glass Company, One Gateway Center, Pittsburgh 
22, Pennsylvania. 

PAINTS • GlASS " CHEMICALS .. BRUSHES • PlASTmCS e FIBER GLASS 

OCTOBER 1957 63 



L'S R ER 
Continued from page 62 

Hot Lab Handy Men 

HE "ATOMIC AGE" has produced a nevv kind of handy 
man - the "hot lab" technician. 

He handles highly radioactive materials and his job 
is one that requires a great deal of skill and know-how. 
The term "technician" is somewhat of a misnomer for he 
may be a scientist with a doctor's degree, an engineer, or 
a skilled worker. 

This new atomic occupation is practiced by 40 men in 
a laboratory designed specially for study of materials that 
give off invisible and penetrating rays. 

Working with radioactive samples is a remote handling 
job. Men cannot touch the test pieces, and usually they 
have to operate testing equipment with remote controls or 
mechanical hands. At the same time, the man in the lab 
must be radiation conscious. 

Mr. Westphal, a physicist who received his nuclear train
ing at the University of Illinois, said the key factors in a 
hot lab operation are rigid procedures for handling radio
active materials safely and skilled technical people who 
have been trained to be radiation conscious. 

"Our procedures for handling these materials," the 
Westinghouse scientist said, "are based on one simple rule: 
everything in the lab is considered to be radioactive until 
it is proven safe by a radiation meter. That's why our peo
ple carry radiation detecting instruments and wear protec
tive clothing- head coverings, special coveralls, and plastic 
shoe coverings- whenever they go into an area that might 
contain radioactivity." 

It takes about six months to train a man to work in the 
hot lab. It takes that long for him to become adept with 
the mechanical hands that perform the experiments be
hind three-foot concrete walls. And, it takes a man that 
long to get used to the procedures for protecting himself 
against radiation. 

As a safety measure, the men in the hot lab always work 
in pairs when radioactive materials are being handled. 
One man always carries the radiation meter. In addition, 
every man in the lab wears a film badge and a dosimeter 
(a personal radiation monitoring device) as long as they 
are in the lab. Industrial hygiene specialists keep a close 
check on any radiation a worker might receive. 

Working conditions in a hot lab are complicated by the 
protecting construction of the facility. The Bettis Hot Lab, 
one of the busiest in the country, is a typical example. 
Three new test cells have been constructed to permit test
ing samples that emit up to 1,000,000 curies of radiation
that's the same activity you would get from a block of ra
dium that weighed 2500 pounds (usually radium is used 
in quantities that are a thousandth of one pound). 

The new test cells are made of a dense concrete that 
measures three feet thick. The one door into each cell is 
fabricated from heavy steel plate, 22 inches thick; and each 
door weighs over 12 tons. A technician or engine~r can 
watch an experiment in the cell through a glass window 
34 inches thick. 

Inside the cells, radioactive samples undergo numerous 
tests including those for hardness, impact strength, tensile 
strength and density. After results have been compiled, the 
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irradiated materials are shielded in special lead and con
crete containers, provided they are no longer useful for 
testing purposes, and disposed of according to AEC regu
lations. 

The lab operators have to be able to perform most c~m
mon scientific and engineering tests- and do them behind 
a three-foot wall. That's why working in the hot lab is 
developing a new kind of technical handy man. 

To Help 'Demistify' Inclusions 

EEKING perfection in the alloys they develop, metallur
gists dislike the tiny foreign bodies, called inclusions, 
that show up along grain boundaries or within a crys

tal itself. With all the painstaking care that is given to the 
preparation of alloys wit~ defi~i.te per:enta~e composi
tions, the source of these Impuntles or Inclusions has al
ways been difficult to run down. The size of the inclusion 
has been partly responsible since some of the smallest run 
between three and five mils in diameter. 

Using a commercially available instrument with a 
power-operated drill only one mil in diamet~r, m~tallur
gists are now able to remove samples of the 1n:luswn f~r 
analysis on their emission spectrograph. This analysis 
method burns the sample under high vo.ltage, which in 
turn, releases from the sample radiation, characteristics of 
the elements present within it. These characteristics are 
recorded on a film where they can be later picked off and 
converted into percentages of certain elements. 

If the inclusion is large enough and not too hard, the 
tiny microdrill can be driven directly into the material and 
the cuttings used for analysis. But if the inclusion is ex
tremely small or intensely hard, then it becomes a matter 
of drilling a series of holes around the inclusion and actu
ally lifting it out of its surroundings in the base metal. 

So far, the process has proved quite valuable. For ex
ample, black inclusions were appearing in the welds of sil
ver plated bus bars. When no metallic eleme~ts wer~ 
found after analyzing a sample of the black matenal, engi
neers concluded that the material must be carbon. Check
ing back on the manufacturing process, they found that 
the bars were coated with wax, and during the welding 
process, the material sputtered out leaving deposits of car
bon in the weld. Specifications now require the bars to be 
degreased before the welding procedure in order to insure 
better electrical conductivity and avoid stresses and cracks 
in the welds. 

In another welding operation, spectrographic results of 
microdrill filings showed the inclusion consisted of major 
iron and minor manganese concentrations. With defi.nite 
elements to track down, engineers concluded that particles 
came from grinding wheels used in finishing the surfaces 
for welding and took measures to eliminate this contami
nation. Again the elimination of these inclusions prevent
ed stresses and cracks in the weld. 

New 'Test Loops' Aid Atomic Studies 

o HELP SPEED the development of peacetime atomic 
power, Westinghouse Electric Corporation engineers 
have placed into operation two new experimental 

Continued on page 66 
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atomic "test loops." The test loops will aid in the develop
ment and application of new "q.tomic" materials and sup
ply information to guide the design and manufacture of 
atomic power equipment. 

Each of the test loops consists of a system of stainless 
steel pipes containing a fluid which can be pumped past 
test specimens placed inside the system. Chemicals added 
to the fluid vary its corrosive effect on the specimens under 
test. The temperature, pressure and velocity of flow of the 
fluid are closely controlled. 

The main function of these new loops will be to study 
the corrosive effects of hot, pressurized fluids on the struc
tural materials in nuclear power plants. They will be de
voted to such specialized tasks as developing and testing 
corrosion inhibitors, corrosion resistant alloys and corro
sion resistant joints in structural materials. 

"Corrosion is a major materials' problem which has 
been intensified by the advent of atomic power." "The 
new equipment will be a major asset in helping solve 
many of the problems it presents." 

"The loops were designed to operate at pressures up to 
2000 pounds per square inch and temperatures as high as 
600 degrees Fahrenheit." These conditions, which are sim
ilar to those existing in actual atomic power plants, are 
maintained by a thermal pressurizer and external heaters. 

The fluid in the loops is circulated by a "canned-motor" 
pump inserted directly into the system. Before the fluid is 
admitted to the loops it is purified and degassed in a spe
cial purification system. A small amount of the fluid is con
tinuously diverted from the loop and circulated through 
a deionizing loop which removes the corrosion products 
from the fluid and provides for sampling and tests of pur
ity. Pressure, temperature and fluid flow are accurately and 
automatically controlled in the loop during its operation. 

Each loop has two identical test sections which hold the 
specimens to be exposed to the fluid. Each section is 
equipped to handle up to 105 specimens at a time, and are 
so arranged that one can be shut down for removal of the 
specimens without stopping tests in the other. The result 
is a flexible test loop of large capacity, and one which is 
especially adapted to the precise, closely controlled experi
ments required for a broader understanding of the whole 
problem of corrosion in atomic power equipment. 

Development of Better Magnetic Materials 

I
N "GRAIN-ORIENTED" metal sheets, individual crystallites 
or grains are lined up such that magnetic flux has an 
easy path of travel along a given sheet direction. De

velopment of these "grain-oriented" materials requires 
knowledge of the types and distributions of grain orienta
tions at different stages of processing. A technique recently 
developed by metallurgists in the Westinghouse ·Materials 
Engineering Department makes use of both etch pits and 
domain patterns to supply this type of information. 

Etch pits are produced by special etchants that attack a 
polished sheet surface locally to reveal planes parallel to 
the faces of the unit cube of atoms that make up the 
grains. The angles these faces make with the surface in a 
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given grain, then, determine the alignment or orientation 
of that particular grain. 

Domain patterns, in turn, are obtained by applying a 
thin layer of colloidal suspension of magnetite particles to 
a polished surface. Each individaul grain is made up of do
mains, or regions that are magnetized differently from each 
other. Where domains meet, free magnetic poles are cre
ated at the surface and collect the magnetite particles, thus 
outlining the domains. The exact pattern produced again 
depends on the angle of intersection of the surface with 
the unit structural cell, and thus the domain patterns also 
serve to reveal the grain orientations. 

The etch-pit and domain-pattern techniques, used to
gether, enable an observer to quickly determine: how 
much of a given grain orientation is present; how neigh
boring grains are oriented with respect to each other; how 
different orientations are partitioned between grains of dif
ferent sizes; and how much individual grains deviate from 
a given orientation. 

These techniques thus provide an important tool in the 
development of better magnetic materials. 

A Multi-Track Radar System 

RADAR track-while-scan system, which automatically 
tracks up to 72 targets in three dimensions, has been 
developed by the vVestinghouse Electric Corpora

tion's electronic division. This is a hybrid digital-analog 
system in which error sensing is a completely analog 
function accomplished under the control of digital com
puter which computes, controls and displays information 
on all 72 tracks. The result is a reduction of equipment 
required and an increase in accuracy of track over ranges 
considerably in excess of other types of tracking systems 
currently undergoing test. 

Unique in the industry is the incorporation of three
dimensional information in the track-while-scan system, 
directly from a single radar source. In addition, individual 
monitors for each track are provided, and automatic track 
fault alarms permitting one operator to successfully mon
itor 12 tracks. 
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mounting for the drum axle 
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-free rolling, longer life, less 
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nescent panels on the ceiling and 
three walls. These panels were one
foot-square flat glass plates about 
as thick as a window pane and coated 
with a plastic containing the phos
phor. They were topped off by an 
aluminum conducting coating. 
Hooked up to a source of power, 
these plates had a brightness of 100 
foot lamberts in their present stage 
of development. 

Since some phosphors have more 
than one emission band, the color 
and brightness of electroluminescent 
lighting can be· changed by varying 
the frequency. It is possible to con
trol the color of a room, and bright
ness too, simply by twisting a knob. 
Besides supplying ordinary light, 
this new light source has other fas
cinating possibilities. Just one is 
"picture framing" television. An 
electroluminescent cell might replace 
the conventional cathode-ray tube 
in such a set. 

Westinghouse engineers, under the 
supervision of E. G. F. Arnott 
(Princeton '28), developed electro-

"Glowing wafer" of light (eledroiuminescence) sheds illumination on the faces of 
three Westinghouse scientists who helped to develop it. Left to right: Dr. Willi 
Lehmann (University of Brunswick, Germany); Dr. Henry f. lvey (University of Georgia, 
Massachusetts Institute of Technology); and R. W. Wollentin (Rutgers University). 
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Dimension 

A new source of light is nearing 
practicality. Called electrolumines
cence, it comes from a flat surface. 
By the twist of a knob, you can 
change the brightness, or even the 
color, of a room. 

Since electric lighting first became 
practical, only three basically dif
ferent light sources have achieved 
widespread use-incandescent, fluo
rescent, and gas-discharge lamps. 
Now a fourth basic type-electro
luminescence-is nearing practical
ity. With fewer theoretical limita
tions than any of its predecessors, 
it promises to revolutionize lighting 

and become a practical light source 
of the future. 

In an incandescent lamp, light 
comes from a single point. In a 
fluorescent lamp (form of gas
discharge), light comes from a 
straight line. In electroluminescence, 
light comes from an area or flat sur
face. Electroluminescence is light 
emission from phosphor powders em
bedded in an insulator, excited by 
an a-c field. 

Westinghouse engineers gave the 
first practical demonstration of this 
new light source. They lighted an 
entire room with flat electrolumi-

luminescent lighting under the name 
of "Rayescent" lighting. Westing
house approached the problem, not 
as a commercial venture, but as a 
pure research project. Much work 
remains to be done in this field. It is 
typical of the pioneering develop
ments undertaken by Westinghouse. 

Challenging opportunities for the 
graduate engineer exist in many fields 
... including: 
ATOMIC POWER 
AUTOMATION 
JET-AGE METALS 
LARGE POWER 

EQUIPMENT 

RADAR 
SEMICONDUCTORS 
ELECTRONICS 
CHEMISTRY 

... and dozens of others. 

r----------------------------
Please send me more information on 

0 Rayescent lighting 
0 Job opportunities at Westinghouse 

Name'----------------------------------------------
Addres;s...----------------------
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Mail to Mr. J. H. Savage, Westinghouse Electric Corp., P.O. Box 
2278, Pittsburgh 30, Pa. 
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seemed to be carrying a heavy electric charge and when 
touched by the hand decomposed instantly so that any 
chemical analysis was impossible. It remains to this day 
unexplained. 

There appear to be two distinct types of individuals 
when it comes to saucers- those who believe in them and 
those who don't. A distressing situation is that so many top 
notch scientists have come out emphatically that they do 
not exist. This is despite rather strong evidence that they 
do. Many of the sightings have been made by competent 
observers who were neither mad nor intoxicated. Many 
sightings have consequently been kept hushed up by the 
observers who feared public ridicule if they told what 
they saw. 

On the other hand, the believers are often so wound up 
in their enthusiasm that everything with its feet above the 
ground is automatically termed a flying saucer. There are 
also the hoaxters and crackpots who are continually seeing 
things. All this goes toward complicating the job of filter
ing and analyzing the facts in the case. The most extreme 
of these saucer savants is the group which claims contact 
with saucer men. These are, for the most part, individuals 
with no specific training or education. They are, it seems, 
more likely to be coal miners than physicists. It seems in
credible that the super intelluctuals of another race should 
waste their time talking to peons when they could talk, 
with a little effort, to the best scientists in the world. 

It is amusing to read a book on the subject of saucers in 
which the author asserts in one place that the reason the 
saucer doesn't speak or communicate with us is because of 
our native stupidity, and in another section that three 
spacemen landed and held conference with a sheepherder 
deep in the heart of the Gobi desert. What the reason is for 
the continual coming of the saucers is difficult to find. 
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Some authorities maintain that they are watching us in our 
development and plan to curb our efforts if we make too 
much headway too rapidly. Others maintain that we ap
pear to them as a curious race, somewhat as the anim,als in 
the zoo appear to the ordinary suburbanite. However, it 
would seem that whatever the motives of the visitors from 
space, they are not belligerent. If they planned to inter
fere with our planet's life, it seems that they would have 
done so long ago. Another school of thought maintains 
that perhaps the saucer people made terrific progress in the 
area of electromagnetism and gravitational energy but that 
they remained comparatively ignorant about other fields 
and that we actually surpass them in other fields. In observ
ing formations of saucers, several maneuvers were noted by 
different observers which indicated intelligent error. This 
would indicate that they are not invulnerable, as well as 
that the particular craft were manned rather than remotely 
controlled. They may feel that earthmen with the combina
tion of flying discs and thermonuclear energy may be a 
potential threat to their own survival. It may be that they 
have been interested in us for reasons other than technical. 
Perhaps Earth has been the subject of a cosmic experiment 
giving some other race the data necessary for building a 
social system which will not collapse from time to time in 
chaos and anarchy and war. 

One of the main questions with regard to the saucers is 
"Where do they come from?" Some would have them com
ing from distant stars and even outlying galaxies. It would 
seem to the casual observer, however, that the farther these 
hypothetical visitors from space were from their home base, 
the less should be their interest in us. The earth has seem
ingly been visited for hundreds and possibly even thou
sands of years by these saucers from elsewhere. The billions 
of dollars our government is spending for development of 
intercontinental missiles would seem to be enough evi
dence in itseH that they are not terrestrial objects. Also the 

Continued on page 72 
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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 
2000 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. 
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IN THESE FIELDS NOW 

OCTOBER 1957 

J IMPORTANT DEVELOPMENTS AT JPL 

Weapons Systems Responsibility 
In the development of guided missile 

systems, the Jet Propulsion laboratory 
maintains a complete and broad respon· 
sibility. From the earliest conception to 
production engineering-from research 
and development in electronics, guidance, 
aerodynamics, structures and propulsion, 
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 . 

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 JP~. 
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. 

. 

. . 

SYSTEMS ANAlYSIS • INERTIAL GUIDANCE • COMPUTER EQUIPMENT 
INSTRUMENTATION • TELEMETERING • FLUID MECHANICS 

HEAT TRANSFER • AERODYNAMICS • APPLIED PHYSICS • PROPELLANTS 
MATERIALS RESEARCH 

JET PROPULSION LABORATORY 
A DIVISION OF CALIFORNIA INSTITUTE Of TECHNOLOGY 

PASADENA • CALIFORNIA 
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evidence that they have been coming for centuries seems 
to contradict a terrestrial origin. In 194 7 or thereabouts, 
when reports started coming in large numbers, the U. S. 
was the only nation sufficiently advanced technologically 
to even be a suspect for the origin of the UFO's. Soviet 
Technology was largely destroyed due to Nazi bombing. 
England and France were largely bombed out. The United 
States and the Soviet Union split up most of the German 
scientific work and there seems to be nothing in their find
ings which would suggest German work along these lines. 
Such men as Oberth and Von Braun have come out for the 
Non-Terrestrial origin hypothesis and indeed it seems to 
be the only one possible under the accumulating evidence. 
Their obviously strong interest in us might indicate that 
their base of operations is closer to us than even one of the 
nearer stars. In other words, it would see1n that it is likely 
that they are from one of the planets of the solar system. 
If they are not from one of the neighboring planets, then 
it would seem reasonable that they should use one of the 
neighboring planets as a base of operations. 

Recent observations of Mars, some of them dating back 
to just before \1\Torld War II, by Japanese astronomers, 
have revealed a new type of occurance on the Red Planet. 
The occurance is known as the "Flare Phenomenon." From 
time to time, it appears, an explosion or eruption occurs 
on the surface of Mars. This is followed by a tremendous 
dust cloud and with the flare is observed an attendant 
change in the structure of the canals of Mars. It has been 
recently advanced, that the Red Planet is not in fact a dy
ing planet as has been heretofore believed, but that vol
canic activity still can and· in fact does take place. How
ever, the Vesuvius eruption on the earth's surface, in which 
Pompey was destroyed, would have appeared to a l\1artian 
as a 15th magnitude star. The Martian phenomenon lights 
up to about fifth magnitude brightness. It is interesting to 
note that saucer activity has been at its peak during the 
periods of opposition of Mars and Earth. Another phenom
enon of interest with regard to Mars is a W shaped cloud 
which appeared after one of the fiareups on Mars. Clouds 
over the planet Mars usually shift quite rapidly, this one 
remained stationary for several days. It would seem, in 
view of this data that thermonuclear explosions are taking 
place from time to time on Mars. This is the only plausible 
explanation for the Flare Phenomenon. The brightness of 
the flares corresponds roughly to our own hydrogen bomb 
blasts. Also the changes in canal structure would indicate 
that they are being used for blasting irrigation ditches. 
The Flare Phenomenon was observed last in 1956 and 
it was noted that the :Martian ice caps melted several 
months earlier than usual. 

Somewhere in the undetailed annals of history a planet 
made its periodic way around the sun in that broad belt of 
space between l\1ars and Jupiter. Today that span of space 
is populated only by bits of transient rock known as the 
Asteroids. Where once a colossal planet made its way there 
is nothing now, but that tragic saga is told in the signs of 
the changes which it wrought. The earth today has its larg
est coal deposits in such places as Alaska and Antarctica. 
This means that it was at some undefined time, the earth 
rotated through 90 degrees, the direction of its axis remain
ing constant. The Axis of Uranius lies in the ecliptic, the 
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plane in which the sun and all the planets are approxi
mately located, and points toward the sun. Several of the 
moons of Jupiter revolve in the wrong direction. All of this 
adds up to indicate that at some point in the past, the solar 
system was thrown into a state of disequilibrium. Thou
sands of years were evidently required for it to regain sta
bility. The foremost question occurring with regard to the 
hypothetical destruction of Ceres {the planet formerly be
lieved to be between Jupiter and Mars) is: What happened 
to it? If it is assumed that the planet did not undergo spon
taneous disintegration, two possibilities exist. Either it was 
hit by a tremendous body moving at high velocity or else 
there were intelligent beings on the planet which destroyed 
themselves and the planet along with them. If it could be 
supposed that the development of nothing more than rock
ets capable of interplanetary travel preceded the splitting 
of the atom, then it would seem possible that there was 
time for the escape of several vehicles for other planets be
tween the time an uncontrollable chain reaction was set off 
and the time the planet was consumed. Likewise, if the 
planet possessed rockets or means of escape and saw an 
inert body heading dead center for itself the chances are 
that all who could would try to escape to other planets. 
Postulating that there were opposing factions warring it fol
lows that if they did not have nuclear energy but did pos
sess guided missiles, they were not too far off frmn the 
splitting of the atom. If someone picked the wrong atom 
to split, the result would have been a chain reaction de
stroying the entire planet. If, for the sake of pure hypoth
esis, in the spirit of the science fictionalist, one supposed 
that several ships did take off and headed for other planets 
where would his reasoning leave him? If one ship landed 
on Earth and another on Mars what would have been their 
relative chances of survival? Consider that the escapees 
would have been at the same period of development, tech
nologically, that we are at today. We know virtually noth
ing about any of our nearest neighbors in space. Yet, 
spurred by necessity we could probably, in a surge of des
peration, reach one of them. If in fact this did occur, and 
the Cerians landed on Mars and Earth respectively, in 
chemically powered craft, intelligent life on Earth should 
not be too different from that on Mars. But the question 
is how would the two groups have fared. In the first place, 
the best trained group, the best scientists, etc., would prob
ably have preferred to go to l\1ars due to its proximity and 
possibly also because of a somewhat greater knowledge of 
it than of the Earth. Assuming Mars cooled faster than 
Earth, because it is farther out from the sun, its climate 
would not have been as different from Cere's as was 
Earth's. Probably a greater amount, if not all, of the energy 
of the group landing on Earth would have been required 
of the group landing on Earth. The new Earthmen would 
have found themselves on one side surrounded by blazing 
volcanoes and on the other by impending glaciers. In ad
dition strange and violent animals would have greeted 
their coming. How would they know which were fit for 
food and which were not? How much was the danger of 
the-terrible lizards which thundered across the plains? It 
would seem that under such conditions the hull of the 
rocket would have to be abandoned and the recent inhabi
tants of it would have to go to work and spend all their 
time just trying to scavange enough to continue to exist. 
Thus all science and technology would be abandoned at 

Continued on page 7 4 

MINNESOTA TECHNOLOG 



OCTOBER 1957 

How to make the most 
of your engineering career 
ONE OF A SERIES 

go where 
engineers can study 

for advancement If you're interested in really 
getting to the top, you should 

have an opportunity-while on the job-to 

take advanced engineering or science courses. 

This means you'll reach your career goal 

faster with a company like Boeing, which 

not only permits, but actively encourages, 

graduate study. At Boeing, you can arrange 

your full-pay work schedule to fit your 

graduate study schedule. Boeing pays all 

tuition costs, plus an additional sum 

based on earned credit hours of study. 

You'll feel at home at Boeing, for here you'll 

find graduates of virtually every school, 

including yours. You'll work with them on 

advanced projects in the expanding, limitless 

field of supersonic flight, jet-powered civil and 

military aviation, gas turbine engines, and a 

supersonic guided missile weapon system. 

At Boeing, starting salaries are high. Rapid 

company growth assures opportunities for 

advancement and long-range career stability. 

You'll live in wide-awake, youthful 

communities, and enjoy the security of 

liberal retirement plans. Boeing pays moving 

costs, helps you get settled, and backs you 

up with an array of research and test 

laboratories unequalled in the industry. 

NOW is the time to start planning ahead. 

Consult your Placement Office, or write: 

JOHN C. SANDERS, 
Staff Engineer, Personnel Administrator, 
Boeing Airplane Co., Seattle 24, Washington 

R. J. B. HOFFMAN, 
Chief of Engineering Personnel, 
Boeing Airplane Co., Wichita 1, Kansas 

Aviation leadership since 1916 

Seattle, Washington Wichita, Kansas Melbourne, florida 

73 



for America's finest 
Graduate Engineers 

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 

These interesting assignments at 
Federal Telecommunication Laborato
ries offer unlimited opportunities to 
outstanding ability ... under FTL's 
"small-company" project system and 
continuing program of expansion. 

FTL is a top spot to launch and con
tinue your career ... congenial, inspir
ing, with finest facilities, dynamic lead
ership .•. only minutes from New York 
City's wealth of advantages. 

Get the full FTL-IT&T story before 
you make the "big decision., 

Opportunities for relaxed living and career .. 
building also at FU's West Coast l.abora• 
tories: San fernando, Cal., 15151 Bledsoe 
St.-openings in Digital Computers, Inertial 
!Navigation Systems and Infra Red Systems. 
Palo Alto, Cal., 931 Commercial St.-open .. 
hags in Carrier Systems. 
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the onset, and the human thirst for 
knowledge would be postponed until 
some future date. 

The new inhabitants of Mars would 
have fared somewhat differently. The 
climate ol lVIars at the pediod of the 
hypothetical landing was perhaps not 
too different from that of Earth at 
present. At least it seems reasonable 
to believe that it was intermediate 
between that of Earth and Mars today. 
Under conditions which would not 
haye been too severe it is possible that 
they were able to survive without nec
essarily giving up all of their science. 

All of the preceding dialogue on 
Ceres is purely conjecture. vVhether 
it is even fit food for though is prob
lematical. It has been advanced as a 
possibility by different writers from 
time to time. Whether there is basis 
for any truth in the hypothesis is im
possible to say. And if there is, so 
what? If in fact the Martians are simi
lar to us and are the visitors in the 
saucers, what then? The only sure 
thing about the saucers and the entire 
series of events surrounding them is 
that many people have seen some
thing, and many of them were quali
fied observers. What they say they saw 
is hard to accept and even harder to 
explain. Our experience with the 
physical and social world tells us that 
there is an explanation, hut what is 
it? 

(Convenient Complaint Form) 

am (outraged __ horrified __ 
aghast ___ ) at one of the (jokes __ 
cartoons___ articles __ ) in your 
magazine which (hinted __ had direct 
reference to ___ ) s-x1 which I believe 
cannot give rise to humorous situations 
since I have always been taught it is dirty 
and something to be ashamed of and 
denied. 

Further/ I am (outraged __ horri
fied __ aghast __ ._) at a (picture 
__ pictures __ ) of a young lady 
who does not seem to be ashamed of her 
body as I think she should be. 

A member of The Skin-Hating (Sisters 
__ Brothers __ ) of the International 
Conference of Blue-Nosed Prudes. 

Signed _______ _ 

Instruction: Check appropriate spaces, 
send to Technolog marked: 11Care of dr-

East Coast Laboratory and Microwave Tower cular file." 
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Why Vought Projects 
Bring Out The Best 

In An Engineer 
At Vought, the engineer doesn't often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it's no wonder. 

For here the engineer contributes to 
history-making projects- among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1,500-plus
mph fighter, details of which are still 
classified. 

The Vought engineer watches such 
weapons take shape. He supervises 
critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share 
these experiences. Today, for exam
ple, Vought is at work on important 
projects involving: 

electronics design and manufacture 

inertial navigation 

investigation of advanced propulsion 
methods 

Mach 5 configurations 

Vought's excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 

*** Would you like to know what men 
with your training are doing at 
Vought ... what you can expect of a 
Vought career? 

For full information, see our repre
sentative during his next campus visit. 

*** 
Or write directly to: 

C. A. Besio 
Supervisor, Engineering Personnel 

Dept. CM-1 

INCORPORATED DAI.LA9. TEXAS 
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During the Vought Crusader's N .A.A. record
breaking flight across the continent, fuel management 
was a vital factor. But it wasn't the constant worry it 
might have been. Fred Alvis had seen to that, beginning 
four years ago. 

When: the Crusader project was formed, Fred was 
just a few years out of Alabama Poly. His was still a 
new face. Mighty new, Fred would have agreed when 
he was tapped to develop the functional design of the 
Crusader fuel system. 

Navy specs told Fred his system should be reliable 
and very lightweight. Pilots, too, gave him a special 
request. In the ready room near the flight line they 
described the constant in-flight attention required by 
complex fuel systems. "Can you fix it so we can forget 
fuel for a minute?" they asked the young designer. "Can 
you cut down on those switches?" 

Fred went aU-out for simplicity, plunging into a 
three-month whirl of schematics. He was encouraged by 
close design group assistance in studies and layouts. 
Soon he was making procurement selections and writing 
functional reports. Then, with the fuel system mockup, 
Fred unveiled what he'd done. 

It was a showpiece of simplicity. Absent was the 
usual complex CG control system. Fred had bypassed 
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the problem entirely by canny choosing of fuel cell loca
tions and fuel line sizings. Absent, too, was an emergency 
system- together with the need for it! There was a 
unique air transfer system for moving fuel from the 
Crusader wing tank to the main sump, plus some freshly 
conceived lesser features. 

As mockup and flight tests proved, Fred's ideas 
more than met weight and reliability requirements. And, 
as pilots were shown, all simplification features led 
directly to the cockpit. There Fred had won his war 
against switches. 

Only one had survived. 

At Vought, the invitation to find a :fresh 
approach is extended to every engineer. 
Here, in groups that coordinate :for 
mutual progress, and in test :facilities 
that can evaluate the' most advanced pro
posals, ideas receive the attention they 
deserve. 
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... on science and impossihility 

··scientific knowledge is derived from observations of 

the world. Our imaginations, however, are not hounded 

hy this constraint,....,we can easily imagine physical non

sense. Not everything is possible. We sometimes get the 

opposite impression because new scientific discoveries 

force us to modify an old theory, and give rise to new 

and unexpected possibilities. But the point is that the 

old theory was verified for some class of physical phe

nomena. and a domain of validity was established. The 

new theory. however radically it may differ from the old 

one in its conceptual basis, must always agree with the 

old theory in the predictions it makes for that class of 

phenomena. Despite the greater generality of quantum 

mechanics, Newton's laws still apply to macroscopic 

objects. Parity is still conserved for the strong inter

actions. The old impossibilities still remain. Within the 

limits defined by the impossibilities, there is plenty of 

room for man's inventiveness to operate. In fact, the game 

is even more challenging that way." 

.-Richard Latter, Head of the Physics 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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G G e where you can design, build, 

research or sell products like these 
• ••• an row with ro t ustr1es 

Circuit Breakers 

..... -........... ~ ............ - ............ --, 
Opportunities 
in these fie Ids 

Thermodynamics 
Acoustics 
System Analysis 

(Electrical and 
Mechanical) 

Stress Analysis 
Hydraulics 
Electronics 
Process Engineering 
Mechanical Design 
Structural Design 

I 
I 

Cement-Making Equipment Metallurgy 

Nucleonics 
High Voltage Phenomenon 
Analog and Digital Computers 

Fluid Dynamics ~ 
Basic Research 1 

I ____ ,_..l 

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: 

e Find the type of work he likes best 
e Develop engineering skill 
e 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 • 
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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. 
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PALOMAR 
Continued from page 35 

to the top of the lower section of the building. The dome 
turns on 123 wheels that run on this track. Although the 
dome weighs 1,000 tons, it is easily turned by four five
horsepower motors. As the dome turns, so rnust the slit; 
thus, after one revolution the entire sky has been scanned. 

The dome and circular wall on which it rests are the 
two components of the observatory building. From a 
distance the building is said to resemble a warrior's helmet 
lying on the ground. Even from 50 miles away the observa
tory forms a prominent landmark. 

\ 

Fig. 1. Cross section of Mt. Palomar 

The building proper has three floors: ground, mezzine, 
and observation. The ground floor consists of office, dark
rooms, a library, and miscellaneous equipment. The 
mezzine is mainly for the tourist's benefit. It offers dis
plays and literature concerning the observatory, a visitor's 
guide service, and other utilities for public benefit. The 
observation room contains the telescope and all equip
ment controlling its motion and motion of the dome. At 
the head of a stairway leading from the mezzine to the 
observation room is a glassed-in area. The glass permits 
the public to see the telescope without transferring their 
body heat into the observation room. The necessity of 
the glass will be explained later. 

Because Palomar is so isolated from civilization, it 
would be impractical to string power and telephone lines 
to the observatory. Therefore the observatory has its own 
power plant, consisting of three large generators. It also 
has a short-wave radiotelephone communication system. 

The telescope itself is basicly a giant mirror. The ter
restrial telescopes, with which most people are familiar 
are constructed much differently than the cellestrial tele
scopes used for astronomical observations. Most land 
telescopes consist of one or more large lenses located at 
one end of a long tube with a small eyepiece at the other 
end (Fig. 3,A). The larger cellestrial telescopes, however, 
have a concave, spherical shaped mirror located in the 
bottom of a long tube (Fig. 3, B). Light entering the tube 
travels to the bottom, hits the mirror and is reflected back 
in a focussed beam. Usually, this beam is bent outside of 
the tube to the eyepiece by a small plain mirror or by a 
prism (Fig. 3,B). Sometimes it is passed back through a 
hole cut in the center of the mirror (Fig. 3,C). In the 
case of the 200 in. Palomar telescope, the beam is left 
undeviated arid is therefore focussed in the center of the 
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tube (Fig. 3,D). Observers crawl inside the tube and view 
the light at the prime focus. It is possible to do this because 
of the larg·eness of the mirror. A man's body inside the tube 
cuts off a negligible amount of light. 

When the 200 in. mirror was first proposed, many 
engineers doubted its possibility. Some said that a piece 
of glass that large could never be successfully cast. Others 
said that it would be so heavy it would sag under its own 
weight. To better realize just how large a 200 in. disc is, 
think of it as being 17 ft. across. It is large enough to 
place a two car g·arage on. A glass disc of this size would 
have to be ·30 in. thick in order to have sufficient strength. 
It would weigh over 30 tons. 

After General Electric failed in one attempt to cast 
the disc, the Corning Glass Works of New York was 
commissioned to do the job. Their first problem was to 
find a glass with the smallest possible coefficient of expan
sion. 3 A disc 17 ft. across and 30 in. thick is so large that 
the slightest change in temperature will expand or contract 
it a critical amount. It is because of this that the super
insulation of the observatory building and the glassed-in 
area of the observation room are necessary. A slight change 
of temperature in the finished mirror would change its 
focal length, thus throwing all adjustments out of line. 
The glass decided upon was Pyrex. 

Before proceeding, Corning Glass Works had. to find 
a way to reduce the weight of the glass without reducing its 
rigidity. The company engineers went to work and found 
a way to do it. Instead of casting one large, solid disc, a 
thin disc was cast over a series of glass ribs or cores (Fig. 4). 

Fig. 2. The observatory building 

The ribs, which form a pattern similar to that of a waffle 
iron, provided a rigid support for the thinner disc and 
reduced the total weight by ten tons. 

On l\farch 2, 1934, a 200 in. disc was attempted. It 
proved defective. In December, a second and perfect disc 
was cast. The next problem was that of annealing the 
disc. It required 10 months to cool the disc to room 
temperature. Every 24 hours the temperature of the disc 
was lowered 1/10 of a degree. Upon completion, the 
engineers found the disc to be as perfect as human skill 
and meticulous care could make it. 

The next difficulty to overcome was transportation. 
The Corning Glass Works is located in New York, the 
observatory in California. In preparation for the trip, the 
disc was insured for $100,000 by Lloyds of London. It 
was then crated and loaded on a low-built railroad car. 

Continued on page 80 
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and you put Synthane Ia inated plastics to 

Automatic Circuit Redoser Parts made from Syn
thane sheet and tube provide insulation for high 
voltages. 

Think of the many conveniences avail
able simply by plugging into an electrical 
outlet. 

On both sides of the outlet Synthane 
laminated plastics are at work in power 
generation and distribution, home appli
ances and other electrical equipment. 

You find Synthane laminated plastics 
in circuit breakers, buss bar coverings, 
transformers. Synthane laminated plas
tics are important insulators in toasters, 
ranges, food mixers. Synthane is at work 
in thermostats, voltage regulators, 
power tools. 

Synthane is valued in electrical appli-

DIElECTRIC STRENGTH IMPACT STRENGTH 

cations chiefly for its high dielectric 
strength, low moisture absorption and 
low dissipation factor plus its additional 
properties of dimensional stability, ma
chinability and mechanical strength. 
Synthane is available in over 30 standard 
grades in sheet, rods, tubes or you can 
avail yourself of our complete fabricating 
services. 

For more information about the many 
properties of Synthane and how you can 
benefit by using Synthane materials and 
fabricating services, write for our product 
catalog. Synthane Corporation,13River 
Road, Oaks, Pennsylvania. 

HEAT RESISTANCE LIGHT WEIGHT 

• •• industry's unseen essential 

SYNTHANE CORPORATION, 13 RIVER ROAD, OAKS, PA. 
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PALOMAR 
Continued from page 78 

A special train was scheduled for the transcontinental 
journey. By avoiding low tunnels and never exceeding 
25 mph., the train succeeded in reaching Pasadena, Cali
fornia, with its cargo intact. The trip took 16 days. 

The disc received in Pasadena was merely a parallel 
sided, 20 ton chunk of glass. lt would not attain its 
$600,000 value until 5 tons of glass was removed from 
one of its surfaces. The glass had to be removed in a very 
precise way. A spherical hollow, with a radius of curva
ture that could not vary from perfect by more than a 
millionth of an inch, had to be formed in the disc. The 
method of removing the glass is called the grinding proc
ess. Grinding a spherical hollow in any glass disc is done 
by taking another similar disc, called the grinding tool, 
placing it over the disc to be hollowed and then stroking 
it back and forth. Carborundum, a course abrasive, is 
placed between the disc and both surfaces are wetted. 
The discs are gradually rotated about their centers. Soon 
a spherical hollow forms in the lower disc. 

To grind the Palomar disc, a special machine was built. 
The 200 in. disc rested on a revolving table. Over this 
the grinding· tool was placed. The table was graduaJly 
rotated as the grinding tool stroked back and forth over 
the 200 in. disc. Finer and finer grades of carborundum 
were fed between the surfaces until a satin smooth sur
face developed. This process had to be carried out very 
slowly because, due to the large mass involved, the disc 
readily becomes hot from friction. It took 4 years to 
form the necessary spherical hollow. 

The disc now had to be polished to a mirror-like finish. 
To do this a process called polishing was employed. It 
is the same as grinding except the grinding tool is re
placed by small squares of pitch, evenly spaced across 
the disc, and the carborundum is replaced by jeweler's 
rouge. It took 11 years to polish the disc, but the result 
is probably the finest surface in the world. 

The 200 in. glass disc was now ready to be changed 
into a mirror. By depositing a one millionth of an inch 
thick layer of aluminum on the surface of the glass, the 
disc was transformed into a useful instrument. On older 
mirrors, silver was used to make their surfaces reflective. 
Today, aluminum is used because it has proved superior. 
Aluminum retains its reflective power indefinitely while 

6.Cel/11!slr;•l 
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Fig. 3 
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silver lasts only 6 months. After aluminization, the mirror 
was trucked 124 mi. to the observatory building. The 
country held its breath while three trucks in tandum 
nudged it up mountain grades. Today the Palomar ob
servatory standing on top of Mt. Palomar, is a fascinating 
monument to the engineering ability· and ingenuity of 
the men dedicated to their profession. 

Fig. 4. The mirror 

When viewing a star through a telescope, one must 
continue turning the telescope to follow the star throttgh 
the sky. The apparent motion of the star is caused by t~1e 
earth's rotation. In order to turn the telescope, special 
mountings must be used. These mountings must allow 
the telescope to Swing in any direction. The mounting 
at Mount Palomar consist of three parts: the pedestals 
(Fig. 5,A), the yoke (Fig. 5,B), and the tube (Fig. 5,C/. 

The pedestals are two blocks of steel and concrete, 
each weighing 75 tons. They form the base of the mount
ing. The moving parts of the mounting, the yoke and the 
tube, rest on the pedestals. 

The yoke consists of two huge steel tubes, the cross
piece, and a large horseshoe-shaped structure. The tube~ 
connect the horseshoe with the crosspiece. The assembled 
yoke tis 60 ft. long, 50 ft. wide, and weighs 300 tons. The 
yok,e rests directly on the pedestals. Its purpose is to 
support the tube and enable it to turn in an east, west 
direction. 

The tube is an open steel framework 60 ft. long and 
22 ft. wide. Its 125 tons are supported by the yoke. The 
purpose of the tube is to support the mirror which rests 
at the bottom end. Building the tube and other mounting 
parts took the combined efforts of a shipbuilding company, 
a locomotive works, and a company that constructs bridg~s. 
Some of the oversized tools that were used to co,nstruct 
Boulder Dam were also necessary. The finished tube had 
to be brought through the Panama Canal because no rail
road could carry it across the country. The tube, which 
rests in the middle of the yoke, swings the mirror in a 
north, south direction. Because the yoke turns the tube 
east, west and the tube turns the mirror north, south, the 
mirror can be pointed in any direction (Fig. 6). 

How powerful it is?. This is one of the most frequent 
questions asked about Palomar's "giant eye." There are 
many examples which enables one to realize its power. 
A few of these follow: "With it you could see a candle 
burning 10,000 miles away." "You could see 12,000 
billion, billion miles." "Stars 6,300,000 times dimmer 

Continued on page 82 
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., new polyethylene pipe compound 
~ ammonia data book 

Polyethylene pipe 
Flexible plastic pipe for water 
service and industrial applications. 
Chemical-resistant plastic pipe 
for transmission of solvents and 
hydrocarbons in the oil and gas 
fields. Pipe that is resistant to im
pact, heat and other stresses. 

These are some of the advances 
made possible by a unique new 
polyethylene pipe compound de
veloped by Allied Chemical. A 
very high molecular weight poly
ethylene, it is the successful cul
mination of 10 years of basic re
search at our Central Research 
Laboratories. It is now in com
mercial production. 

Development work is now un
derway to find other uses for the 
resin's exceptional physical prop
erties, for the time whtn the 
production rate permits sale be
yond pipe manufacture. Likely 
candidates for new uses are 
tubings, films, sheets, tiles, mold
ings and fibers. 

This distinctly different poly-
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New plastic pipe made by Oran(Jeburg Mfg. Co. 

ethylene resin made at low pres
sure is the best thing yet for ex
truding a superior polyethylene 
pipe. Pipe being made from the 
new A-C polyethylene pipe com
pound has high bursting streng_th, 
resistance to impact, shows. no 
stress cracking, has superior heat 
resistance and resistance to chemi
cals, organic solvent and hydro
carbon liquids. 

These properties are due to the 
high molecular weight 
-on the order of 750,-
000- and structure of 
the polyet~ylene mole
cule, not present in any 
other known polyethyl
ene. These new qualities 
will greatly expand the 
acceptance of plastic 
pipe for water service 
and industrial applica
tions. A common fault 
of some polyethylene 
pipe has been environ
mental stress cracking; 
this is entirely over
come in pipe made of 
this new resin. 

Also, tests indicate 
the pipe will be suitable 
for carrying solvents 
and hydrocarbons for 
oil and gas pipe lines, a 
use denied to conven
tional polyethylene pipe. 
There is a growing need 

A·C is an Allied Chemical trademark 

in this field for a flexible? tough. 
pipe, resistant to the corrosive 
conditions which attack steel pipe. 

A-C polyethylene pipe compound 
has an unusually high melt viscos
ity, reflecting its great molec·uiar 
weight, and requires special tech
niques for manufacture of pipe. 

The new resin is a companion 
product to a line of low molecu
lar weight polyethylene products 
introduced on a commercial scale 
in 1954 by Allied. These are used 
in the injection molding of many 
household items, and as additives 
in paper coatings~ polishes and 
printing inks. 

Ammonia data book 
A new 68-page technical book on 
ammonia has been prepared by the 
largest ammonia producer, Allied's 
Nitrogen Division. 

The comprehensive manual is· 
actually a two-in-one piece: the 
first section on ammonia, and the 
second on ammonia liquor. Its 
contents include major uses, physi
cal and chemical properties, spe
cifications, shipping and storage 
procedures, physical tables, graphs 
and analytical procedures. 

Major ammonia consumers
industries such as explosives, tex
tiles, petroleum refining, refriger
ation, pulp and paper, metallurgy 
and synthetic resin- will be in
terested in this up-to-date infor
mation. 

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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PALOMAR 
Continued from page 80 

than those seen by the naked eye can be seen." "If one 
were to observe the moon, the telescope would gather 
so much light it would injure the observers eyes." 

fig. 5. The mounting 

Will anything new be found on Mars? This is another 
frequently asked question. The Palomar telescope, how
ever, will not be used for studying nearby planets. Its 
primary purpose is to study distant stars that other tele
scopes cannot see. Viewing Mars with the Palomar tele
scope would be like chartering an airplane to g·o from 
l\!Iinneapolis to St. Paul. The Palomar telescope is basic
ly a light trap and not a magnifier. If enough light from 
a star is gathered, it can be analyzed and the star's 
composition, distance, velocity and temperature can be 
found. 

By knowing about some of the projects underway at the 
Babcock & Wilcox Company, an engineer may see his 
personal avenues of growth and advancement. For today 
B&W stands poised at a new era of expansion and 
development. 
Here's an indication of what's going on at B&W, with 
the consequent opportunities that are opening up for 
engineers. The Boiler Division is building the world's 
largest steam generator. The Tubular Products Division 
recently introduced extruded seamless titanium tubing, 
one result of its metaiiurgical research. The Refractories 
Division developed the first refractory concrete that will 
withstand temperatures up to 3200 F. The Atomic Energy 
Division is under contract by the AEC to design and 
build the propulsion unit of the world's first nuclear
powered cargo vessel. 

These are but a few of the projects - not in the plan
ning stage, but in the actual design and manufacturing 
phases- upon which B&W engineers are now engaged. 
The continuing, integrated growth of the company offers 
engineers an assured future of leadership. 

How is the company doing right now? Let's look at one 
line from the Annual Stockholders' Report. 
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'1954 

CONSOLIDATED STATIEMIENT OF INCOME 
(Statistics Section) 

(in thousands of dollars) 

1955 1956-UNIFILLED ORDERS 

$129,464 $213,456 $427,288 
(backlog) 

fig. 6 

vVhen we look into the sky at night, we see the stars 
of our own star system, the Milky Way. The Palomar 
telescope sees past these stars out millions of light years 
into almost empty space. 11 Out there it has discovered 
other star clusters similar to our own Milky Way. In the 
coming years, the Palomar Observatory will make an in
tensive study of these star clusters. It will also make a 
thorough investigation of our own l\llilky Way. Study in
volving the ·birth, life, and death of stars will be made. 
By and large, the purpose of the telescope is to enable man 
to better understand the universe in which he lives. 

It took 25 years to build the Palomar Observatory. But 
now it is finished it is called the greatest peacetime scien
tific achievement, and the finest tool ever built by man. 
It is believed that it will be unsurpassed one hundred 
years from now. 

B&W engineers discuss developments 
in the Universal Pressure Boiler. 

Ask your placement officer for a copy of (<Opportunities 
with Babcock & Wilcox, when you arrange your inter
view with B &W representatives on your campus. Or 
write, The Babcock & Wilcox Company, Student Train
ing Department, 161 East 42nd Street, New York 17, N. Y. 

N-220' 
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M.l.T. 

Excellence in Electronics 
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FOR STUDY AT CALTECH~ 

HARVARD AND Mel~mT~a 

IN '1958•59 

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, M.I.T. 
or California Institute of Technology to pursue, at 
Raytheon's expense, regular courses of study leading 
to a master's degree in science or engineering 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, annual 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, 1957. 
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YOU HAVEN1T LIVED 
Continued from page 41 

down to our under clothes and didn't even bother to zip 
our sleeping bags. Those nylon tents were amazing in 
their ability to retain body heat. 

Fred, the first one up the next morning, woke Bob and 
me. We ate oranges and,chocolate for breakfast and were 
ready to resume our climb by about six o'clock. The climb 
up to the saddle had been gruelling but only required 
endurance,, no special skill. The remainder of the climb 
was quite a different story. Except for the first four or five 
hundred feet up from the saddle, the route we chose went 
up nearly vertical rock. From then on, progress was slow. 
We had a 120-foot nylon climbing rope, and for the rest 
of the climb we were were tied together- myself in front, 
Bob in the middle, and Fred bringing up the rear. 

Our guide book described the route 'we were following. 
(Only four or five routes have been climbed successfully 
so far.) The trouble was that the descriptions were not 
very detailed, consequently we got off from the route we 
were trying to follow. That's how we ended up out on a 
sheer face with no place to go but back the way we came. 
After unsuccessfully groping around on the face for about 
a half hour, we decided to turn back. When we reached 
a spot where we could stand together we talked the situa
tion over and decided to go over the description in the 
guide book and see if we could have made a mistake some 
place. Sure enough! We discovered that we had continued 
to climb straight up the mountain when we should have 
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veered off to the right and then back to the left. We were 
actually about 300 feet higher than we thought. When 
we finally did veer right, we ended up out on the face with 
nowhere to go. 

Once more back on the route, we continued on. Ex
cept when the climbing was easy, we climbed one man at 
a time. I would climb upward, and Bob in a secure posi
tion would pay out the rope as I went. I would go as far 
as I could within the limit of the 60-feet of rope between 
us. The important thing was for me to locate a secure 
position where I could take up the slack as Bob climbed 
up to me. Then Bob would take up the slack as Fred 
climbed up. In this way, for example, if Bob had slipped, 
I would have been in a secure position to hold him from 
falling. (This technique is known as belaying.) In this 
manner we slowly worked our way up toward the peak. 

Since the face of the mountain was very steep and quite 
irregular, (actually over-hanging occasionally) it was im
possible for us to tell how much further we had to go. At 
one point we went about twenty feet horizontally hand
over-hand along a crack. Fortunately, the crack provided 
an excellent hand-hold, because the only thing between 
our dangling boots and the jagged rocks below was 2,000 
feet of thin air. We kept climbing upward for what seemed 
an eternity. Occasionally the going was difficult because 
we were on the north face of the mountain and in many 
places the rock was coated with ice. 

At about noon I glanced upward. Beyond about forty 
feet of rock, I saw nothing but blue sky. Within five min
utes, we all three stood triumphantly on the top of our 
first mountain. The view was breathtaking! To the west 
we could see for hundreds of miles out onto the plains of 
Idaho; to the north we could see the peaks in Yellow
stone Park and Yellowstone Lake; to the east, right at our 
feet, we could look down into Jackson Hole, a beautiful 
lake-filled valley completely surrounded by mountains, 
and beyond Jackson Hole in the distance, we could see the 
snow-covered peaks of the Big Horn Mountains. We must 
have stood there and looked in awe for fifteen or twenty 
minutes before we could do another thing. 

Finally we returned to normal and decided to eat some 
chocolate, rest for about a half-hour, and then start back 
clown. While we were resting we found a metal cylinder 
which contained a log book and pencil. We duly noted 
our names and the date of our climb and were quite sur-, 
prised to find that less than a dozen parties had made the 
climb that season. 

The descent to the saddle was uneventful and went 
much faster than the climb up. We arrived about four 
o'clock, and carnivorous to the bear eating stage. To our 
dismay, we found that while we were climbing, some cul
prit had gotten into our supplies and had eaten all of our 
remaining food. Further inspection revealed that a pack 
of marmots- a small prairie dog type rodent, was guilty 
of the atrocity. 

Stomachs complaining bitterly, we gathered up our 
equipment and continued down the mountain. 

At about 9:30 in the evening, we finally stumbled out 
onto the meadow and crawled into the car. Three wearier 
or hungrier people probably haven't existed for some time 
before or since. At this time, we were fitting subjects for 
the first restaurant, the first item on the menu, and the 
first motel with a vacancy that were in sight. We crawled 
into bed, three very tired but happy adventurers. 
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Your formula for advancement in 
present day technological industry is 
growth in knowledge and ability. 

Applying this principle at Garrett, 
engineers are achieving outstanding 
reputations for excellence in the 
following aircraft, missile and indus
trial fields: air conditioning and 
pressurization; heat transfer; cryo-

THE 

r r 

Stick-force reversal, a problem of reverse elevator response occurring 
at sonic speeds, was solved by this sensitive AiResearch air data system 
incorporating transducer, computer and actuator. Engineers taking part 
in its development included mathematicians and specialists in analog 
computation, preliminary design, fractional hp motors and gears. 

genic and nuclear systems; pneu
matic valves; controls and air 
motors; system electronics; com
puters and flight instruments; gas 
turbine engines and turbine motors; 
prime engine development and 
industrial turbochargers. 

Upon employment, you may 
choose either a direct assignment or 
enter a 9 month orientation program 
which permits you to survey Garrett 

CORPORATION 

engineering activities to aid you in 
selecting your field of interest. With 
company financial assistance you can 
continue your education at neighbor
ing universities. 

Typical project work is done in 
small groups where opportunities 
for learning, added responsibility 
and advancement are enhanced. To 
receive full information write to 
Mr. G. D. Bradley 

985 f S. SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING. LOS ANGELES" A/RESEARCH MANUFACTURING, PHOENIX" AIRSUPPLY 

A/RESEARCH INDUSTRIAL " REX " AERO ENGINEERING " AIR CRUISERS '" A/RESEARCH AVIATION SERVICE 

OCTOBER 1957 85 



•••••••••••••••••• •••••••••••••••••••••e•••••• •••••••.,••••••••••••••••••••e••••••••••••••••••••••* . .. 

.. .. 

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 you rselj 
to investigate the career 
advantages of becoming a 

PROFESSIONAL ENVIRONMENT 
CONVAIR-POMONA is housed 
in the newest kind of air
conditioned plant. Research 
and Development facilities 
manned by "name" experts. 

I 

I 

I 
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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
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 

I 
POMONA, CALIFORNIA 

A DIVISION OF GENERAL DYNAMICS CORPORATION 

.. .. .. 

0 . . 
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FORECAST: 

NEEDED: 

lmagineers 

with a 

sense of 

adventure 

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 
Time, Saturday Evening Post, The New 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. 
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NEW! "ALCOA THEATRE" 
EXCITING ADVENTURE 

ALTERNATE jltONDAY EVENINGS 

Aluminum Company of America 
1825 Alcoa Building 

Pittsburgh 19, Pennsylvania 

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

NAME __________________________ ___ 

ADDRESS ___ _ 

CITY AND STATE ___ _ 

COLLEGE 

DEGREE, __________ _ 

DATE OF GRADUATION 
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YOU ALWAYS GET PROVEN QUALITY FROM TURQUOISE DRAWING LEADS AND PENCIJ~S 

PROVEN GMDING-17 different formulae make sure you get exactly the line you expect

from every pencil, every time. 

PROVEN DURABILITY- Because compact lead structure gives off no chunks of useless '•dust" 
to blow away, Turquoise wears down more slowly. 

PROVEN NEEDLE-POINT STRENGTH- as electron photomicrograph shows, Turquoise lead struc
ture is finer-and therefore stronger. It holds a needle point under 
drawing pressures for long lines of unchanging width. 

EAGLE PENCIL COMPANY • NEW YORK • LONDON • TORONTO • MEXICO • SYDNEY • BOGOTA 
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eTURQUOIS 
CLEANTEX 
ERASER: 
Super-soft, 
non-abrasive 
rubber. 

OCTOBER 1957 

• 
I This Electron Microscope takes per

fect pictures 7,500 times actual size 
-lets you see the startling difference 
between Eagle's "Electronic" Tur· 
quoise lead and the lead in the 
usual quality drafting pencil. 

Photographs courtesy of 
lodd Research Industries, Inc, 
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PANAMA CANAL 
Continued from page 39 

The third dam in the canal area is 1\!Iiraflores Dain, 
which holds Miraflores Lake at its operating height of 
55 feet. It has no generators because this lake has an 
area of only 1.6 square miles. 

The lock system has been made large and rugged to 
withstand high pressures, but, nevertheless, it remains a 
remarkably smooth operating group of units. There are 
six sets of locks: three at Gatun, one at Pedro 1\!Iiguel, and 
two at Miraflores. Each is 1000 feet long, 110 feet wide, 
and has a lift of 27-33 feet. The filling time of just eight 
to twelve minutes is accomplished by using culverts and 
flumes which are as large as eighteen feet in diameter. The 
surface of the water in the lock remains calm during the 
filling operation because the ports through which the 
water enters have been carefully spaced in the floor of 
the lock· to insure even side pressures. 

The lock gates must combine ruggedness with preci
sion to insure a watertight seal. They range in weight 
from 390 to 730 tons and in height from 4 7 to 82 feet. 
Each is 65 feet wide and is constructed like a huge, rein
forced steel box which is 7 feet thick. vVatertight con
struction tends to make them float as the chamber fills 
with water and helps to relieve strain on the bearings. 
The leaves in the largest gate in the canal weigh more 
than 600 tons and it is an impressive sight to see two 
such huge structures swinging leisurely across the lock 

starts you toward a 

BRIGHT FUTURE 

chamber and meeting in the center and there making 
closures from top to bottom that hardly allow the passage 
of a drop of water, not only where the leaves meet each 
other but also where they abut against the walls. 

Each gate is opened and closed by an electric motor 
which turns a steel crank gear of a 19 foot diameter. A 
connecting rod fastens the gear to the top of the gate at 
a point 17 feet from the hinge. 

Safety devices which protect the locks include a 12 ton 
fender chain that is stretched across the approach and 
protects the gates from being damaged by any ships. No 
ships are allowed to enter the locks under power but are 
towed through by cog driven, electric locomotives. All 
operations of a lock are actuated from a single control 
tower to assure coordination of the system. Emergency 
dams stand in readiness at the side of each lock. These 
dams resemble swing bridges which can be swung· over 
the lock to drop a steel framework into a slot in the wall 
of the chamber. Then, one by one, steel plates can be 
dropped inside this framework to bring the flow of 
water to a gradual stop. 

Modern weapons have greatly increased the vulner
ability of strategic areas in wartime. This has prompted 
another serious study by the United States Government 
of a future sea level canal at Panama. A wide channel 
would be necessary to reduce tidal currents through it 
and lessen possibilities of destruction. Until that time 
comes, however, we can enjoy the benefits of Panama's 
bridge of water. 

MINNEAPOLIS 
BLUE PRINTING CO. 

612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

1( oungsters in engineerin 
lmg~ of the corporations !h!~hoois-you are the dar
contmued success will d d you graduate. But your 
talent, close applicatio~pe~ on your akility. Native 
smoother,. stronger graphite-sa your studies and the 
CASTELL are an unbeatable turate? le~d of imported 
adds skiU to the hands of combmatiOn. CASTELL 
~abit acquired in your fo seas~ned Pros. The CASTELL 
m good stead when yo rma IVe years will stand you 
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SLIDE RULES AND 
DRAWING SETS 
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If you prefer a holder be su 
the gun-rifled dutch ' and 9~3~0 .try LOCKTITE with 
lead. Shop in your c~lleg t Imported CASTELL e sore. 
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Maico engineers and fabricates Recording Heads for horne, 
industry and the military . 

• • . Bringing musical pleasure to millions of homes • 

• • • Producing automation controls for business . 

• • • Developing and testing automatic weapons for the armed forces. 

ARE YOU INTERESTED IN THESE FIELDS? 
Magnetic recording heads,.systems, transports and special 

military applications. Transistor, audio and UHF circuitry. Military, 
missile and aircraft electronic equipment design, automation, servo 
systems, video storage systems, pulse circuitry, transducers, 
electro-acoustics (microphones, earphones), magnetic amplifiers, 
miniature electronic devices. 

It you are interested, Maico is interested in you. Write to 
L.A. Watson, president of the Maico Company, Inc., 
for a personal appointment to discuss your future. 

There's a real opportunity for you right near your home with Maico! 

MARCO BUILDING MINNEAPOLIS, MINN. 
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The MINNESOTA TECHNOLOG extends their thanks to 

the MINNEAPOLIS HONEYWELL REGULATOR COM= 

PANY for the very cordial and informative College Edi

tors Conference we were invited to on October 9-11. 

This conference has proven very beneficial to us in the 

layout and editing of our magazine. 

The Editors. 
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''Your future has 
already started'' 

'
1You would need a computer to figure out how many 
phases of engineering and science go into the making 
of one type of airplane or missile. Aerodynamics, ther
modynamics, jet propulsion, electronics, communica
tions, even anthropology ... and these are just a few. 
Such a diversity of fields means unlimited opportunity, 
whether you intend to specialize or not. 

1Tou know it's never too early to select your field. 
You seniors have started to think about where your 
experience can do the most for you: but the juniors 
and lower-classmen should also be selecting courses 
that will give them the training they need for the job 
they want. Actually, your future has already started. 

11So, my advice is that you start thinking about the 
aircraft industry. It offers the greatest opportunities .•• 
opportunity to use your training, to advance, to make 
a comfortable living. It's still a young industry and it 
thrives on and encourages young ideas~' 

S cenes like this are taking place on campuses all over 
the country. Engineering professors must keep up 

with scientific advances. They realize that these ad
vances mean added opportunity for soon-to-graduate 
students. Research in the aircraft industry has 
uncovered so many areas for further study that young 
men are urgently needed to solve these problems. Long 
a pioneer in new facets of aviation, Northrop is one of 
the companies that wants such aggressive young men. 

At Northrop you can put your training to work on 
the Snark Sl\1-62, the world's first intercontinental 
guided missile. And new projects like the twin jet, 
supersonic trainer, the USAF-Northrop T-38, and 
others of top priority are moving ahead steadily. 

Products are only as good as the engineers behind 
them and good engineers require good surroundings. 
In line with this thinking, Northrop has built a multi
million-dollar Engineering and Science Center in 
Hawthorne, California, that is as modern as any in the 
industry. Here, you will be working with leading 
engineers who respect your individuality, initiative and 
engineering abilities. In addition, at Northrop you will 
receive added benefits that are among the finest in the 
industry. 

Why not write us now ... regardless of your class at 
college. Ask us questions about how you might best 
gain a career with Northrop. Write to Manager of 
Engineering Industrial Relations, Northrop Division, 
Northrop Aircraft, Inc., 1031 East Broadway, Haw
thorne, California. 

ORTHROP 
Northrop Division of Northrop Aircraft, Inc. 
BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE 

OCTOBER 1957 

5-A-144 

93 



94 

' 
II 

I 

8 Western Electric has major manufacturing plants located at Chicago and Decatur, Ill., Kearny, N. J., 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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J\S THE world's largest manufacturer of com-
1-'1... munications e'quipment our continued 
progress depends greatly on our engineers. 
They have a key role in the production of some 
50,000 types of apparatus and component parts 
that Western Electric makes in a given year. 

• To our engineers falls the monumental task 
of developing manufacturing operations and of 
planning the installation of telephone central 
office equipment across the nation. They devise 
the new machines, tools and methods needed 
to do our job. They also shoulder the major 
responsibilities in carrying out the defense con
tracts the government has asked us to take over 
-major projects like the Nike guided missile 
system and SAGE, the continental defense 
system. 

• In the course of their technical work, engi
neers participate in such broad managerial 
functions as production, merchandising, instal
lation, and many others. What's more, we have 
a record of promotions from within. It's not 
surprising, therefore, that fifty-five percent of 
the college graduates in our upper levels of 
management have engineering degrees. 

• Naturally we do everything possible to en
courage and speed the professional develop
ment of our engineers. Just recently, for 
example, we inaugurated a full-time off-the-job 
Graduate Engineering Training Program at 
special training centers, a program with few 
parallels in American industry. 

• The new engineer moves into the first phase 
of this program, Introduction to Western Elec
tric Engineering, four to six months after he 
joins us and devotes nine weeks of study to 
such technical subjects as communications sys
tems, military electronic systems, product de
sign principles. He takes part in the second 
phase, General Development, after the first 
year on the job. In this phase he devotes nine 
weeks to courses in human relations, semantics, 
engineering statistics, electronics, measure
ments and instrumentation, systems circuit anal
ysis. The third phase, Advanced Development 
( 4 weeks per year), is available to selected 
engineers and is geared to the individual to 
help develop his creative engineering abilities; 
goes deeply into such subjects as magnetics, 
computer applications, electronic switching, 
radar fundamentals, feedback control systems 
and technical paper writing. 
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• Besides this company-wide program, a 
number of our divisions offer individual engi
neering courses in their own specialties. We 
also sponsor a Tuition Refund Plan for out-of
hours study at nearby colleges. Open to all 
employees, this plan helps our engineers study 
for advanced degrees at Company expense. 

• Truly there's an engineer's world here at 
Western Electric ... one in which engineers in 
every field of specialization can expect to grow. 

OPPORTUNITIES FOR 
ENGINEERING GRADUATES 

( Supervisory and administrative 
opportunities exist in each field) 

Analysis for manufacturing operations: 
Machine and tool requirements-M.E., E.E.; 
Space requirements-M.E., I.E.; Test facility 
requirements-E. E.; Personnel requirements
I.E.; Electric power, light and heat require
ments-E.E.; Haw material requirements
Chem. E., Met. E., Phy. Sc.; Procedures and 
processes-M.E., I.E.; Time and Motion 
Studies-I.E.; Investigation of manufacturing 
difficulties-M.E.; Quality control-M.E., E.E. 

Planning telephone central offices: 
Equipment requirements - E.E.; Power and 
cable requirements-E.E. 

Development and design: 
New machines and tools-M.E., E.E.; Material 
handling methods-M.E., I.E.; New equip
ment and processes-M.E., E.E.; Repair shop 
methods-M.E.; Testing facilities-E.E.; Test
ing methods-E.E.; Job evaluation studies
I.E.; Wage incentive studies-I.E.; Production 
control studies-I.E.; Improved chemical proc
esses-Chem. E., Met. E., Phy. Sc.; New appli
cation for metals and alloys-Chem. E., Met. E., 
Phy. Sc.; Raw material test procedures-Chem. 
E., Met. E., Phy. Sc.; Service to military on 
electronic devices-E.E. 

For further information write: Engineering 
Personnel, Room 1030, 195 Broadway, 
New York 7, N.Y. 

UNIT OF THE BELL SYSTEM 
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BRAIN SCHEMATIC 
Continued from page 33 

ture the many degrees of consciousness between the con
sciousness and the subconsciousness. Professor Wiener dis
cusses four degrees of consciousness in his book referred to; 
the above idea would have an infinite number of con
sciousness degrees. Whatever the true picture is, it is rep
resented by C-S of Fig. I. This connection can help ex
plain how emotions that are partially forgotten can be 
vividly thought of at a later date, and explain 1nany of the 
likes of the consciousness. In the brain schematic it has 
the function of re-entering stored problems in the memory 
back in to the divider at odd intervals of time independent 
of the consciousness. This is represented as S-e-D of Fig. I. 

When information is fed into the divider either by the 
consciousness or the subconsciousness, the information is 
analyzed. The analysis process is accomplished by ( 1) a 
break down of the information into its simpler parts, (2) 
by the consciousness comparing the parts from (1) with 
information stored in the memory, and (3) by feeding 
back the results of step (2) to the input of the divider. 
This is a form of feedback and is represented by D-l\1-abc 
in Fig. 1. This process continues until the consciousness 
is satisfied, or no longer wishes to continue the problem. 
The subconsciousness may interfere with the desires of 
the consciousness by feeding back new problems to the 
divider, however the consciousness in order to combat 
thiS'' may refuse to consider these new problems in step 
(2) above. A simple problem may help to clarify the use 
of the divider. 

How does your brain work when you solve the problem 
of adding one plus one? You know the answer immediate
ly, by why? Stored information in your memory gives you 
the answer directly therefore your consciousness does not 
need to spend the extra effort needed to use the divider. 

There are three more general types of problems; A sec
ond type of problem resolves into the above type after 
going through the divider. A third type consists of the sec
ond type plus unsolved parts, and the fourth type consists 
of all unsolved parts. 

When we solve problems we use most of our brain-sche
matic connections. We observe the problem and its sig
nificance (I-C-l\1£), we analyze it (I-M(FB)-D), we act on its 
solution (C-M-0), and some unsolved parts may appear 
to us later (S-.J\!I-C). Using the above notation it is easier 
to think about separate parts of the thinking process be
cause of the visual counterpart. 

The brain schematic "thinks" by a continuation of the 
feedback process. This action is controlled by the likes of 
the consciousness and is synonymous with the character of 
the individual. There seems to be a continual stream of 
information passing through the brain which is a mix
ture of what we like and what we need. When we think 
about an idea ,,ve like, the effort needed to solve the prob
lems of the idea are compensated for by the pleasure de
rived from it. This may be thought of as a feedback be
cause further interest is developed by extended thinking 
of the idea. If this process continues long enough a great 
amount of information can be accumulated. The effort 
involved is a reflection of the anti-entropic process on the 
consciousness; 

There is some evidence that Sir Isaac Newton, the fa
mous mathematician who has clone much to create the 
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foundation for modern technology, benefitted from the 
positive feedback process. His life, according to biographi
cal description, during his younger years was devoted to 
following his own interests. In this atmosphere he accom
plished tremendous gains in science and mathematics. By 
waiting until his ideas were fully developed he made his 
ideas more effective. It is said that he waited 20 years be
fore he published his work on gravity. Engineers of today 
would do well to take advantage of the positive feedback 
process as Sir Isaac Newton most likely did. 

Another application of the positive feedback process is 
school-work enthusiasm. If course work can be related to 
one's interests the work can be made easier. Using the 
"pull" effect of enthusiasm it is possible to harness our 
mental energies. 

I would like to invite you to try the brain schematic. It 
may take a while to understand it, but after you do under
stand it you will be able to think about many new things 
in a more effective manner. Omitted has been much sup
porting evidence, and the topic of anti-entropic effort 
balance. However, these ideas and many more can be 
easily developed by you when you understand the brain 
schematic. 

The elderly gent had taken a room in 
a hotel and had just gotten into bed when 
a flashy blonde bounced into the room. 

"Oh, excuse me,11 she apologized. 111 
must have gotten into the wrong room!" 

The old man sighed sadly, "Not only 
that young lady, but you got here 40 
years too late.11 

Take heed engineers! 
A little kissing now and then 
Makes husbands out of single men. 

The reason many girls dislike long en
gagements is that it gives the guy time to 
think it over. 

"So you had to leave college on ac
count of poor eyesight?" 

1/Yes, I mistook the dean of women for 
a coed.'' 

A Swede and a Finn went into a bar 
early one evening and started drinking 
furiously. Not a word was spoken as they 
downed drink after drink. 

At three a.m. the Swede lifted his glms 
above his head and said, "Skoal!" 

"Say," thundered the Finn, "did we 
come here to talk or to drink?" 

"What d'ya mean uncouth?" shouted 
the engineer to his sweetheart. "Don't I 
take you to the opera, the ballet, the 
horse show, and all that garbage?" 

MINNESOTA TECHNOLOG 
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QUALIT , shows when the chips are down 

* * * * The Allegheny stainless 
and super high-temperature steels used in 
jet and rocket aircraft engines and equip
ment are pure economy, because they do 
the job that's required of them, and they 
last! They stand up under metal-killing con
ditions of heat, load and corrosion, and 
they're dependable. 

There are lots of other jobs for stainless 
steel that aren't as spectacular, or perhaps as 
tough, as those aboard a jet. Hospital, dairy 
and restaurant equipment are good examples, 
or the many uses in cars, trains, appliances, 
buildings and homes. 

But, in these and thousands of uther cases, 
stainless again gets the call because it does 

the job better, lasts longer and costs less in 
the long run than any other material on 
the market. 

There may be many occasions in your 
industrial future when Allegheny Stainless 
and other special steels can help you either 
to make money or to save it. Or you may 
decide to make our career yours: the develop
ment and engineering of stainless and heat
resistant steels; tool and electrical steels; 
sintered carbides and magnetic materials; 
titanium, zirconium and other special-prop
erty metals. 0 In either case, we'll be 
delighted to talk to you and work with you. 
Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 221 Pennsylvania. 

WSW 6769 

Horizons of Steel 

I 
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HOOVER DAM 
Continued from page 25 

Following the completion of the cofferdams, a major 
cleanup job had to be performed on the river bed and 
canyon walls. The cleaning of the river bed was made 
fairly easy because it contained mostly silt, sand, gravel, 
and small boulders; therefore, requiring very little blast
ing before the power shovels and trucks could remove the 
40 to 135 feet deep muck that covered the bedrock. 

Another type of huge machinery came into use during 
this cleanup process. Five cableways, with end towers on 
opposite rims, stretched across the canyon. The end towers 
stood as high as seven story buildings and were balanced 
with ] ,000,000 pound concrete blocks. Besides being used 
to clean the river bed, they were used to convey over 
8,000,000 tons of materials and supplies during construc
tion of the dam. 

Cleaning the walls of the canyon where the dam abut
ments would fit, was the most dangerous job connected 
with the building of the dam. This job, known as "high 
scaling", was accomplished by inserting steel rods into 
holes drilled near the canyon rim and lowering men down 
the wall on ropes secured to the rods. Due to the extreme 
precaution of workers and officials, only seven men were 
killed during 2 years in this operation which removed 
nearly a million cubic yards of rock. 

By June 6, 1933, the bedrock had been cleaned, the 
first forms had been built, and the first 16 ton (8 cubic 
yard) bucket of concrete, mixed at Lo-Mix, was poured. 
Extra trains and cableways, along with a 20 ton derrick 
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with a 138-foot boom, were added to carry concrete fronl 
the mixing plants to the dam. To allow for cooling, the 
dam was made up of many vertical, interlocking· columns 
with horizontal and vertical pipes, containing ice-cold 
running water every 5 feet. If the concrete had been left to 
cool by itself, it would have taken over a century to return 
to its normal temperature of 43 degrees at the base and 72 
degrees at the crest, resulting in many cracks in the clam; 
however, with this cooling system, the concrete was low
ered from its pouring temperature of 140 degrees to the 
normal temperature almost immediately and the cracks 
from the resulting contraction were filled with grout. 

By August 31, 1933, the middle gorge had been filled, 
and by January, 1934, over 1,000,000 cubic yards of con
crete had been poured. On March 23, 1935, all blocks were 
at crest elevation, and by the middle of summer, all major 
features were completed. 

The darn, as it stands today, contains 3,250,000 cubic 
yards of concrete, weighs over 6,500,000 tons, arches up
stream with a 500-foot radius, is 750 feet high from bed
rock to crest, is 650 feet thick at the base, is 45 feet thick at 
the crest, and is 1280 feet long. 

A spillway was constructed on each side of the river 
just upstream from the darn, at crest level to prevent wa
ter from flowing over the dam. They were blasted 120 
feet deep, 650 feet long, and 150 feet wide. A shaft, 88 
feet high and 98 feet wide, at the downstream end of each 
spillway, gradually tapers off to a 50-.foot diameter and 
joins with a diversion tunnel. Construction and lining of 
the spillway shafts was the same as the construction of the 
diversion tunnels. 

• 

All thers Too! 
ENGINEERS BOOKSTORE 
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DU PONT SIZE, GRO TH PRESENT VARIED CHOICE 
OF JOB LOCATIONS TO QUALIFIED TECHNICAL EN 

•••••• + •••••••••• 
• • ! BENEFIT PROGRAM ! 
! MEANS ADDED INCOME ! 
• • • • . ~ . 
• C. M. Forbes + 
• • + DuPont + 
+ Representative + 
• • • • t Don't forget the "extras" + 
: of an employee benefit pro- : 
• gram when you compare + 
+ the job offers and salaries t 

: of different companies. At : 
• DuPont, these extras mean t 
t added income that doesn't + 
: always meet the eye. They ! 
• include life insurance, t 

t group hospitalization and + 
: surgical coverage, accident ! 
+ and health insurance, pen- t 

+ sion plan and paid vacation. • • • + In addition, the Company + 
! sponsors a thrift plan. For : 
+ every dollar you invest in + 
+ U.S. Savings Bonds, the t 

: Company sets aside 25 ! 
• cents for the purchase of t 

+ common stock in your + 
! name. Roughly 65 per cent : 
t of our 90,000 employees t 
• are now participating in t 

! this plan. : 

+ If you have specific ques- + • • + tions on DuPont benefits, + 
+ just send them to me. I'll t 
• be happy to try to answer • 
! them. E. I. du Pont de : 
+ Nemours & Co., Inc., t 
• Room 2504-A Nemours • 
: Bldg., Wilmington 98, Del. : 

• • ••••••••••••••••• 
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Building Prograin~ Expansion 

Create Many Opportunities 

at Coinpany Plants and Labs 

Engineers and scientists of all 
kinds work in 75 DuPont plants 
and 98 laboratories scattered over 
26 states. Where you're assigned 
depends on your qualifications and 
the openings in the kind of work 
you want. 

Geographical Spread 

Right now, most of the DuPont 
units are located east of the Missis
sippi, but there are plants in Texas, 
Colorado and on the Pacific Coast, 
too. And new building is under 
way in Kansas, Tennessee, Virginia 
and North Carolina. 

DuPont headquarters and many 
of the Company's labs and some of 
its plants are situated in and around 
Wilmington, Del., an attractive 
residential area within convenient 
traveling range of Philadelphia, 
New York and Washington. 

Community Life 

Wherever you're assigned, you'll 
find that the DuPont Company and 
its people are interesting, compan-

ionable and active in the life of 
the community. 

As you move ahead, as you grow 
in your job, you may move to an
other plant or laboratory-a pos
sibility that adds to the variety and; 
interest of your job. 

METALLURGISTS PLAY 
VITAL ROLE AT DUPONT 
Opportunities in metallurgy at Du 

Pont include research into the nature 
and properties of elements; develop
ment and supervision of pilot plant 
work; and the actual production of 
titanium metal and high-purity ele
mental silicon. 

Other DuPont metallurgists study 
problems relating to plant processing 
equipment. Some, for example, carry 
out research on intergranular cor
rosion or investigate failure relation
ships encountered in high-pressure 
operations. 

These projects offer an interesting 
career to graduating metallurgists. 

SEND FOR FREE BOOKLET 

Booklets packed with information 
about DuPont are yours for the aska 
ing. Subjects: mechanical, civil, met
allurgical, chemical, electrical, 

, instrumentation engineers at 
DuPont; technical sales, research 

and development. Just name the 
subject that interests you and send 
your name, school and address to 
E. I. duPont de Nemours & Co., Inc., 
Room 2504-A Nemours Building, 
Wilmington 98, Del. 
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HOOVER DAM 
Continued from page 98 

Two intake towers, one on each side of the river, were 
constructed 135 feet upstream from the dam face, and 
two more were constructed 185 feet further upstream. The 
amount of steel used in making the forms for the 403-foot 
high towers, was equal to 150 pounds per yard of concrete. 
Hug·e 15-ton capacity derricks, with 180-foot booms, low
ered concrete from the canyon rims, into the completed 
forms, giving the tower an outside diameter of 75 feet, and 
an inside diameter of 30 feet. 

At the top of each tower, a hoist was constructed to 

operate cylindrical gates at the base and 150-foot levels of 
the tower, which regulates the flow of water through the 
intake towers. 

The penstock and outlet system consists of a system of 
shafts and tunnels. A 37-foot diameter shaft was bored 
from the base of each intake tower. Each of the shafts 
from the two upstream towers was connected directly to 
a diversion tunnel. The shafts from the other two towers 
were bored through the canyon wall to a point 200 feet 
downstream from the powerhouse, where the outlet system 
was being constructed. These shafts were bored and lined 
the same way as the diversion tunnels. 

The outlets ·were constructed in structures cut in canyon 
cliffs, 160 feet above the river bed and 200 feet downstream 
from the dam. There are six outlet structures on each side 
of the canyon, and each one is 40 feet wide, 200 feet long, 
and as high as a 6-s tory building. The outlet valves are 7 

7 Seconds From Nothing Flat! 
It takes only seven seconds for the new 00 Brown &:. 
Sharpe Automatic Screw Machine to produce the brass 
part shown above. That's a 42% increase in rate of pro
duction over the previous B & S model. 

feet in diameter and are joined by a huge manifold system, 
to the single 37-foot diameter shaft from the intake tower. 
The powerplant is a U-shaped building with its legs 
against opposite walls of the canyon and its base against 
the downstream face of the dam. Each leg of the plant is 
supplied by water from eight 13-foot penstocks, four from 
the diversion tunnel, and four more connect with the shaft 
from the lower intake tower. The powerplant is twenty 
stories high and has a perimeter of six city blocks. The 
concrete roof of the plant is 4Y2 feet thick and is supported 
by 11,600,000 pounds of steel to protect against falling 
rock from the canyon walls. 

The Babcock and Wilcox Company was awarded the 
contract for supplying steel pipe for the penstock and out
let system. They had to erect a 6 story plant 1 Y2 miles 
from the dam because individual sections of the pipe 
weighed over 17 5 tons, much more than could be carried 
by railroad car. Sections of pipe were transported to the 
canyon rim on 200-ton trailers, pulled by two 50-horse
power Caterpillar tractors. From the canyon rim, they 
were lowered to the construction site by the huge cable
ways and moved into position by cars and hoists. The 
sections of pipe were riveted together and pre-stressed to 
prevent separation. 

Power is generated by fifteen 115,000--horsepower, and 
two 55,000-horsepower, vertical shaft turbines. 

On March 1, 1936, 2 years ahead of schedule, construc
tion was completed and accepted by the Bureau of Recla
mation. On October 22, 1936, the first generator went into 
full operation and Hoover Dam was a success. 
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COVERS - ALBUMS - BLANKBOOKS 
Made to your specifications 

One of many new features that contribute to the re~ 
markable performance of the 00 machine is a chain 
driven ball bearing spindle (diagram) • Fafnir engineers 
worked with Brown & Sharpe in selecting bearings for 
this application, involving some 208 spindle speed com
binations ranging from 34 to 7200 RPM. To assure 
absolute spindle rigidity and running accuracy, Fafnir 
super-precision ball bearings are mounted in the posi
tions indicated. 

The New Brown & Sharpe No. 00 
Automatic Screw Machine with 
fafnir-equipped spindle. BINDING 

Thousands of similar bearing success stories help ex
plain why design engineers turn to Fafnir for help with 
bearing problems. The Fafnir Bearing Company, New 
Britain, Connecticut. 

I 
BALL BEARINGS 
MOST COMPLETE LINE IN AMERICA 

SO YOU WANT A CAREER IN A GROWTH INDUSTRY 

Since the advent of the automotive age, Fafnir's 
record of growth has been inseparably linked with 
the over-all mechanization and phenomenal growth 
of industry itself - right down to present-day ad· 
vances in automation and instrumentation. Fafnir's 
field of operations is, moreover, industry-wide ••• 
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little affected by momentary ups and downs of in· 
dividual companies or industries. find out what 
fafnir offers you in the way of professional chal
lenge, diversity, and stability in a "growth indus· 
try" ,with a future as promising as the future of 
America. Write today for an interview. 

ERICKSON 
BINDERY 

downstairs 

GRAY'S DRUGSTORE 
1326 4th St. S.E. GE. 5765 
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Radar eyes 
One of America's offshore radar warning towers-Texas Tower III-built 
by Walsh Holyoke Division, Continental Copper and Steel Industries, Inc. 

-with every seam proved sound on X-ray film 

CAREERS WITH KODAK 

With photography and photographic 
processes becoming increasingly impor
tant in the business and industry of 
tomorrow, there are new and challeng
ing opportunities at Kodak in research, 
engineering, electronics, design and pro
duction. If you are looking for such an 
interesting opportunity, write for infor
mation about careers with Kodak. Ad
dress: Business and Technical Personnel 
Department, Eastman Kodak Company, 
Rochester 4, N.Y. 

In record time, Continental Copper 
and Steel Industries, Inc. built and launched 
"Texas Tower Ill" and every 
weld was checked by radiography. 

Here is a steel island 110 miles 
at sea-2700 tons of 2-deck plat
form setting on staunch and stal
wart caisson legs 2 72 feet long. It 
is destined to stand against the 
hammering of giant seas and howl
ing hurricane gales. 

No place here for the tiniest 
flaw in a single weld! So the magic 
of radiography was called on to 
make sure. Two and a half miles 
of x-ray film hold positive proof 
that every seam has showed itself 
flaw-free and secure. 

Everyday radiography is work
ing like this for welders, large 
and small-for foundries inter
ested in making sound castings 
-for any manufacturer who must 
know internal conditions of a 
product without destroying it. It 
is one example of the many ways 
photographic processes work 
for business and industry-
how it helps make better 
products and improve 
manufacturing 
procedures. 

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 



The United States is now doubling its use 
of electrical energy every eight years. 
In order to maintain its position as the 
leading manufacturer in this fast-growing 
electrical industry, General Electric is 
vitally interested in the development of 
young engineers. Here, Mr.lewis answers 
some questions concerning your personal 
development. 

Q. Mr. lewis, do you think, on entering 
industry, it's best to specialize immedi
ately, or get broad experience first? 

A. Let me give you somewhat of a 
double-barreled answer. We at Gen
eral Electric think it's best to get 
broad experience in a specialized 
field. By that, I mean our training 
programs allow you to select the 
special kind of work which meets 
your interests-manufacturing, en
gineering, or technical marketing
and then rotate assignments to give 
you broad experience within that 
area. 

Q. Are training assignments of a pre
determined length and type or does the 
individual have some influence in deter
mining them? 

A. Training programs, by virtue of 
being programs, have outlined as
signments but still provide real op
portunities for self-development. We 
try our best to tailor assignments to 
the individual's desires and demon
strated abilities. 

Q. Do you mean, then, that I could iust 
stay on a job if I like it? 

A. That's right. Our programs are 
both to train you and help you find 
your place. If you find it somewhere 
along the way, to your satisfaction 
and ours, fine. 

One of a series 

Interview with General Electric's 

Frank T. Lewis 

Mgr., Manufacturing Personnel Development 
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Q. What types of study courses are in
cluded in the training programs and 
when are the courses taken? 

A. Each of our programs has 
graduate-level courses conducted by 
experienced G-E engineers. These 
courses supplement your college 
training and tie it in with required 
industrial techniques. Some are 
taken on Company time, some on 
your own. 

Q. What kind of help do you offer em
ployees in getting graduate schooling? 

A. G.E.'s two principal programs 
of graduate study aid are the Honors 
Program and the Tuition Refund 
Program. If accepted on the Honors 
Program you can obtain a mas
ter's degree, tuition free, in 18 months 
while earning up to 75% of full-time 
salary. The Tuition Refund Program 
offers you up to 100% refund of 
tuition and related fees when you 
complete graduate courses approved 
by your department manager. These 
courses are taken outside normal 
working hours and must be related 
to your field of work. 

Q. What are the benefits of ioining a 
company first, then going into military 
service if necessary. 

A. We work it this way. If you are 
hired and are only with the Company 
a week before reporting to mHitary 
service, you are considered to be 
performing continuous service while 
you are away and you will have your 
job when you return. In determining 
your starting salary again, due con
sideration is given experience you've 
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gained and changes in salary struct .. 
ure made in your absence. In addi
tion, you accrue pension and paid
vacation rights. 

Q. Do you advise getting a professional 
engineer's license?What's itworth tome? 

A. There are only a few cases where 
a license is required at G.E., but 
we certainly encourage all engineers 
to strive for one. At present, nearly 
a quarter of our engineers are li
censed and the percentage is con
stantly increasing. What's it worth? 
A license gives you professional 
status and the recognition and pres
tige that go with it. You may find, 
in years to come, that a license will 
be required in more and more in
stances. Now, while your studies are 
fresh in your mind, is the best time 
to undertake the requirements. 

Your next four years are most impor
tant. During that period you'll undoubt·· 
edly make your important career de
cisions, select and complete training 
programs to supplement your academic 
training, and pursue graduate schooling, 
if you choose. These are the years for 
personal development - for shaping 
yourself to the needs of the future. If 
you have questions still unanswered, 
write to me at Section 959-6, General 
Electric Co., Schenectady 5, N. Y. 

LOOK FOR other interviews dis
cussing: ~ Salary ~ Advancement 
in Large Companies ~ Qualities We 
look for in Young Engineers. 

ELECT IC 
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Molten iron runs white hot from a huge 
ladle into an open hearth furnace for con
version into steel. The quality of this steel 
is the responsibility of this engineer. He 
also assists in coordinating open hearth 
operations and incoming raw materials 

and plans improvements in methods. This 
is a typical example of one of the many 
opportunities for engineering graduates 

at United States Steel. 

In choosing your career ... consider United States Steel 
m m m the leader in the one industry that's truly basic! 

I T has been said: "United States Steel is 
the industrial family that serves the nation 

and the world." For in our homes and fac
tories ... in communications ... in transpor
tation-steel is basic. 

This means that in the complex and rami
fied organization which constitutes United 
States Steel, unlimited opportunities are pre
sented to the college graduate-whether his 
preference is engineering, administrative 
work, or any of a score or more of other 
activities in this highly diversified industry. 

In the final analysis, United States Steel is 
men . . . men of high caliber, exceptional 
ability, broad vision and complete dedication. 
Traditionally, United States Steel looks to 
its young men of today to become its leaders 
of tomorrow. 

I 

For complete information on the oppor
tunities available at United States Steel for 
young men of ambition and foresight, send 
for a copy of our free book-Paths of Oppor
tunity. Doing so may very well be the begin
ning of a successful and rewarding career for 
you at United States Steel. 

.--------------------------------· 
I United States Steel Corporation, Personnel Division I 
I 525 William Penn Place, Pittsburgh 30, Pa. I I Please send me a free copy of your book, "Paths of Opportunity." I 
1 Name .............................................................................. · I 

I I 
: ... (Colieie) ......................... (Course) ........ "(Date of grad"u'ation). . . . . I 
1 Address ............................................................................. I 

I . I 
1 City .................................................... State. . . . . . . . . . . . . . . . . . . . . . . . I 
L--------------------------------~ 



TO MAKE THINGS 

BETTER 

'FOR AMERICA-

Avco Manufacturing Corporation is a builder of quality products 
for the commercial economy and high-performance military 
systems for national defense. Aircraft engines, electronics systems, 
farm implements, kitchen components and the nose cone for the 
Air Force Titan intercontinental ballistic missile are being 
produced by Avco today. 

The foundation for Avco tomorrow is being laid at our Research 
and Advanced Development Division. We know that the tech
nology of the future will be built on scientific research being done 
now. Amazing new materials and new means for creating useful 
power hold out the promise of great advances in transportation, 
in agriculture, in consumer products, in nearly every aspect of 
our future economy. New scientific knowledge and its imaginative 
application can turn these promises into reality. Work at the 
Research and Advanced Development Division has already shown 
what rapid strides can be taken in a short time. 

The division is composed of outstanding scientists and engineers 
who work in an environment that fosters creative investigation. 
It is the "breakthrough" division of a progressive manufacturing 
organization. Avco management recognizes the role of the 
scientist in modern technology. Avco's determination to make 
things better for America places the resources of a large, diver
sified, aggressive company firmly behind the Research and 
Advanced Development Division. 

Raymond A. Rich 
President, A vco Manufacturing Corporation 

Pictured above is our new Research and Development Center now under 
construction in Wilmington, Massachusetts. Scheduled for completion in 
early 1958, this ultramodern laboratory will house the scientific and tech
nical staff of the Avco Research and Advanced Development Division. 

Avco's new research division now offers 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 • IEiedricaH 

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, Massachusetts. 
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SUSPENSION STORY -Chuck Steger, M.E. '52, probing dynamic properties of new Air Spring 
developed by Von Polhemus (1.). A nationally recognized authority on suspension systems, Mr. 
Polhemus directs Structure and Suspension Development Group of GM's Engineering Staff, helps 
guide Chuck in his professional career. 

Because e is a 
-we offer you a career-not a job 

0 NE REASON engineering standards at General Motors are 
so high is that General Motors recognizes engineering 

as a profession. And the men who engineer the many dif
ferent products made by GM are respected for the profes-
sion they practice. r<~:-· 

That is why, when you are invited to join GM as an engi
neer, you don't simply take a job-you start a career. 

It is a career that is rewarding both professionally and 
financially-starting on your first day of association with 
GM at any one of its 35 divisions and 126 plants in 70 
cities and 19 states. 

During your early days at GM, for example, you work 
with a senior engineer who guides your career along pro
fessional lines. 

You are also actively encouraged to pursue your education 
towards an advanced degree. For we at General Motors 
recognize that, in doing so, you will become more valuable 
to us and the engineering profession. 

You are given the opportunity to obtain professional recog
nition through participation in engineering society forums, 
presentation of technical papers, winning of patents and 
other recognition of your accomplishments. 

And you are also encouraged to take an active role in your 

community's affairs-because a truly professional man is a 
good citizen as well as a good engineer. 

All this is for a reason-and a good one. , 
Many of the men who will fill the key positions at GM in 
the future are the young engineers joining GM today. This 
is not theory, it is fact. For 14 of our 33 Vice-Presidents 
are engineers, 23 of our 42 Division General Managers are 
engineers, too. 

Today we are looking for young engineers-such as you
who may fill these positions tomorrow. The rewards-both 
professional and financial- are substantial. If you feel you 
have the ability, write us. It could be the most important 
letter of your life. 

GM positions now available in these fields: 

MECHANICAL ENGINEERING • ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING • METALLURGICAL ENGINEERING 

AERONAUTICAL ENGINEERING • CHEMICAL ENGINEERING 

CERAMIC ENGINEERING • MATHEMATICS • INDUSTRIAL DESIGN 

PHYSICS • CHEMISTRY 

GENERAL MOToRS CoRPORATION 
Personnel Staff, Detroit 2, Michigan 

MINNESOTA TECHNOLOG 



THE LOCKHEED MISSILE SYSTEMS 

Advanced Study Prograrn for 

M.S. a11d Ph.D. DEGREES 

in science and engineering 

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

The Graduate Study Council offers an Advanced Study Program to enable 
qualified individuals to obtain M.S. or Ph~b. degrees. Under this program the 
participants are employed in their chosen fields of research and development 
at Lockheed Missile Systems 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 
or write: 

( iJ COLLEGE RELATIONS DIRECTOR 

L~ MISSILJ~ SYS'l'EMS 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO e SUNNYVALE ct VAN NUY§ 9 CALII•,ORNIA 
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hillips offers 

Careers in the 

ation's Foremost 

Growth Industry 

Petroleum, in addition to being the world's 
most important source of energy, is also a 
vital raw material for thousands of petro
chemicals. Keeping pace with the increasing 
demand for oil and natural gas, the petroleum 
industry is a leader among the nation's growth 
industries. And Phillips Petroleum Company 
is the fastest growing of the ten largest oil 
companies. 

Phillips rapid and continuing expansion 
offers excellent opportunities for technical 
graduates to choose careers in such varied 
fields as research, exploration, production, 
manufacturing, transportation and marketing. 
And in addition to petroleum fuels and lubri
cants for automotive, aircraft and industrial 

use, we produce and market a wide variety of 
petrochemicals, and operate Government
owned rocket fuels and atomic energy instal
lations. 

Thus, no matter what your interests are, 
you will find a challenging opportunity in 
some phase of our operations. Write to our 
Technical Manpower Division today for your 
copy of our new brochure, "Career With A 
Future." And be sure to arrange for an inter
view with the Phillips representative when he 
visits your campus. 

D. R. McKeithan, Director 
Technical Manpower Division 

PHILLIPS .PETROLEUM COMPANY 
Bartlesville, Oklahoma 

MINNESOTA TECHNOLOG 
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I I rl it 
an important "plusn benefit al Los Ala~nos 1 

When a scientist or engineer comes to Los Alamos to work, it is important to him, and 
to us, that his fund of knowledge continues to grow. For that reason, the Graduate Center 
at Los Alamos is one of this interesting community's most valuable assets. 

The Center, operated by the University of New Mexico, offers graduate programs in the 
fields of nuclear, mechanical and electrical engineering, chemistry, physics and mathematics. 

Additional facts of interest ... 
• Instruction is by recognized leaders in their scientific fields from the laboratory staff and from the 

University of New Mexico 

e Classes are held in the evening, a few minutes from your Los Alamos residence 
e One-half of your tuition is paid by the Laboratory 

• Unique laboratory facilities and equipment are available 

• Los Alamos technical library, among the nation's most complete, is open 24 hours each day for study 
and research. 

College graduates in the physical sciences and engineering who are interested in accepting 
important research assignments and at the same time continuing their advanced education 
are invited to write for more information. Details about the Laboratory, the Graduate 
Center and the delightful family living conditions in northern New Mexico will be sent by 
return mail. 

OS 
; of~9eiu~~~~f~~f }A~~?N~Aatory 

lOS ALAMOS, NEW MEXICO 

DIRECTOR OF PERSONNEL 

Los ALAMOS SciENTIFIC LABORATORY 

Los Alamos, New Mexico 

Los Alamos Scientific laboratory is a non civil service 
operation of the University of California for the U. S. 
Atomic Eners;~y Commission 
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Testing a double-case. high-pressure, boiler-feed pump in Ingersoll-Rand's hydraulic labora· 
tory. Pumps of this type feed hot water into steam boilers at pressures up to 6500 psi. 

If you are interested in hydraulics ...... 

Here's what Pump Engineering at Ingerson .. Rand 

can mean to you ..• 

o business or industry could long sur-
vive without pumps. Their vital liquid

moving function is a fundamental part of 
our modern civilization. That's why pump 
engineering offers such a varied and fascinat
ing career - cutting across virtually every 
branch of every industry. 

Ingersoll-Rand's Cameron Pump Division 
in Phillipsburg, N.] ., is one of the oldest, 
largest and most progressive pump manu
facturing plants in the world. As an engineer 

engaged in research, design, manufacture or 
sales of I-R pumps, you can be sure of three 
things - prestige, permanence and progress. 
The Company is a leader in its field, and 
so are the men you will work with. Here, 
long-range security and opportunities for ad
vancement are second to none. For further 
information on leadership careers at Ingersoll
Rand, contact your Placement Office, or write 
to Ingersoll-Rand, 11 Broadway, New York 
4, New York. 

EXCELLENT OPPORTUNITIES NOW AVAILABLE: 

'" Sales Engineering - ME, IE, EM, EE, CE - Bachelor 

• Design Engineering - ME - Bachelor & Master 

• Production Engineering - ME, IE - Bachelor 

.. Business Engineering - Engineering & Business Degrees - Bachelor & Master 

also means 
LEADERSHIP 

in 

Compressors 
and Blowers 

Rock Drills 

Air & Electric Tools 

Steam Condensers 

Diesel & Gas 
Engines 
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REP RT FROM RYAN 

ew En ineering 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 eet 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. 
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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 ith 
New VT L 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 2 ~ 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 
lindbergh field, 2745 Harbor Drive 
San Diego 12, California 

NAME 

ADDRESS 

PHONE NO. 

DEGREE SCHOOL 

FIELD OF EXPERIENCE OR PREFERENCE 
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thousand :miles up the 
CONTROLS MUST FUNCTION ...... WITHOUT PAMPERING! 

A thousand miles up the Amazon puts you about 200 miles south of 
the Equator-and ,a whale of a long way from service, as we know it. 
But, nevertheless, there stands the Manaus Refinaria del Companhia 
de Petroleo da Amazonia, complete with the most modern refining 
equipment. 

Here, every bit of equipment must stand on irs own merit ... there 
is no time for pampering. Sources of supply and repair are too far 
away to help much. 

So, when they hacked this refinery out of the jungle, they chose Fisher 
control valves and liquid level controls. 

In a recent report, Arturo Amorim, Vice President and Direcror of 

Operations, states, " ... All are delivering excellent performance"! 

Which again proves that you can't beat more than three quarters of a 
century of Fisher engineering know-how for day-after-day depend· 
ability. 

FISHER GOVERNOR COMPANY 
Marshalltown, Iowa/Woodstock, Ontario 

Moncus Refinery 

COMPANHIA de PETROlEO do AMAZONIA 

Designed by 

SOUTHWESTERN ENGINEERING COMPANY 
Los Angeles, California 

Inaugurated September 6, 1956 

Fluid Catalytic Crocking Unit 

Designed by 

UNIVERSAL OIL PRODUCTS COMPANY 
Des Plaines, Illinois 

CONTROL VALVES-liQUID LEVEL CONTROLS 
Supplied by 

FISHER GOVERNOR COMPANY 
Marshalltown, Iowa/Woodstock, Ontario 

SINCE 1880 

WORLD LEADER IN RESEARCH FOR BETTER PRESSURE AND LIQUID LEVEL CONTROLS 

MINNESOTA TECHNOLOG 



Now! new star in Navy skies 

Jayne Marie Mansfield, with the help of her famous 

mother, christens Temco' s jet trainer "Pinto" 

The TEMCO-built TT-1 proudly joins the Navy's air 
arm as the "Pinto"- first primary jet trainer to be 
accepted by the U. S. Military. It is an aircraft as 
reliable and rugged as the famous Pinto ponies of the 
Texas plains. 

The Pinto was born in Texas ... designed, built and 
tested at Temco's own expense to meet the need for 
all-jet training. It won competitive evaluation tests at 
the Navy's Patuxent River Air Test Center. Subsequent 
'exhaustive tests have proved its capabilities for true 
jet performance with highest safety factors. 

The Pinto is an outstanding example of Temco initia
tive and engineering skills. Similar achievements are 

AIRCRAFT CORPORATION • Dallas, Texas 

being made in the fields of guidance systems, electron
ics, and missile weapons systems. The experienced 
engineer seeking the challenge of a growing organiza
tion, plus the prestige of a soundly established com
pany- will find his opportunity at Temco! 

IN ENGINEERING, THE BEST OPPORTUNITIES ARE IN AVIATION 

IN AVIATION, THE BEST OPPORTUNITIES ARE AT TEMCO 

r-----------------------------------; 
MR. JOE RUSSELL, Engineering Personnel 1 

Room 100-M, Temco Aircraft Corp., Dallas, Texas : 
I 

Please send me complete details of the Temco story of unusual : 
opportunities for experienced engineers. I am especially interested in : 

I 
I 
I 

---··-------~~-~---~---------. ··--·------ I 

ADDRESS, _____________ _ 

I 
I 

~ 
I 
I 
I 
I 
I 
I 

1 
CITY___ STATE___ _ _____ l 

L------------------------------------J 
MISS MANSFIELD APPEARS SOON IN THE JERRY WALD FILM PRODUCTION "KISS THEM FOR ME" 

NOVEMBER 1957 
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lee Baker tells what it's 
like to be .•• and why he 
likes being ••• a Manufac
turing Engineer with IBM, 

*SOLUTION 

30 39 4S 10 19 28 

38 47 9 18 27 29 

46 6 8 17 26 35 37 

5 14 IS 25 34 36 45 

!3 15 24 33 42 « 

21 23 32 41 43 3 12 

22 31 40 49 2 u 20 

I 
Selecting a career can be puzzling, too. 
Here's how Lee Baker found the solution 
to his career problem-with IBM: 

Despite his impending Service hitch, Lee 
was hired by IBM in 1953. As a Technical 
Engineer, he entered the General Manu
facturing Education Program, a 10-month 
course with rotating assignments in all 
phases of the work: manufacturing, pur
chasing, production. Then came two years 
in Korea. Now back at IBM, Lee has been 
promoted to Production Control Engineer, 
responsible for designing systems to insure 
a smooth flow of work through the IBM 

electronic computer plant. "It takes creative 
engineering ability to design these systems," 
says Lee, "and administrative ability to 'self 
a system to higher management.'~ 

There are many excellent opportunities for 
well-qualified engineers, physicists and 
mathematicians in IBM Research, Develop· 
ment and Manufacturing Engineering. Why 
not ask your College Placement Director 
when IBM will next interview on your 
campus? Or, for information about how 
your degree will fit you for an IBM career, 

Mr. R. A. Whitehorne 

lUST WRITE TO: IBM Corp., Dept~ 850 
590 Madison Avenue 
New York 22, N. Y. 

INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 

DATA PROCESSING 
ELECTRIC 1YPEWRITERS 
MILITARY PRODUCTS 
SPECIAL ENGINEERING PRODUCTS 

SUPPLIES 

TIME EQUIPMENT 
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Dr. M.A. Biondi (Massachusetts Institute of Technology, B.S. '44, Ph. D. '49) measuring ultra-micro
wave transmission through superconductors. This experiment is a joint effort of a group of 
Westinghouse scientists aimed at obtaining a better understanding of the nature of superconductivity. 

Westinghouse Scientists Probe Secrets of Superconductivity, using ••• 

h 
Temperatures within a fraction of a 
degree of absolute zero are produced 
routinely by Westinghouse scien
tists in their search for more knowl
edge of the important phenomena 
of superconductivity. These phenom
ena rank with the nature of nuclear 
forces as one of the most funda
mental problems facing the theo
retical physicist. When supercon
ductivity is completely understood, 
its principles could well revolu
tionize the electrical and electronic 
industries. 

The basic principles of supercon
ductivity have eluded an explana
tion since 1911 when the first ex
ample of the complete disappear
ance of electrical resistance in metal 
was discovered. Today scientists at 
the Westinghouse Research Labo
ratories in Pittsburgh, are making 
significant contributions to the field 
by their low-temperature research. 

t 
this superconducting state, they are 
perfectly diamagnetic, i.e. will com
pletely exclude magnetic flux when 
placed in a magnetic field. 

While this fundamental research 
is being conducted by theoretical 
physicists in search of knowledge 
and understanding of first principles, 
from even the terse description above 
of superconductivity, the imagina
tion begins to run wild with engi
neering applications. An electronic 
computer using superconductivity 
memory elements will switch 10,000 
times faster than conventional com
puter elements, wiU store 10 times 
as much information per unit space 
as ordinary computers. If the con
ditions can be fulfilled to make a 
substance superconductive in tem
perature regions other than that 

around absolute zero, design of every 
electrical or electronic product will 
be radically changed. Imagine con
sidering the commonest electrical de
sign problem without having to take 
into account electrical resistance! 

While these exciting considera
tions whet the imagination, they are 
not the primary object of the low
temperature research going on at 
Westinghouse. This and many other 
research projects are being conducted 
to discover new phenomena and new 
knowledge of the universe. It is done 
on the belief that all research is an 
investment in tomorrow. 

To the young, creative engineer 
this means exciting opportunities for 
graduate engineers in these exciting 
fields: 
ATOMIC POWER RADAR 

AUTOMATION SEMICONDUCTORS 
JET-AGE METALS ELECTRONICS 
LARGE POWER CHEMISTRY 

EQUIPMENT 

••• and dozens of others 

Tin Waveguide Containei'S' 

Highly simplified diagram of the apparatus used 
to study the absorption of millimeter wavelength 
microwaves in superconducting tin waveguide. 
Studies of this type have shown the existence of 
a gap in the energy levels of superconductors, 
These studies have thus provided key information 
in solving the puzzle of superconductivity. 

For more information on Westing
house research in the field of super
conductors and low-temperature 
studies, or information on job oppor
tunities, write Mr. J. H. Savage, 
Westinghouse Electric Corp., P.O. 
Box 2278, Pittsburgh 30, Pa. 

ous 
Superconductivity occurs in cer

tain metals, alloys and compounds 
which, below characteristic transi
tion temperatures, completely lose 
their electrical resistance. While in FIRST WITH THE FUTURE 
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Collins Radio Company is a \ 
dynamic, fast-growing company. \ 
Your placement office can \) 
tell you when a repre-
sentative will be on / 
campus, or write to-- I 

I 
I 

14 

L. R. Nuss 
Collins Radio Company 
Cedar Rapids) Iowa 

Fred Aiken 
Collins Radio Company 
2700 W. Olive Ave. 
Burbank, California 

Harold McDaniel 
Collins Radio Company 
1930 Hi-Line Drive 
Dallas, Texas 

MINNESOTA TECHNOlOG 



Pushing hack the frontiers ... in chemistry 

Exploring new frontiers is still a pretty excit
ing business, especially in the great scientific 
and research centers like the Whiting Labora
tories of Standard Oil Company. Here men 
like Dr. Omar Juveland are engaged in impor
tant exploratory work such as the search for 
new and improved catalysts for use in high 
polymer chemistry. In the photograph, Dr. 
Juveland is recording data on a polymerization 
process taking place in this research area. 

Dr. Juveland is one of the group of young 
scientists in Standard's Hydrocarbon and 
Chemicals Research Division. Born in Lake 

Mills, Iowa, he did his graduate work in or
ganic chemistry at the University of Chicago. 
He received his BS in chemistry from St. Olaf 
College, Northfield, Minnesota, in 1950. He 
is a member of Phi Beta Kappa, Sigma Xi, 
and the American Chemical Society. 

Busy young men like Dr. Juveland have 
found opportunity and work to their liking in 
the Standard Oil Laboratories at Whiting, 
Indiana. They share in the progress and ac
complishment which contribute so much to 
the technical advancement and improvement 
required by America's expanding economy. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 

NOVEMBER 1957 15 



.... on the prevention of total war 

"Modern civilization is now faced with a task of fatal 

urgency. Unless man can find ways of limiting war, 

modern civilization itself may perish. The difficulties of 

limiting warfare today contrast with the capacity of 

major powers to wage total war with ever fewer restric

tions and ever fewer survivors. Today, it is no longer a 

common belief in the dignity and destiny of man, but 

only prudence and fear, that can prevent total war. 

And yet. in the light of reason, the efforts to avert total 

war hold more promise of success than the hope for 

freedom from all war. It still is easier, as it has always 

been, for man to restrict war than to establish peace 

on earth." 
,...., H. Speier, Head of the Social Science Division 

THE RAND CORPORATION. SANTA MONICA, CALIFORNIA 
A nonprofit organization engaged in research on problems related to national security and the public interest 

16 
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about the future .... 

ASSIGNMENTS HAVE 

THE SCOPE THAT LETS 

YOU PROGRESS AT 

YOUR OWN PACE I 

Going around in circles? Chances are you're 
wondering what your future holds. At Douglas, long

range projects of tremendous scope assure 
a constant variety of assignments ... and the opportunity 

to expand your responsibilities. Douglas is headed 
by engineers who believe that promotion must come 

from within. They'll stimulate you to build a 
rewarding future in your field. 

For important career opportunities, write: 
C. C. LaVENE 

DOUGLAS AIRCRAFT COMPANY, BOX 6102-K 
SANTA MONICA, CALIFORNIA I 
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UNIVAC SCIENTIFIC 

Weight - 17 Tons 

AreCll - 880 Sq. 1Ft. 

Power Req. - 45 KW 

Cost- $1,500,000 

STORAGE CAPACITY (No. of words): 

Magnetic Cores - 12,288 

Magnetic Drums - 16,384 

Magnetic Tapes - 3,850,000 

CALLOUT TIME 

Magnetic Cores - .000008 sec. 

Magnetic Drums - .017 sec::. 

Magnetic Tapes - .00047 sec:. 
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Perhaps the most misunderstood 
machines in existence are the large 
scale automatic digital computers, 
commonly known as "giant brains." 
The idea seems to be that a "giant 
brain" can give answers to questions 
that the person operating the com
puter can not. 

In reality, computers perform basic 
arithmetic operations and logical de
cision, all based on simple additions 
and subtractions. They cannot be the 
brains of an engineering department; 
instead they are extremely efficient 
mathematical robots that execute in
structions faithfully and blindly. 

Spectacular developments in elec
tronics during the 1940's made possi
ble the development of high-speed 
electronic computers. During this 
period, each computer was designed 

A look Inside 

a local 

Computer Written 

by GEORGE CHAMPINE 

and constructed for a particular in
stallation. Today large scale comput
ers are available on practically an 
"off-the-shelf" basis; more than 175 
large scale machines and more than 
700 intermediate computers have been 
installed. 

One of the leaders in the comput
ing field is Remington Rand Univac. 
The name Univac stems from "Uni
versal Automatic Computer," it was 
a development from Eniac, "Elec
tronic Numerical Integrating Auto
matic Computer," invented by Dr. 
John Mauchly and Mr. J. Eckert at 
the University of Pennsylvania in 
Philadelphia. Now, both Dr. Mauchly 
and J\1r. Eckert are executives in Rem
ington Rand Univac. 

This company manufactures com
puters for business, armed services, 

MINNESOTA TECHNOLOG 



and scientific applications at several 
plants in St. Paul, as well as at other 
locations around the country. They 
also maintain a computing center in 
St. Paul utilizing a Univac Scientific, 
one of the largest and fastest comput
ers yet built. 

Univac Scientific is the trade name 
for all the llOO series computers 
built by Remington Rand. The. first 
Univac Scientific was the model 1101 
which was built by Engineering Re
search Associates of St. Paul on a 
nilitary contract. The contract was 
>roject 13 and the computer was des
~nated model 1101 as this is the bi
'Jlry representation of thirteen. Model 
'103 was built by Remington Rand 
·~ivac after ERA became part of this 
o:!'anization. The latest model now in 
il~ 'ice is the 11 03A. 

~:~~~~: 

~.:h~he Univac Scientific includes the 
·.,asic computer unit, plus magnetic 
·;~re, magnetic drum, and magnetic 
)pe storage units. Total weight is 
hut 17 tons, and the computer oc
>ies approximately 880 square feet. 
:er is furnished by two motor

alternator units, delivering 45 kw. for 
the computer proper, air cooling 
units, and external equipment. The 
cost of the computer is about $1,500,-
000, although auxiliary equipment 
can raise this figure considerably. 

As an example of the speed of this 
machine, it can add nearly 50,000 
numbers per second, each number 
equal to 11 decimal digits and sign. 

A View of 
Several Typical 

Memory Drum 
Units Similar 

to the ones 

used in Univac 
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The basic length of numbers is 36 
binary digits, (equal to 11 decimal 
digits and sign), and this group of 36 
binary digits is often referred to as a 
"word." The Univac Scientific can 
store up to 12,288 words in magnetic 
cores, and can recall one of these 
words in eight millionths of a second. 
The magnetic drum has a storage ca
pactiy of 16,384 words and produces 
information in 17 thousandths of a 
second. In addition, there may be up 
to ten magnetic tape units attached. 
Each tape may hold 385,000 words, 
and can transfer data into the com
puter at the rate of 2130 words per 
second. Although magnetic cores are 
the fastest, they are also the most ex
pensive. This arrangement of three 
types of storage gives maximum speed 
consistent with reasonable cost. 

Numbers may be put into the ma
chine in four ways; magnetic tape, 
punched cards, paper tape, and man
ually. The computer can perform any 
one of more than 50 different arith
metic and logical operations. Output 
may be to paper or magnetic tape, 
punch cards, electric typewriter, high
speed printer, visual displays, digital
to-analog conversion equipment, or 
remote transmission equipment. The 
high-speed printer will print up to 
600 lines per minute; each line is 120 
characters long. In addition it can 
print curves directly from output 
data. 

Univac Scientific computing sys
tems are in use by scientists and engi-

neers for computations involving 
nuclear reactor problems 
missile trajectories 
analysis of missile data 
ram jet engine development 
ICBM program 
jet aircraft design 

An exam pie of the use and capacity 
of this computer is illustrated by the 
electronic computing center at Hollo
man Air Force Base at Alamogordo, 
New Mexico. 

At the present time only one com
puter is in actual use at the Holloman 
computing center, but shipment of a 
second Univac Scientific has been con
tracted for and delivery is scheduled 
for early next year. The ultimate plan 
is to employ the first Univac Scientific 
as a data processing unit. It will re
ceive information from ground instru
ments that have been tracking a 
missile in flight, make mathematical 
corrections to find the true path of the 
missile, and then pass this informa
tion on to the second computer. 

The second computer will analyze 
the behavior of the missile and act as 
the pilot for the missile in flight, mak
ing changes and corrections as it 
homes its way to the target. 

Real-time simulation and analysis 
of guided missiles in flight is one of 
the most popular uses for the Hollo
man computing center, but this work 
accounts for only five per cent of the 
time used on the computer. The other 
95 per cent of computer performance 

(Continued on Page 46) 
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Imagine yourself working for a com
pany designing control systems for jet 
airplanes and your job is to determine 
the proper gain settings of the control 
system~ for optimum performance. 
This amounts to varying the coeffi
cients of the airplane's equations of 
motion, a set of 4-12 differential equa
tions which may be as complicated as 
tenth order, depending on the ac
curacy and thoroughness desired in 
the solution. Even if a digital com
puter is available the solution requires 
a great deal of time and labor. Is find
ing these gain settings a hopelessly 
large task? Not at all- it's practically 
routine for an engineer with an ana
log computer. 

As its name implies, an analog com
puter uses the analogy between me
chanical, hydraulic and electrical sys
tems to solve mechanical and hy
draulic problems by ordinary circuit 
theory. For instance, the analogy be
tween the quantities representing volt
age and mechanical force, current and 
velocity, inductance and mass, charge 
and displacement can be seen by com
paring the two equations. 

e = L dljdt = L d2q jdt2 

F = m dvjdt = m d2 xjdt2 

where e =voltage across a coil 
L =Inductance of a coil 
I= current 
q = electrical charge 
F = force on a mass 
m =mass 
v =velocity 
x =displacement 

The physical system of a mass on a 
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an insight into a few 

problems of analog computers 

spring can be simulated by an induc
tor and capacitor in series as seen by 
a comparison of the respective charac
teristic equations. 

L d2qjdt2 + R dqjdt + qjc = 0 

m d2xjdt2 + f dxjdt + KX = 0 

where R is the electrical resistance 
of the coil 

C is the capacitance of the 
capacitor 

f is the coefficient of viscous 
friction 

K is the constant of the 
spring 

The two systems would have the same 
frequency characteristics if 

L = m, R = f, and C = 1 j K. 

The modern analog computer uses 
high gain de amplifiers to simulate 
mechanical systems and to solve dif
ferential equations. Consider the sys
tem of Fig. l. This pictures a de amp
lifier with a gain of approximately 30 
million to one and with input im
pedances Za, Zb, Z0 and a feedback 
impedance Z1. Kirchhoff's law states 
that the sum of currents entering and 
leaving a node is zero. Assuming that 
the amplifier draws no grid current, 
we sum the voltages at the grid of the 
amplifier, Node A, noting also that 
the output voltage is the input voltage 
multiplied by the gain. This opera-

by Mil TON E. HANSON 

tion gives us two equations which we 
can solve simultaneously to get the 
transfer function, the relationship be
tween input and output voltage: 

(eu-ea) + (eg-eb) 
Za zb 

C0 =Keg 

_ ( e0 - eu) 
- Zt 

combining these equations we have 

eo eo 
Z

1
- KZ

1 

If K is very large, e0 jK is a very small 
quantity compared to the other terms 
and can be neglected. The transfer 
function of the operational amplifier 
is then 

e0 =- (Z1JZaea + Z1jZb eb + Z1jZ0 e0 ) 

This relationship between input, out
put and feedback parameters allows 
addition, differentiation and integra
tion to be performed by the analog 
computer. 

If Z1, Za, Zb, Zc are all resistors, the 
output voltage is the sum of the input 
voltages multiplied by a weighting 
factor, or gain, of Z1jZi. 

If a capacitor is the feedback ele
ment, the Laplace transform of Z1 is 
ljSC. With a resistor Ri as the input 
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impedance, the transfer function of 
the amplifier is 

e0 =- ei}'SCRi 

The inverse Laplace transform of this 
function, 

e0 = -ljRiCjeidt) 

shows that output of an amplifier with 
a capacitor as the feedback element 
will be the time integral of the input. 
Similarly, a differentiating circuit 
could be created by using a coil as 
the feedback element since the La
place transform of its impedance is 
SL. Normally a differentiating circuit 
is not used because it accentuates any 
noise in the amplifier, and thus causes 
errors in the results. 

Multiplying by a constant is done 
with a potentiometer. If a voltage A 
is placed across a potentiometer, the 
wiper of the pot will pick off any per
centage of A from 0 to 100 per cent, 
depending on its position. 

Two variables are multiplied by a 
servo motor which rotates through an 
angle proportional to its input volt
age. If the shaft of the motor turns 
the wiper of a pot having a voltage A 
placed across it, the voltage on the 
wiper will be BAj100 for an input to 
the servo motor of B volts. 

Most of the common transfer func
tions found in physical systems can 
be simulated by various combinations 
of resistances and capacitances for the 
input and feedback impedances. This 
property is very useful since most com
plicated systems, such as the airplane 
control system mentioned earlier, are 
represented by a block diagram with 
each block in the diagram a com
ponent or link in the whole system. 
The blocks can be simulated directly 
without the engineer's knowing the 
complicated differential equations of 
the system. Then when a parameter 
of the system is varied, he knows ex
actly what component of the actual 
system has been changed. 

The output voltages of the ampli
fiers in a simulation represent quan
tities such as displacement, velocity, 
or acceleration and may be recorded 
on paper by magnetic recording pens. 

As an example of how the analog 
computer is used, we can assume the 
transfer function of the airplane con
trol system is 

e0 jei = Wm2
/ (S 2 + 2 WrnS + W m 2) 

(1) 
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This system would be analogous to 
the mass on a spring described earlier. 
In equation (1), W m is the natural 
frequency of oscillation of the control 
system and 2 W m is called the damp
ing ratio. If the damping ratio is large 
enough, the control system will not 
oscillate, but will be very slow in re
sponding to a command input. If 
the damping ratio is small, the system 
will respond quickly but will be high
ly oscillatory. Neither condition is de
sirable in an airplane control system. 
If the damping ratio is correctly 
chosen, the response will be reason
ably fast with little oscillation. These 
three conditions are pictured in Fig. 
2. The simulation of equation (1) on 
an analog computer is pictured in Fig. 
3. Finding the gains of a control system 
which optimizes performance is a sim
ple matter of changing values of po-

tentiometers until the desired results 
appear on the recording paper. This 
process is simplified even more by 
high speed analog computers which 
repeat the solution 3000 times a sec
ond. Since the output voltages of the 
amplifier can be shown on the face 
of a cathode ray oscilloscope instead 
of on paper, the solution to the prob
lem becomes available immediately. 

Without an analog computer the 
best approach to the problem would 
be to vary the gains of the control 
system while the plane is actually in 
Hight. But a typical flight test costs 
several thousand dollars per hour and 
if a mistake is made, both airplane 
and pilot are endangered. By extend
ing the limits of analytical solutions 
to complicated problems the analog 
computer thus saves a great deal of 
time and money. 

Fig. 1 - DC Amplifier with 
three input impedam:es 

{Small damping ratio 

AMPJJTUIJ£ 

TIM£ 

Fig. 2 - Various Damping Ratios 

[l> Integrator [> Invertor 0 Multoplying Potentiometer 

Fig. 3 - Simulation of Equation One 
on an Analog Computer 
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Some Experts Predict 

An Era of Power from 

ITH THE DEVELOPMENT of gas turbines moving 
forward, a new era in motordom seems to be 
approaching. However, the turbine has its draw

backs, and atomic power too, promises to be something 
more than a remote possibility. At least one firm is ru
mored to be working on an anniversary model prototype 
for an atomic powered automobile. Into this complicated 
scene of a multitude of possibilities comes a new intruder 
-a modernized piston popping machine of which today's 
mill is only a remote ancestor. This engine is the Brad
shaw Omega, designed by Granville Bradshaw of Great 
Britain, an early pioneer in radical aircraft engines. The 
Omega engine reportedly can develop 150 horsepower 
from a plant about the size of a Maytag motor of the 
roaring twenties. A giant sized model (of about the 
weight of present day engines) could conceivably develop 
3,000 horse power. 

Dr. Ferdinand Porche of Mercedes-Benz and Yolks
wagon fame, once commented that the car of the future 
will not be concerned with whether the engine is in front 
or in the rear. "It will be so small that you can put it in 
the glove compartment." The newly heralded Omega 
engine is an early example of a power plant tending to 
confirm Dr. Porche's prophecy. 
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by J. F. CUDERMAN 

The Omega engine, while four cycle, has many charac
teristics that are reminiscent of the two cycle outboard. 
In the Omega, curved pistons chase each other around a 
doughnut shaped cylinder, and the housing rotates with 
the lone spark plug wolfing its way around the pistons 
looking for the air-fuel mixture to ignite. The ingredi
ents for this little gem are relatively simple. The Omega, 
in basic form, consists of a torroidal shaped cylinder, four 
curved pistons, three concentric shafts, one crankshaft, 
two rocker arms, and two gears. It has a total of nine 
moving parts. The assembly of the engine too, presents 
little difficulty. The instructions for putting one together 
from a heap of components read something like this: 
Take two curved pistons; fasten a connecting rod to the 
pistons by connecting pins (the rods are equal in length 
to the diameter of the torroid from which the pistons 
were cut). Fasten the resulting connecting rod- piston 
dumbell-rigidly to the largest of the two hollow shafts. 
Repeat with the second pair of pistons and fasten to 
the smaller hollow shaft. Place the second shaft con
centric with the first two. Attach the two separate 
shafts to the opposite ends of the crank by way of 
shafts to the opposite ends of the crankshaft by way of 
the rocker arm connectors. Fasten the smaller gear on the 
crankshaft and the larger one on the housing shaft. This 
gives the 2:1 reduction which drives the housing. The 
resulting assembly is the Omega Engine. 

For convenience in explaining operation of the Omega 
let the top position, between pistons one and two, be quad
rant 1; between pistons two and three, quadrant 2: be
tween pistons three and four, quadrant 3; and between 
pistons four and one, quadrant 4. In the top diagram, the 
plug is over quadrant 1, which is at the end of compres
sion. The plug ignites the power stroke. Simultaneously, 
gas in quadrant 2 is compressed, quadrant 3 takes in gas, 
in quadrant 2 is compressed, quadrant 3 takes in gas, 
quadrant 4 emits exhaust. When the power stroke is 
completed, the plug has moved over quadrant 2 and from 
there the process is repeated with the pistons reversing 
direction of travel, the engine performing its operation 
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Curv Pistons 

3 4 
in a scissor like fashion. It is seen that two strokes are 
required before a given process (i.e., cmnbustion, com
pression, etc.) makes a counter clockwise move from quad
rant 1 to quadrant 2, etc. It is likewise seen that for 
every complete revolution of the housing, each process 
has made a complete circuit of the quadrants. 

The objection has been encountered that the revolving 
housing is essentially something akin to the tail wagging 
of a dog. There are, however, two interesting reasons 
for utilizing it. First of all, it works as a natural distribu
tor. All that is needed are four brush contacts to make 
contact with the plug as it makes its oddessy around the 
torroid. Timing would be accomplished by merely mov
ing the contacts to one side or the other. The second 
reason for the rotating housing is that with fins mounted 
on it, the rate of heat transfer from the engine would 
be very much increased, making a practical air cooling 
setup. With cooling ducts running through the engine, 
the efficiency of the process could be increased and in 
addition the cooling draft ·would help clear exhaust 
gases and reduce back pressure. 

The valving of the Omega is accomplished by two 
slots- one on the outside of the toroidal cylinder for 
exhaust and one on the inside of the torroicl for the in
take. Location of parts is determined by valve timing 
requirements. Thus the Omega boasts no camshafts, 
valves, valve springs or rocker anns. Because of reduction 
in components and the use of what is essentially two 
cycle valving, the intake and exhaust processes are ex
ceedingly positive and there is no valve float at high 
speeds. This explains why the Omega engine can be 
run up to 12,000 rpm and even above, without malfunc
tion. 
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\1\Tith fewer moving parts than present clay piston pop
pers, the frictional losses of the Omega are considerably 
curtailed. Also the cushioning action of the gases on the 
pistons as the crankshaft suffers reversal, cuts the in
ertial forces on the crankshaft to about 1/5 that of 
present day engines. 

Despite all of the apparent advantages of the Omega 
Engine, it does have its drawbacks. First and foremost, 
the problem of machining is extremely acute. Tolerances 
must be held very close to prevent blowby. Equally ser
ious at times is a condition of unequal expansion of 
different parts of the engine. This would cause excess 
wear and an accelerated ratio of deterioration of the 
engine. The fact that the piston is curved precludes 
rotation of the piston, and hence uneven wear occurs. 

To put the Omega in production would entail fabu
lous expense on the part of the large automobile pro
ducers. To warrent this, the Omega must definitely offer 
overwhelming advantages over present clay power plants. 
Early enthusiasts of the Omega pointed out that it gets 
two horse power per cubic inch of displacement, while 
?ur bes~ engine today only gets one horse power per cubic 
Inc~. Since .then,. Merce.des Benz has succeeded in pro
dunng a mill, With their new desmodromic valving ar
rangement, that equals the Omega's two h.p. per cubic 
in.ch. Ve~y likely,. further development of the Omega 
will also Increase Its rating. 

It would not be fair to the Omega to assume that be
cause of its sizable drawbacks it will never reach produc
tion. This may be true, but nevertheless the Omega pre
sents several very interesting possibilities. There is no 
reason why a simple, dependable, do-it-yourself mill can
not be developed. In this class, the Omega is the number 
one possibility. As stated before, one of the disadvantages 
o.f ~~e Omega i~ that the pistons don't rotate. The pos
sibility of making the pistons square in cross section 
with L or U shaped rings, which can be slipped out 

(Continued on Page 72) 
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The current intense interest in 
printed circuits arises from a realiza
tion that they eventually will pave 
the way to a complete standardization 
of electronics parts and a complete 
mechanization of assembly. 

The term printed circuits, in com
mon usage, refers both to a true 
printed circuit and to printed wiring. 
There is a distinct difference between 
the two, however. 

Printed circuits involve the print
ing of resistors, capacitors, coils, and 
their related wires on a copper clad 
laminate. They cannot usually be re
paired, but must be replaced as a unit. 

Printed wiring utilizes standard 
components (resistors, capacitors, etc.) 

Printed circuitry difficult? 

Nol because thanks to 

Modern Electronic Conquests 

are no longer a problem 

connected by a thin pattern of copper 
foil bonded to an insulating base. 
The components may be separately 
removed and be replaced when neces
sary. 

Printed circuitry possesses many ad
vantages over conventional wiring 
methods, chiefly size and cost reduc
tions. Up to the present it has been 
plagued by limited mechanical 
strength between the copper and the 
bonding agent, and a low rated con
tinuous operating temperature (250° 
to 350°F.) The main disadvantage of 
printed circuity is that a two dimen
sional layout is not necessarily the 
most convenient for sub-miniature 
equipment. Conversely, two-dimen-

by J. Kruethmeier 

sional layouts readily lend themselves 
to automatic assembly techniques. 

BASE MATERIALS 

Materials commonly used as the 
printed wiring insulating base include 
paper {treated and untreated), fabrics 
(nylon, cotton, or orion), and glass 
(mat or fabric). We will consider 
briefly some outstanding examples of 
each type. 

Paper base- Grade XXXP is the 
most widely applied copper clad ma
terial because of its excellent electri
cal characteristics and relatively low 
cost. It is recommended for applica
tions requiring high insulation resist
ance and low dielectric losses under 

This article attempts to survey the field by considering the following six topics: 

of printed circuitry in general terms. It is 1) Base materials 

not intended as an exhaustive work, as 2) Adhesives 

such would require several volumes. Rath-
3) Foils 
4) Wire printing techniques 

er it strives to provide the reader with a 5) Fabrication 
working knowledge of printed circuitry 6) Components 
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severe humidity con(Ltions. Normally 
it requires hot punching. 

Nylon base- Grade N-1 like grade 
XXXP has a phenolic resin binder 
but 'With a staple fibre nylon fabric 
base. It has the highest insulation re
sistance of all grades under humid 
conditions and combines high impact 
strength ,,vith excellent electrical prop
erties. 

Glass cloth bas.e- Grade G-7 has 
excellent electrical properties and the 
best heat resistance of all laminates. It 
is recommended for high temperature 
uses and applications ·where good arc 
resistance is des:red. It machines with 
difficulty and has a silicone resin 
binder. 

Grade G-5 is next to grade G-7 in 
Hame, heat, and arc resistance. 1 t has 
the highest mechan:cal strength of all 
grades but is also dif-ficult to machine. 
1t possesses excellent properties under 
dry conditions and has a melamine 
resm. 

Grade G710 has the best surface re
sistivity of any copper clad laminate 
as v.rell as a high mechanical strength 
and great dimensional stability. It is 
recommended for circuits requiring 

high heat resistance. It possesses ex
cellent electrical properties under 
humid conditions and can be cold 
punched. An epoxy resin is used as 
the binding agent. 

These grades are by no means an 
exhaustive listing of those available. 
They are, hOi·vever, representative of 
those frequently specified for printed 
wiring applications where certain re
quirements, such as high mechanical 
strength, low dielectric losses, arc re
sistance, or dimensional stability are 
specified. 

Su.1nmary- The phenolic laminates 
can be used if operating temperatures 
do not exceed 250°F., if the bond is 
not subjected to excessive shock or 
vibration, if slight warpage of the 
board is acceptable, and if no arcing 
is present. \IVhere conditions are nwre 
severe, other plastic materials may be 
used. Although printed wiring base 
materials listed are, in general, resist
ant to most organic solvents, the glass 
base silicone grades are affected by 
arornatic and hydrocarbon solvents 
and their chlorinated derivatives. 
l\Iany of the organ?.c solvents, includ
ing acetone, will attack polyester glass 
laminates, particularly at elevated 

TABLE 1* 

COJ\iiPOSITLON AND CHARACTERISTICS OF PRINTED VVlRlNG 
BASE LAMINATES* (2:9) 

CDF Grade Nema Grade Resin Base Outstanding Characteristics 

MEC 5 N-1 Phenolic Nylon fabric Highest insulation resista nee: moderate 
dielectric losses: fungus resistant 

MEC 4 none Phenolic Nylon fabric Sarna as MEC 5 but may be formed 

GB-28-M G-5 Melamine Glass fabric High flexural and impact strength 

none G-6 Silicone Glass fabric High arc and flame resistance 
(Staple fibre) Glass fibre 

GB-181-E none Epoxy Glass fabric Highest flexural strength 
Dimensionally and electrically stable 

GB-116-T none Teflon Glass fabric Highest heat resistance 
Good arc resistance 
lowest dielectric losses 

GM-PE GP0-1 Polyester Glass mat Good mechanical and electrical properties 
Good arc resistance 

XXXP-26 XXXP Phenolic Paper High insulation resistance 
Good electrical and mechanical properties 
Good punchability 

XF none Phenolic Paper Forming grade 
Fair electrical and mechanical properties 

Fish paper Electrical None Chemically Used for low voltage capacitors and other 

Insulation treated low voltage applications 
Grade paper 

GB-116SR-G none Silicone Glass fabric High heat and arc resistance 
Rubber low dielectric losses 
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temperatures. Glass base epoxy l;:uni
nates at elevated temperatures, are 
attacked by acetone and benzine. 
Phenolic glass laminates, on the other 
hand, are relatively free from attack 
by most organic solvents at tempera
tures up to 200°F. 

The laminates listed are generally 
unaffected by most acid solutions up 
to concentrations of 10% and by very 
'"reak alkali solutions at room temper
atures. 

With the wide choice of base mate
rials now available for printed circuit 
boards, the economies in the use of 
printed wiring may now be realized 
for additional uses. Electronic equip
ment which formerly required hand 
wiring, due to the unavailability of a 
suitable printed circuit base material, 
may now be made in printed wiring 
construction. 

ADHESIVES 

Adhesives used to bind the copper 
foil to the laminated base must be 
strong, have good heat resistance to 
allow for soldering without blistering, 
be resistant to shock and moisture, 
and at least match the laminate in 
electrical properties. Two general 
types of adhesives are chemically pos
sible - thermosetting and thermo
plastic. 

Thermoplastic aunesives, because 
of their poor heat resistance, may 
blister during solder operations. They 
also exhibit cold flow under normal 
operating conditions. 

Thermosetting adhesives have good 
electrical properties and good heat 
and rnoisture resistance but have poor 
bond strength and poor shock resist
ance. 

Since neither class of adhesives 
alone possesses the necessary charac
teristics, they are blended in varying 
proportions to form phenolic, melam
ine, dialphthalate, epoxy, silicone, and 
polyester resins. 

FOILS 

Electrolytic copper is the most wide
ly used printed circuit metal. 

Because of its greater surface 
smoothness, more uniform thickness, 
and reduction in the number of pin 
holes, rolled copper has superior etch
ing and dip soldering characteristics. 

Although other materials are avail
able which are superior to copper in 
many respects, because of unresolved 
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technical difficulties they have not 
been as generally used. Silver, brass, 
and aluminum bond well and are ex
cellent conductors, but are unsuited 
for use with presently available adhe
sives. Aluminum foil adheres to the 
laminate better than does copper, but 
is difficult to solder. If a method were 
available for successfully dip-solder
ing aluminum, it undoubtedly would 
replace copper as the chief printed 
circuit metal. 

WIRE PRINTING TECHNIQUES 

While relatively new, dry screen 
printing is replacing more conven
tional methods of producing printed 
wiring boards. In dry screen printing, 
a powder image is transferred from a 
selenium plate to a sheet of transfer 
paper and finally to the face of the 
copper clad laminate. The powder 
forms a photo-exact pattern which 
when coated with a resist is impervi
ous to chemical attack. The boards 
are finished by convention etching 
techniques. 

The simple expedient of printing 
dry permits the boards to be moved 
from the press to the etching bath 
without intermediate racking or bak
ing steps which decreases both pro
duction time and work area. In one 
case production time was cut , from 
over three hours to less than 14 min
utes. Only random inspection is neces
sary and the rejection rate which for
merly ran as high as 15-20%, is now 
negligible. 

Another process utilizing a differ
ent approach- xerography- can pre
pare a completed board from the 
opaque drawing in about 10 minutes, 
approximately 9 times faster than the 
photo-resist method and 14 times 
faster than the silk screen method, the 
only other processes in common use. 
Except for the final etching step, the 
xerographic technique is entirely dry, 
and requires neither conventional 
photographic materials nor darkroom 
facilities. (1:4-87) 

These are but two examples of 
processes for producing printed wir
ing boards. New techniques are being 
developed daily which will further 
simplify printed wiring production 
and assembly. 

COMPONENTS 

Components used in conjunction 
with printed wiring boards are of two 
general types: 1) those specifically de-
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CHARACTERISTICS OF :MAJOR vVIRE PRINTING TECHNIQUES 

Method 
Installation Skill Materials Product Production Ad t bTt 

Cost Needed Cost Quality Rate ap a I I y 

Metal Deposition Methods 
D.S.P. Plating medium medium low-medium good high good 
Spraying very high high very low good high fair 
Chemical Reduction high high medium good low fair 
Vacuum Deposition very high very high medium good very low poor 
Painting medium medium low fair medium good 
Silk Screen low med. low medium fair medium good 
Offset Press high high very low fair medium good 
Decalomania high very high high good medium good 
Electrostatic Spray high very high medium good medium fair 
Dusting medium medium med.-high good medium good 
Metal Removal Methods 
D.S.P. Etching low-med. low low good high fair 
Photo Etching low med.-high medium very good medium good 
Silk Screen low medium medium good low fair-good 
Spray Etch high high 
Sand Blasting high high 

Machining and Stamping 
Methods 

Die Stamping high high 
Spray Milling very high high 
Hot Stamping high high 

signed for insertion into the board, 
and 2) standard components with 
axial leads (resistors, capacitors and 
crystal diodes) which can be machine 
inserted. Of the printed circuits now 
produced in this country, 99% utilize 
standard components, and only 1% 
non-standard components (6: 172). 

In some production methods, eye
lets are used to help fasten compon
ents to the printed wiring boards. The 
chief reason for their use is that they 
provide greater mechanical strength 
between component and board. This 
same result might be achieved by 
other methods, thus eliminating the 
eyelet and the accompanying produc
tion operations. 

One method would be to bend the 
leads so as to directly support the 
component. When inserted, these com
ponents would appear as follows: 

Another method of eliminating the 
eyelets, would be to swage the lead, 
providing a stop beyond which it 
could not advance, thus protecting 
the printed wiring from being broken 
loose from the laminate. A swaged 
lead component inserted in a board 
would have the following appearance: 

high good high fair 
very high good medium good 

medium fair very high poor 
low good very high very poor 
medium good very high poor 

CONCLUSIONS 

Like any innovation, printed cir
cuitry has its problems. Many of them 
have been resolved, but many more 
remain yet unsolved. 

The problem of printing wiring has 
been largely conquered, but that of 
printing components such as resistors, 
capacitors, etc., has just begun to re
ceive attention. Where resistors are 
now deposited, they are printed 10% 
below required value and later ad
justed by abrasion to the necessary 
limits. 

The standardization of components 
poses another problem. Many inter
ested organizations are now studying 
it with the objective of establishing a 
set of production standards for all 
components. 

Additionally, much remains to be 
done to standardize clad laminate test 
procedures ·~nd to establish perform
ance minimums for the laminates. 

The results of many aging tests will 
be needed to accurately set maximum 
continuous operating temperatures 
for printed circuitry and to find better 
means of insulating and protecting 
them. 
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Minnesota has its taconite but ... 
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I 
I n, 

Although we have heard big things about the new 
taconite industry in northern Minnesota, and its tre
mendous success in relieving the shortage of high grade 
domestic ores, how many know of the equally gigantic 
and important iron ore development in upper Michigan? 
A high grade iron ore concentrate is being produced from 
low grade Michigan jaspers, a hard rock containing 40 
to 44 percent iron. This high grade concentrate is made 
into pellets and then shipped to the blast furnaces in 
the Chicago district. 

Jasper pellets are to Michigan what taconite pellets 
are to Minnesota, an economic outlet for their huge de
posits of rock containing small amounts of iron and an 
assurance that their minerals industry will not rapidly 
decline after the deposits of high grade shipping ores 
have been depleted. 

The ·Michigan jasper contains narrow bands of specu
lar hematite in the form of non-magnetic flakes. Like 
our taconite rock in Minnesota, the ore is composed of 
a flint-hard bedrock, and is mined in open pits by drilling 
and blasting. Both the Minnesota taconite and Michigan 
jasper must be crushed to fine particles. In both, the iron 
bearing material must be separated from the waste rock 
to raise the iron concentration to a point suitable for 
steel production. However, the process for the separa
tion of the two ores differ. 

The Minnesota taconite is a hard, abrasive, gray-black 
rock carrying about 30 percent iron. The iron particles 
are magnetic and are so finely disseminated that the ore 
must be ground to 80 percent 325 mesh (325 screen open
ings to the linear inch) to liberate the particles for con
centration. This small size is the fineness of wheat flour. 
The iron particles can then be removed by magnetic sepa
ration. Michigan jasper is equally hard; but the rock 
need be ground to only minus 48 mesh, the fine
ness of a fine sand, to liberate the iron particles. Since 
the iron particles are non-magnetic, a different method 
of concentration must be used. Presently, a flotation 
process separates the iron from the waste material. 

Cleveland Cliffs Iron Co. formed the Humboldt Min
ing Co. with the Ford Motor Co. as a partner, for the 
installation of the plant which would produce a usable 
iron ore by flotation. 

Flotation separates the iron particles from the waste 
particles in a water suspension. Separation results from 
the adhesion of some species of solids to gas bubbles 
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which are generated or introduced in the pulp, and 
the simultaneous adhesion of other species of solids to 
water in which they are suspended. Flotation of the 
solids adhering to the bubbles permits their removal 
from the pulp as a froth of different composition from 
the pulp, which retains the other constituents which 
do not stick to bubbles. In some instances where flota
tion is used for separation of minerals from worthless 
gangue, the valuable mineral is the one which is removed 
by the froth, and which has no effect on the water. In 
other instances the valuable constituent is left in the 
pulp. In Michigan the valuable iron ore is removed by 
the froth. 

In any case, however, certain chemical reagents must 
be added to the ore pulp. A collector agent must be 
added which coats the surface of the mineral to be 
removed by the froth, and which has no effect on the 
minerals to be left in the pulp. A frothing agent must 
also be added to produce a froth stable enough to hold 
up for a short time while the flotation process is taking 
place. The froth bubbles then attach themselves se
lectively to the desired mineral and rise to the surface 
of the pulp, carrying the mineral particles with them. 
This mineral-laden froth is then removed from the flota
tion machine by mechanical means. 

The mining, crushing, and grinding operations for 
Michigan jasper ore are similar to the mining, crushi?g, 
and grinding operations used for Minnesota's taconite. 
Blast holes are drilled with Linde jet-piercing rigs, since 
the hard rock resists ordinary drilling methods. The jet 
piercing machine uses around 10,000 cu ft of oxygen 
and around 120'0 gal of water per hour. It also uses about 
27 5 gal of No. 2 fuel oil per shift. 

To produce the blast hole, jet piercing utilizes thermal 
energy, as contrasted with the application of mechanica~ 
energy in churn drills and jackhammers. The heart of 
the process may be termed a tailored flame produced by 
a rocket-type burner, thermodynamically similar in every 
respect to that of a military rocket. The heat released 
in the combustion chamber is about 50 x 106 Btu per cu 
ft per hr as compared with 5 x 104 Btu'sjft3 for most 
modern steam generators. 

A burning mixture of oxygen and fuel oil produces 
an extremely hot, piercing jet stream at the tip of the 
burner. Impinging the flame jets on rock causes a thin 
surface layer to expand and break away from the base 
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as a result of the thermally induced stresses. The dynamic 
action of the jets whisks the spalled rock out of th_e path 
of the flame and consequently exposes fresh surface to 
attack. Water, a vital ingredient of the process, serves 
three purposes: 

(1) It acts as a coolant to preserve the combustion 
chamber of burner nozzles. 

(2) The cooling water is discharged near the bottom 
of the hole where it quenches and embrittles any 
material that may have been fused by the flames. 

(3) The waste heat in the combustion products flashes 
a large portion of the water to steam, which in 
turn functions as the conveying media for lifting 
or ejecting the cuttings continuously from the 
hole. 

Holes are put down by the jet-piercing rig at an aver
age rate of 18 to 20 ft per piercing hr, and speeds up to 
40 ft per hr have been achieved. The nominal hole 
diameter is 6Yz in., but due to differential spalling, the 
actual hole diam is about 9 in. The bottom 4 ft of a 
hole are cham be red by making a second pass over this 
portion with the burner so that more explosives can be 
concentrated at the bottom. The holes are filled with 
blasting powder and fired with Primocord, using 17 
millisecond connectors. 

When the blast holes ;have been fired, the ore breaks 
into large blocks. This necessitates a considerable amount 
of secondary breakage to reduce the blocks to a size that 
will enter the opening of a 48-in. gyratory crusher. A 

(Continued on Page 74) 

QUICK COMPARISON 

Jasper 

Main deposits in Michigan 

Open-pit mined 

Ore contains 40% Iron 

Separated by a flotation 
process 

Initial grind - 48 mesh 
final grind - 325 mesh 

Pelletized for shipping 

Taconite 

e Main deposits in Minnesota 

e Open-pit mined 

8 Ore contains 39% Iron 

e Separated magnetically 

8 Initial grind - 325 mesh 

8 Pelletized for shipping 
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by RICHARD YOUNG 

The sport of motor racing varies 
widely throughout the world, from 
the jalopy derbies of this country, to 
the king of them all, the Grande 
Prix of Europe. 

J\tiost racing in this country is car
ried on on short, dirt-surface oval 
tracks, although there are exceptions 
such as Indianapolis and Darlington. 
Recently, however, competition of 
sport cars has become increasingly 
popular. 

The American Automobile Associa
tion national championship events are 
quite long for this country, all being 
one hundred miles or over. The world 
famous five hundred mile Memorial 
Day classic at Indianapolis is the first 
championship of the season. This race 
incidentially, is the only American 
race awarding points toward the 
World Championship. 

The AAA championship circuit is 
dominated completely by the 270 cu
bic inch Meyer-Drake engine, usually 
in a Kurtis-Kraft chassis. For the past 
several years the only starters at In-
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dianapolis not powered by a J\ileyer
Drake have been the two N ovi specials 
and the Cummins Diesel. It is this 
sameness of equipment which has 
prompted many people to become 
devotees of road racing, instead of 
the annual "Offy Parade" at Indian
apolis. 

Racing of late model "stock" cars 
is done under sanctions of either AAA 
or N ASCAR. These machines, while 
admittedly conforming to factory 
specifications are kept in such a high 
degree of tune that no ordinary owner 
could hope to compete with them. 
The spectator does get the illusion 
that the cars are just like his however, 
which may account for the popularity 
of this form of motor competition. 

As for the jalopies, the less said 
about these fugitives from a wrecking 
yard, the better. The main attractions 
of this form of motor racing lies in 
their ability to crash quite specta
cularly and often. 

Midget racing is almost dead in 
this country, although in recent years 
the three-quarter midget has begun 

to take its place on the indoor tracks. 
With the exception of English cir

cles and grass tracks motorcycle com
petition and the new "Italian 500" 
at Monza European racing is entirely 
of the road course variety. There are 
two general classifications of cars, 
Formula and Sports machines. There 
are three formula classifications - 1, 2 
and 3. These are the single-seat racing 
machines. The sport car category is 
split into straight sport and sport
touring (Gran Turismo) classes, with 
eight sub-classes based on engine dis
placement in each group. 

Formula 1 specifies engine displace
ment of no more than 2500 cc without 
supercharging and 750 cc when blown. 
No one has run a blown car since 
the adoption of this formula however. 
Formula 2 provides maximum dis
placement of 1500 cc, no supercharg
ers. Formula 3 specifies a displacement 
of 500 cc (30.5 cu. in.). Most of these 
Formula 3 cars are powered by .J.A.P. 
or Norton single cylinder motorcycle 
engines. 

(Continued on, Page 66) 
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INCE THE ANNOUNCEMENT that the United States plans 
to launch artificial satellites (Glen L. Martin Com
pany is under contract to assemble six satellite ve

hicles) for physical research during the International 
Geophysical Year, there has been much speculation as to 
the practical utility of an artificial sat~llite. Although any 
scientific information gained in any research program is 
practical, the public is generally interested in only the 
more tangible applications. An example of immediate 
application is the field of mapping and geodesy. The 
satellite can be used as a sighting point giving much more 
accuracy in intercontinental surveying. Until now the 
moon has been used but the account it gives is subject to 
possible errors. Strictly speaking, even today we do not 
know where London is located with respect to New York. 

Some potential applications of a satellite vehicle are 
communications, weather charting and forecasting, map
ping and geodesy, astronomy and astrophysics, space 
medicines, and space flight. 

Roughly these may be divided into two groups: those 
which look "inward" from the satellite, toward the earth, 
and those which look "outward" away from the earth. 

Keeping in mind that many techniques which have 
appeared in magazine and newspaper articles are beyond 
the capabilities and applications of the first satellite ve
hicles, let us examine the capabilities and applications 
of the first satellites as determined by their size, orbit, and 
instrumentation. 
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The first satellite vehicles to be 
launched this year from bases in Flori
da by three-stage rockets will be fired 
into an orbit 300 miles up at a velocity 
of 17,000 miles per hour, The satellite 
itself will be a sphere, approximately 
20 inches in diameter and weighing 
approximately 21 Y2 pounds. The size 
and weight of the satellite put very 
severe restrictions on instrumentation. 

In what fields of research the satel
lite will be applicable and to what 
degree, depends on the type of instru
ments employed. The instruments 
proposed for the first satellites are as 
follows: 

Pressure Gauge: The function of 
the pressure gauge is to determine if 
the satellite is punctured by meteorite 
particles. If a meteorite pierces the 
metal shell, and releases inert gas 
originally sealed in, the gauge will 
register a pressure drop to the much 
lower pressure of outer space. Consist
ing of a bellows-actuated potentiom
eter, the entire instrument weighs an 
ounce and a half. 

Erosion Gauge: Meteoric dust may 
damage the surface of space craft, and 
reduce the visibility of a satellite (very 
important to tracking operations) by 
pitting its polished metal skin. The 
erosion gauge will give an indication 
of meteoric dust density. The gauge 
consists of a ribbon of metal, and as 
this is eroded its electrical resistance 
increases, and this information will 
be radioed back to earth. 

Thermistor: Satellite thermometers 
will consist of metal oxides whose 
electrical resistance varies with heat 
or cold. The name thermister is de
rived from the fact that the instru
ment is an electrical resistor sensitive 
to temperature changes. The thermis
tors will be tiny, flat, circular dots 
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(about the diameter of a pencil lead), 
capable of measuring temperatures 
from minus 200 to plus 300 degrees 
Fahrenheit. Several will take tempera
tures inside and outside of the satel
lite, checking whether sufficient in
sulation has been used to keep solar 
radiation from overheating the in
terior and damaging the more delicate 
electrical components, like transistors, 
which can only be used in tempera
tures ranging from about 40 to 120 
degrees. 

Ultraviolet Meter: The sun's ultra
violet rays play a leading part in 
forming the ionosphere. The iono
sphere consists of several atmospheric 
layers characterized by the presence 
of ions and free electrons. These high
altitude ionized layers reflect radio 
waves back to earth, aiding communi
cations. The ultraviolet meter will de
termine the rays intensity beyond the 
earths atmosphere (which filters out 
a great deal of the rays). An ion 
chamber mounted in the surface of 
the satellite will register ultraviolet 
ray intensity by means of a somewhat 
complicated electrical hookup. 

Transmitter: A 13 ounce "IVIini
track" radio transmitter will provide 
the communication link for telemeter
ing data to earth. In our first satellites 
the transmitter will be powered by 
mercury batteries with an operating 
life of approximately two weeks. In 
the future, solar cells, capable of har
nessing sun power, will give indefinite 
operating life. Encased in gold-plated 

aluminum, which will provide sheild
ing and insulation, the transmitters 
will transmit on a frequency of 108 
megacycles and, despite its amazingly 
compact size, will have a transmitting 
range up to 4,000 miles. 

The following sketches portray how 
the above instruments will be used 
in the first satellites, mainly in the 
fields of geophysics and astrophysics. 

Even these first satellites will have 
real value in both the "inward" look
ing and the "outward" looking fields. 

By taking into account possible fu
ture developments (Table I), the steps 
of development with respect to the 
"inward" looking fields can be pre
dicted as follows: 

Early Stage: The beginning, of 
mapping with some applications to 
weather. 

Intermediate Stage: The improve
ment and expansion of mapping and 
weather, and the beginning of com
munication applications. 

Final Stage: The mapping and 
weather work replacing much of the 
current technique, and satellite ser
vice competing with current com
munication techniques. 

Although "outward" looking apr-ii
cations can not be so easily broken 
down into steps of development, ap
plications will also eventually increase 
man's knowledge to the point of en
abling the greatest accomplishment of 
mankind, flight into outer space. 
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Engineering practice is a iourney, not a destination. 

To traverse this iourney, the engineer needs these 

I 

The greatest unwritten book avail
able to mankind is Nature. She teaches 
well all who will learn. From nature 
we receive the substance of our bodies 
and the materials needed for its main
tenance. The environment in which 
we live is Nature. 

A preacher once complimented a 
farmer on the exceptionally well
planned and profitable farm he and 
Nature were operating. The farmer 
answered, "you should have seen it 
when Nature had it all to herself." 
This is especially true of the engineer 
who will play a major part in deter
mining the future physical environ
ment of mankind. This places a tre
mendous responsibility on the engin
eer to do his work in tune with the 
best possible plan. 

In search of this best plan, each 
engineer must have intellectual free
dom to search for the truth and make 
his own deductions. With this freedom 
must come a feeling of responsibility 
and respect for others that allows for 
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a continuous combining of these in
dividual ideas to formulate a common 
plan or rules of conduct for the pro
fession. 

The various "isms" of the past and 
present have always worked to capture 
and control the minds of men. With 
the engineer playing such an impor
tant part in our physical future, in
creased efforts will be made to domin
ate the engineer through one or more 
of the "isms". The nature of common 
efforts generally forces the engineer 
into some degree of association with 
one or more of the "isms". To main
tain the needed intellectual freedom 
the engineer must not be controlled 
by the "isms" with which he is asso
ciated, and the only "ism" that seems 
to have the composition that allows 
engineering control is professionalism. 

Engineering practice is a journey, 
not a destination. To traverse this 
journey the engineer needs a plan 
involving all the guides necessary to 
success. The full meaning of honesty, 

Mr. Griffith, an electric motor expert, feels 
that membership and contribution to pro
fessional engineering societies is the only 
11professional" way to obtain professional 
recognition of one's work. 

by l. M. GRIFFITH 

justice and courtesy has been an ex
cellent basis for the formulation of 
a moral philosophy which forms the 
foundation of ethics when combined 
with the mutual trust and interests 
among people. The formulation of a 
code of ethics emphasizes associated 
requirements involving integrity, tol
erance, fair play, participation in pub
lic welfare, etc. The resulting code of 
ethics is a serious guide to a success
ful professional journey for all en
gineers. There is often an erroneous 
impression among engineering stu
dents that an engineering degree is 
nowadays simply a one-way ticket into 
industry, and that ethics are more im
portant in private practice than in 
industrial employment. The Consult
ing Engineer and the engineer in 
industry have the same basic problems 
and a vital need for ethics. The major 
areas requiring ethical practices are: 

1. Professional life 
2. Relations with the public 
3. Relations with clients and em

plqyers 
4. Relations with fellow ,engineers 
5. Business practices involving such 

things as the following: 
a. Character of enterprise with 

which the engineer is identi
fied 

b. Ownership of records and 
data 

Various engineering organizations 
have developed a code of ethics. All 
of these codes agree in principle and 
differ only in completeness and/or 

(Continu.ed on Page 80) 
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by Dean Spilhaus 

A sphere 23 inches in diameter circling 18,000 miles 
per hour in an orbit 500 miles from the earth's surface 
has caused a technical explosion similar to the opening 
of the atomic age by the first nuclear bomb. 

On October 4, 1957 Russian engineers and scientists 
launched the first man made satellite and opened a to
tally new era in man's conquest of his environment. 

Dr. Athlestan Spilhaus, dean of the Minnesota Insti
tute of Technology, is a member of both the executive 
committee and the satellite panel of the United States 
International Geophysical Year (IGY) Committee. Due 
to the possibility of getting an engineer's viewpoint on 
this part of the I.G.Y. program, the clean was interviewed 
to determine his reactions on the situation. 

QUESTION: According to some newspaper reports you stated 
that Russia has not fully cooperated in the spirit of the I.G.Y. 
Could you give some examples of this? 

ANSWER: "The idea of the International Geophysical Year 
was to get the cooperation of all countries on scientific proj
ects. It was to get a world wide look on all problems." Espe
cially problems that could best be solved by international 
contribution and cooperation. 

Because of Russia's actions, her scientists have lost a fair 
amount of information that could be compiled by scientists of 
other countries cooperating on the same project. Russia spoke 
earlier of plans to launch a satellite but "they never gave an 
exact date as to when the launching would take place." Rus
sian scientists informed us of the two frequencies they would 
use and then later confirmed this at a meeting in Washington. 
These frequencies were 20 and 40 megacycles and the same 
they use for testing rockets. 

"The United States put out information in advance" about 
the satellite project so that other nations could utilize it. 

Advice was given as to the transmitting frequency of the 
satellite and moon teams were organized to record informa
tion made available. 

QUESTION: What are the present plans for a United States 
satellite? 
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ANSWER: "I believe the launching will take place in the early 
part of next year. 

"Undoubtedly we could have launched one by now," if the 
United States had put a priority on the satellite development. 
Other projects had higher priorities; therefore attention was 
not focused on this one. 

QUESTION: What part of the missile program is being diverted 
to the U. S. satellite project Vanguard? 

ANSWER: The United States missile project in general has an 
extremely high budget, but the Vanguard project received 
only a "negligible portion of these funds." 

It could be termed a "bootlegged project put in with the 
rocket program carried on by the U. S." 

QUESTION: What are some of the most difficult problems that 
are being encountered with the U. S. satellite program? 

ANSWER: "As far as problems of the satellite are concerned, 
it would be hard to single out any one as being the most diffi
cult. Scientific experiments are not slowing up the launching of 
the satellite." The satellite itself is ready to go, it is the vehicle 
that is causing the delay. The difficulty of putting the satellite 
into operation is not to be minimized as "there are about 6,000 
things that could go wrong," problems that you would expect 
in working with any technical machine- the same as you 
would find with any complex system. 

QUESTION: Can the development of the Russian satellite be 
attributed to the use of captured German scientists? 

ANSWER: Russia did capture a lot of German rocket scientists 
after the war. "They got a larger number of rocket men than 
the United States" due to the geographical location of the 
German rocket development center. "I understand that many 
of these scientists have trained the Russian scientists and since 
then they have been returned to Germany." 

As a note to the surprised public Dr. Spilhaus declared, 
"Science goes on unevenly. Someone breaks through and that 
stimulates everyone else. You can't keep the frontiers of sci
ence secret- only black boxes can be kept secret." 
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e our Claim Legally 
by CLARENCE HENKE 

Staking a claim may be a profitable adventure, and the easy way in the 
legal way. As a prospective prospector, you will want to know the all impor
tant aspects discussed in this article. Henke tells who you should see first, 
where you can look, and what to do if you "hit it rich.

11 

vVhen anyone mentions "prospector", most people 
picture a grizzly old gent leading a burro in search of 
·:colors" in the most remote mountains. His only equip
ment consists of a gold pan, hand pick, shovel and faith 
that his sour dough and bacon will last until he has 
another grub stake. This was a good description thirty 
years ago, but today's prospector looks more like an 
overdressed Boy Scout armed with a Geiger counter, 
camp stove and the last word in mining equipment- all 
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transported in a Willys four-wheel drive jeep. Both are 
alike, however, in facing one problem: establishing legal 
recognition for the mineral lands they may discover. 
The early prospector learned quickly that it was much 
healthier to keep claim jumpers off his claim with a legal 
title rather than a Colt .45. Although present prospectors 
no longer face this danger to their health, the danger to 
their claims is still real. Therefore, today's prospector 
should begin his search for "colors" in the law books 
to learn how to keep his land when he does find some. 
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~~staking a elaim11 means that you have located a certain 

land area and have claimed possessory right to it. 

Who Can Stake 

A mining claim may be located by anyone without 
regard to age, sex, residence or citizenship. A person may 
also represent a corporation but he may locate only to 
the extent permitted to a single individual. The only 
persons who cannot stake claims are clerks, employees, 
special agents or mineral surveyors employed in the 
Department of the Interior. These people also cannot 
legally locate, hold, convey nor patent a mining claim 
or act as agents for a land company. Moreover, a person 
must be an American citizen before he can sell or trans
fer a claim title. 

What is Meant by Staking a Claim 

"Staking a claim" means that you have located a cer
tain land area and have claimed possessory rights to it. 
Under the former law it was necessary to discover a 
mineral vein on that area, whether small or large, rich 
or poor, to give you a valid claim. That rule no longer 
holds. The law no longer requires a discovery before 
location or that the location shall precede the discovery, 
but simply states that both acts must be completed be
fore the right of possession is granted. There is, however, 
priority of discovery, which means that if you have made 
a valid mineral discovery you have priority over other 
persons who have made only a naked location of the 
claim. 

The law also states that the top or apex of the dis
covered mineral vein must be within the boundaries of 
the claim to be legal. The apex is not necessarily a single 
point but may be a line of great length, a portion of 
which must be within the limits of the claim. As a 
claim locater, you have exclusive right of possession of 
all the surface area included within the boundaries of 
your claim and everything lying perpendicular under 
the surface excepting veins apexing outside the surface 
lines. No one may prospect for or acquire title to any 
vein located on a previously claimed area without the 
owner's consent. The location of the claim becomes ef
fective from the date of discovery. 

Where To Stake 

Prospectors may search and stake claims on all govern
ment-owned lands open to the public. Government land 
is land owned by the Federal Government, the states, 
or local municipalities. Claims may not be staked, or 
searches made, on privately-owned land without the 
owner's consent. Land that has been abandoned is also 
open to any prospector. Abandoned land is land that has 
been left by a previous locater who has no intention of 
returning or making further use of the land. An abandon
ment may be as to the whnle or part of the claim. 

The first place to check on available land is at the 
County Recorder's Office in the area you are interested 
in. There you will not only learn what land is open 
but also how much has already been staked. You can 
save yourself extra office work if you check the area you 
are interested in for any signs of previous staking. The 
local laws are available at the County Recorder's Office 
and you should know these before you go in the field. 
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You should also be familiar with the "art of claim jump
ing" to protect yourself from amateur prospectors as well 
as professional thieves. (A Winchester 30-30 is recom
mended in the last case.) It is also your sole responsibility 
to be certain you are not violating the law by claim 
jumping. 

How To Stake 

The two things you must do immediately when you 
stake a claim are: (1) to post a "notice of location" on 
the claim itself, and (2) to record it in the County Re
corder's Office. A "notice of location" informs all pros
pectors that you have possessory rights to the claim and 
by recording your claim; you protect yourself against 
claim jumpers. Since the actual method of recording a 
claim varies from state to state, you should familiarize 
yourself with these laws. l\1ost western states provide 
printed forms that fulfill all the state requirements for 
posting notices at the location and for recording at the 
County Recorder's Office. 

(Continued on Page 78) 
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We are proud to feature 19-year-old Elaine Anderson, who lives at 212 Winchell Cottages/ as "Miss 
November/' last year Elaine held the title of 1'Miss Pioneer Hall." In her home town/ Willmar, Minnesota, 
she held the title of "Kaffe Fest Princess." Elaine is a sophomore, majoring in English, which accounts for 
her love of writing and dramatics. Her favorite sport is swimming, but she also enjoys spectator sports, and, 
of course, engineers. 
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Photos by G. llass 
A'rtwork by Diclc Bobnicli: 
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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 ratt hitney ire raft 
in the fi ld of bustion 
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. 

NOVEMBER 1957 

bringing together 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 exist in ·combustion work. 

Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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UNIVAC 
(Continued front Page 19) 

is taken up with mathematical cmu
putations in support of missile re
search and development programs. 

Another computing center whic~ 
uses the Univac Scientific is that of 
the Ramo-Wooldridge Corporation. 
Earlier this year, 21 Univac engi.ne.ers 
and technicians removed the ex1s t1ng 
Univac computer system and replac~d 
it with a larger and more versatile 
type. 

It usually takes up to three months 
for a computer installatio~1, but ~t 
Ramo-'t\T ooldriclge the U mvac en?I
neers took out a model 1 103 and In
stalled a model 1103A in 39 hours. 
During installation and subsequent 
checkout of the new computer, com
putations were carried out in ~t. ~aul 
by means of wire commumcatwns 
with related equipment at Ramo
Wooldridge in Los Angeles. Although 
such systems had been demonstrate? 
in specially-prepared programs, , t~Is 
was the first known Instance of Its 
being adapted for a continuing pro
duction job. The purpose of the elab
orate operation was to prevent any 
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interruption of important research 
programs during the . computer ex
change. Ramo-v\Tooldndge Corpora
tions, which plays a major role in the 
nation's o·uided missile program, has 
responsibility for the_ tech_nical direc
tion and systems engmeenng of both 
the Air }'orce Intercontinental and 
Intermediate Range Ballistic Missiles. 

Other organizations which have re
ceived Univac Scientific computers 
are Johns Hopkins University, 'tV right 
Air Development Center, Lockheed 
Aircraft Company, Boeing Airplane 
Company, White Sands Pr_oving 
Ground, and Southern lVfethochst U n-
iversity. . . 

In understanding what a d1g1 tal 
computer can do, it is help_ful t.o. re
member that an automatic digital 
computer can do just what a person 
with a pencil, paper, and desk cal~u
lator can do. A computer can receive 
instructions through the Input sec
tion, and the person can receive in
structions through his eyes and ears; 
a computer can do aritl~nwtic_ compu
tations in the Arithmetic sectiOn, and 
the person can do the same on the 
desk calculator; the computer can re
tain numbers in the Storage section, 
and the person can retain numbers 
with the pencil and paper; the com
puter can present answers through the 
Output section, and the desk calcu
lator can do the same. Only problems 
that can be solved on a desk calcula
tor can be solved on a high speed dig
ital computer. The big difference is 
that while a desk calculator can mul
tiply in about 10 seconds, a high speed 
computer can multiply in about 10-4 

seconds. For this reason, problems 
that are impossibly long to do on a 
desk calculator can easily be done on 
a high speed computer. 

The job of preparing th.e list of 
commands for a computer IS an ex
actina rxocedure that can take from 

b h' a few hours to a few years. For t Is 
reason, the type of problems that a_uto
matic computers are used on fall Into 
two classes: problems ·where the same. 
operation must be done thousands of 
times, and problems where there are 
thousands of steps and each step de
pends on the result of the previous 
step. . .. 

All currently operatmg d1g1tal ma-
chines depend ultimately on binary 
representation of numbers because of 
the ease of construction of two state 
devices. The binary system expresses 
numbers in terms of powers of two 
instead of in powers of ten as in the 

decimal system. To illustrate th~s, 
when we write the number 122 In 
decimal we really mean 

122 = 1 X 102 + 2 X l 01 + 2 X 10° 
The position of the digit in the num
ber determines the power of ten mul
tiplier. In binary this number would 
be 

1 X 25 + 1 X 24 + 1 X 23 + 0 X 22 + 
1 X 21 + 0 X 2° = 111010 

In the binary system, only two num
bers are used, 0 and 1. In order to 
represent these digits, a device needs 
only t'"ro positions. Common exam
ples of two state devices used today 
are a hole or no hole in a card or 
paper tape, a magnetized or. unmag
netized spot on a magnetic tape, 
drurn, or disk, a magnetized or un
magnetized core, a spot or no spot on 
a cathode ray tube, or a pulse or no 
pulse on an acoustic delay line. :Mag
netic cores and cathode ray tubes al
low information readout times of the 
order of a few microseconds. The 
magnetic drum, disk, and t~pe all re
quire physical movement of the m_ag
netic surface relative to the readmg 
head before the information can be 
obtained. This results in access times 
of at least several milliseconds. 
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e future loo s unliiTiite 

"I wanted a career that offered variety, op
portunity and a chance to work with people," 
says Lewis William Post, C.E., Michigan State, 
1950. "So I chose the telephone company. 

"My initial training-two full years of it
probed every phase of company operations and 
acquainted me with all of the jobs in the Plant 
Department, where I was starting. 

"Today, as Plant Engineer, I'm responsible 
for preventive maintenance of all field equip
ment, installation of new facilities for wire and 
cable, and I work with architects and builders 
on telephone needs in new buildings. 

"Selling's part of my job, too. I sell ideas 
-like the wisdom of planning for telephone 
service when you're building. Recently I ad
vised an architect and an owner on telephone 
wiring and outlets in a new $160,000 medical 
center. I enjoy getting in on the ground floor 
of such projects and making contributions 
both as a civil and a telephone engineer. 

"In my area of Chicago there are 80,000 
telephones, home and business. More are be
ing added every day. There's expansion every
where in the telephone business-all across the 
country. To me, the future looks unlimited." 

Lew Post's career is with Illinois Bell Telephone 
Company. Many interesting career opportuni
ties exist in other Bell Telephone Companies, 
Bell Telephone Laboratories, Western Electric 
and Sandia Corporation. Your placement officer Ben Telephone System 

can give you more information about them. 

L----------------------------------------------------------------------------------~ 
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THETA TAU 

Theta Tau is a professional en
gineering fraternity, whose members 
come from. all the branches included 
in I. T. Theta Tau's Alpha chapter 
at Minnesota is known for its enter
taining educational programs, which 
are aimed at socializing and broaden-

tg- the engineer. These programs are 
lli.. 1 weekly on Monday evenings, and 
an open to all students. 

The fraternity itself was found
ed here at Minnesota in 1904 by 
three engineering students. Now, with 
over 14,000 members and 24 chapters 
throughout the country, Theta Tau 
is a principle engineering fraternity, 
and has among its members many out
standing leaders on campuses and in 
all fields of engineering. 

Any student in I.T. who would like 
to know anything about Theta Tau 
is welcome to drop in at the house, 
324 Walnut Street, to meet some of 
the members and ask any questions 
which come to mind. 

TRIANGLE 

Triangle is a fraternity of Engineers 
and Architects, founded in 1907, and 
we are the only professional engineer
ing fraternity in the Inter Fraternity 
Council, at the University of Minne
sota. 

During the summer, Triangle did 
quite a bit of modernization inside 
the house. All the rooms were painted 
and a new kitchen and plumbing 
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facilities were installed. This has all 
gone to making the house quite a 
liveable little dive. 99 and 44jl00% 
of this work was done by Ray Bjerken. 
Thanks Ray. 

Along with the impromptu parties 
that went on during the summer, sev
eral members did quite a bit of water 
skiing and general tearing around the 
lakes, chasing girls and even fishing. 
All good things end though- school 
started. 

The members of Triangle tried to 
organize a football team to compete 
in the Inter ·Mural league, but clue to 
a little thing called studies we never 
did get in any practice sessions. Be 
that as it may, we gave a good account 
for ourselves. It sure would have been 
nice to have the same seven men for 
two games in a row. (It would have 
been nice to have seven men for any 
game.) 

In this memorable year of 1957 the 
powers that govern at Triangle de
cided to have a Homecoming decora
tion. As this little ditty goes to press 
we are still wondering what it will 
finally look like. (Press time release: 
It rained- 'nuff said.) 

Outside forces finally infiltrated the 
fortress of Triangle. As a result. we 
have a house counselor who was 
reared in SLA, an English major to be 
exact. It is quite a novelty, you know, 
and those people in SLA really aren't 
so bad after all. Of course, Howard 
Anderson has been shocked enough 
by now so that he's almost one of 
the crew. 

On the evening of October 26, Tri
angle proudly ventured forth on a 
registered party. Approximately this 
same time the author of this mess en
tertained the flu (Asiatic type) and 
therefore can't tell you anything about 
the party. However, this could serve 
to bring out the point as to just what 
fine true brothers we have at Trian
gle. Upon hearing I was on my death 
bed and wasn't coming to the party, 
one character from Triangle felt so 
bad he called up the girl I was sup
posed to take and asked her if she 
wouldn't like to cheer him up at the 
party. They went to the party, con
soled each other and had a darn good 
time doing so. Ah, such a brother; 
such a girl. 

If any of you people who happened 
to read this are curious as to what 
type of crew we have at Triangle, stop 
in the Log Office or over at 1227 4th 
St. S.E. Some one is always ready to 
make excuses. If you're shy, call 
Fr. 1-7969. 

KAPPA ETA KAPPA 

Kappa Eta Kappa welcomed four 
new pledges at a pledging ceremony 
at the house on Monday, Oct. 14. The 
fall pledges are Pete Campbell, Bob 
Muronaka, Wilbur Nelson, and Paul 
Ohman. Mr. James Webster, Chief En
gineer for Carnation Milk Co., talked 
at our fall smoker held the week 
previous. He contrasted Engineering 
work in a strictly private company, 

(Continued on Page 64) 
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You want a iob 

G •• plus the chance to get ahead 

.... plus the chance for recognition 

.... plus the chance to keep learning 

As a leader in many fields, Union Carbide offers a handsome assortment of 
plus factors with its jobs. It's a top producer of petrochemicals-and U. S. 
output of petrochemicals has roughly doubled every five years since World 
War II. It's a leading producer of oxygen-and new steelmaking methods 
use such vast quantities of oxygen that consumption in '57 is expected to be 
double that of '55. And these are only two of the expanding fields in which 
Union Carbide is a leader. 

In terms of jobs with plus, this growth means Advancement with a capital 
"A." As our markets expand, we need more people to handle the development, 
production, and sale of our products. 

Representatives of Divisions of Union Carbide Corporation, listed below, will 
be interviewing on many campuses. Check your placement director, or write 
to the Division representative. For general information, write to V. 0. Davis, 
30 East 42nd Street, New York 17, New York. 

BAKELITE COMPANY Plastics, including 
polyethylene, epoxy, fluorothene, vinyl, phenolic, 
and polystyrene. J. C. Older, River Road, Bound 
Brook, N.J. 

ELECTRO METALLURGICAl. COMPANY 
Over 100 ferro-alloys and alloying metals; titanium, 
calcium carbide, acetylene. C. R. Keeney, 137-
47th St., Niagara Falls, N. Y. 

HAYNES STHI.DTIE COMPANY Special 
alloys to resist heat, abrasion, and corrosion; cast 
and wrought. L. E. Denny, 725 South Lindsay Street, 
Kokomo, Ind. 

I.INDE COMPANY Industrial gases, metal
working and treating equipment, synthetic gems, 
molecular sieve adsorbents. P. I. Emch, 30 East 
42nd Street, New York 17, N. Y. 

NATIONAL CARBON COMPANY Indus
trial carbon and graphite products. PRESTONE 
anti-freeze, EvEREADY flashlights and batteries. 
S. W. Orne, P. 0. Box 6087, Cleveland, Ohio. 
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SILICONES DIVISION Silicones for elec
trical insulation, release agents, water repellents, 
etc.; silicone rubber. P. I. Emch, 30 East 42nd 
Street, New York 17, N.Y. 

UNION CARBIDE CHEMICALS COMPANY 
Synthetic organic chemicals, resins, and fibers 
from natural gas, petroleum, and coal. W. C. 
Heidenreich, 30 East 42nd St., New York 17, N.Y. 

UNION CARBIDE INTERNATIONAL COM
PANY Markets UNION CARBIDE products and 
operates plants overseas. C. C. Scharf, 30 East 42nd 
Street, New York 17, N.Y. 

UNION CARBIDE NUCLEAR COMPANY 
Operates Atomic Energy Commission facilities at 
Oak Ridge, Tenn., and Paducah, Ky. W. V. Hamilton, 
P. 0. Box "P", Oak Ridge, Tenn. 

VISKING COMPANY A pioneer in packaging 
-producer of synthetic food casings and poly
ethylene film. Dr. A. L. Strand, 6733 West 65th 
Street, Chicago, Ill. 

GENERAl. OFFICES- NEW YORK 
Accounting, Electronic Data Processing, Operations 
Research, Industrial Engineering, Purchasing. E. R. 
Brown, 30 East 42nd Street, New York 17, N. Y. 
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SMALL. CORPORATIONS 

(Continued frorn Page 39) 

ployees, it may be many years before any of his work 
is recognized. He may realize that he is just a number 
in a large organization where the possibility of his re
ceiving any personal recognition for his creative ability 
is very remote. It is true, that he will see dimly in the 
distance a few who have reached this goal; but if he is 
realistic, he ,,vill know that the probability of his getting 
recognition is very small. It is for this reason that if he 
chooses a small company with advancing ideas, a cmn
pany anxious to see both the individual and the organi
zation progress, his chances of attaining these g-oals of 
development and leadership are much greater. 

GOOD SALARY 

Next, the young engineer must consider his career from 
a monetary standpoint. If he joins a small organization, 
it is obvious that he will be very difficult to replace, since 
there will not be a large number of individuals com
peting for the same position. And it naturally follows 
that the monetary rewards which the company will be
stow on him will be greater than if there were several 
other applicants eagerly waiting to take over his reins. 
This does not necessarily rnean that the engineer starting 
with a small company is going to be on a one way track 
toward success; it merely means that he has a very real 
opportunity. The small company challenges him, and 
if he continues to grow and pull his share of the load, 
he is going to have more of a chance to reach that goal. 

PERSONAL CHALLENGE 

Let's examine further what happens to the engineer 
who joins a small firm. He has a chance to develop in
itiative. When he is given a problem to solve, he finds 
that the management is interested in the end result rather 
than the procedure he follows in accomplishing it. The 
smaller the company the less the reel tape he must wade 
through no matter what position he holds. And, as he 
works out the problems that come his way, the new man 
in a small company finds it is easy to analyze the develop
ment of his company's product from all angles. 

The best way to become closely associated with his 
product is, of course, for the starting engineer to know 
all about its production. In a company where he can 
feel responsible for the development of the whole rather 
than just one phase of the project, the engineer will feel 
a sense of personal achievement when the project is com
pleted. In a small company he becomes closely associated 
with the product, having a better chance to familiarize 
himself with the problems of Sales, Production and Ser
vice as well as those of the Engineering department. Per
haps his blueprint is being transformed into a working, 
saleable object only a few hundred yards away from his 
desk. He is able to follow its cornplete progress from 
design to salesroom. If an engineer truly loves his work 
there is probably no greater satisfaction that he can 
achieve than seeing the results of his efforts turn out to 
be a success. This has an advantage for the company also; 
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since clue to individual interest and the development 
of a product, many s1nall companies are able to produce 
products ,,vhich are superior to those produced by a mul
titude of men, non of whorn have any great stake in the 
success or failure of the products. 

QUICK RECOGNITION 

vVith a little careful observation the graduating en
gineer can choose a small or mediun1 sized company to 
work for that is growing fast and is producing a superior 
product. 1t is with such a company that he has an excel
lent chance for rapid advancement. A note of caution 
must be g·iven when choosing a company of this type be
cause there are many companies ·which are small and re
main small. It is not hard to determine the qualities a 
company has which determines its rate of growth. One 
of the most important qualities is the top management 
of the company. Is the company producing modern quali
ty products, are they aggressive, are their sales increasing, 
are they making money? A new employee with such a 
company n1ust show that he can produce before he will 
advance, but he will have a greater opportunity to ad
vance into an executive position than if he has to prog
ress up through a group of men who are already em· 
ployed and are advancing pretty much on seniority. 

There is another advantage in working in a small 
company. The employees and the top management are 
closer together. It is impossible for the president of a 
large company to know his employees personally. He 
may not have his office anywhere near the plant where 
most of his men work. It is only in the small company 
that the top management will know many of the em
ployees personally, know their position with the com
pany, know how well they are doing their job, and know 
what their problems are. \-\Tith a situation of this type, 
each individual employee is more apt to be recognized 
for his own individual work and contribution to the 
company. It makes the individual more aware of the 
importance of his work when the president of the com
pany is on hand to comment on his progress. 

SECURITY 

This matter of having the plant, the managen1ent and 
the bulk of production under one roof, so to speak, 
brings up another advantage of the smaller company. 
The employee avoids the risk of becoming a pawn for a 
large organization which tends to uproot and move per
sonnel from place to place with little or no regard for 
the employee's family obligations. The employee who 
joins a large company sometimes finds that to obtain 
advancement he must move to another part of the 
country, disrupting his growing family. \Nith his posi
tion in a smaller concern comes the assurance that he 
can plan a home life for the long term pull. He can 
put down roots and become a part of the community 
of his choice with no fear of being transferred suddenly 
to some less desirable location. 

Being close to management in a smaller company, 
the engineer, along with his fellow employees will have 
a much greater opportunity to be given recognition as 

(Continued on Page 64) 
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e lectroni lassroorn-
worl f sight and soun t 

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. 

country ... internes watching an opera
tion 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 generation to see, to hear ... to 
understand ... is one of the most im
portant jobs we do. TMK<s> ® 

sa new 
's'' 

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. 

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 

RADIO CORPORATION OF AMERICA 
Electronics for Living 
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Highlights of 

teHere are some of the facts about Honeywell 
that have most interested the young engineering 
graduates we talk to." 

li"":::======t HONEYWELL IS A GROWTH COMPANY! .I A growth company is one in which men 
move ahead because of opportunity and 

llaiiimiiiiiiiiji.="'=~'"~ challenge ... in which problems are 
- turned into progress ... and employ-

ment, sales and income increase steadily. 
Honeywell, world leader in automatic controls, is 

such a company. For the past 30 years, sales have 
doubled or tripled every five years ($1.1 million in 
1926; $287.9 million in 1956.) Employment has in
creased from 720 to over 30,000 in the same period 
and net earnings have climbed from $.4 million . to 
$22.5 million. 

The future is even more challenging. Planned diver
sification puts Honeywell in such new fields as office 
and factory automation, process control, plastics, atom
ic energy, electronics, missiles and satellites. 

Honeywell has the proven skills to design, engineer 
and build the equipment required by an increasingly 
automatic world and to sell its products profitably. 

Glenn Seidel, Vice President in Charge 
of Engineering, B.M.E. Minnesota '36 

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 

1956 287.9 22.5 . 5,365 

Honeywell's growth in sales! 

Employees 

Year Total Hourly % Salaried % 

1926 720* 540* 75* 180* 25 

1931 1,150 839* 73* 311* 27* 

1936 3,13~ 2,200 70 933 30 

1941 4,240 2,859 67 1,381 33 

1946 9,474 6,490 68 2,984 32 

1951 17,182 10,796 63 6,386 37 

1955 25,608 14,853 58 10,755 42 

1956 30,353 11,301 57 13,052 1 43 

Honeywell's growth in people! 
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RESEARCH AND ENGINEERING ARE 
IMPORTANT AT HONEYWELL! 

One indication of how impor
tant research, design-develop
ment and product engineering 
are to Honeywell's continued 
growth is the fact that over 
half of Honeywell's more than 
12,000 products were not made 

by the company 5 years ago. 
Some of the problems which Honeywell research 

and engineering have solved recently are: the de
velopment of variable inlet-air diffuser systems 
for jet engines, which adjust to the speed of the 
aircraft, allow such advanced planes as Convair's 
B-58 to reach design speed; the production of the 
space reference system for the Earth Satellite 
Rocket; and the production of the Supervisory 
DataCenter* central control panel which enables 
one man in one location to read and control tem
peratures for even the largest building. 

Major research programs now underway at 
Honeywell include: the development of new tech
niques and the discovery of new materials to 
overcome the problems of extremely high tem
peratures created by high-speed aircraft and guided 
missiles; the development of automatic control 
systems for industrial automation; the develop
ment of even more accurate navigation systems 
for aircraft and rockets which may be called upon 
for intercontinental and interplanetary travel. 

HONEYWELL MEN ADVANCE RAPIDLY! 

~"" 'JI Naturally, in a com~~ny committed 
~~~ to growth, opportumties are numer-
'\ ......._ ous for the engineers and scientists 

l 
who can contribute to that growth. 

J
z;...;\ ~ And at Honeywell, other factors 

accelerate advancement. 
Engineers predominate among our 

1 vice presidents, divisional executives 
and department managers. 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 founda
tion for more important managerial assignments 
in future years. 

HONEYWELL OFFERS MANY 
EXTRA BENEFITS! 

Honeywell's extra benefit program is one of the 
most liberal in industry. There's free group life 
insurance ... free accident and sickness insur
ance ... free hospital insurance. You'll find a 
generous policy on paid vacations and holidays 
and a modern retirement program paying life
time benefits. 

Whichever Honeywell division or location you 
choose, you'll be assured of special training to 
help you advance in your career. This training 
includes regular on-the-job instruction, formal 
classes at the company and tuition-aid courses at 
nearby institutions. *Trademark 
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HONEYWELL'S MAIN FIELDS AND LOCATIONS 
ARE: 

Minneapolis-Aeronautical, Ordnance and Heat
ing and Air Conditioning Controls. 
Philadelphia-Industrial Instruments, Comput
ers, Controls and Valves. 
Wabash, Indiana-Heating and Air Conditioning 
Control Dampers and Electronic Air Cleaners. 
Denver-Oscillographic and Photographic Equip
ment and Research. 
St. Petersburg, Florida-Inertial Guidance Sys
tems. 
Seattle, Washington- Ordnance Controls; 
Missiles and marine research laboratory. 
Monrovia, California-Ordnance Controls and 
Missiles. 
Los Angeles-Aeronautical and Heating and Air 
Conditioning Controls. 
Boston-Industrial Instruments, Servo Compon
ents and Controls; Data Processing Systems. 
Freepo~, Illinois-Precision Switches. 
Chicago-Heating and Air Conditioning Controls. 
Hopkins,Minnesota-CorporateResearchCenter. 
Beltsville, Maryland-Data Recording Systems. 
Toronto, Canada-Manufacture of complete line 
of company products. 
International-Manufacturing Plants in New
house, Scotland; Amiens, France; Frankfurt, Ger
many; Amsterdam, The Netherlands; and Tokyo, 
Japan. Plus 166Sales and Service offices through
out the world. 

HOW TO LEARN MORE ABOUT HONEYWELL! 
A Honeywell representative can answer your 
questions and give you additional information 
about opportunities at Honeywell. Please con
sult your college placement office for the date of 
his next visit to your campus. 

Meanwhile, you will want to read ~~Your Curve 
of Opportunity in Automatic Controls." Write 
R. L. Michelson, Personnel Administrator, Dept. 
TC29D, Minneapolis-Honeywell Regulator Com
pany, 2753 Fourth Avenue, South, Minneapolis 
8, Minnesota. 

* Engineering and Research Facilities 
e Sales and Service Offices 

Honey"\lVell 
HON~m t~t~ 
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Edited by Werner A. Troxel 

ELECTRON DIFFRACTION 

Electrons that "Kiss and Tell" -Electrons are reveal
ing the answer~ to problems that have been plaguing 
manufacturers for years, thanks to the Electron Diffrac
tion Instrument, according to the General Electric X-Ray 
Department. 

"Why did the paint peel off the automobile?" 
"Why did the gas pipe rust through?" 
The answer to these and many other questions are 

being studied by users of the unit, which "bounces" a 
stream of electrons off the surface of various materials 
and produces a characteristic pattern that can be used to 
guide the development of better manufacturing processes 
and materials. 

It is also expected to prove useful in such fields as lu
bricating films, metal-plating, powder metallurgy, boiler 
scale formation, and catalyst behavior. 

. The ~lectron Diffraction Instrument is similar to x-ray 
dtffractwn ·apparatus. The basic difference is- electrons 
penetrate much less than x-rays. As a result, the chemical 
composition and crystal structure of a substance's surface 
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{:an be determined. On the other hand, a beam of x-rays 
from a sample provides information relative to the aver
age of the entire sample. 

Electrons can detect samples as thin as 15 angstrom 
units, (4 millionths of an inch), permitting electron 
beam transmission through very thin surfaces. Diffrac
tion patterns so produced usually require exposures of 
only one second to two minutes. 

The specimen is positioned by means of a manipulator. 
The resultant diffraction pattern can be observed on the 
fluorescent screen and photographed with the camera 
mechanism. Five exposures can be made at one loading 
of the camera. 

A. high temperature furnace for studying changes in 
specunens at variable high temperatures up to 1,000 de
grees centigrade is available as an auxiliary device lor 
the Electron Diffraction Instrument. 

About the size of a convention! cigaret lighter, the unit 
incorporates a cylindrical ceramic body into which is em
bedded a heater coil and a thermocouple. The specimen 

(Continued on Page 56) 
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INDIANAPOLIS, IND.: (Special) Hundreds of engineers and technicians, applying their 
academic training first hand, have designed, developed and produced the Allison 
Model 501 Prop-jet engine and Aeroproducts Turbo-propeller (above) shown in a test 
cell at the mammoth Allison plants in Indianapolis. These General Motors experts 
have produced an engine which develops nearly 2.3-horsepower per pound of engine 
weight. Already in use with Air Force Troop Carrier Wings in the U. S. and abroad, 
Allison Prop-jet engines and Aeroproducts Turbo-propellers will power America's 
first Prop-jet commercial airliner, the ultra-modern Lockheed Electra. 

Working shoulder to shoulder with propulsion system experts, newly graduated 
engineers are assuring their futures by carving a niche for themselves on the 
~eneral Motors team of today. If you would like to know more about this team, write 
Personnel Department, College Relations, Allison Division of General Motors 
Corporation, Indianapolis, Indiana. 
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(Continued from Page 54) 

tray and several components are made of tantalum to 
utilize this metal's good conductivity and high melting 
point. 

Because electron diffraction "completes the picture," 
it is expected that this technique will receive the wide 
application to industrial problems now realized by x-ray 
diffraction. The advantages can be summarized as follows: 

Electrons can be diffracted by shorter atomic crystal 
plane spacings. This is because, for practical accel
erating voltages, electron wave-lengths are about 
1/20 that of x-ray diffraction. As a result, crystal size 
estimates for a smaller size range can be determined. 
The electron beam is much easier to collimate and 
reduce in size than the x-ray beam. 
Sharper patterns are possible because the electron 
beam is highly monochromatic. And patterns can be 
seen visually on a fluorescent screen. Therefore, it is 
not necessary to photograph the pat~ern for some 
types of routine control work. 
Starting with the electron gun, the filament operates at 

a fixed potential, variable from 20 to 50 kilovolts and 
negative with respect to ground. To obtain a more con
stant temperature, the filament is heated with separate 
radio frequency source. 

The resulting electrons are accelerated through a 
grounded aperatured anode and focused on a fluorescent 
'icreen in the camera chamber by means of an electro
magnetic focusing coil. 

An instrument capable of chemically analyzing as mi
nute an amount of material as five micro-micro grams 
will naturally lend itself to many research and produc
tion applications. Here are a few: 

Corrosion: The losses due to corrosion are tremendous. 
Thus, the need to study its cause in the very early stages. 
The Electron Diffraction Instrument will detect the first 
changes and help identify the chemical nature of these 
changes before they are visible with a microscope or de-
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tectable by other means. Such analysis has helped in the 
selection of the best material for gas-turbine buckets. 

Catalysts: Catalytic action is a surface phenomenon. 
Therefore, the detection and measurement of material 
forming the surface is of vital importance. Conventional 
methods of analysis may show one chemical composition, 
whereas electron diffraction photographs reveal a very 
thin layer of another material responsible for the cata
lytic action. Thus, the electron-diffraction instrument 
permits closer study of surface conditions for early de
termination of poisoning and better control of catalysts. 

Lubricants: Lubrication is a function of the surface 
film. What changes occur in oil films determine the effi
ciency of running machinery. Thus, the importance of 
the Electron-Diffraction Instrument in determing good 
lubricating films and control processes for their produc
tion. In addition, the instrument is useful for studying 
surface changes in bearings and cylinder walls, and for 
detecting and studying preferentially-deposited oll films. 

Metallurgy: The interaction of thin films of metals 
can be studied and used as a control for the processes of 
making alloys. Fen~ example, a thin film of nickel was 
deposited on a sample holder and another film of iron 
deposited on top. The diffraction pattern was taken at 
room temperature and again at a higher temperature. 
The change in pattern showed alloying of the two metals. 
In powder metallurgy, surface conditions of the powders 
determine whether they will alloy readily. 

Pigments: The covering power and other properties of 
pigments depend upon their crystal structure and chem
ical composition. For the development of better pig
ments, control of production, the Electron Diffraction 
Instrument permits easy determination of material and 
structure. 

Surface Deposits: The instrument is a powerful tool 
for studying the nature of surface deposits as boiler scale 
and other chemical residues. Early detection of such 
phenomena may indicate means of control. 

Graphite: The crystal structure and orientation in 
graphite during and after manufacture can be deter
mined by examination with electron diffraction photo
graphs. These photographs are helpful in the use and 
processing of graphite. 

TODAY1S SC:IE.NTISTS: NEITHER SINISTER NOR 
11SQUARE11 

Teenagers planning to shun scientific careers in the 
belief that scientists are all "odd ducks" had better take 
a closer look. Contrary to some opinions, today's scientist 
is neither sinister nor "square." 

Results of a personality survey of its scientific staff just 
completed by the Bausch and Lomb Optical Company 
indicate that scientists are just normal, intelligent men 
and women with highly specialized educations. This 
survey lays to rest the notion that every scientist is either 
an absent-minded professor or a malevolent genius. 

Interest in the personality of scientists grew out of the 
findings of a recent Purdue University study into the 
attitudes of high school students toward science as a 
career. 
. ~esul.ts of the Purdue study indicated that a large ma
JOrity of the 15,000 high school students questioned plan 
to pass up careers in science. Among the reasons given 

(Continued on Page 58) 
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WHERE DO YOU 
WANT TO WORK? 

by 
C. M. Forbes 

DuPont 
Representative 

I wouldn't be entirely realis
tic if I said that you can 
choose your job location 
from Du Pont's 7 5 plants and 
98 laboratories scattered 
over 26 states. But DuPont 
does have jobs open in many 
of these locations, so there is 
a good chance that we may 
be able to match your pref
erences and qualifications 
with available openings. 

Right now, most of the 
Da Pont units are east of the 
Mississippi, but we have 
plants in Texas and on the 
Pacific Coast, too. In the past 
year plants were completed 
in Michigan, California, 
Ohio and Georgia. New 
plants are also under con
struction in Kansas, T ennes
see, Virginia and North 
Carolina. Perhaps one of 
these locations has just what 
you're looking for in a job. 

For a complete list of our 
plant locations, please write 
to me at E. I. du Pont de 
Nemours & Co. (Inc.), 
2494-B Nemours Building, 
Wilmington 98, Del. 

L-----------~---~ 
NOVEMBER 1957 

Career opportunities at Du Pont are 
greater today than ever before be
cause of the Company's continued 
growth. In 1957, DuPont's sales 
were at the $2 billion level. Four new 
plants were being built. New research 
programs were being launched, and 
new products were moving into the 
production and marketing stages. All 
of these developments tend to broaden 
opportunities at DuPont for the 
young scientist and engineer. 

ALL KINDS OF ENGINEERS 

Students with chemical engineering 
and chemistry degrees are needed, of 
course. But the opportunities are 
equally great for students majoring 
in many other fields. And the type of 
work for these men varies greatly. 
Among other things: 

Mechcmic::al engineers work in re-

search and development as well as in 
plant engineering and production 
supervision. 

Metallurgical engineen conduct 
studies in metal fatigue and corrosion 
and engage in fundamental research 
into the nature and properties of 
elements. 

Civil engineers have many assign
ments, including design and super
vision of the construction of Du Pont 
plants and laboratories. 

Men studying for degrees in electri
cal, mining, petroleum, industrial and 
many other specialized fields of engi
neering will find equally challenging 
outlets for their talents at Du Pont. 

If you're interested in finding full 
scope for your ability, Du Pont offers 
you plenty of opportunity. 

Du Pont Training Tailored to Individual 

Each of Du Pont's operating depart
ments has its own training program 
because each has special require
ments. But both formal and informal 
programs are tailored to the interests 
and needs of the individual. 

Generally, you go to work on an 
assignment at once and start learning 
right away. This headstart on respon
sibility is an important factor in your 
progress. Based on your qualifica
tions, you're given one segment of a 
project to tackle almost immediately. 
You learn quickly and informally in 
consultation with your supervisor and 
other engineers on the same project. 
This training is supplemented by fre
quent meetings, seminars, studies of 
plant operations and procedures. 

And since Du Pont is interested in 
the progress of the individual, your 

performance is evaluated at regular 
intervals by your supervisor. These 
discussions bring out your strong and 
weak points and together you work 
out a program for improvement. This 
training and evaluation continues 
year after year as you advance in 
the Company. 

SEND FOR INFORMATION BOOKLET 

Booklets on jobs at Du Pont are 
yours for the asking. Subjects 
include: mechanical, civil, metal
lurgical, chemical, electrical, in
strumentation and industrial 
engineers at DuPont; atomic 
energy, technical sales., research 
and development. Name the sub~ 
ject that interests you in a letter 
to DuPont., 2494-B Nemours 
Building., Wilmington 98~ Del. 
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were: 1) cannot raise a normal family; 2) don't have time 
to enjoy life; 3) scientists are all a little "odd"; 4) you 
can't be a scientist and be honest; 5) scientists are willing 
to sacrifice the well-being of others to further their own 
interests; and 6) there's something "evil" about scientists. 

The study fails to confirm the opinions of the students 
questioned by Purdue. The survey proves that scientists 
are pretty typical of the "guy next door." 

"No family life?" Of the 160 scientists questioned in 
the survey, 80 per cent are married; 68 per cent own their 
own homes; and 66 per cent have children. Both the 
scientists and their families prefer steak, roast beef and 
chicken, in that order, as their favorite meal. Picnics, 
games, and travel were rated as top family activities. Of 
those eligible, 94 per cent voted in the last presidential 
election, and 75 per cent are church members, with 56 
per cent attending services regularly. 

In addition, nearly all of the home owners in the 
group attempted, and many completed, at least one do-it
yourself project last year. Jobs ranged from "painting 
one half of one side of a house" to the more usual redec
orating, tiling and bookcase-building. How much more 
normal could family life be? 

Literary tastes of scientists, surprisingly enough, ap
pear to parallel those of most Americans. \1\Thile single 
subscriptions to such publications as Hot Rod, Successful 

Confidential, and the Asbury Park Press re
special individual interests, the local daily news

papers headed everyone's list of "most frequently read" 
publications. Immediately following the newspapers 
came Life, Time, and Readers' Digest, with Better 
Homes and Gardens, The Saturday Evening Post, Na
tional Geographic and Ladies Home Journal close 
behind. 

Like everyone else these days, scientists spend a sub
stantial part of their free time in front of a television set. 
Survey results show they prefer, almost overwhelmingly, 
to watch sports programs and dramatic presentations. 
Mickey Mouse was a run-away favorite with the scientists' 
children. 

Are scientists generally anti-social? In their college 
days, they showed a strong preference for group activi
ties like basketball, baseball, music and journalism. 
Today, fishing, golf, reading and photography rate about 
even as favorite leisure-time activities for the group. 
Gardening, woodworking and bowling nearly equal the 
first four in popularity. 

As a group, scientists seem to prefer the company of 
non-technical friends. Asked to give the occupations of 
their three closest friends, they listed an average of one 
in a scientific field and two employed in non-scientific 
areas. 

Most valuable information to come from the study is 
the discovery that the majority of scientists originally 
chose technical careers because of an interest developed 
in some specific scientific field at an early age. Areas of 
interest most frequently mentioned were nature study, 
chemistry, weather, math, and electronics. 

Other important factors leading to the choice of scien
tific careers were: 1) unusual scientific aptitude as meas-
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ured in high school; 2) an inquisitive nature; and 3) the 
basic challenges of the field. Idealistic reasons- "to ob
tain natural truths" and "to help the progress of civiliza
tion"- were few and far between. 

The survey results will be used to help guide the in
terest of more young people in technical careers in 
general. 

NEW HEAT RESISTANT INSULATING MATERIAL 

A new, high-temperature, high voltage insulating ma
terial developed recently may prove to be worth more 
than its weight in gold in tomorrow's aircraft. 

Disclosed to members of the press at a recent meeting 
at the vVestinghouse Research Laboratories, the new in
sulation is a solventless silicone resin. The material can 
be formed into thick sections of solid, heat-resistant insu
lation for use in complex electrical equipment. 

By eliminating the solvent formerly necessary in other 
heat-resistant resins it is possible to produce an insula
tion which is entirely free of air spaces, or "bubbles". 
vVith previously available high-temperature silicone 
resins, a solvent was necessary to make the resin fluid 
enough for application. However, the solvent often 
caused bubbles to form as the insulation hardened into 
solid form. By developing a solventless material, this 
problem has been eliminated. 

Air spaces in insulating materials are weak spots 
which will break down at high voltage to a small trans
former impregnated with a solvent containing varnish, 
then connecting an equal voltage to a like transformer 
impregnated with a solventless silicone resin. As the volt
age was applied to the first transformer, electrical dis
charges occurred because of air spaces within the mate-

(Continued on Page 60) 
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How to make the most 
of your engineering career 
ONE OF A SERIES 

o where 
t lost engineers don't 

in the crowd One of the many hurdles that can. slow 
down your progress as an engineer is 

getting lost in the crowd. It can happen in 
smaller companies as well as in big ones. 

That's because size itself is not the villain. 
The thing to watch out for is the kind 
of company organization that swallows you 
up and erases your individual identity. 

Boeing is one company that takes steps to see 
that engineers don't get lost in the shuffle. 
Boeing engineers, for instance, work in small 
integrated teams where initiative and ability 
get plenty of visibility. Each engineer gets 
a personal merit review every six months
assuring you a continuing opportunity for 
individual recognition. In addition, 
Boeing engineers are eligible for 
advancement at any time between reviews ,, 
There are many other advantages to ca 
at Boeing-including assignment to 
exciting missile and jet-age projects, hig 
starting salaries, liberal retirement and 
company-paid graduate study programs. 

There are family advantages, tor 
choice of three sections of the co, 
which to live. In each Boeing corr .. nunity 
you '11 find good housing and schools, a 
youthful spirit, and abundant recreational 
facilities for the whole family. 

Boeing has openings for engineers, and for 
physicists and mathematicians-openings 
with a world of opportunity for advancement. 

Now is the time to start planning ahead. 
Consult your Placement Office, or write: 

JOHN C. SANDERS, 
Staff Engineer, Personnel Administrator, 
Boeing Airplane Co., Seattle 24, Washington 

R. J. B. HOFFMAN, 
Chief of Engineering Personnel, 
Boeing Airplane Co., Wichita 1, Kansas 

Aviation leadership since 1916 

Seattle, Washington Wichita, Kansas Melbourne, Florida 
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rial. No such discharg·es occurred when voltage was ap
plied to the void-free solventless silicone transformer. 

The newly developed silicone insulation provides 
greater heat resistance than that obtainable in any other 
insulating resins, with similar filling characteristics, and 
is another step toward operating electrical equipment at 
higher output capacity or in higher ambient tempera
tures. 

Because of its outstanding heat resistance, solventless 
silicone insulation can be used to protect electronic com
ponents in aircraft, missiles, and shows great promise for 
use in generators and motors. 

The new insulation might find its widest application 
in the aircraft field. Because of its ability to operate con
tinuously at 250 degrees Centigrade for thousands of 
hours and because it is void-free, solventless silicone insu
lation extends the horizon of the applications in higher 
ambient temperatures, at higher voltages, and in size 
reduction: This makes it a natural for use in aircraft. 

In one instance a class "A" conventionally insulated 
transformer weighing nearly nine pounds could, by using 
the new insulation, be reduced in size to only four and 
one-half pounds, a weight saving of about 50 per cent. 

This is possible because wire of smaller diameter, 
which normally gives off more heat with the same cur
rent flow than larger diameter wire, can be used in the 
transformer. Also, smaller iron cores can be used, thus 
achieving further weight reductions. The excess heat 
generated by the use of smaller parts can readily be tol
erated by the new insulation. 

This is a tremendous advantage when it is realized that 
for each pound of equipment carried by an aircraft, 14 
pounds of airframe are required. The cost per pound of 
airframe is approximately 51 dollars. So for each addi
tional pound of equipment carried, an additional 765 
dollars worth of airframe is necessary. By the same Jneas
ure, for every pound of equipment that can be stripped 
from the aircraft, the cost is reduced by 765 dollars. 
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If this weight reduction can be applied to the 100 
pounds of transformers in the average aircraft, it would 
permit substantial cost reductions. Or, if this reduction 
in equipment size and weig·ht were translated into fuel
carrying capacity, the range of the aircraft would be in
creased considerably. 

SCIENTISTS DUPLICATE SUN'S HEAT WITH MOVIE 
MIRRORS 

Scientists probing the mysteries of intense heat have 
produced temperatures approaching that of the sun's 
surface with ordinary motion picture projection equip
ment. 

Highly-polished curved mirrors concentrate rays from 
a carbon arc into a small but extremely high-energy 
beam that can produce temperatures above 7,000 degrees 
Fahrenheit. The technique is actually a scientific version 
of the use of a magnifying glass to set fire to a piece of 
paper, and was developed in connection with high-tem
perature studies at the research laboratories of National 
Carbon Company, Division of Union Carbide Corpora
tion. 

The arc image furnace, as this versatile research tool is 
known, is not new, but an entirely new twist has been 
introduced that adds immensely to its usefulness and 
makes practical the high temperatures required in 
Inodern-day research. Previous furnaces have used spe
cially-designed parabolic mirrors to focus the arc's energy 
on to the substance to be heated. 

The new design uses two elliptical mirrors of the 
standard type found in motion picture projection equip
ment. One mirror directs the energy of the arc at the 
other, which in turn concentrates the radiation on the 
specimen being heated, forming a life-size image of the 
actual arc. 

The new equipment is highly compact and portable 
and can be operated practically anywhere, at any time. 
It is said to produce results comparable to that of a solar 
furnace with a 60-inch diameter reflector, which depends 
on the sun's rays for its energy and can be operated only 
under favorable climatic conditions. 

(Continued on Page 62) 

HOT SPOT 

A small crucible made of an experi
mental high-temperature material is po
sitioned at the short focal point of a 
highly polished mirror where it will be 
heated to incandescence by the energy 
beam from a carbon arc in a standard 
motion picture projection lamp. The lamp 
can be seen reflected in the mirror, im
mediately behind the technician's hand, 
and is lined up on the axis of the mirror. 
Standard equipment is used in this arc 
image furnace and proves a valuable re
search tool in producing heat approach
ing that of the sun's surface for high
temperature research. 
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"3M Company has traditionally 
reinvested approximately fifty 
percent of earnings in research 
and the capital investment re
quired to produce and market 
the products of research."-3M 
Annual Report. 

n 

Best career advice we know is to ~emake 
no little plans". If you're the kind who 
measures the outer dimensions of the 
future with the divider's legs standing 
in a giant stride, we think you'll be 
interested in the 3M Company. 

This unusually fast-growing company 
encompasses a wide world of products 
and fields of interest that leave plenty 
of room for growth-yours and ours. 

Take our measure ... in terms that are 
vital to your career. 3M sales have more 
than doubled in the last five years. Fact 
is, more than 22 % of the products now 

being sold by 3M were developed in the 
last five years ... exciting products like 
.. SCOTCH" Brand Magnetic Tapes to 
guide rockets and ~·THERMO-FAX" Brand 
Heat-activated Copying Machines. 

Of course, 3M people are responsible for 
this growth ... through new ideas and 
creative engineering. And it means that 
they are growing, too ... in responsi
bilities, earnings, opportunities. 

If we sound like your kind of company, 
write us now for full information. 
Minnesota Mining and Manufacturing 
Company, St. Paul 6, Minnesota. 

MINNESOTA MINING AND ANUFACTURING COMPANY 
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The arc image furnace now in use here uses arc car
bons less than one-half inch in diameter, focused by mir
rors approximately 18 inches in diameter and placed 
about six feet apart. The arc draws a current of 200 am
peres, which is approximately twice the electrical re
quirement of a modern home. Normal operating voltage 
is 80 volts. There is no reason why the arc image furnace 
cannot be extended to larger arcs with higher power to 
heat larger samples, and work along these lines is already 
underway. 

In addition to its use of standard equipment, the new 
system has the advantages of providing a narrow beam 
midway between the two mirrors where a shutter can be 
placed to turn the energy on and off very quickly without 
disturbing the arc. A tilted mirror can be placed at the 
same point to tip the beam at any desired angle if it is to 
be used in melting a specimen. 

As an extremely "clean" source of high temperatures, 
the arc image is ideally suited to metallurgical research 
where purity is particularly important. The beam can be 
projected through a transparent window into an enclosed 
vessel in which the atmosphere can be controlled, and 
which can even be raised to high pressures if a combina
tion of high temperature and pressure is desired. Because 
of these features, it is a very valuable research tool, and 
might well become a useful production tool in the fu
ture as high temperature operations become more com
mon in itidustry. 

A NEW PROCESS FOR HEAT TREATING IRON ORE 
CONCENTRATES 

Allis-Chalmers has announced development of a new 
process for pelletizing and heat treating magnetic con
centrates produced from low grade iron ore of almost 
unlimited availability, to produce extremely hard, dura
ble pellets ideally suited for blast furnace feed. 

The process is expected to hasten development of 
America's taconite resources since it offers the steel and 
ore mining industries important new economies in fuel 
and maintenance costs, and virtual elimination of pellet 
breakage. 

l\1agnetic taconite ore (more properly known as mag
netite) must be crushed to a fine powder, so that the iron 
oxides can be separated from impurities in the process 
of beneficiation. Because this powdered ore would be 
blown out of the blast furnace by the normal draft nec
essary for operation, a number of methods for agglomer
ating and creating finely powdered ore have been devel
oped. The Silver Bay plant, for instance, uses a pelletiz
ing down draft grate system. However, each method de
veloped to date has involved one or more limitations in 
terms of high equipment, fuel, or maintenance costs and 
excessive dust and pellet breakage. Essentially, the new 
process consists of four steps: 1) forming the pellets in a 
balling pan or drum, 2) drying the pellets on a moving 
grate, 3) heating (partially oxidizing) the pellets on a 
moving grate, and 4) final burning of the pellets in a 
short rotary kiln. 

The process begins with the forming of :y2 to %-inch 
diameter pellets from the finely ground moist magnetic 

62 

concentrates. The pellets are· conveyed to a traveling 
grate enclosed in a furnace which is divided into a drying 
chamber and a preheating chamber. 

The pellets first enter the drying chamber, where they 
are subjected to a downdraft of hot gases which have 
been exhaused from the pre-heat chamber at 600° to 
800°F. After driving off the moisture from the pellets, 
these gases are exhausted to atmosphere at 250° to 350°F. 

The grate continues moving the pellets to the pre-heat 
chamber, where a downdraft of hot (1750°F. to 1850°F.) 
highly cxidizing gases from the rotary kiln initiate the 
conversion from magnetite to hematite. 

During this oxidation reaction, individual grains of 
transformed hematite bridge together by grain growth 
and re-crystallization in a solid state to start formation 
of a mineral structure within the pellet. This transfor
mation (4Fe30 40 2 - 6Fe20 3) develops sufficient crushing 
strength (100 to 200 pounds) to withstand the tumbling 
action of the kiln. Bridging between the individual pel
lets does not occur due to the small area of surface con
tact. 

Heat treating is completed in the rotary kiln, where 
highly heated gases complete the development of the net
work of hematite crystals within each pellet. Tempera
tures in the kiln just range from about 2350°F. to not 
higher than 2450°F~ to assure development of optimum 
pellet strength. The pellets are then cooled to recover 
the sensible heat. The small amount of dust and fines 
which are airborne in the kiln are· carried along with the 
ho( kiln gas and filtered out efficiently as the gas passes 
through the bed of pellets on the grate. The product 
from this burning process is a superior pellet of hematite 
which, when subjected to an established ASTl\1, two 
lifter bar drum tumbling test, produces virtually no 
broken pellets and only from 1 to 5 per cent fines (minus 
28 mesh). The product is substantially harder than that 
obtainable from other processes, based on published data. 

Fuel economy of the Allis-Chalmers system is a result 
of efficient re-use of exhaust gases from one stage of the 
process to support reactions in others. Kiln exit gases of 
approximately 1800°F. are used in the pre-heating cham
ber to initiate formation of the hematite structure. Sim
ilarly, exhaust gases from this zone are drawn to the 
drying chamber of the pellet bed at 600°-800°F., lose 
some of their heat to the pellets, and are passed off to 
atmosphere. The hot air from cooling the hardened pel
lets is used as secondary combustion air in the rotary 
kiln. This arrangement allows fuel consumption to be 
reduced approximately 750,000 btu/net ton. At the same 
time, operating and maintenance costs are expected to be 
considerably below any other process achieving this fue 1 
efficiency. 

Following preliminary research work, scale operations 
to test and evaluate the new process were carried out at 
pilot plant facilities at Carrollville, Wisconsin. Here 
engineers duplicated all stag·es of the pelletizing and 
burning· multiple ton sample batches of magnetite con
centrates from many different sources. 

Pilot plant facilities are available for customer tests 
and work on ores from different mining operations. Re
search and development on modifications for heat treat
ing hematite are going forward. Engineers are confident 
that a suitable process will be developed for this other 
important type of iron ore. 
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Education is the springboard for 
your future. Couple it with the 
proper engineering experience, such 
as you receive at Garrett, and you 
have the ingredients for a successful 
career in engineering fields which 
will he expanding for years. 

At Garrett, specific opportunities 
in aircraft, missile and technological 
fields include: system electronics; 
computers and flight instruments; 
gas turbine engines and turbine 
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In the field of cryogenics, where temperatures approach absolute zero, 
design problems multiply. Garrett mechanical, chemical and metal
lurgical engineers worked together to produce this fan which rotates 
at 10,000 rpm at -420°F ..• without lubrication! 

motors; prime engine development; 
cryogenic and nuclear systems; 
pneumatic valves; servo control units 
and air motors; industrial turbo
chargers; air conditioning and pres
surization and heat transfer. 

In addition to direct assignments, 
a 9-month orientation program is 
available to aid you in selecting your 
field of interest. This permitsyou to 
s u r v e y p r o j e c t, l abo rat or y an d 
administrative aspects of engineer-

ing at Garrett. With company finan
cial assistance you can continue your 
education at outstanding universities 
located nearby. 

Project work is conducted by 
small groups where the effort of each 
individual is more quickly recog
nized and where opportunities for 
learning and advancement are 
greatly enhanced. For complete 
information, write to Mr. G. D. 
Bradley. 

THE CORPORATION 

9851 S. SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING, LOS ANGELES e A/RESEARCH MANUFACTURING, PHOENIX e AIRSUPPLY 

A/RESEARCH INDUSTRIAL e REX o AERO ENGINEERING e AIR CRUISERS e A/RESEARCH AVIATION SERVICE 
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part owner of the company. It is true, that no matter 
how large the organization is, he can usually own stock, 
but with a large corporation his share will be so small 
that it will never be recognized and will be of little con
sequence to the success or failure of the company. On 
the other hand, if he is with a smaller company he stands 
a good chance of being able to accumulate enough stock 
in the company so that his ownership will be recognized 
by management. This may result in additional oppor
tunities to obtain stock options and participate in profit 
sharing plans. It is true that all these opportunities 
exist in a large corporation but the individual's prob
ability of participating in them is extremely small, while 
in a medium sized or smaller company his possibility of 
being a sizeable or a part owner in the company are 
very much within the reach of the average person who 
is willing to exert· the effort, and take advantage of the 
opportunities which will be presented. 

OPEN ADVANCEMENT 

One of the biggest opportunities awaiting the engineer 
in a small company and one to he considered by all men 
seeking their place in the profession, is that of ad
vancement. The new engineer in a small company will 
he able to familiarize himself with all the different phases 
of Sales, Engineering, Production and Service, which go 
into the successful completion of any product. During 
the development of a product an engineer HlllSt come in 
direct contact with the customer and his problems, the 
Sales Department, the Production Department and the 
Service Department in order to produce a successful 
product. This contact with individuals in all the differ
ent phases of the operation will broaden his understand
ing of other people's problems and give him a wider 
view of what is to be done. This broadening of the 
engineer's awareness of other people's problems is one 
of the essential qualifications for ultimately arriving 
at a position on the administrative level. An Engineer's 
progress will likely go in one of two directions; into 
administration or into a highly specialized field. A de
cision must be made sometime during the engineer's 
career. Since there are more administrative jobs avail
able and since they have much higher ultimate 1nonetary 
rewards, n1ost engineers will find this course desirable. 

One of the biggest aids to advancement is recognition 
in national societies. In a large company there are n1any 
who are seeking· publicity as officers in national and 
professional organizations; thus, the competition is very 
great. These societies do not wish to have a few large 
companies dominate their organization and they are 
therefore looking for individuals in smaller companies 
who have shown leadership to hold offices. If one has 
a bent toward leadership, there are few things which 
will give him the personal satisfaction he will experi
ence as an officer of such a professional group. It is in a 
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smaller company that this opportunity can most readily 
be found. 

SUMMARY 

Thus it would seem obvious to those who are looking 
for the best opportunities in the field of engineering 
that the small, aggTessive company is the answer. If he is 
ambitious, confident of his ability, eager to learn, and 
interested in working where he has an overall picture 
of the project, he may find just such a job in a smaller 
company. If he does, he will have found a good salary, 
the personal challenge he wants, quick recognition of 
his abilities, the security he desires, an open opportunity 
for advancement, and a great sense of personal satisfac
tion in his chosen profession. 

GREEK NEWS 
(Continued from Page 48) 

as opposed to work with companies 
with large engineering staffs concerned 
primarily with Government contracts. 

Our members were scattered mostly 
to the South and West over the sum
mer months, with Tom Flanagan in 
Los Angeles with Douglas Aircraft, 
Keith Flemming in New Mexico with 
lVIagnolia Petroleum, and Buzz Stivers 
in Orange, Texas with DuPont. Tom 
Bursch, Karl Magnuson and Gordy 
Hanson encountered KHK members 
and alumni from Delta and Gamma 
chapters while working for Collins 
Radio in Cedar Rapids, Iowa. Back 
on the home front Earl De J onge and 
Paul Ohman held down the U. hos
pital with the Engineering section, 
while George DuFour worked at D. 
W. Onan. 

Don Blount's hunting trip to Wyo
ming last month was highly successful 
with a bag of four deer, two antelope, 
and a hunk of uranium. Gordy Han
son picked up "Sputnik" on our third 
floor radio receiver, but had very lit
tle intelligible to report frmn it. 

We're all looking forward to see 
many alumni here at the house for 
homecoming, both after the game and 
at the party in the evening. 

MINNESOTA TECHNOLOG 
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Melvin Janes, a friendly, sandy-haired man in 
his early forties, may well be the world's only 
trackwalker with a doctor's degree. 

Since 1953, Dr. Janes has trudged many a mile 
along railroad tracks from Maine to Texas. His 
mission: to check with his own eyes· the killing 
power of a unique railroad-bed weed destroyer. 

Weeds are a menace to railroad men. They are 
a fire hazard; wheels slip on them; they hold 
moisture which rots the ties and undermines the 
roadbed; they make maintenance difficult. More 
than 50 kinds of weeds grow along the tracks. 
Some die easily and stay dead-but many are 
too tough for ordinary weed killers. 

When Mobil scientists developed a promising 
new oil-based killer-AGRONYL R-Dr. Janes 
took to the tracks to check it out. It killed the 
weeds, all of them. Moreover, it's heavy and 
doesn't blow on to adjacent farmland. It leaves 
a film that discourages new growth (and also 
helps keep the tracks from rusting). 

Chemical research is only one of many profes
sions represented on the world-wide roster of 
Mobil personnel. We also employ nuclear physi
cists, geologists, mathematicians, engineers of 
every type, marketing analysts, marketers . . . 
people prepared to handle more than 100 differ= 
ent 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. 

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 

Mobil Oil of Canada Ud., 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 
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MOTOR RACING 
{Continued from Page 31) 

There are two main types of courses 
in Europe: those built expressly for 
racing and used for nothing else, and 
those where they close off regular 
streets and roads on the day of the 
race. An example of the first type is 
the famous German Niirbiirgring, Fig. 
1, the finest race-course in the world. 
It is cut through the Eifel Mountains, 
about twenty-six miles north west of 
Koblenz, Germany. It is 14.3 miles 
around, has a variation in elevation 
of some 700 feet between various parts 
of the course, 173 curves and turns 
per lap. The top drivers make this 
in about 9 minutes, 50 seconds during 
the race. The Monza Circuit in Italy, 
near J\tiodena is another example of 
this type of course. 

The best example of the blocked 
street type is the circuit used for the 
Grand Prix of Monaco, run through 
city streets of Monte Carlo. This is 
one of the hardest courses for a driver 
-a nightmare of one turn after an
other. The drivers usually make about 

1200 turns and 2000 gear changes 
during the duration of the race. 

One of the fastest of European cir
cuits is the course at .Spa, in Belgium 
where the Grande Prix of Belgium is 
held. The course at Berne, Switzer
land, is one of the best and at the 
same time the trickiest courses in 
Europe. 

To qualify as a Grande Prix and 
World Championship standing, a race 
must be at least 500 Kms in length. 
Once each year, one of the races is 
designated as the Grande Prix of 
Europe. 

The world championship cam.e into 
being only since the war and has been 
dominated by three men, Guiseppe 
Farina and Alberto Ascari of Italy, 
and Juan Manuel Fangio of Argen
tina. Farina is no longer racing, and 
Ascari was killed on the Monza cir
cuit in 1955. England's Sterling Moss 
seems the best bet for next world's 
champion when Fangio leaves the 
picture. 

Team racing is done overseas to 
an extent unheard of in this country. 
Each factory or private team has a 

starts you toward a 
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BRIGHT FUTURE 
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lmg~ of the corporations !h schools-you are the dar
contmued success will de e~ you graduate. But your 
talent, close applicationpe~ on your ability. Native 
bmoother,_ stronger graphite-~at your studies and the 
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If you prefer a holder be su 
jbe gun-rifled cl-utch 'and 9~3~o .try LOCKTITE with 
ead. Shop in your c~llege store. Imported CASTELL 

manager whose word is law. He sets 
the strategy for the entire race, us
ually deciding who is to stay in re
serve, who to burn up the competition 
by fast travelling, etc. The unrivaled 
peer of these managers is portly Alfred 
Nuebauer, of the German J\tlercedes
Benz works. 

A few races of the Grande Prix 
status are held in South America each 
winter, but few teams go to the ex
pense of shipping cars there. In 193' 
and 1937 a race was held at the Roos1 
velt Raceway on Long Island. Tr 
races were financial failures as w~ 

as a serious blow to national pridt 
German cars won both times, altho
one was driven by the greatesl 
them all, Tazio N uvolari who wo-
1936. Since 1937, there has been''(' 
Grande Prix race in this country. 

The big three of the European spo 
car races are the Italian J\tiille l\!Iig~ 

(thousand mile), the French 24 ho' 
Grande Prix of Endurance at L'_ 
l\1ans, and the 1 00 Kms of the N iir
biirgring. 

The Mille Miglia, whose fate is in 
doubt due to the Marquis de Portago's 
tragic mishap this year, is one of the 
most fabulous races in the world. It 
begins at Brescia in Northern Italy 
down to Rome and back up the east 
coast to Brescia again. Winning times 
of late have been under thirteen hours 
- necessitiating speeds up to 185 mph 
on the few straights. 

The 24 hour Grande Prix of En
durance at LeMans has become re
membered in non-racing cirdes chief
ly for the unfortunate accident which 
killed Mercedes Benz driver Pierre 
Levegh and 81 spectators. Racing-wise, 
it is one of the most gruelling tests 
of both car and driver, second only 
perhaps to the Mille Miglia and the 
now defunct Carrera Panamericana in 
Mexico. 

One form of event which has un
fortunately lost popularity in Europe 
is the hill climb. These were none of 
the straight affairs familiar to motor
cycle fans, but true road courses, as 
at Pike's Peak in Colorado. Of late, 
American sport car organizations have 
an increasing number of hill events 
and it is to be hoped these will once 
again regain their former popularity. 

An event peculiar to England is 
the "Trials". In this form of competi
tion the drivers attempt to get a 

(Continued on Page 68) 
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'~For today'Js 
e '' engineer, yes eeo 

"You are probably the most sought after young men 
in America today. Industries of all kinds want you. 
You've got a wide choice, so which field do you choose? 

"The way I look at it, the aircraft industry has the 
most opportunity for you~ It combines more advanced 
engineering sciences than any other field . .. elec
tronics, communications, .propulsion systems, hydrau
lics and pneumatics, thermodynamics ... all these and 
many others. With this variety, interesting careers can 
be had either by specializing in one area or by moving 
crom one to another. 

"Obviously, you are going to want recognition for 
?ur work. You lcnow that the aircraft industry pays 
ell ... hut think about this: aviation is relatively 
mng and its life-blood is young men with new ideas. 

Numerous important advances have been made just in 
the last few years. Who knows what new fields-and 
new opportunities-today's research will uncover? 

"So, for today's engineer, yes, I would say that your 
best bet is the aircraft industry. Nowhere else can you 
find such opportunity, such challenge ... and such 
compensation and added benefits. In my estimation, 
there is no place where you can put your college · 
training to better use:' 

I n the aircraft industry there is such a variety of engi
neering fields that a desire for virtually any one can 

be satisfied. As research continues more areas will 
be embraced and, as aircraft engineers pierce these bar
riers and solve today's problems, new challenges and 
opportunities arise. Northrop engineers have been 
meeting these challenges successfully for years. Air
planes such as the F-89 Scorpion, the new supersonic 
twin-jet Northrop T-38 trainer, and missiles such as 
the Snarlc SM-62 are examples of Northrop's engineer
ing theory and capabilities. 

In Northrop's new Engineering and Science Center, 
your training can be applied to top priority projects 
and your future will be made more secure by intensive k ~
on-the-job training. Regular reviews reward you for f -
your capabilities and accomplishments, adding further f 
financial security. The extra benefits at Northrop, such~·-
as company-paid insurance and over three weelcs vaca-
tion with pay, are among the most generous in the 
entire industry. 1;, 

Write now and ask us how your qualifications can 
be applied to a career at Northrop. Regardless of 
whether you are an upper-classman or not, we believe 
we can show you that Northrop offers you a great 
future. Address Manager of Engineering Industrial 
Relations, Northrop Division, Northrop Aircraft, Inc., 
1032 East Broadway, Hawthorne, California. 

ORTHROP 
Northrop Division of Northrop Aircraft, Inc::. 
BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSIT•E 
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MOTOR RACING 
(Continued from Page 66) 

specially constructed car through the 
deepest and stickiest mudholes, creeks 
and sand and up the slipperiest hills 
one can find. They usually end the 
race so be-spotted with mud and dirt 
as to be unrecognizable. This form of 
competition has never caught on in 
this country, unfortunately. 

The credit for the longest and most 
gruelling races must go to the South 
Americans, where five and ten thous
and mile events are common. This 
"Gas House Gang" of road racing 
runs "stock" cars, the term stock being 
interpreted in a very, very loose man
ner. Some of these races have gone 
through Argentina, Chile, Paraguay, 
Bolivia, and Uraguay on a single cir
cuit, a real drive considering the us
ually primitive roads of the region. 

Many races are held, with one, the 
Twelve Hours at Sebring, Florida be
ing accorded international status. Due 
to public pressure for more safety, 
several new closed courses have been 
constructed, notably Watkins Glen, 
New York, and Elkhart Lake, Wis
consin. 

The standing start acceleration tests, 

IT Students 4D 4D 4D 

popularily called "drags" are a sport 
peculiar to America. In this sport, cars 
usually race two at a time against the 
clock, more than against each other. 

The yearly speed trials at the Bon
neville Salt Flats in Utah, while not 
strictly racing are a form of motor 
sport and need to be included in any 
article on the subject. Some of the 

things done by these backyard en
gineers with production engines bor
der on the unbelievable. American 
hot rodders now hold the world's class 
C record, a record formerly held by 
Germany with one of their million 
dollar racing combines. A speed of 
300 mph for a hot rod seems possible 
in the not too far future. 

When you buy your GOPHER, buy it through your 

Technical Societies and keep the benefits in IT. 

TECH C M 1551 N 
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The right decision now, at the launch
ing of your career, can do much to 
influence your success. 

Pittsburgh Plate Glass Company has 
a host of fine young men who are hold
ing responsible positions in the PPG 
organization. Ten years ago, many of 
them were faced with the same decision 
that now faces you: .. Which company 
shall I select?" 

They chose PPG because it offers 
unlimited opportunity. PPG has never 
stopped expanding or growing in its 
73 years of existence. Its markets are 
constantly increasing. PPG's manage
ment is progressive. It seeks men who 
can grow with the company . . . men 
who can take over responsibilities. In 

PPG, it isn't necessary to wait for a 
man's retirement or death before you 
move up in the ranks. Opportunities 
are opening up all the time in all of its 
important divisions: Paint, Glass, 
Chemicals, Brushes, Fiber Glass. 

This is your year of decision. We 
invite you to look into Pittsburgh Plate 
Glass Company. To help you become 
better acquainted with PPG, we sug
gest you get a copy right away of the 
booklet entitled, .. Toward New Hori
zons with Pittsburgh Plate." Ask your 
placement officer for a copy or write 
directly to the Pittsburgh Plate Glass 
Company, General Personnel Director, 
One Gateway Center, Pittsburgh 22, 
Pennsylvania. 

PAINTS .. GLASS • CHEMICALS " BRUSHES • .PLASTICS • FIBER GLASS 

34.5 PLANTS, MERCHANDISING BRANCHES, AND SALES OFFICES LOCA TIED BN 2.50 CBJHES 
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The world ~s coming to Milwaukee e ~ ~ 

The new St. Lawrence Seaway means more business and 
more job opportunities at Wisconsin Electric Power Company 

With Milwaukee's outstanding harbor as a gate
way to an operating territory which extends from 
the Wisconsin state line on the south into upper 
Michigan on the north, the business-booming effect 
of the new St. Lawrence Seaway is bound to result 
in a great number of fine career opportunities at 
Wisconsin Electric Power Company. 

Job opportunities are available, not only in our 
Milwaukee metropolitan area, but also in a number 
of the smaller towns and communities throughout 
the system. Our companies serve better than half 
a million electric customers and provide natural gas 
service for approximately 75,000 gas customers~ 
We employ more than 5,000 men and women. 

Here you will be able to begin your career in 
one of a wide and interesting variety of engineering 
fields- electrical, mechanical, civil, chemical, sta
tistical, research, administrative, sales, etc. You 

ISCONSIN ELECTRIC PO 

will find an immediate opportunity for using your 
engineering skills and for satisfying progress in 
your chosen field. 

Take a step right now into a successful future. 
Investigate both the immediate and long range ad
vantages of associating with one of the companies 
of the Wisconsin Electric Power Company System. 

When "the world comes to Milwaukee" - via 
the new St. Lawrence Seaway - be on hand to 
help us meet the challenges that increased demands 
for our services will present. Lend a helping hand 
with our $300,000,000 expansion program which is 
now in progress. Make a date to see our represen
tative when he visits your campus. 

SEE OUR REPRESENTATIVE 
WHEN HE VISITS THE CAMPUS. 

CHECK YOUR PLACEMENT 
OFFICE FOR DATES. 

ER CO PANY SYSTE 
Wisconsin Electric Power Co. Wisconsin Michigan Power Co. Wisconsin Natural Gas Co. 

Milwaukee, Wis. Appleton, Wis. Racine, Wis. 
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Tear out this page for YOUR STEEL NOTEBOOK ••• 

Small steel tube with a giant memory 
IBM engineers needed a small 
steel tube-a memory unit for a 
computer-whose whirling sur
face would pick up thousands of 
complicated figures as magnetic 
impulses, retain and, years later, 
read them back instantly. This 
called for the cleanest, most uni
form quality steel that could be 
produced. IBM consulted Tim
ken Company metallurgists, 
who recommended a certain 

analysis of Timken® fine alloy 
seamless steel tubing. IBM 
found the steel so clean that 
when properly plated it accu
rately recorded up to 100,000 
electro-magnetic impulses. So 
strong it withstood the centrif
ugal forces of 12,000 rpm with
out distortion or damage. It's 
another example of how Timken 
Company metallurgists solved 
tough steel problems. 

WANT 1'0 LEARN MORE ABOUT 
STEEL OR JOB OPPORTUNITSES? 
To leat·n more about electric fur
nace fine alloy steel, send for "The 
Story of Timken Steel Quality". 
And for help in planning your 
future, write for "Career Oppor
tunities at the Timken 
Company". We will 
reply promptly. The 
Timken Roller 
Bearing Company, 
Canton 6, Ohio. 

See the next Timken Televent hour, "The Innocent Years" over NBC-TV, Thursday night, November 21st. 

TRADE·MARK REG. U.S. PAT. OFF. 

Fine 
Alloy 

SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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Tuition Refund Plan 
-Just one of many ways ffl. 
cooperates with ambitious 

young engineers to pave the 
way to achievement and 

faster promotion 

"The more a man knows the faster and 
taller he grows"-in electronics or any 
other profession! 

Federal Telecommunication Labora
tories, knowing the value of developing 
its engineering personnel, provides for 
reimbursement of two-thirds of tuition 
costs upon completion of approved 
graduate level courses- plus another 
one-half of tuition upon award of de
gree- plus time off with pay to attend 
classes. 

Check FTL's list of challenging as
signments and select the field that holds 
the future you want. Let FTL's tuition 
refund plan help you get it- faster! 

lEAST COAST ASSIGNMENTS DNC::ILUDE i 

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 HL's West Coast Labora• 
tories: San fernando, Cal., 15151 Bledsoe 
St.-openings in Digital Computers, Inertial 
Navigation Systems and Infra Red Systems. 
Palo Alto, Cal., 937 Commercial St.-open
ings in Carrier Systems. 

East Coast Laboratory and Microwave Tower 
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OMEGA ENGINE 
(Continued from Page 24) 

every 10,000 miles by the filling sta
tion attendant along with the oil 
change, suggests itself. This would be 
practical if the assembly of the en
gine were kept simple. Another prob
lem which square pistons would alle
viate is that of machining. A square 
torroid would present a far simpler 
problem than a circular one. Thus 
far, only Omega engines using Otto 
cycles have been constructed. Experi
mentation with Diesel cycles in the 
Omega should prove interesting. 

Another fascinating possibility is 
the idea of a multiple Omega engine. 
This would consist of two, three, four 
or any other number of Omega units 
in series. This idea might be attrac
tive from the manufacturer's stand
point too. It would eliminate the 
necessity for an automobile manufac
turer to build as many different en
gines as the company has makes of 
cars. The lowest priced product would 
have a single unit powering it. The 
higher priced products would have 
the same unit in greater multiples. 
Thus the Continental, or the Im
perial, or the Cadillac powered by a 
5,000 h.p. Multiple 8 Omega, with 
too heavy a foot on the accelerator, 
could, within three seconds, without 
even moving an inch, be tearing its 
rims into the pavement beneath. 

Dean: "Know you? Why I knew 
you when your mother was kicked 
out of c:ollege.11 

Coroner: 11 And what were your bud
dls last words?11 

Engineer: "He said, 11 ccm1t see how 
they can make any profit on this stuff 
at a dollar a quarf.11 

Voice from the back seat: "Par
don me for slapping you, but I 
thought you were trying to steal 
my sorority pin." 

First coed: 11Gosh, my laundry bill 
was $4.75 this week.11 

Second coed: 11That's terrible. Mine 
was only $1.05." 

First coed: "Yes, but you don1t go with 
an engineer." 

Why Vought Projects 
Bring Out The Best 

In An Engineer 
At Vought, the engineer doesn't often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it's no wonder. 

For here the engineer contributes to 
history-making projects- among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1 ,500-plus
mph fighter, details of which are still 
classified. 

The Vought engineer watches such 
weapons take shape. He supervises 
critical tests, al).d he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share 
these experiences. Today, for exam
ple, Vought is at· work on important 
projects involving: 

electronics design and manufacture 

inertial navigation 

investigation of advanced propulsion 
methods 

Mach 5 configurations 

Vought's excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 

*** Would you like to know what men 
with your training are doing at 
Vought ... what you can expect of a 
Vought career? 

For full information, see our repre
sentative during his next campus visit. 

*** 
Or write directly to: 

C. A. Besio ' 
Supervisor, Engineering Personnel 

Dept. CM-2 
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A 
Vought 

Vignette 
ONE OF A SERIES 

Wh th il 

Vought's Regulus II missile took shape just a 
short walk from the desks of its developers. Engi
neers handled the new hardware and monitored 
tests in person - literally flying the big missile on 
the ground at Dallas. It was a convenient arrange
ment while it lasted. 

Then a big USAF Globemaster landed and 
taxied to Vought's Experimental Hangar. The mis
sile was winched aboard and airlifted to a desert 
site for flight tests. By nightfall there was a 1,000-
mile rift between Regulus II and home base. 

Joe Boston was ready to step into this gap. As 
Project Assistant for Field Liaison, he'd already 
equipped Vought's desert crew for extensive flight 
tests. Now he'd make sure that test data and hard
ware flowed uninterrupted from the desert to 
Vought. High-speed feedback of facts on one flight 
could influence the success of the next. 

Mail from the desert poured in to Joe at Vought. 
From project men at the flight test site came parts 
for immediate rework and return. From the flight 
test crew's mobile ground station came rolls of tele
metered brush records. From the recoverable 
Regulus itself, came packets of oscillograph data. 
And from Field Service - for repair or replacement 
- an occasional wrench or relay. 
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Joe served as clearing house and consultant. 
Flight data was reduced and released to design and 
support groups. It revealed not only missile per
formance, but the temperatures and pressures of a 
strange new environment. When data pointed 
toward design changes, Joe's time and cost esti
mates helped specialists ·reach decisions. 

Thanks to Vought's fast overland relay of hard
ware and data, the records of one flight were 
decoded and digested in time to improve the next 
hop. Dividends in performance and reliability were 
obvious after six flights had been logged by 
Regulus II. 

All six had been flown by one vehicle. 

Chance Vought uses comprehensive 
testing and data analysis to assist 
the engineer through unexplored 
problem areas. Test facilities 
strengthen every phase of the 
development cycle, and procedures 
are aimed at feeding data quickly 
into the engineering process. 

oF MILITAnp 

a;0 0 "¥,... 

@ 4 th ~ 
~ ANNIVERSARY q 

* l917 TO 195'1 * 

INCORPORATED • DALLAS. TEXAS 

73 



JASPER 
(Continued frorn Page 29) 

drop-crane or "skull cracker" has been found to be the 
most effective device for this task. The specially designed 
crane drops a huge weight on the larger pieces of rock, 
reducing them to the proper size. The broken ore is 
loaded by an electric shovel equipped with a 5 cu yd 
cLpper into 34-ton capacity cEesel powered trucks for 
haulage to the crushing plant. Crushing is accom
phshed in three stages in open circuit following the prac
tice at many other installat~ons, with the use of gyratory 
and short head cone crushers. After the three stages of 
crushing, the ore is conveyed to the fine ore bin for 
storage. 

The grinding section for l\!Iichigan jasper is similar 
to that used for Minnesota taconite in that both rod 
mills and ball mills are used. However the initial 
grinding operations for l\!Iichigan jasper reduces the 
feed from about %,-in. prior to entering the rod mill, 
to minus 48 mesh feed to flotation. The initial grind 
of the l\!Iinnesota taconite is a 325 mesh grind. 

The Humboldt mill is noteworthy for its use of the 
Tennessee Copper grinding circuit, and for its use of 
cyclones for desliming. Cyclones are cone-shaped steel 
shells, and the feed is introduced tangentially. The grind
ing circuit consists of a 9 by 12 ft Hardinge rod mill, an 
11-3-6-l 0 Tricone ball mill, and a Dorro H ydroscillator, 
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all run in approxirnate agreement with the methods de
veloped by Jack l\!Iyers and F. JVL Lewis at Tennessee 
Copper. It is interesting to note that apparently the 
circuit gTinds as effectively in l\!Iichigan as it does in 
Tennessee. Desliming by cyclones is necessary to prevent 
excessive consumption of reagent in flotation and to 
make possible a high grade of concentrate. The slimes 
consist of the minus 20 1nicron particles in the ore pulp, 
although the aim is to eliminate the minus 5 micron 
slime. 

The flotation circuit consists of three banks or lines of 
cells. Each bank consists of a rougher, cleaner, and re
cleaner section. Both the Steffensen and Denver types of 
fiotation cells are used. For a long period of testing, the 
Cleveland-Cliffs staff felt that a fairly complex and ex
pensive reagent scheme would be needed for the Hum
boldt ore. Eventually the technical committee approved 
the comparatively inexpensive system now used. Briefly, 
the shape of the grain of specular hematite, the chief 
ore mineral, is such as to permit the use of red oil, high 
in oleic acid as the only flotation reagent. On ordinary 
hematite, oleic acid would fail because of excessive 
slimes. Occasionally, mineral oil and a frother have been 
used to supplement the oleic acid. Consumption is about 
0.65 lb per ton of ore. 

The final or recle<:mer concentrate from the flotat~on 
cells is then pumped to the thickener, and is discharged 
t8 filters which remove most of the moisture from the 

(Continued on Page 76) 
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ho ets the Business? 
If you passed this junction next 
Sunday, looking for a likely stop
ping place, which advertiser would 
get your business? 

A toss-up? Yes, probably. 

Maybe you feel the same way, 
too, about the printed advertising 
that bombards you daily. 

But how i1bout your printed ad
vertising? Does it win your pros
pect's attention, move him to single 
out your product? 

* * * In toclay's competitive markets, 
your advertising's influence on sales 

depends more than ever on print
ing that faithfully reproduces every 
pictorial detail. Faithful reproduc
tion is a mechanical thing, and a 
means to an end: more sales. 

Who gets the business? Jones 
Press is interested in seeing that 
you get the business. You'll like 

Jones Press! 

JONES r PRIESS 
FIFTH & FIFTH SOUTH ® MINNIEAPOI.IS 



JASPER 
(Continued from Page 74) 

ore. Filter cake averages around 6.5 percent moisture. 
The concentrate is then shipped to the pelletizing plant 
at Eagle Mills, 1\!Iichig·an. 

The jasper concentrate containing 65 percent iron is 
in a fine state after leaving the flotation cells. This fine 
concentrate is not suitable for charging a blast furnace, 
as the particles are so light they would go right out of 
the stack of a blast furnace. Therefore it is necessary to 
turn the powder into a gravel before the ore is of any 
use to the steel-makers. This is done by a process called 
pelletizing. Even then, treatment of the ore must con
tinue. Since the pellets must be tough enough to stand 
up to rough handling in shipping and furnace charging 
they are hardened by being baked at high temperatures 
in a process called sintering. 

To ball properly, the concentrate must be ground to 
65 percent minus 325 mesh. This might cause you to 
comment that the Michigan jasper requires as much 
grinding as Minnesota's taconite after all. However, 
most of the waste material had to be ground to only 
minus 48 mesh size, after which it was discarded from the 
ore during the flotation step. Therefore, only the high 
grade concentrates requiring further grinding before the 
balling step. 

After the grinding step to 65 percent minus 325 mesh, 
the concentrate is thickened and filtered again. Bentonite 
(a clay material) is added as a cementing agent, and pul

verized limestone is added also to impart strength to the 
pellets. 

The mixture of ore, bentonite, and limestone is then 
fed through a chute to a balling disk called the "Flying 
Saucer." Sitting at an angle, the disk rotates clockwise 
at around 7 rpm. The angle of the disk can be changed 
to vary the pellet size; the flatter the angle the larger the 
pellets, the smaller the capacity. As the concentrate 
mixture drops into the center of the ring, it is carried 
down to the inner ring of the saucer where partly formed 
pellets are cascading down. These pellets grow, new 
pellets are formed by this action, and the mess is lifted 
in rotation to the top of the ring, where it begins to 
roll down again. The action is similar to rolling a snow
ball in sticky snow to make it larger. The entire opera
tion in the balling disk is continuous of course. When 
the round pebbles reach a size of % to Y2-in. in diam, 
they overflow into the outer ring of the disk where they 
receive a coating of some fine process coal. The coated 
pellets then overflow the coal ring just beyond the bot
tom of the saucer where a conveyor belt takes them to 
a sintering machine. Capacity of the saucer is about 30 
tons per hour. 

Depth of the bed of pellets on the sintering machine 
is 36 in., and six layers of material are fired at once; a 
4-in. layer of fired pellets, a layer of ignition coal, and 
four 8-in. layers of green pellets from the flying saucer. 
The sintering machine has a moving grate which travels 
at about 30 in. per min. The grate pellets or boxes for 
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holding the ore are 6 ft wide, 202 ft long, with 3 ft sides. 
The sintering machine is 224 feet long. Ignition of the 
coal takes place at the feed end with propane as the 
igniting agent. Firing is updraft followed by updraft 
cooling and drowndraft cooling. Heat is conserved as 
the hot g·ases from updraft cooling are returned to the 
firing zone. With updraft firing, the temperature at the 
grate bars does not exceed 500 degrees Fahrenheit, al
though elswhere the bed temperatures may reach 2400 
degrees. 

Pellets are not upgraded in the firing process. Weight 
is about 110 lb per cu ft with a porosity of about 30 
percent. Finished pellets are given hardness tests and 
screened before shipment to the blast ,furnace. 

Which of the two ores is better? Perhaps the only 
answer to that question is "In Michigan, It's Jasper!" 

Overflow to Stet~dy Hend 
l'cm\'. 

For shipment 
to Pelletizer 
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FOR YOUR 

., facts on food colors 
~ new aerosol mold release 
._ chromium chemical data books 

Facts on food colors 

What about those headlines on 
food colors? And the stories that 
some certified food colors are 
toxic? Is there anything to the 
Food and Drug Administration's 
recent delisting of three previous
ly acceptable colors? 

Here are a few facts behind the 
headlines. 

The practice of coloring food is 
centuries old. Though the early 
colors were of natural origin, they 
have been replaced in the coloring 
of many foods by superior syn
thetic colors- the certified "coal
tar" colors. The Food and Drug 
Administration has been certify
ing a number of these colors for 
use in food since the early 1900's. 

You're probably aware of some 
of the foods commonly colored to
day: ice cream, soft drinks, baked 
goods, candies, processed cheese, 
gelatin desserts, orange skins, 
margarine, butter. 

Why then have some food 
colors been "delisted" and why 
are others being considered for 
delisting? 

The controversy centers on the 
meaning of a single word in the 
Federal Food, Drug and Cosmetic 
Act: "harmless." 

The Food and Drug Adminis
tration's definition: incapable of 
producing harm in any quantity 
or under any circumstances. 

The food color industry's: in
capable of producing harm under 
normal conditions of use. 

It is the industry's view that 
FDA animal tests of certified 
colors have made use of quantities 
of color unrelated to- and far in 
excess of- quantities normally 
ingested by humans. A newspaper 
interview quoted the Commission
er of Food and Drugs as saying 
that he "conceded that three coal
tar dyes recently banned wel"e 
harmless as used, but explained 
that their use was [a] technical 
violation of the law as now 
worded." 
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The absolute FDA standard 
seems to find support in the popu
lar tendency to regard synthetics 
as inherently inferior to natural 
products. Yet, many fresh vege
tables we eat every day contain 
small but tolerable quantities of 
naturally occurring poisons which, 
if judged as food colors are now 
being judged, would lead to the 
elimination of a large part of our 
vegetable diet. 

What the food color industry 
asks is an amendment to the 
present law which would clearly 
grant power to the FDA to set 
quantitative limits on the use of 
colors in food. Such limits would 
safeguard public health, permit 
maintenance of our food color 
supply, and encourage research in 
the field. 

Two articles- one supporting 
the industry's position, the other 
detailing manufacture and quality 
control of food colors - have 
been prepared by Allied's National 
Aniline Division, the leading food 
color producer. You can get them 
by checking the coupon at right. 

Aerosol mold release 
Remember the line that went, we 
could have some ham and eggs if 
we had some ham ... and some 
eggs. Stretch your imagination a 
good deal, and it has some rele
vance in the business of molding. 

Low-molecular weight polyethy$ 
lene is a superior mold release. 

There's hardly a more conven
ient way to dispense liquids than 
with an aerosol spray. 

Ham and eggs: PoLY-LEASE 77, 
a low-molecular weight polyethy
lene in a mixed solvent system, 
supplied in aerosol form. The 
spray's push, by the way, is from 
Allied's GENETRON propellants. 

Here's how it works. When hot 
or cold mold cavities or other ob
jects are sprayed, a smooth, rela
tively hard film forms quickly on 
the surface. This film provides 
efficient release with a minimum 
number of spray applications, re
sulting in faster cycle time, reduc
tion of rejects and consequent 
lowering of production costs. 

PoLY-LEASE 77 will be of interest 
to molders of rubber, plastics (ep
oxies, polyesters, phenolics, alkyd, 
urea, melamine), powdered metal. 

Chromium chemicals 

The authoritative collection of 
chromium chemical technical bul
letins has been published, appro
priately enough, by the leading 
producer of chromium chemicals. 

The books describe Allied's 
MuTUAL chromium chemicals and 
their applications in leather tan
ning, corrosion control, and ano
dizing of aluminum. 

We'd be pleased to send either 
a brochure describing 49 bulletins 
available, or the bulletins in your 
field of interest. 
PoLY-LEASE 77, GENETRON and MVTUAL are Allied 
Chemical trademarks 

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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STAKE YOUR CLAIM 

(Continued front Page 37) 

The Federal Law requires you to mark the four cor
ners, mid·way points on each side and the center of your 
clairn. To mark these points, you can use wooden posts, 
iron poles ot reck piles. The length of your claim must 
not exceed 1500 feet and the width must not exceed 300 
feet on either side of the claim center. These specifica
tions, however, do not mean that your claim must al
ways be th:.s s:ze; they are only the maximums. You may 
measure the length and width of your claim from the 
point of discovery. A location exceeding the maximum 
size is void only as to the excess of land beyond that 
allowed by law. (Figure 2.) You must stake your claim 
so that it may be easily identified as yours by anyone 
including field investigators from \1\Tashington. Usually 
you v,rill identify your claim by placing a copy of the lo
cat~on notice in a fn can next to the discovery post. 

Federal Law, moreover, requires you to tie in your 
claim with other known points so that the claim can be 
properly located on government maps. Whenever you 
may be called upon to give an accurate description of 
land for location or anything else, you will usually have 
to give a point of beginning, such as: "this is the point 
from ·which you began to mark off boundries of this 
claim." Certain man-made features, "bench markers" and 
"triangulation markers," are excellent permanent refer
ence points with which you can tie in a discovery point. 
These markers have been placed by government mapping 

surveyors and indicate elevation, latitude, and longitude 
of certain points on the surface. 

In addition, to keep your claim valid, each and every 
claim must be worked. This is what is known as "assess
ment work" and is normally $100 worth of work done 
on the claim each year. If you do not perform your 
assessment work, your claim is invalid and it can be 
jumped. Assessment work can be sinking a shaft, diggmg 
a hole, or tunneling into a mineral vein by your or by 
the hired labor of others. Always keep records of the 
money you spend and keep all receipts covering any
thing paid for indoor assessment work. The standard 
amount figured for your own labor is approximately 10 
dollars per day. 

There is no limit as to the number of claims that an 
individual, association of persons, or corporation may 
locate in all states except Oregon and Nevada and the 
Territory of Alaska. A mining clairn may include as 
1nany adjoining locations as the owner may acquire by 
location or other legal means, and the entire area will 
be called a mining cliam. 

To sum up, check the local laws regarding prospecting 
and staking of cliams, stake your claim properly, and 
·work your claim in order to keep possession of it. How
ever, just as in days of old, the hardest job is still to 
find those "colors." · 

They say a cat has nine lives; 
but a frog croaks every night. 

I • • • 
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POST 

/Log Log Vector 
Log log Deci Trig 
Log log Trig 

Versa log 
Manheim 

PICKETT & ECKEL 

Also Pocket Rules & Circular Rules 

ENGINEERS B OKSTORE 
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Left to right: Lou Bernardi, Notre Dame, '54; Norman Lorenson, Mich.))t., ·'55; Ernest Schurmann, M.l.T., '53; DiCk Swenson, Purdue, '50. 

f I • FORT WORTH 
CONVAIR IS A DIVISION OF GENERAL. DYNAMICS CORPORATION 
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GUIDES 
(Continued from Page 34) 

detail. This shows the common need 
for ethics and agreement on a satis
factory code. The simple but complete 
code of ethics subscribed to by each 
engineer before he can receive regis
tration in Minnesota represents a very 
fine code that should be studied and 
practiced by all engineers. This code 
of ethics for professional engineering 
practice is as follows: 

1. To maintain interest in the 
public welfare and be ready to 
apply his special knowledge, 
skill and training for the use 
and benefit of mankind. 

2. To refrain from associating 
himself with, or allowing the 
use of his name in connection 
with, an enterprise of question
able character. 

3. To carry on his professional 
work in a spirit of fairness to 
all concerned, fidelity to clients 
and employers, loyalty to his 
country, and to be devoted to 
high ideals of courtesy and per
sonal honor. 

4. To regard as confidential any 

information obtained by him as 
to the business affairs and tech
nical methods or processes of a 
client or employer. 

5. To discourage consulting prac
tice by manufacturers and con
tractors, and endeavor;' to have 
all architectural or engineering 
plans, other documents, surveys 
and plats signed by the Archi
tect, Engineer, or Land Surveyor 
directly responsible for them. 

6. To inform a client or employer 
of any business connections, in
terests or affiliations which 
might influence his judgment or 
impair the disinterested quality 
of his services. 

7. To accept financial or other 
compensation for a particular 
service from one source only. 

8. To advertise only in a manner 
supporting the dignity of his 
profession. 

9. To refrain from submitting 
competitive bids for profession
al services or using other im
proper or questionable methods 
of soliciting professional work. 

10. To avoid using unfair means 
to win professional advancement 

DOODH.IE 
SIPAC::IE 
FOR 

NARROW· 
MINDED 
IEDDTORS 

THIE ILUJIIFKBN RUJIU COMPANY e Saginaw, Michigan 

Please send me FREE "Measuring Tools for Engineers and Contractors. 

NAME--------------------------------------
: SCHOOL _______________________ _ 

ADDRESS ___________________ _ 

C11Y----------~TATE ______ _ 
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or to InJure the opportunities 
of another to secure or retain 
employment. 

11. To confine his professional ser
vice to the profession or division 
thereof, in which he is regis
tered. 

12. To refrain from associating, in 
a partnership, with a person not 
professionally qualified, and to 
refrain from lending his name 
or seal for the approval of plans 
or other documents for the 
preparation of which he is not 
directly responsible. 

13. To refrain from using the ad
vantages of a salaried position 
to compete unfairly with other 
Architects, Engineers, or Land 
Siuveyors. 

14. To cooperate freely with archi
tectural and engineering agen
cies in advancing the architec
tural and engineering profes
sions. 

When we read such a code we all 
agree that it is clear in its meaning, 
and we agree that it represents good 
ethics for the engineer. However, in 
no case should the serious practice of 
ethics stop there, or be influenced by 
profit. The practice of professional 
ethics is a serious matter that must 
be studied and re-studied as the en
gineer practices and re-practices his 
best concept of proper ethics, until 
it becomes a part of his character to 
be respected as the great law which 
says "Thou Shalt Not Steal." 

Group studies of ethical practices 
using case histories improve the in
dividual and the common understand
ing of practical problems involving 
ethics. Every effort should be made by 
engineers of all ages to improve his 
ethical practices by practicing the mot
to, "I will do my best, and always 
try to learn how to do better." 

A river steamer stopped bea 
cause of impenetrable fog. An 
anxious passenger asked the cap
tain, "What1s wrong?11 11Can't see 
up the river/' "But you can see 
the stars overhead p e r f e c t I y 
plain." 

Replied the exasperated cap
tain, "Interesting but irrelevant. 
Unless our boiler busts, we 1re not 
headed that way. 11 
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PHOTOGRAPHY AT WORK 
No. 30 in a Kodak Series 

Pepsi-Cola Intern a tiona I Panorama, 
a magazine of places and people, 
reaches people around the world, 
builds recognition for Pepsi-Cola as a 
product associated with the better, 
happier side of life. 

Photo raphy 
sp aks 
In every 
Ian ua e 

This picture leaves no doubt that Netherlanders 
are neighborly. 

What better way to say people take naturally to 
"Pepsi" whether in Leopold ville or Lichtenstein? 

To tell its story in 7 5 coun~ 
tries, Pepsi-Cola puts pictures 
to work to add meaning to the 
product's global billing as n the 
refreshment of friendship.'' 

To build up an atmosphere of 
friendliness and understanding 
in markets around the world, 
Pepsi-Cola International pub
lishes "Panorama" -and gives the 
brunt of the job to photography. 

Photography knows no lan
guage barrier. It is clear to young 
and old alike-appeals to every-

one. With photography, people 
are real; situations authentic, 
convincing. This is what makes 
photography such a powerful 
salesman. 

Large businesses and small can 
use this powerful salesmanship
can also use photography to cut 
costs and save time in many other 
ways. It can help with problems 
of product design-can watch 
quality in production. It trains. 
It cuts office routine. You'll find 
that it can work for you, too. 

EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
eeoeoeeoeeoooe 

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 oppor
tunity, write for information about careers with 
Kodak. Address: Business and Technical 
Personnel Dept., Eastman Kodak Company, 
Rochester 4, N.Y. 



Although m~ny surveys show that salary 
is not the prime factor contributing to iob 
satisfaction, it is of great importance to 
students weighing career opportunities. 
Here, Mr. Gouldthorpe answers some 
questions frequently asked by college 
engineering students. 

Q. Mr. Goulcllthorpe, how do you deter
mine the starting salaries you offer 
graduating engineers? 

A. Well, we try to evaluate the 
man's potential worth to General 

'"'~ Electric. This depends on his quali
/" fications and our need for those 

·qualifications. 

Q. How do you evaluate this potential? 

A. We do it on the basis of demon
strated scholarship and extra-curric
ular performance, work experience, 
and personal qualities as appraised 
by interviewers, faculty, and other 
references. 

Of course, we're not the only com
pany looking for highly qualified 
men. We're alert to competition and 
pay competitive salaries to get the 
promising engineers we need. 

Q. When could I expect my first raise 
at General Electric:? 

A. Our primary training programs 
for engineers, the Engineering Pro
gram, Manufacturing Program, and 
Technical Marketing Program, gen
erally grant raises after you've been 
with the Company about a year. 

Q. Is it an automatic: raise? 

A. It's automatic only in the sense 
that your salary is reviewed at that 
time. Its amount, however, is not 
the same for everyone. This depends 
first and foremost on how well you 
have performed your assignments, 
but pay changes do reflect trends in 
over-all salary structure brought on 
by changes in the cost of living or 
other factors. 
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Interview with General Electric's 

Hubert W. Gouldthorpe 

Manager- Engineering Personnel 
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Q. How much is your benefit program 
worth, as an addition to salary? 

A. A great deal. Company benefits 
can be a surprisingly large part of 
employee compensation. We figure 
our total benefit program can be 
worth as much as 1/6 of your 
salary, depending on the extent to 
which you participate in the many 
programs available at G .E. 

Q. Participation in the programs, then, 
is voluntary? 

A. Oh, yes. The medical and life 
insurance plan, pension plan, and 
savings and stock bonus plan are all 
operated on a mutual contribution 
basis, and you're not obligated to 
join any of them. But they are such 
good values that most of our people 
do participate. They're an excellent 
way to save and provide personal 
and family protection. 

Q. After you've been with a company 
like G.E. for a few years, who decides 
when a raise is given and how much it 
wm be? How high up does this decision 
have to go? 

A. We review professional salaries 
at least once a year. Under our 
philosophy of delegating such re
sponsibilities, the decision regarding 
your raise will be made by one man 
-the man you report to; subject to 
the approval of only one other man 
-his manager. 

Q. At present, what salaries do engi
neers with ten years' experience make? 

A. According to a 1956 Survey of 
the Engineers Joint Council*, engi
neers with 10 years in the electrical 
machinery manufacturing industry 
were earning a median salary of 
$8100, with salaries ranging up to 
and beyond $15,000. At General 
Electric more than two thirds of our 
10-year, technical college graduates 
are earning above this industry 
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median. This is because we provide 
opportunity for the competent man 
to develop rapidly toward the bigger 
job that fits his interests and makes 
full use of his capabilities. As a 
natural consequence, more men have 
reached the higher salaried positions 
faster, and they are there because of 
the high value of their contribution. 

I hope this answers the question 
you asked, but I want to emphasize 
again that the salary you will be 
earning depends on the value of 
your contribution. The effect of such 
considerations as years of service, 
industry median salaries, etc., will be 
insignificant by comparison. It is 
most important for you to pick a job 
that will let you make the most of 
your capabilities. 

Q. Do you have one salary plan for 
professional people in engineering and 
a different one for those in managerial 
work? 

A. No, we don't make such a 
distinction between these two im
portant kinds of work. We have an 
integrated salary structure which 
covers both kinds of jobs, all the way 
up to the President's. It assures pay 
in accordance with actual individual 
contribution, whichever avenue a 
man may choose to follow. 

* We have a limited number of copies of 
the Engineers Joint Council report en
titled "Professional Income of Engi
neers-1956." If you would like a 
copy, write to Engineering Personnel, 
Bldg. 36, 5th Floor, General Electric 
Company, Schenectady 5, N.Y. 959-7 

LOOK FOR other interviews dis
cussing: ~ Advancement in Large 
Companies ~ Qualities We Look For 
in Young Engineers ~ Personal De
velopment. 

I 





Molten iron runs white hot from a huge 
ladle into an open hearth furnace for con
version into steel. The quality of this steel 
is the responsibility of this engineer. He 
also assists in coordinating open hearth 
operations and incoming raw materials 
and plans improvements in methods. This 
is a typical example of one of the many 
opportunities for engineering graduates 
at United States Steel. 

In choosing your career mew consider United States Steel 
m m m the leader in the one indust that's truly basic! 

I T has been said: "United States Steel is 
the industrial family that serves the nation 

and the world." For in our homes and fac
tories ... in communications ... in transpor
tation-steel is basic. 

This means that in the complex and rami
fied organization which constitutes United 
States Steel, unlimited opportunities are pre
sented to the college graduate-whether his 
preference is engineering, administrative 
work, or any of a score or more of other 
activities in this highly diversified industry. 

In the final analysis, United States Steel is 
men . . . men of high caliber, exceptional 
ability, broad vision and complete dedication. 
Traditionally, United States Steel looks to 
its young men of today to become its leaders 
of tomorrow. 

For complete information on the oppor
tunities available at United States Steel for 
young men of ambition and foresight, send 
for a copy of our free book-Paths of Oppor
tunity. Doing so may very well be the begin
ning of a successful and rewarding career for 
you at United States SteeL 

·--------------------------------~ I United States Steel Corporation, Personnel Division I 
I 525 William Penn Place, Pittsburgh 30, Pa. I 
{ Please send me a free copy of your book, "Paths of Opportunity." ~ 
1 Name ............................................................................... 1 
I I l ... (Coli~ge) ...............•......... (Co~rse) . . . . . . . '(o'ate of grad"u"ation) . . . . . I 
1 Address ............................................................................. 1 
I I 
I City .................................................... State. . . . . . . . . . . . . . . . . . . . . . . . I 
~--------------------------------J 



esign of flexible s 
The flexibility of modern Asphalt 
pavement is one of the great 
achievements of scientific road
building. 

It is the planned result of layer
upon-layer construction that 
"locks" surface to foundation to 
help spread the weight load, 
absorb shock and pounding 
without cracking. 

Modern Asphalt paving is 

designed to make maximum use 
of native soil and other native 
materials such as sand, stone, 
slag and gravel. This is one im
portant reason for the economy 
of modern Asphalt roads. 

Study the diagrams on this page. 
They show how the load is dis
tributed on modern Asphalt con
struction and how the maximum 
stress varies with depth of 
pavement. 

LT pavement 

Be sure to cut 

out andfile 

this data sheet 

and those 

previously 

inserted in this 

publication. 

Make them 

your 

professional 

reference 

material. 

TH IE ASPHALT INSTITUTE, Asphalt Institute Building, College Park, Maryland 
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Pictured above is our new Research and Development Center now 
under construction in Wilmington, Massachusetts. Scheduled for 
completion in early 1958, this ultramodern laboratory will house 
the scientific and technical staff of the A vco Research and Advanced 
Development Division. 

Avco's new research division now offers unusual and excit
ing career opportunities for exceptionally qualified and 
forward-looking scientists and engineers in such fields as: 

Science: 
Aerodynamics • IEiedronic:s • Mathematics • Metallurgy 

Physical Chemistry • Physics • Thermodynamics 

Engineering: 
Aeronautical • Applied Mechanics • Chemical • Electrical 

Heat Transfer • Mechanical • Reliability • flight lest 

Write to Dr. R. W. Johnston, Scientific and Technical Relations, 
Avco Research and Advanced Development Division, 
20 South Union Street, Lawrence, Massachusetts. 

SCI NTI T-ENGI E R 
PEAKS ABOUT AVCO 

ORE AND MORE it is being appreciated that no sharp border
line between science and engineering should exist. These 

two fields must strongly overlap to bring into being the fullest 
creativity of both. 

To span the gap between science and engineering is one of the 
big problems-it is one which no laboratory can ignore. In this 
nc-man's-land there are engineers who are physicists and physi
cists who are engineers. A vco is encouraging a staff of such men, 
men who are highly trained in the sciences but who realize that 
the ultimate goal is to apply this knowledge in ways that will 
enable mankind to live better in a better world of tomorrow. 

Industrial research must rest on the foundation provided by the 
creative basic scientist. Yet its end product-new commercial 
items, new defense systems and new techniques-comes into 
being only through the insight and skill of the creative engineer. 

Avco's newest division has a climate of creativity, coupled with 
long-range corporate goals. In this atmosphere creative and far
sighted professional men, whether scientist, engineer or any one 
of the infinite number of combinations thereof, will find rewarding 
work at the Research and Advanced Development Division 
of Avco. 

Dr. Arne Wikstrom 
Special Technical Assistant to the President 



who want to plot a better 

career curve ... 

DOUGLAS TEAMWORK 

HELPS TO RELIEVE 

ENGINEERS OF 

BURDENSOME 

PROdlECT DETAILS I 

There are no "dead end" jobs at Douglas. As part I 
of a crack engineering team, you'll be encouraged to use \be I 'W. 
your full talents. Important assignments will give you \,~"f. li.Q 
the opportunity for greater accomplishments (:!,0 
and the kind of future you want. Wherever you choose 
to locate - in California or across the nation -
Douglas has a top assignment for you. 
For important career opportunities in your field, write: 

C. C. LaVENE 

DOUGLAS AIRCRAFT COMPANY, BOX 6102-K 

SANTA MONICA, CALIFORNIA 
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Outperforms other valves under SEVERE chemical conditions 

I 

I 

, Grinnell Teflon Diaphragms are made by a special process 
which produces a better product of greater density, tough
ness and flex life. 

The four case histories cited below demonstrate that 
Teflon offers a very high degree of chemical inertness to 
some of the most difficult chemicals which industry today 
must handle. Yet these are only a few of many success 
stories in the Grinnell files. 

Diaphragm life depends on temperature, pressure and 
frequency of operation. Inquiries must include complete 
service data to receive prompt and careful attention . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 
• .. • • • • • • • • • • • • 4 • • • • • • • • • • • • • • Service Life : 

• • • • • • • Teflon Previous : 
Sounders Valve Diophrogm Volve ! 

Service Conditions Now Used • 

Case 1. Benzene o hexa
chloride (30%-40 Yo 
benzene, free chlorine); 
120 to 130 F, 10 to 20 
psi; ope~ated 3 to 4 
times da1ly 

Case 2. 90%-95% 
HN03 plus 1.~% HF 
(specific grov1ty 1.62-
1 7]) 115 f in summer;. 
4(> F in winter; 12~ psi; 
operated 2 to 3 limes 
doily 

Case 3. AI Cl +z com· 
plex; ambient to 220 F; 
0-50 psi; operat;d 
1 to 2 times do1ly 

Glass lined bodies; 
Teflon Diaphragm; 
1 to 3 inches 

Durimet 20 body; 
Teflon Diaphragm; 
1 to 3 inches 

Gloss lined bodies; 
leflon Diaphragms; 
1 to 4 inches 

Iron bodies; leflon 
Case 4. Sulphuric acid Diaphragms; 

10 to 14 mos. 

8 months 

9 months 

Still in service 
after 1 year 

'l1o Z mos. 

2 months 

6 months 

3 weeks 

.. 
• 

.. .. 

• 85%; outside tempera· 2112 inches 
• ture; no pres~ure; . . "" '"•., "• 
: operated 4 tames dally • • • • •" • •" .... • • " " .. ,. "'" • .. • "" • """'" : ..................•.•••••••••. 

features of Grinnell-Sounders Diaphragm Valves 

Diaphragm lifts high for streamline flow in 
either direction. 

" Body, linings and diaphragm materials to suit 
service conditions. 

" Resilient diaphragm assures positive, leak-tight 
closure even with grit or scale in the line. 

" Diaphragm absolutely isolates working parts 
from fluid ••• sticking, clogging, contamina
tion, corrosion eliminated. 

" Simple maintenance. Diaphragm can be re
placed easily without removing valve from the 
line. No packing glands to demand attention. 
No metal-to-metal seats to become damaged 
or wire-drawn. 

I 
WHENEVER PIPING IS INVOLVED 

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 system.s 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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~a •• indians! Anyway you stack the totem pole, 
there's very little creative work done by this row of 
engineers. But how do you pick a job that allows a lit
tle freedo:ili~:{or initiative ... where a creative spark 
can help you advance? As the guy in the middle said 
... "how?" 

We'd like to suggest that you investigate a company's 
reputation for new products ... for being the leader in 
its fidd ... for a willingness to begin new and untried 
projects. This approach should locate a company that is 
aggressive, eager to have its engineers progress and be re
warded.. Indeed, a company to have this reputation must 
think of an engineer as more than just one of a crowd. 

one little .• @ 

two little .• @ 

three little ... 

Your professors and placement officer are your best 
source for information about our reputation. We would, 
however, like to tell you about the varied products of 
LINDE ... from synthetic crystals (developed at LINDE) 
to our famous HELIARC welding. You'd like to know<;) 
for example, that LINDE engineers are not required to 
do drafting, bench work ... because they have special
ized technicians in these :fields. And, there are many 
other things ... hut our hooklet "Look to LINDE for your 
future" tells this story. Ask your placement officer for 
a copy or write Dept XX-00. Linde Company, Division 
of Union Carbide· Corporation, 30 East 42nd Street, 
New York 17, N.Y. 

A LEADER FOR SO YEARS 

The terms "Linde," "Heliarc" and "Union Carbide" are registered trade-marks of UCC. 
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'~They all agree ... ~' 
11Since the day we decided to get married, I've been 
doing a lot of thinking about our future. It's time I 
made a choice on a career. I've talked to the Dean of 
Engineering, most of my professors, and to sOme of the 
fellows who have graduated, and you know, they all 
said the same thing. 

"They all agree that the aircraft and missile industry 
holds the best opportunities and the brightest future for 
an engineer these days. What they said makes sense, 
too, because developments in this peld today really give 
a fellow an opportunity to make important r.n111.tr1.hu-- ...... & 

tions on vital projects. 
"Not only that, but the aircraft industry is noted for 

its good salaries. Generous benepts, too. And advance-
ment in both salary and position is limited 
far I want to go." 

U nlimited opportunities, high salaries, company-paid 
_ benefits unheard of until a few years ago- these 

are only a few of the reasons why so many young engi
neers with a keen eye to the future are choosing the 
aircraft industry. 

It is only natural that many engineering graduates 
should consider joining Northrop Aircraft, Inc., be- .·,., ; 
cause the company shares its many successes with ~y~ry.,;v0Al11,.~ 
member of its engineering and scientific· team: Ad
vanced projects at Northrop are now in production, and 
active top-priority projects mean rapid advancement 
and success for the individual engineer. 

Such projects include the famous Snark SM-62, 
world's first intercontinental guided missile, now 
activated in the first United States Air Force 
squadron; the USAF. T-38 supersonic twin-]et 
vanced trainer; and other important missile and 
manned aircraft weapon systems and components. 

Engineers in more than thirty categories contribute 
to Northrop's success in an ideal environment with the 
latest tools of science, in its new Engineering Science 
Center. Here you will work with leading scientists and 
engineers who respect,. acknowledge, and reward your 
individual ideas and abilities. 

Why not write tis now ... regardless of your class at 
college. Ask us how you might best gain a career with 
Northrop. Write to Manager of Engineering Industrial 
Relations, Northrop Division, Northrop Aircraft, Inc., 
1033 East Broadway, Hawthorne, California. 

ORTHROP 
A Division of Northrop Aircraft, Inc. 
BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE 
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Here at the Materials Testing Reactor, 
operated by Phillips Petroleum Com
pany for the Atomic Energy Commission 
near Idaho Falls, Idaho, radiation level 
is checked before placing a sample of 
material under neutron bombardment. 

OPPORTUNITIES FOR YOUNG MEN ON THE 

FRONTIERS OF SCIENCE AND ENGINEERING 

In McGregor, Texas, Phillips Rocket Fuels Division 
operates Air Force Plant 66-an important in
stallation with up-to-date facilities for develop
ment, test-firing and manufacture of solid 
propellants for missiles and rockets. 

Careers in research are being offered to many techni
cal graduates at Phillips Petroleum Company. For 
example, at the National Reactor Testing Station 
Phillips has over 1500 employees who operate the new 
Engineering Test Reactor, which develops the highest 
known radiation intensity ... the Chemical Processing 
Plant (where spent fuel elements from nuclear re
actors are processed for recovery of unconsumed 
uranium) ... the Materials Testing Reactor ... and 
other important facilities of the Atomic Energy 
Commission. 

Other fine opportunities for technical graduates are 
available in the various Phillips plants manufacturing 
such diversified products as gasoline, motor oil, rub
ber, polyethylene plastics, carbon black, and fertilizer. 
Whether you are looking for a career in research, 
design, construction, operation, or any of a dozen 
other specialties, you have a wide selection of pos
sibilities with Phillips. 

If you want a career with a future, we invite you to 
write to our Technical Manpower Division for further 
information. And when the Phillips representative 
visits your campus, be sure to arrange for an interview. 

D. R. McKeithan, Director 
Technical Manpower Division 

PHILLIPS PETROLEUM COMPANY 
Bartlesville, Oklahoma 

MINNESOTA TECHNOLOG 



TilE LOCKHEED MISSILE SYSTEMS 

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 en.able 
qualified individuals to obtain M.S. or Ph.D. degrees. Under this program the 
participants are employed in their chosen fields of research and development 
at Lockheed Missile Systems 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 
or write: 

( j} COLLEGE RELATIONS DIRECTOR 

L~ MISSILE SYS'J:'EMS 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO o SUNNYVALE * VAN NUYS e CALIFORNIA 
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To meet the challenge for a wide-range material-glass in many 
forms finds new and exciting applications in modern living. 

Look around you. In buildings, aircraft, automobiles, fac
tories, homes, research laboratories and in college basketball 
arenas-versatile glass performs diverse roles extremely well. It 
can be made to remain rigid at blast furnace temperatures, shield 
from atomic radiation, resist corrosive chemicals, have the tensile 
strength of bronze. Glass can be made to resist terrific impact, 
withstand supersonic speeds and be bent into the delicate arc of 
a shatter-proof windshield. No wonder glass is used in thousands 
of ways to make things more appealing-lighter, brighter, better. 

Yes, look around. Everywhere, the potentialities of glass are 
being looked at, looked into and developed. 

Have you thought about looking into a career in glass? If you 
have an aptitude for creative thinking, enjoy challenging assign
ments, like the excitement of looking beyond tomorrow, then by 
all means, look into your career possibilities with Pittsburgh 
Plate Glass Company. Contact your Placement Officer now or 
write to the Manager College Relations, Pittsburgh Plate Glass 
Company, One Gateway Center, Pittsburgh 22, Pennsylvania. 

PAINTS .. GLASS .. CHEMICALS • BRUSHES • PLASTICS • fiBER GLASS 

345 PLANTS, MERCHANDISING BRANCHES, AND SALES OffiCES !LOCATED IN 250 CITIES 

MINNESOTA TECHNOLOG 



Buil ou Futur With orton 

Preparing the Ground for a New Norton Grinding Whee( Plant, No. 8 Going Up- the Steel Structure for the New Engineering and 
Service Building 

Building More Space for Abrasive Storage Almost Completed - a Modern Norton Refractories Plant 

Norton is a successful, long-estab
lished company with a history of 
steady growth - a forward-looking 
company planning continued growth. 

Since Norton is the kind of com
pany where people count most, this 
spells job opportunities for those who 
can and want to grow. In such a 
healthy, thriving organization no
body wants to keep a good man 
down- he's needed! 

Th:ree Majo:r Job Facto:rs 

Job Security with opportunities for 
advancement in manufacturing, re
search, sales, finance, administration. 
Present and Planned Expansion in 
every branch of company activity. 

DECEMBER 1957 

A Progressive Financial Program 
has always been characteristic of 
Norton policy. Right now the com
pany is spending $12 million for new 
plants and additional improvements. 

Let's Get Acquainted 

What is most important, you will 
like "Norton people." The brochure, 
''Your Future with Norton'' tells you 
a good deal more 
of the things you'll 
want to know. It 
describes Norton 
products and their 
uses. It charts the 
Norton organiza
tion on a world 

map. It tells you about this com
pany's employment benefits, includ
ing paid vacations, military leave, re
tirement, family health service and 
recreational facilities. Write Director 
of Personnel, NORTON COMPANY, 
Worcester 6, Massachusetts. 

ABRASIVES 
t:Pkinf !Jcfkr prtN!ucls... frJ 111t1ke your protlucl$ !Jdkr 

NO~TON PR.ODUC:'fS 
Abrasives • Grinding Wheels • Grinding Machines 

High-Temperature Refractories " !;lec:troc:hemic:als 
Atomic Products 

BEHR·MANNING DIVISION 
Coated Abrasives " Sharpening Stones 

Pre$sure·Sensltive Tapes 
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Why do engineering students go out for student activities? As I sit in the confines of 
M.E. 2, I often ponder the question, but no complete answer presents itself. 

Is an engineer obligated to join E Day, the 'log or ASME or AWMB (American What
ever it May Be) by his 5th year interview form, driven to it by his ego, or coerced by 
his inner self to seek an escape mechanism from his "world of magic numbers"? 

In turn, one wonders, "Do the prospective employers really place much· stock in a 
long list of extra activities if the H.P.R. is less than 2.0, or do they wonder whether he 
isn't just a bit unresponsible? 

Is the frustration, hard work, and sacrifice of trying to do a good job both on studies 
and activities worth the extra effort? 

In looking back at this point, I note that I haven't implied any real advantages that 
activities extend, and certainly they have much to offer. 

In every problem we try to solve; in every new course there is a period of trial and 
error before efficiency and self assurance manifest themselves. 

The same is true in dealing with people. One's first attempts in co-ordinating and 
leading a propject are likely to be crude and somewhat indefinite. With continued effort, 
composure and balance assert themselves. One gets, so to speak, used to authority, and 
when and how to use it. 

Thus, it would seem, activities offer one the opportunity for orientation and experi
ence in directing and organizing before one actually is given such authority in a com
pany. Costly trial and error "on the job training" is avoided and the young engineer 
with activities stands a better chance of rapid advancement than one that does not have 
any previous experience in planning and organizing. 

In the area of activities, specifically, this Editor is still wondering just what the All 
University Congress is doing for the I.T. student. The Society News Editor for the log 
asked the All U Congress representative for I.T. if he would give us a monthly report 
on what All U Congress is doing in the realm of I.T. His answer was, as I understand it, 
that he didn't want to be bothered. 

Perhaps he isn't doing anything. Perhaps the weekly congress meeting is just a train
ing ground for future politicians and not really a student government body. Perhaps it 
is intended as an organization for personal aggrandizement. If this is the case, it would 
seem more fitting, and certainly more intellectually honest, to dissolve congress and 
form, instead, an Association for Would-Be-Wheels. 

It would be interesting to hear from the All U Congress representative from I.T. We 
will print his answer, if he desires to submit one. Also, if interest merits it, we would like 
to open a regular letters to the Editor column in the log. This would give I.T. students 
a chance to spout off on their pet peeves. We do reserve the right to choose which let
ters will be printed; so when you submit your letter, don't fail to sign it. Also include 
your address and phone number. That way, if we are unable to print your letter, we 
can still answer it personally. 

letters for each issue are due on the first of the preceding month, along with all 
other copy. 

J.FC 

FRO NTIS: 
No "sputnik" in the sky is the bright spot in the interior of this huge 430,000 pound generator 
stator being manufactured in General Electric Company's large Steam Turbine-Generator Depart
ment, Schenectady, N. Y. 

At the top of this 35-foot generator are two workmen who have completed stacking over 2,000,000 
steel punchings into the machine. 

When completed and placed in Texas with its accompanying steam turbine, this generator will 
produce some 156,250 kilowatts, or enough electricity to adequately serve the needs of over 
261,000 persons. More about this in Al's Corner 
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At Sylvania a man may choose from 67 plants and laboratories doing 
research, development and production throughout the broad spectrum 
of activities in the electrical-electronics industry. 

Graduates will find tough, but challenging, problems waiting for 
them in these laboratories and plants. (We make no bones about the 
difficulty of the work-it will tax your every skill.) But hard work has 
many compensations at Sylvania-where 75% of the facilities have 
been completed in the last 6 years-where equipment is the latest
where your associates are men of stature and reputation-and above 
all, where the atmosphere is one of freedom and accomplishment. 

And, at Sylvania, personal recognition and reward are realities. In 
simple words, a Sylvania man goes as far as his own abilities take him 
in: Electrical Engineering (Radio-Electronics-Communications-Illum
ination) -Mechanical Engineering- Chemical Engineering- Chem
istry (Physical-Analytical-Inorganic) -Metallurgy- Metallurgical 
Engineering-Physics-Industrial Engineering-Mathematics-Cer
amics-Ceramic Engineering-Glass Technology. 

Salaries are excellent, and comprehensive benefits include educational 
assistance plans. To learn more about these nationwide opportunities, 
see your college placement officer, or write us for a copy of "Today & 
Tomorrow with Sylvania." 

LIGHTING TELEVISION-RADIO ELECTRONICS 

PHOTOGRAPHY " ATOMIC ENERGY " CHEMO-METALLURGY 

MINNESOTA TECHNOLOG 



Creative Engineers •.• 

Temco has a place for you 

in this New Engineering Center 

At Temco, growth provides experienced engineers 
with challenging opportunities. They will find here 
rewarding assignments in electronics, guidance sys
tems, jet aircraft, missiles and weapons systems. 

This new 1 00,000-square-foot, air-conditioned 
Engineering Center typifies Temco's dynamic prog
ress. More than 1,000 creative engineers work here. 
Here, too, is housed the most modern equipment 
available for the design and development of complete 
weapons systems. Diversified projects include work 
on recently awarded prime contracts for three 
Temco-designed missiles and jet aircraft. 

AIRCRAFT CORPORATION" Dallas, Texas 

DECEMBER 1957 

Rapid expansion of research activities at Temco 
creates the need for a wider range of engineering 
skills. The engineer who has set exacting require
ments for his future finds here a stimulating, creative 
atmosphere, and congenial associates. 

In Engineering, the Best Opportunities are in Aviation 

In Aviation, the Best Opportunities are at Temco 

r-------------------------, 
I I 
J MR. JOE RUSSELL, Engineering Personnel I 
J Room 100-N, Temco Aircraft Corp., Dallas, Texas 1 
I U 
I Please send me complete details of the Temco story of unusual I 
I opportunities for experienced engineers. I am especially interested I 

I I 
1 in 1 
I I 
I NAME I 
I I 
I I 

ADDRESS_ I 
I 

CITY STATE I 
I 

-----~====-~------------~ 
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~beat barnacles 
~olefin opportunities 

.. water-resistant coatings 

.. new urethane booklet 

Beat barnacles 
"Barnacle Bill" is not only the title 
of an old sea song-it's the price 
ship operators pay for inefficient 
operation due to barnacle-fouJted 
hulls. ' 

Although you can combat foul
ing with copper pigments, conven
tional copper bottom paints may 
create new problems by accelerat
ing the corrosion of steel hulls. 

MuTUAL sodium copper chro
mate to the rescue: research shows 
that it has both anti-fouling and 
anti-corrosive properties. No sur
prise either, because it is a mem
ber of the same pigment family as 
"zinc yellow," a chromate long 
used as a corrosion inhibitor in 
metal priming paints. Anti-fouling 
of course, because it contains cop
per. 

This useful combination of prop
erties also has led us to test 
MuTUAL sodium copper chromate 
in preservative combinations for 
wood, cordage, fabrics and paper, 
and in agricultural fungicides. 

Olefin opportunities 
Did it ever occur to you that your 
product might be epoxidizable? 
Or even hydroxylatable? 

What, never? All we mean is 
you can upgrade it with hydrogen 
peroxide; to put you in new mar
kets with greater profits. 
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With H 2 0 2 , you can upgrade 
such olefins as soya bean oil, cot~ 
tonseed oil, tall oil, turpentine, lin
seed oil or unsaturated petroleum 
derivatives. 

By upgrading, you find yourself 
making resin plasticizers, glycols, 
stabilizers, insecticides, monomers, 
lubricants, waxes, surfactants or 
brake fluids. 

In the epoxidation and hydro
xylation processes, hydrogen per
oxide reacts with unsaturated ole
fins to fqrm a completely different 
class of· chemical compounds. Of 
course, hydrogen peroxide has 
been around for some time, but 
recent developments now permit 
broad commercial use of these 
processes. 

Research people working in 
chemicals, plastics and pharm~~ 
ceuticals will be interested in. -a 
new Solvay Process Division up .. 
to-date review and bibliography 
on the subject. 

Water"'resistant coatings 
Paper coaters know that if they 
want to keep a coating from com
ing off in water, they must insolu
bilize the binder after application. 

Starch, casein, protein and latex 
are the most widely used paper 
coating and sizing adhesives. The 
major advantage of starch is its 
ease of use, but this is offset by its 

lack of water resistance. On the 
other hand, although casein·, pro
tein and latex give good water re
sistance, they are more expensive. 

May we suggest a starch coating 
modified with U.F. CoNCENTRATE-
85, for low-cost, water-resistant 
paper coatings. A product of our 
Nitrogen Division, U.F. CoNCEN
TRATE-85 is a low-cost, non-resin
ous, high-concentration urea-for
maldehyde product. 

You can obtain different degrees 
of insolubility by adding 2 to 50% 
to the starch, though 20% gener
ally makes an excellent coating. 
Other assets: a simple mixing 
operation, a useable pH range of 
4 to 8. 

We have available a new tech
·nical paper on the subject, "A new 
product for the insolubilization of 
starch films." 

New urethane booklet 
In these columns, we've talked 
about what the industry calls "the 
next great synthetic." Allied's in
terest in urethane materials lies 
with our National Aniline and 
Barrett Divisions, which produce 
the key chemicals-diisocyanates 
and polyester resins respectively
used in making these versa tile 
plastics. Now we have a new 
booklet available on urethane ma
terials, detailing their applications 
and their future. 

MuTUAL and U.F. CoNCENTRATE-85 are Allied 
Chemical trademark:;, 

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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ho ets the Business? 
If you passed this junction next 
Sunday, looking for a likely stop
ping place, which advertiser would 
get your business? 

A toss-up? Yes, probably. 

Maybe you feel the same way, 
too, about the printed advertising 
that bombards you daily. 

But how about your printed ad
vertising? Does it win your pros
pect's attention, move him to single 
out your product? 

* * * In today's competitive markets, 
your advertising's influence on sales 

depends more than ever on print
ing that faithfully reproduces every 
pictorial detail. Faithful reproduc
tion is a mechanical thing, and a 
means to an end: more sales. 

Who gets the business? Jones 
Press is interested in seeing that 
you get the business. You'll like 
Jones Press! 

JONES 1 PRESS 
fiFTH & FIFTH SOUTH G MINNEAPOLIS 
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... on science and research 

'"In every field of science, advances in knowledge are 

forcing more and more specialization. As disciplines 

become narrower and their interactions harder to dis

cern. communication among specialists becomes more 

difficult. At the same time. the relevance of political. 

economic, and social factors in the broad application 

of physics, chemistry, and mechanics to major practical 

problems is increasingly evident. Many such problems, 

YAVNO 

unlike research at the frontiers of the specialties. are too 

broad in thei~ implications and too complex in detail to 

be solved by any expert working alone. The research 

team, uniting the diverse skills of many specialists, and 

using the best mathematical tools_, theoretical and com

putational ,...., is probably the most successful means of 

discovering realistic. timely, and original solutions to 

important problems of public welfare and security." 

...... F. R. Collbohm. Presidenl 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization l'ngaged in research on problems related to national security and the public interest 

MINNESOTA TECHNOlOG 



Gerald Maley tells what it's 
like to be ... and why he likes 
being ... a Product Develop· 
ment Engineer with IBM. 

*SOLUTION 
: The voltage across the 3 uf capacitor is : 
• 47 volts. This answer may be verified as • 
: follows: • 
• Since the voltage across the 91 ohm re- • 
: sistor is 91 volts in the steady state, then : 

Et + Ea = 100 or Et = 100-Ea (1) : 

: and E2+Ea =91 or E2 = 91 -Ea (2) : 

: let Q1 =liT!= CtEt 

: let Q2 = I2T2= C2E2 

• then Qa = hT1+12T2 or CsEa = (3) : 
' C1Et+C2E2 

: By substituting in equation (3) the expres- :: 
• sions for Et and E2 given in equations (1) •· 
: and (2), we have: "' 

CsEa = Ct (100 -Es)+C (91 -Es) : 

: Substituting ali known values in this : 
• equation gives: 

(3 x 10-6) Es = (1 x 10-6) (lOO-Es)+ : 
(2 x 19-6) (91 -Es) 

• Dividing by 10-6 

• 3E3 = 100 -Ea+2 (91 -Es) 

6Es= 282 

Es = 47 volts Answer 
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I 
Selecting a career can be puzzling, too. 
Here's how Gerald Maley found the solution 
to his career problem-at IBM: 

"What sold me on IBM," says Jerry, "was 
their approach to engineering. I'd expected 
rooms full of engineers at desks. Instead, I 
found all the friendly informality of my col
lege lab." Starting as a Technical Engineer 
in Product Development, Jerry learned a 
great deal about electronic computers in a 
very short time. He was promoted to Asso
ciate Engineer after 16 months. Recently, 
he was made Project Engineer, supervising 
the development of magnetic cores. "In 

computer work," he says, "you can actually 
see electronics at work. This is not the case 
with all such equipment today. In this new 
field, you can be an important contributor 
in a very short time." 

* * * * 
There are many excellent opportunities for 
well-qualified engineers, physicists and 
mathematicians in IBM Research, Develop
ment and Manufacturing Engineering. Why 
not ask your College Placement Director 
when IBM will next interview on your 
campus? Or, for information about how 
your degree will fit you for an IBM career, 

JUST WRITE TO: 

Mr. R. A. Whitehorne 
IBM Corp., Dept. 851 
590 Madison Avenue 
New York 22, N.Y. 

INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 

DATA PROCESSING 

ELECTRIC TYPEWRITERS 

MILITARY PRODUCTS 

SPECIAL ENGINEERING PRODUCTS 

SUPPLIES 

TIME EQUIPMENT 
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The story of the U of M's upper air 

research program involving these 

thin, polyethylene balloons 

by GEORGE CHAMPINE 
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I
N COOPERATION with the United 
States program for the International 
Geophysical Year (IGY), the physics 

department of the University of Min
nesota has undertaken a project to 
study cosmic ray characteristics at 
high altitudes as related to solar dis
turbances and other effects. Under the 
leadership of Dr. Edward N ey and 
Dr. ]. R. Winckler, this project draws 
on experience gained from studies of 
atmospheric physics and cosmic rays 
with high-altitude balloons. 

Preliminary work was begun in the 
summer of 1956, and the first of the 
balloon flights to take measurements 
was made in the summer of 1957, very 
soon after the beginning of IGY. Dur
ing the 18 months of the period, about 
50 to 70 flights are to be made. Winter 
winds make balloon flights difficult, 
so somewhat less than 4 flights per 
month are made during this season, 
and about 4 flights per month are 
made during the summer. 

The vehicle which carries the in
struments aloft is a balloon which has 
a volume of l 40,000 cu. ft., and weighs 
about 50 lbs. The balloon is made of 
.00075-inch thick polyethylene, the 
same type of material sold for house
hold wrapping purposes. With a pay
load of 50 lb., the balloon can rise to 
an altitude of about 100,000 feet. At 
this altitude the recording instruments 
are above 99 per cent of the atmos
phere and the primary cosmic rays 
which strike the apparatus are af
fected very little by the remaining 1 
per cent of the atmosphere. 

The instruments usually flown are 
a Geiger counter, an ionization cham
ber, a small pack of nuclear emul
sions, a pressure recorder, a camera, 
and telemetering equipment. 

The Geiger counter is an instru
ment that counts the number of parti
cles passing through it per unit time. 
This measures cosmic ray flux, which 
may be correlated with solar, terres
trial, and atmospheric observations. 
The ionization chamber measures the 
charge produced when the cosmic ray 
ionizes the argon in the chamber. 
Since the ionization rates for the dif
ferent particles that make up cosmic 
rays are known, an approximate idea 
of the composition of the cosmic rays 
can be obtained by comparing the 
rates from the Geiger counter and the 
ionization chamber. 

When a cosmic ray strikes nuclear 
emulsion, it leaves a track. From this 
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track the identity of the particle and 
its incident energy may be deter
mined. 

The camera is taken on the flight 
to record all data and to photograph 
the ground so that the path of the bal
loon may be determined. Although 
the battery pack has enough power 
to run the apparatus for 40 hours, the 
instruments are usually dropped at 
the end of one day. This is because 
when this sun is no longer shining on 
the balloon, the filling gas con tracts 
and the balloon would descend to a 

lower altitude unless complicated bal
lasting equipment were provided. 

Information taken during the Hight 
is telemetered to the ground as long 
as possible, so that the data will not 
be lost if the apparatus is not recov
ered. Telemetering is usually possible 
for five to seven hours. 

As noted above, the instruments 
and their parachute are usually 
dropped at the end of one day. To aid 
in the recovery of the apparatus there 
is a notice fastened to it informing the 
finder of the nature of the equipment 

This balloon has been filled with 
helium and is ready to be launched. 
Although the balloon has a ca
pacity of 140,000 cu. ft., only about 
10 per cent of this volume is filled 
with helium on the ground to allow 
for expansion at high altitude. The 
launching site is the University air
port near New Brighton. The United 
States Navy truck in the back
ground stores the helium that is 
used in filling. The instruments which 
the balloon will carry aloft are, 
from front to back: ( 1) the gon
dola with power supply, pressure 
measuring device and camera; (2) 
an ionization c h a m be r in the 
striped can; (3) a single geiger 
counter and (4) the telemetering 
equipment. 

and requesting him to notify the Uni
versity of Minnesota. 

Since processing the data taken on 
one Hight takes several weeks, the 
complete analysis of the data will not 
be done for some time. However, 
computations have been done on the 
earlier f-lights of the series, including 
one launched an hour after the be
g-inning of the International Geophys
ical Year. Due to a fortunate coinci
dence, this balloon was at maximum 
altitude during an intense auroral 
display on July 1, 1957. 

This geiger counter is used during balloon flights to count cos
mic rays. The electronic circuits associated with the counter 
are completely transistorized to keep power requirements and 
weight to a minimum. The counter is sealed in a commercial 
one-gallon can for the flight. The counting rate is telemetered 
to the ground as long as possible during the flight in the case 
the balloon is not recovered. However, the rate for the en
tire flight is recorded on film carried with the balloon. 

This ionization chamber mesaures the charge produced by 
cosmic rays. It is a steel shell filled with 8 atmospheres of 
argon. Inside the shell a sensitive electrometer measures the 
amount of charge produced per unit time. The associated elec
tronic circuits are contained in the base and transistorized. 
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On tl1is flight, a large initial burst 
of radiation lasting 10 minutes was 
recorded on both the Geiger counter 
and ionization chamber. This was fol
lowed by a second, less intense, burst 
of about 15 minutes duration, and by 
a third of still less intensity. By cor
relating visual observation with the 
radiation measurements, it was found 
that large initial effect was associated 

22 

with auroral arcs near the zenith. It 
was also noticed that strong auroral 
curtains continued in the north after 
the instruments had returned to the 
normal cosmic ray rates. 

It is thought that this auroral dis
play is due to the passage across the 
meridian of the sun of an active sun
spot region on June 30, and the trans
it time from sun to earth is about 20 
hours. 

Balloon instruments, 
I eft to r i g h t , sus
pended in the order 
in which they hang 
one below the other 
under the balloon. 

The 1neasurements taken on this 
flight, together with other data, seems 
to indicate that x-rays in the 50 to 70 
kilovolt region are associated with 
the auroral display. 

When all the data taken during the 
International Geophysical Year is an
alyzed and correlated, it is hoped that 
much more will be known about the 
earth, the sun, the effect of the sun on 
the earth, and many other phenomena. 

The equipment carried by a balloon is shown 
here. Going from left to right there is: 

(]) a pack of nuclear emulsion for record
ing the individual paths of cosmic rays. 

(2) Radiosonde telemetering unit which 
broadcasts on 1680 me. 

(3) Geiger counter with a can of water. The 
counter and can of water are packed 
together and insulated from the outside 
with Santocell. The water helps keep the 
temperature of the counter steady. 

(5) The ionization chamber with can of 
water. 

MINNESOTA TECHNOLOG 



I 
• I 

An insight into a part-time Engineering iob giving 
some of the practical advantages of such a position 

N ENGINEERING student can obtain many diverse bene
fits from a part time research job. 

The first of such benefits which came to my mind is 
perhaps the most obvious. It is possible to make a lot of 
money working part time during the school year. Con
sidering the hypothetical example of a student working 
twenty hours per week on the average, it can be seen that 
he ~ill make as much money from his part time job 
~unn? the school term as he did during summer vaca
tion smce the school year is approximately twice as long 
~s su~mer vacation. The assumption was made in the 
foregomg example that wage rates were identical and the 
student worked ful·l· time (forty hours per week) during 
the. sum~ner. Thus If a st~dent doubles his yearly income 
while his expenses remain essentially constant, he is in 
a much. bett~r financial position concerning his ability 
to pay for h1s own education. In my own case, I have 
been able to keep my reserve balance of solvent funds 
essentia~Iy constant - paying current expenses almost 
totally from my current earnings. Having a reserve bal
ance in the bank, contributes to a person's sense of secur
ity which therefore eliminates one source of tension in a 
student's mind. Even though I have paid for a substan-
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by lARRY W. CARSON 

tial part of my school expenses by working during the 
s~hool yea~, 1 hardly consider the monetary compensa
tiOn as bemg the most important factor to consider in 
evaluating the benefits of my part time job. 

. The experience which as gained by working on a tech
nical research project is invaluable to the student engi
~1eer. I am sure that we all realize knowledge of theory 
1s not enough by itself to qualify a graduate engineer for 
a r~sponsible position in industry. The laboratory courses 
which we take as a required part of our curriculum, are 
supposed to give us some of this experience- "a feeling 
for our work". I feel that the lab courses are not, in the 
n_Iajority of cases, giving us adequate training and expe
nence, due to overcrowded classes, allowing only demon
strative teaching instead of actual participation on the 
s~udents part. The student, who is able to obtain a part 
t~me ~esearch job, is very fortunate with respect to this 
situatiOn. The very nature of research work dictates the 
requirement that concentrated effort be spent until the 
problem is understood and solved. Since most research 
projects em body theory from many overlapping fields of 

(Continued .on Page 48) 
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Mr. Average American (hereafter 
designated as AA) owns a television 
set rhich suddenly becomes inoper-
at 1\i[r. AA promptly calls the tv 
se ..:e shop for repairs, and once the 
set IS repaired, just as promptly com
plains about the amount of the bill. 
l\!Ir. AA is mechanically minded- it is 
un-American to think otherwise- and 
would like to do his own repairing. 
But he has only a foggy idea of what 
makes his set work, and an even fog
gier idea of what makes it "not work." 
:My purpose is to give a cursory de
scription of the functions of the vari
ous circuits, their common failures, 
and repair procedures. As is suggested 
by the title, most tv troubles are 
caused by tubes- which an amateur 
repairman can replace. 

The Various Circuits 

First, let us quickly run through 
the circuits, and decide the function 
of each. If you are afraid of such 
things as electronic theory, you can 
relax. This theory description is not 
that difficult. Rather, it is almost too 
simplified to be accurate. Basically, 
the AA's set consists of a low-voltage 
power supply, a high-voltage power 

24 

1 

supply, radio-frequency, intermediate
frequency, sync, video, and vertical 
and horizontal deflection circuits. The 
result of all of these circuits working 
properly is a bright, clear, sharp pic
ture, and booming sound. Here we 
must make another distinction. Some 
parts of this discussion may not apply 
to your set. Primarily, I prefer a set 
with parallel filament connections, 
and what is normally advertised as a 
"Full Power Chassis," and have con
structed this report around that type 
of set. 

The low-voltage circuit consists of 
an a-c supply, a rectifier, and a filter 
network. For this discussion we are 
concerned with a rectifier tube- us
ually a 5U4. 

The radio-frequency (RF) circuit 
normally consists of two tubes, the RF 
amplifier, and the RF oscillator and 
mixer. These stages are the first to 
receive the signal from your antenna, 
and are, consequently, quite critical. 
As suggested by their names, they 
amplify and mix the incoming signal 
with the voltage developed by the RF 
oscillator. 

The difference frequency from the 
RF circuit is fed into the intermediate
frequency (IF) amplifier stages, where 
it is amplified. The sound, sync, and 
video then go their separate paths, 
each through its own private little 
circuit. 

The deflection circuits are basically 
oscillators and current amplifiers. The 
vertical circuit is just that. The hori
zontal section is a bit more tricky. It 
starts with a horizontal oscillator, 
which feeds the horizontal output 
tube. The combination of the hori-

by R. B. GUSTAFSON 

zontal oscillator, datnper, and output 
tube form a bootstrap sweep circuit 
for smooth horizontal deflection. The 
horizontal output tube feeds the de
flection coil, and through a step-up 
transformer, the high voltage rectifier. 

That is just about it for our discus
sion of the circuits. If your set doesn't 
conform, do not be alarmed. There 
are lots of makes, styles, and patterns 
on the market, and you happen to 
own one somewhat different. :Most of 
the rest of this article should apply 
anyway. 

The Symptoms 

The next step is to learn exactly 
what is portrayed on the screen of the 
tv receiver. If you switch your set off
channel, you lose sound and picture 
-but all is not lost. The face of the 
picture tube is covered with fine, 
white, horizontal lines. That presen
tation is called the raster. Let us dis
cuss your raster for awhile. You notice 
that it contains no video, and is not 
affected by sound, or the lack of 
sound. Does that give you a clue? In 
case you lose your picture (video), you 
will look for a raster. 

Let us play some more games. Turn 
your contrast down - nothing but 
raster is left. Twist the volume con
trol- it doesn't affect the picture. 

Now we can start repairing. Almost 
any component or combination of 
components can fail and cause faulty 
operation of the set. On the bright 
side is the knowledge of the fact that 
most difficulties are the results of bad 
tubes. \!\Then the set acts up, your first 
step is to analyze its operation. Look 
at the picture. Is it normal? What 
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about the sound? One, or perhaps 
both will be faulty. Trouble-shooting 
is the process of analyzing ALL of the 
symptoms and determining where the 
trouble is located. Sometimes this is a 
difficult job, but more often it is sim
ply a matter of tracing some definite 
symptoms to their common circuit. 

Perhaps a little quiz will give you 
an idea of what to look for. I will list 
the symptoms. You decide which cir
cuit is most likely to cause the trouble. 
Check yourself against the answers 
that appear later. 

I. N onnal picture- no sound. 
2. Normal picture - distorted 

sound. 
3. Normal sound- no raster. 
4. Normal sound- dim, narrow 

picture. 
5. Normal sound- normal width 

-people appear short and fat. 
6. Normal sound-picture normal 

on bottom half, but no deflec
tion from the middle of the 
tube upward. 

7. Poor sound- weak video- nor
mal raster. 

8. N onnal sound and picture on 
Channel 11- poor sound and 
picture on Channels 4 and 5. 

9. Normal sound- picture "roll
ing." 

I 0. No video- very weak sound -
normal raster. 

I l. Normal sound- picture pulling 
in from all sides. 

12. Normal sound- "Snowy" pic
ture. 

The Cures 

That should be enough of a quiz 
for now. Let us discuss each question 
in turn. 

1. This one is pretty easy- one of 
the audio tubes, of course. 

2. Same as number one. All you 
have to do is pull the audio tubes and 
check them. If they all check good it js 

probably your ratio-detector tube. You 
may not see this fault on a drug store 
tube checker because they don't check 
the diodes in duo-diodes-hi-mu-triode 
combinations. 

3. This could be your picture tube-
possibly, but unlikely. The horizontal 
circuit is a likely place to look. To 
simplify your choices you can follow 
this procedure when checking the hor
izontal and high-voltage circuit. 

a. Energize the set. Are the fila
ments of the picture tube lit? 
They should b~. 

b. Touch the plate cap of the high 
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voltage rectifier with a screw
driver with an insulated handle, 
without grounding the screw
driver. You should be able to 
draw a quarter inch arc from 
the plate cap. If you don't have 
the arc, check the horizon tal 
tubes. If they are good, check 
for a blown fuse in the d-e cir
cuit to the horizontal output 
tube. If you still don't get it, 
call a repairman. You have 
played enough games for one 
day. If you have an arc on the 
cap, short the high-voltage plug 
on the picture tube to ground. 
You should draw another nice 
blue arc there. If you have the 
arc- call a repairman- it may 
be the picture tube. If you don't 
have an arc, replace the high 
voltage rectifier tube. 

4. Probably your low voltage recti
fier tube. 

5. The vertical circuit is getting 
tired. It could be either the oscillator 
or the output tube. They are com
bined inside one glass envelope on 
some new sets. 

6. This one isn't so easy. Actually, 
I threw this question in for kicks. This 
is a classical symptom of a bad yoke
not a tube. Give yourself an A for 
choosing the vertical circuit as the 
cause of your trouble. 

7. This is probably caused by a bad 
lF tube. 

8. Could be a shorted RF amplifier 
tube. Check the RF circuit. 

9. You have a bad sync tube. 
10. Probably caused by a dead IF 

tube. Might be an open filament. 
11. Your low-voltage rectifier is start

ing to get weak. It shows up on your 
picture before it will materially affect 
the sound. 

12. Your RF amplifier could be 
bad. Second choice is an IF tube. 

From this, you observe that the pro
cedure is to work back through what
ever circuits are giving improper re
sponses until you reach a common 
location. Unfortunately, the trouble 
isn't always a tube. It can be another 
type of component, or it can be an 
adjustment. The vertical hold, size, 
and linearity are basic controls which 
the home owner can adjust. It is just 
a matter of working the size and line
arity controls to get the proper size 
and shape to the picture. 1 t is not 
wise to play around with the horizon
tal con trois too much. You can burn 
up your horizontal section with 1m
proper adjustment of these knobs. 

Many new sets, and some older 
models have series filaments. Usually, 
if a filament opens, you will lose all 
response from your set. Although a 
repairman can find the trouble quick
ly with a trouble light, you had better 
yank the tubes and check them. All 
tube checkers will indicate a tube 
with open filaments. 

H you are really serious about re
pairing your own set, buy a schematic 
of your model. If you can't decipher 
the print, find a EE student to ex
plain it to you. 

Finally, you have checked all of the 
tubes in the circuits affected, and 
made all of the adjustments. What if 
the set still doesn't work? You can 
pretend you are a motorist and check 
all of the tubes in your set- just like 
a motorist checking his tires. So it still 
doesn't work! The next step is to call 
a repairman. After spending all of 
that time working on the set yourself, 
you probably won't complain about 
the amount of the bill. That may not 
be much consolation for you, but the 
tv serviceman will be relieved. 
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WH T THE CORPORATE GIA T 

HAVE TO OFFER 

HAT Is THE distinction between a "big" cmnpany and 
a "small" company? First of all, we are considering 
only firms which employ engineers. If one of these 

engineers comes in contact, in the course of the day, with 
the vice-president, salesman, shop foreman, and the book
keeper, we could call this truly a "small" company. If, 
however, all the engineer's actions are channeled through 
his supervisor, this is a "big" company. All other com
panies form a gradation of "bigness" and "smallness" be
tween the two extremes. 

Consider all engineering· companies listed in order oi: 
their "bigness", the smallest at one end and the biggest 
at the other end. Let's say the list is ten feet long. Now 
consider the personality of the individaul engineer. His 
likes and dislikes, his ability, his self-confidence, and 
other traits will determine where, on this ten-foot list, 
he will best fit in. The scope of his personalities (i.e., 
his band-width) will vary also. Some engineers may have 
a ten foot band-width and would fit in any type of com
pany. On the other hand, many may have a band-width 
of only a few inches and would be happy only in a very 
narrow range of companies. 

If we take into account the differing personalities of 
engineers, it becomes difficult to argue the merits of big 
and small companies. 1Vlany who work for small com
company. There are many factors to consider when 
versa. The personality of the individual engineer must 
be taken into consideration. 

When one thinks of a big company, firms such as G:YJ 
and GE immediately pop into mind. Conversely, one 
thinks of the small manufacturing or consulting firms 
as the small companies. However, let's come down to 
around the seven-foot mark and up to the three-foot 
mark on our list when talking "big" company or "small" 
companies. There are many factors to consider when 
arguing big vs. small companies. The most important 
points will now be discussed from the big company point 
of view, with a few personal opinions following. 

PERSONAL DEVELOPMENT 
A college degree is only the beginning, or foundation 

of a vocational education. Any vocation, including en
gineering, has three basic requirements to be fulfilled
technical ability, interest, and the ability to work with 
people. The last of these is the most important. 1\l[ost 
(if not all) college grads are somewhat deficient in one 
or more of these areas. A big company allows the ne'v 
engineer to "experiment" and determine which of these 
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areas needs developing most. Once this has been deter
mined, there are numerous jobs in which the new man 
can gain the experience necessary for good development. 
A small company generally does not have the resources 
to allow th:s man to "drift" around. 

]\!lost large companies have programs (on-the-job train
ing, after-hours classes, seminars, etc.) designed to ac
quaint and "break-in" the new man. This perrnits him 
to get his "feet wet" with the least effort. Small com
panies usually cannot affort such programs. 

SPECIALIZATION 
l\!Iany individuals prefer to become specialists or au

thorities in a relatively narrow field. A man in college, 
exposed to much "liberalization" cannot appreciate this, 
but four or five years' job experience generally "steers" 
a man into his lifetime area of work. l\1ost small com
panies require an engineer to assume many non-technical 
duties. l\1Iany men find the extra burden of uninteresting 
details quite distasteful. A large company, on the other 
hand, tries to fit the specialist to the job making best 
use of his talents and interests. 

NON-SPECIALIZATION 
After a few years exper:ence, some men (not enough, 

however) find they are a jack-of-all-trades, master-of-none 
type of person. This man will become a manager. Big 
business is crying for managers, especially in the technical 
fields. In many small cornpanies, the supervisor (s), no 
matter how good or bad he may be, will remain the 
supervisor until he dies or retires. The engineer with 
potential is "stuck". 

In other words, whether a man is a manager, a special
ist, or a 40-hour-a-week man, there is a place for him in 
big business. 

TECHNICAL FACILITIES 
A large company has an advantage in being able to 

supply its engineers with better facilities. These facilities 
would include more and better instruments of all types; 
tech labs, model shops, and pilot shops for construction 
of expermental devices; engineering library and engineer
ing files; and more extensive financing of new projects. 
Smaller companies cannot afford most of these with the 
result that much of the engineer's valuable time is spent 
in wasted effort. 

PERSONNEL SERVICES 
In the fast moving world of today, we are becoming 

more and more aware of the need for good counseling. 
l\1Iost large companies have personnel departments that 

(Continued on Page 60) 
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A PROFESSOR LO KS AT 

F
·,,:TY YEARS ago the Engineering curriculum had a 

· , .. ~ber of vocational courses such as pattern making, 
blacksmi thnig, founding, machine shop and detailed 

mechanical drawing. To a large extent the vocational ac
cent has disappeared. Mechanical drawing is all that re
mains, and this has been changed in quality and reduced in 
quantity. The old time professional engineer was fre
quently a rough, half-educated, hand-handy technician 
sort of person, who affected to despise literature and cor
rect speech and who prided himself on being hard-boiled. 
This attitude to a great extent was necessary because em
ployers and employees distrusted the college man. These 
were the men who in their day built and operated the 
railroads, who surveyed the wilderness, built bridges, etc. 
They did very well for the undeveloped country in their 
time. Some engineers of great reputation had no formal 
engineering training. Eminent men like Eads, who tamed 
the Mississippi, and ·Morgan who built flood control in 
the Miami Valley, did not have formal engineering col
lege training. It was at this time that the first work-study 
or cooperative engineering curriculum was born at the 
University of Cincinnati, Ohio. The emphasis was voca
tional and the learning of present practice. Other insti
tutions like Drexel Institute of Philadelphia followed. 
These schools were completely on the work study plan. 
They served a useful purpose and they still do so. Their 
successors are the technical institutes which are frankly 
vocational and give two-year certifica'tes. 'to men with 
practical outlooks. · 

From th:e time of World War I there was a steady 
trend in engineering education, away from the exclu-
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sively technical, practical, common-sense type of curricu
lum. In meetings of the American Society for Engineer
ing Education, it was clearly established that the demand 
in industry was for engineering graduates who were well 
grounded in fundamentals, and who had a reasonable 
familiarity with non-technical aspects of life. 

But it took World War II to demonstrate that the en
gineering curricula by and large needed strengthening in 
the fundamentals, and in the humanities. At the U niver
sity of Minnesota the decision was made to meet the 
crisis by adopting a 5-year curriculum - and in 1946 this 
was done. 

World War II brought to many industries for the first 
time the conception of research as an important part of 
their activities. Many now regard it as essential; one 
company advertises, "Progress is our most important 
product," and they emphasize that progress requires re
search. Clearly research requires special buildings,- re
search laboratories,- and it also requires men, high grade 
men. 

However, it took still another war, the "Korean Police 
Action" to galvanize the U. S. into effective action. And 
suddenly engineers were scarce, and that condition has 
continued. This is the situation we are now in. 

Concurrently, the level of technical complexity, espe
cially in electrical engineering, has also rapidly increased 
and it becomes increasingly clear that the essential fund
amentf1ls <?~ anqlysis are mathema~ics, physics, engineer
ing science; and for comrnunication it is Engl£sh. To be 
sure, npthipg can s.ubstitute for inherent intelligence and 
common sense. · 
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}~urnishing graduates with sound fundamentals in this 
present era is the task which the efforts of most engineer
ing educators are directed. Let me emphasize we do not 
try to produce practicing engineers for any particular 
engineering business. We do try to select and educate 
men, who are so selected and so prepared in the funda
mentals that in say 5 or ] 0 years they are qualified for 
leadership. 

In the admission practice at the University of Minne
sota there is a wide tolerance, and trial by p.erformance 
as well as self-selection during the first two years reduces 
the number who entered as freshmen by almost one-half. 
The earnest job of educating in specifically professional 
fundamentals begins in the third year. Now let us ask 
what are favorable circumstances for accomplishing this 
job? So far as the Electrical Engineering Department of 
the University of Minnesota is concerned, the answer to 
this question is found in our stated curriculum. Upon 
examining the curriculum a great deal of built-in flexi
bility is revealed, as well as considerable rigidity. The 
rigidity comes about by reason of the nature of electrical 
engineering, which, of all the engineering branches, is 
generally regarded as the closest to the basic sciences, es
pecially physics and rnathematics. This requires close 
application to a sequence of engineering science studies 
which progress from foundation studies to an advanced 
frontier. In our opinion this study is accomplished most 
effectively, {under the conditions prevailing at Minne
sota) when it is carried on without interruption for three 
quarters each year, and interspersed with a summer quar
ter spent in engineering work of appropriate kind. Our 
students are encouraged to find engineering summer em
ployment by the inclusion in our curriculum of EE l 01,-
2,3 each of which carries 3 academic credits for approved 
summer employment of not less than 360 hours per term, 
and for which a written report is required; the grade 
based on the report. 

For students who are strongly attracted to the analyt
ical scientific phase of electrical engineering, rather than 
the sales, business, application or operations aspect, we 
have an honors course which is entered at the beginning 

of the junior year. This is a voluntary choice open to 
students who have an honor point ratio of 1.80 or better. 
Enrollment is limited to about 20 men. In the hm.iors 
course instruction is given in the most useful, modern, 
concepts of engineering, which are given at a level and 
pace consistent with the ability of these superior stu
dents, and in such a manner as to involve the student in 
a minimum of back-tracking, unlearning and relearning. 
The honors course may lead to a 4-year B.S. degree arid 
the graduate school, but this is not a necessary feature. 

Independent of the honors curriculum, students of 
superior performance may voluntarily enter the 4-year 
B.S.-graduate program which may lead to an M.S. degree 
in five years. 

Not all students who have high demonstrated ability 
will want to go, or willl be advised to go, into the gradu
ate program. It is for men whose leanings are definitely 
toward basic scientific engineering. 

But the proper choice of the majority of the EE student 
population is the regular 5-year EE curriculum which 
is designed for those who expect to work in industry 
in any of the numerous recognized engineering activities 
for which employers are recruiting year after year, in 
good seasons and bad. 

The field of electrical engineering is so broad, and 
the place in that field to which an individual student 
is destined to go is so incalculable, that it behooves us 
to take a· broad view in preparing the young man. 

Consider the problem. We are trying to prepare young 
men to enter any one of the following businesses- steel, 
soap, traction, electric power, oil, railroads, airplanes, 
automobiles, rubber, chemicals, publishing, aluminum, 
mining, medical, telephone, radio, telegraph, television, 
patents, consulting, audio, government agency, electric 
appliance, control, computing, machinery, etc., f 

This is a pretty wide field of primary selecL but 
there is more to it! Within most of these businesses there 
are areas of specialization such as design, research, de
velopment, test, operating, production, maintenance, per
sonnel, construction, customer relations, etc., etc. 

(Continued on Page 43) 

Henry E. Hartig received his Bachelor of Electrical Engineering de

gree from the University of Minnesota in 1918. After serving with the 

United States Signal Corps as a Second lieutenant during World War 

I, he returned and completed his studies leading to a Ph.D. in 1924. 

As a student, he was elected to Tau Beta Pi, Iron Wedge, and Theta Xi. 

In 1945-1946, Professor Hartig was Twin City chairman of the Institute 

of Radio Engineers (IRE) and was conferred a Fellow in 1952. He is 

also a Fellow of the American Institute of Electrical Engineers (II~EE). 

During World War II, Dr. Hartig was an Assistant Director of the 

University of California Division of War Research which was under 

contract to develop and perfect the anti-submarine device sonar. From 

1946 to 1956 he was head of the Electrical Engineering Department 

of the University of Minnesota. At present, Professor Hartig is a full 

time member of the teaching staff and faculty advisor for Eta Kappa 

Nu, Honorary Electrical Fraternity. 
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Professionalism 
or 

Unionism 

HIS QUESTION is being asked over and over again by 
many professional engineers in industry. The answer 
provided by Joseph Amann of the independent Engi-

neers and Scientists of America and Walter Ruether of 
the AFL-CIO United Auto Workers Union is an em
phatic yes. These union advocates argue that the only 
road.Jo reforms in ell}ployment conditions for the engi-
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By RONALD VEGEMAST- P.E. 

neer masses in industry is through unrestrained collec
tive bargaining. At the same time these union men sup
port registration for engineers, codes of ethics, and other 
professional standards. They find no conflict between 
unionism and its collective bargaining and professional 
ideals. On the con side of the question, the National 
Society of Professional Engineers says that unionisrn robs 
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the engineer of his individualism which is the core of 
professionalism. So far we have not answered our ques
tion, we have instead presented two conll,icting points of 
view and introduced two nebulous terms. 

Let us examine the union point of view more closely. 
Last February, James Stern of the lJ A W in a speech to 
the Federation of Honeywell Engineers traced the prog
ress made by various locals of his union since their con
ception. 1\!Ir. Stern pointed out what the wages were then 
and are now in exact dollars and cents for tool and die 
makers and other workers in the automobile industry. 
He mentioned all of the fringe benefits, layoff benefits, 
and retirement provisions which have been won for the 
various groups in his union. He then attempted to show 
that the same things or other things can be accomplished 
for professional engineering groups in industry through 
the process of collective bargaining. 

No person can disagree with :Mr. Stern over the prog
ress 1nade by his union since these programs are a black 
and white part of history. 1\lfost people including the 
rnanagements of the auto industry agree that these pro
grams are desirable and that the auto workers deserve 
the benefits derived by their union. The disagreernen t 
appears only when the collective bargaining· idea is ap
plied to professional engineering groups. 

The normal unionized worker in industry is com
pletely tied down to a specific process, a specific quota, 
a specific quality level, and a specific wage level. There 
may be hundreds of other workers performing the same 
task in the same company or many companies in the 
same area. The exceptional individual is worth little 
more than the mediocre individual who just meets the 
minimum qualications for the task. These workers need 
a union to maintain their wage levels and to obtain 
necessary fringe benefits. 

The professional engineer in industry is and must be 
completely free. He must be creative, he cannot be tied 
down to any specific process, he can have no quota. Qual
ity and ethics must be supreme. Hundreds of average to 
good engineers cannot perform the service of one excep
tional engineer. Industry must be free to pay the excep
tional engineer an exceptional wage and the better than 
average engineer a better than average wage. The prin-

About the Author 

ciples of freedom, creatiVIty, quality. and ethics are the 
basis of all definitions of professionalism advanced by 
industry, NSPE, and the National Labor Relations 
Board. Unless the professional engineer is an individual
ist he cannot create, he can be tied to a specific process, 
he can have a quota, and his pride in quality and ethics 
and his professionalism will vanish. 

Most engineers detest drafting and model making but 
the professional engineer must have freedom to play with 
a breadboard or dabble on the drafting board while cre
ating a new design. This freedom is curtailed under a 
union since each job is carefully written-up and no one 
is permitted to perform another's job. The unionized 
individual loses incentive to create or to become the ex
ceptional individual because he must accept whatever 
salary the union obtains for him and advancement be
comes a matter of seniority instead of merit. The union
ized worker does not emphasize quality and ethics since 
he has a union to back him up in grievance cases. In 
these and all other ways the unionized individual loses 
his individualism and therefore his professionalism. }'or 
this reason professionalism and unionism are not com
patible. 

So far attempts to organize professional engineers in 
industry have met with little success. In fact the number 
of organized enginers has decreased in the last year. 
There are three reasons for this lack of union interest 
among engineers; first, the loss of professionalism brought 
by the union, second, engineers have found that they are 
no better off in a small independent union than without 
that union and third, engineers are afraid to give the 
commitments necessary when affiliating with a large 
union such as the UAW. These three reasons will not 
prevent the wholesale unionization of engineers in in
dustry very much longer because Walter Ruether and 
other big union leaders are starting very strong organiz
ing campaigns and because engineers in industry gen
erally are not happy in their present position. Before 
this organization can gain a real foothold, it must be 
stopped by professional means. The only hope for this 
is through active support by every engineer of the poli
cies and practices of the National Society of Professional 
Engineers. 

Ronald Vegemast received his high-school diploma from 
Shattuck school in Faribault, Minnesota in .June, 1950. 
He attended Williams College in Williamstown, Mass. 
where he won freshman numerals in swimming and track. 
After one year at Williams, he transferred to the U ni
versity of Minnesota and earned the degree of Bachelor 
of Electrical Engineering in June, 1955. While at the 
U of M he was a member of the AlEE-IRE student 
branch, {3()7r academic fraternity, and several E-day com
mittees. Since graduation, Mr. Vegemast has been em
ployed by Minneapolis Honeywell Regulator Co. and is 
now a flight test engineer. Mr. Vegemast is married and 
is a member of the l\1innesota Society of Professional 
Engineers, the Institute of Radio Engineers, president 
of the Ridgway Flying Club, and his amateur radio call 
letters are \rV¢DNL. 
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otor Racing Round the orld? No! 

I I 

A look at the rules, requirements and tricks of the drivers of the venerable 
stock cars, jalopies to some people, in and around the Twin City area. 

UICKLY Bob Crawford, stork car 
driver, crawls through the window 
of car number 26, a pink and black 

"46" Ford. The car roars to life as he 
pushes the starter. A deep rumble 
comes from the exhaust stacks pro
truding through the rear deck as he 
pulls into place behind the eleven cars 
that are already half-way through the 
parade lap. 

32. 

As the drivers come out of the last 
turn of the parade lap, they gun their 
engines, anticipating the green flag 
which will start the 15-lap race. Bob 
is the last in the line of cars. This is 
where the fast drivers usually start, 
and he is used to this. 

As the flagman raises the green flag 
the cars surge forward and roar into 
the first turn. Bob holds his car on 

Round the Twin Cities 

the outside of the turn and is able 
to pass four cars. At the end of three 
laps he is ahead of ten of the eleven 
other cars in the race; one more car 
to pass and he is in the lead. 

Eight more laps pass, and he is way 
ahead of all but car number 40, a 
black "40" Ford. Suddenly the lead 
car drifts wide on the corner and Bob 
clucks in along-side of him. Down the 
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straight-away they come, neither gain
ing an advantage. Coming out of the 
next turn, number 40 gains a few feet. 
Just a few more feet and number 40 
will pull ahead of him at the next 
turn. Half-way down the straight-away 
number 40 begins to swerve. His right 
front tire has blown. Bob passes quick
ly as the black Ford pulls off the 
track. 

Two more laps and Bob will win 
the race. He pulls the gearshift into 
high and leisurely completes the final 
two laps. As he passes the finish line, 
the flagman waves the checkered flag 
at him, indicating he has finished the 
race. 

AN EXPENSIVE SPORT 

Bob races two or three time a week 
and uses his remaining spare time 
keeping the car in shape. He wins 
races frequently, but even though cash 
prizes are given for winning, Bob 
makes no money from his racing. 
Building a jalopy is expensive; keep
ing it running is even more costly. 
A tire may last for a year, or it may 
get slit in a crack-up the first time 
you drive on it. Motors blow up and 
transmissions can break down at any 
time. Bob is lucky; he has a sponsor 
who shares the expense in return for 
an advertisement painted on the side 
of the jalopy. 

Stock car or jalopy racing has 
gained popularity since the end of 
World War II. The metropolitan area 
has seen the rise of six race tracks 
during this period. Two have had to 
close because they were too near resi
dential areas and did not close for 
financial reasons. 

THE AREA TRACKS 

The largest track in the area is 
Twin City Speedway, operated by Don 
Voge. It has a drag strip, a half-mile 
track, and a quarter-mile track. Over 
7,000 spectators may watch a single 
race program at Twin City Speedway. 
Most of the other tracks have a much 
smaller spectator capacity and only 
the quarter-mile track. 

Stock car race tracks usually operate 
from May to October, but a small 
track at Bradford, Minnesota races 
every Sunday, summer or winter. The 
number of spectators in the winter is 
small because only the hardy show up 
to view races in I 0 degree weather. 
But the cold doesn't bother the driv~ 
ers; they show up in large numbers. 
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It is not unusual to see twenty drivers 
and their cars come for a Sunday's 
racing. Some of these drivers drive 
as far as 70 miles for the sport of 
racing. 

Bradford also has a special race 
each Sunday for women only. These 
women, most of whom are married 
and have children, put on a race which 
would make any · man proud. Some 
of them run a faster time trial than 
their husbands, both using the same 
car. 

THE RULES Of RACING 

Racing rules for the various tracks 
differ somewhat, but all generally re
quire that the cars have been manu
factured between 1932 and 1948. You 
may use any combination of parts 
made by one manufacturer. For in
stance you could use a "48" Ford 
motor in a "32" Ford car, but you 
could not put that motor in a Chev
rolet, Plymouth, or any other car 
except a Ford. 

The engine must be stock. This 
means that it must not be reworked 
other than to overhorse it 0.100 inch, 
and it must be as the manufacturers 
made it, or with the manufacturer's 
replacement parts. 

CAR EQUIPMENT 

Each car must have roll bars, a 
safety belt fastened to the frame, all 
glass except the windshield removed, 
and all upholstery removed. The doors 
must be welded or chained shut. Ja
lopies must have brakes on at least 
the two rear wheels. The drivers must 
wear a helmet of an approved type. 
Before racing, the cars are usually 
inspected, and all cars and their driv
ers must adhere to the rules. If any 
driver feels another driver's car is 
not stock, he may protest to a track 
official who will rule on the protest. 
If a driver races and his car is not 
stock, he is suspended from that track 
for a few weeks and pays a fine before 
he can race there again. 

WHY RACE? 

All the tracks except Twin City 
Speedway give the drivers a percent
age of the admissions paid by the 
spectators. They average about 50 per 
cent. Twin City Speedway pays a 
set amount for each place in each type 
of race. 

Drivers race for the sport. All prize 

money is put back in the car in al
most every case. There is a real thrill 
in working on an old car till it purrs 
like a kitten. On the track, a jalopy 
will out perform many new cars which 
have much more horsepower. This 
is because it has special suspension 
to make it handle well on the oval 
track. 

A top driver will tune his engine 
completely before each day's racing 
and will inspect all tires and steering 
mechanisms. He will check the radia
tor for leaks and see that it is not 
clogged. He probably will have at 
the races an extra radiator, a carbure
tor, an axel, four tires, ten gallons 
of gasoline, ten gallons of water, four 
quarts of oil, a distributor, a fuel 
pump, and a complete set of tools. 
These are not all used every time he 
races, but if he doesn't have them 
when his jalopy breaks down he may 
have to quit racing for the day. Driv
ers and their pitmen have been known 
to replace a broken axel in half an 
hour- fast when you consider that 
a service garage figures four hours to 
complete that job on a Ford. 

Each driver uses his own tricks to 
get more speed from his car and make 
it handle better on the track. Some 
put pennies in the heat risers to in
ject more raw fuel into the cylinders. 
Some use a "32" Ford cam in a 59-A 
Ford block to obtain valve operation 
similar to a three quarter grind cam. 
Many drivers increase the length of 
the pitman aim to obtain quicker 
steering. Each car has a character all 
its own that its driver must cultivate 
to obtain maximum performance. 

'TIS WONDERFUL 

The racing of cars has gone on for 
years, but only recently has the public 
become so aware of how entertaining 
it is. Much of this is because of the 
vast advertising of car manufacturers 
on how their new model compares 
with someone else's car at a well
known late model stock car race. 

Late model stock cars that are 
equipped for racing offer more speed 
than jalopies, and are usually raced 
on a half-mile track but lack the 
thrills and crackups that you find 
when jalopies race on a quarter-mile 
track. So if you want a thrilling Sun
day afternoon, head for the nearest 
quarter-mile oval and see some real 
jalopy racing. 
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NOT FOR THE PENGUINS 

E 
x.TENSIVE ore reserves have been dis
covered by Richard E. Byrd and 
Laurence lVL Gould since 1900 in 

the vast ice continent of Antarctica. 
Coal, copper, and iron deposits are the 
most important at the present time. 
J\!lany other minerals, yet undiscovered, 
Gould thinks will be found, based on 
the presence of active volcanoes and 
mountain building forces on the con
tinent. Surface exploration is very 
difficult because of the ice and snow 
overburden on the rock formations, 
but underground exploration will be 
carried out once the mines are started. 

The actual mining of the ore will 
not be difficult (Alaska mines operate 
the entire year) but the ore transpor
tation to the ocean barges presents a 
problem. The main barrier is the ice 
crust covering the shore waters. The 
ice crust averages 13 ft. deep and ex
tends several miles into the sea where 
pieces break off and float freely. A 
thin crust forms from the freezing sea 
waters and floating pieces of ice. The 
whole mass gradually· solidifies and 
then by wind and wave action, breaks 
up into a jumbled mass of ice cakes. 
These larger ice cakes are refrozen by 
the splashing sea waters and a solid 
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ice crust is formed. An open sea lane 
is possible, but the cost of keeping it 
ice-free would be too high. Because 
of these conditions we have devised a 
sub-ice tube to transport the ore to 
barges floating in clear water. 

This report will discuss ( 1) tube 
construction, (2) ore flowsheet, and 
(3) cost. 

I. Tube Construction 

The tube is an ellipse in cross
section, 8 ft. horizontal axis, 5 ft. 
vertical axis, and is composed of two 
elements: (A) exterior, and (B) in
terior. 

A. EXTERIOR 
The exterior element is composed 

of the (1) shell, and (2) support. 
1. Shell 
The shell of the tube is 12 in. thick 

and composed of 6 in. of steel, 2 in. 
of rubber, and 4 in. of laminated 
plastic. The rubber layer divides the 
inner plastic layer from the outer 
steel layer. Aluminum bolts hold the 
rubber and plastic to the steel. 

2. Support 
Steel bands, 6 in. thick, and 2 ft. in 

length, are bolted around the tube. 

I 

The bands, placed every 50 ft. along 
the tube, are bolted to cast-steel col
umns placed previously by the open 
caisson method. The main steps in the 
open caisson method are the follow
ing: 

1. The caisson is built on one of 
the construction ships. 

2. The caisson is towed to the new 
column position and lowered to 
the sea bottom. 

3. Clam shell buckets remove sea 
bottom from the inside of the 
caisson. 

4. One end of the column is low
ered inside the caisson to the 
sea floor. 

5. Concrete is poured between the 
column and the caisson wall. 

The top of the tube is 20 ft. below 
sea level to allow room for ice move
ment. The temperature and pressure 
at this depth are constant throughout 
the year, and the underwater currents 
are too weak to displace the tube. 

B. INTERIOR 
The interior element is composed 

of the (1) pipes, and (2) catwalk. 
I. Pipes 
Two 16-in. pipes lie at the bottom 

of the tube separated by a catwalk. 
The pipes consist of joined 30-ft. sec
tions, 90.5 lbs. per ft., with 0.90-in. 
walls. The sections are joined by 
water-tight steel flanges. Steel clamps 
placed every 20 ft. hold the pipes to 
the tube bottom. 

2. Catwalk 
The catwalk lies between the two 

pipes at the bottom of the tube. The 
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walk is laminated plastic 1 in. thick, 
and 2 ft. wide. Because of limited 
space inside the tube, the walk is 
made of 10 ft. sections with supports 
placed every 5 ft. 

II. Ore Flowsheet 
Three main stages compose the ore 

cycle. The stages are (A) sending sta
tion, (B) in the tube, and (C) re
ceiving station. 

A. SENDING STATION 
The crushed ore is carried by con

veyor belts from the mine to the send
ing station. At the sending station 
the ore is mixed with a 50% alcohol
water solution. The freezing point 
and flow point of the alcohol-water 
solution is -31.7 F. and -47.4 F. 
These temperature points are safely 
below the average -13.0 F. of the ice 
crust. The ore and alcohol-water mix
ture is then forced by a centrifugal 
pump into the sending pipe. 

B. IN THE ORE TUBE 
The ore enters the sending pipe 

from the sending station at the rate 
of 400 gpm. A booster pump is placed 
every 1000 ft. to keep the rate con
stant. If the ore-solution mixture is 

by ClARENCE HENKE 

in the ratio of 3 lb. per gal., the ore 
flow rate would be 19.2 tons per hour. 
It would take 31.2 hours to load a 
barge of 600 tons capacity. The ore 
is screened from the alcohol-water 
solution at the receiving station, and 
the clean solution is pumped through 
the return pipe back to the sending 
station. The alcohol-water solution is 
not lost because the pipe system is 
closed. It is periodically checked and 
replenished to keep the alcohol-water 
ratio and the How quantity constant 

C. THE RECEIVING STATION 

The receiving station is a modifica
tion of the "Texas Towers" used by 
the Air Force as sea radar stations. 
The tower consists of two parts ( 1 ) 
platform and (2) support. 

1. Platform 

The platform is a steel hemisphere, 
200 ft. in diameter, supported by 5 
columns l 00 ft. above sea level. This 
will be high enough to allow ice pieces 
to pass beneath and to load the barges 
which will clock under it. The steel 
hemisphere, or dome, will be covered 
by plastic and glass fiber material. 

The ore solution mixture enters 

TABlE 1 

ORE TUBE INSTALLATION COSTS 
ITEM 

Centrifugal pumps (2) at $4,100 
Cast-steel columns (112) at $110 
Ore tube shell and pipes 
Building materials for stations ...... . 
labor ....... . 

TOTAl 
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COST 
$ 8,200 

12,300 
375,000 
400,000 
800,000 

$1,595,500 

Legend N'ol lo fcule 

A Steel band 
B Aluminum bolt 
C Sending Pipe 
D Return F'f"' 
E Catwalk 
F Steel Ioyer 
G Rubloer layer 
H Plastic layer 
I Cast-Steel support column 

the dome through the ore tube and is 
pumped through screens to separate 
the ore from the solution. A barge 
is towed under the platform, and the 
ore is dumped through sliding doors 
into the barge. The full barge is then 
towed forward until the next barge 
behind it is under the sliding doors. 
This method eliminates individual 
handling of the barges because all 
barges are joined in single file behind 
the towing ship. 

2. Support 

There are 5 cast-steel columns, 16ft. 
in dia., that support the platform. 
The columns are placed by the cais
son method to a depth of 45 ft. in 
the sea floor. Bolted flanges and steel 
cables hold the platform to the col
umns. 

Ill. Cost 
The approximate installation costs 

for a one-mile ore tube are tabulated 
in Table l. 
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AlEE-IRE 

The AlEE-IRE joint student branch held its first 
eting in October. This was an organizational meet
"~lanned to acquaint all interested EE students with 

l· _;perations of the organization. 

In conjunction with the topic, Dr. Shepherd, head of 
the EE Department, made a few comments on the non
technical requirement program of the Institute of Tech
nology. After these comments, the subject was thrown 
open for discussion relative to the merits andjor weak
nesses of the program and its structure. Several inter
esting points were brought out regarding group content 
and course content. As head of the curriculum commit
tee for IT, Dr. Shepherd is in a position to act on some 
of the suggestions made at the meeting. 

A rather full calendar of lectures and tours is planned 
for the activities of AlEE-IRE this year, and all EE 
students are invited to participate. 

A.S .. M .. E .. 

The student and senior A.S.M.E. Chapters attended 
a dinner and program at Remington Rand Univac in 
November. Dr. Herbert F. ·Mitchell, Jr., spoke on "Com
puters and Their Use by the Engineer." The program 
also included a guided tour of the Univac laboratories 
with demonstrations of operating computers. 

The next meeting was a combined meeting with the 
l.Ae.S. Dr. Nier of the Physics Department gave an en
lightening speech on the "Sputnick." He explained the 
importance of the satellite to science and the aid the 
Russian's received from captured data and plans of Ger
man missile development at the end of World War II. 
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I .. Ae .. S .. 
The first meeting of I.Ae.S. was held in October. Plans 

were made to start work on partial disassembling the 
jet aircraft in the Aero. hangar for display and instruc
tive purposes. Dr. Heinrich spoke on how political and 
military requirements may initiate research work with 
a direct purpose at the time and have a permanent value. 

The example given was a problem. A hydraulic re
tardation of very heavy weights dropped from heights 
of about 50 feet. The device designed had to be a simple, 
reliable deceleration device capable of absorbing high 
amounts of Kinetic energy. 

With this example, he explained how research, theory 
and previous knowledge is combined to give a practical 
solution to the problem. 

A .. S .. A .. E .. 
The first meeting of A.S.A.E. was held in October. At 

this meeting the Farm Equipment Institute report was 
discussed. Each year the ~Iinnesota Chapter of A.S.A.E. 
student branch, enters the national competition sponsored 
by the F.E.I. For this competition each chapter must send 
detailed reports to the F.E.I. telling of chapter activities 
throughout the year. 

This year the A.S.A.E. again sold license places in 
November. 

The members attended the annual student-faculty get
together in November. The purpose of these get-togethers 
is to acquaint the Agricultural Engineering students with 
their instructors. Dr. T. E. Hienton, head of the Rural 
Electrification Research, U. S. Department of Agricul
ture, gave a speech on job opportunities for Agricultural 
Engineers. 
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A .. I .. Ch.E .. 
The first monthly meeting was held in October. Proc

ter and Gamble agreed to help with the expense of send
ing a representative from the J\1innesota Chapter to the 
Chicago meeting of the National organization of A.I.
Ch.E. 

Dr. Amundson, head of the Chemical Engineering 
Department, informed the members of this year's de
partment policy. 

The chapter has planned numerous industrial field 
trips and is obtaining a speaker on related topics. 

S.A .. M .. 
The University of Minnesota student chapter of the 

Society for the Advancement of Management in their 
October meeting, presented as the featured speaker, Dr. 
T. R. Lindbom, psychological consultant to manage
ment. This first meeting of Fall Quarter included an 
outline of the programs and activities of S.A.M. S.A.M. 
president, Jerry Olerud, opened the meeting by welcom
ing the new members and urging anyone who is inter
ested in management to visit the S.A.M. office. 

Dr. Lindbom offered several suggestions for better 
preparation for a career in management which are sound 
advice for any aspiring engineer. He stressed the import
ance of supplementing the regular technical ciriculum 
with a wide range of liberal art courses as a means to 
broaden the student's background and outlook. Dr. Lind
born concluded his talk by answering questions from 
the students. 

A few of the upcoming activities discussed at the meet
ing include informal plant tours and dinner meetings 
in local firms; the Bib Brother Program, by which each 
member may choose a member of the Twin City (senior) 
Chapter, who will assist the student member in research 
projects and show him around the senior member's plant; 
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and monthly membership meetings with speakers from 
local business and industry. 

Mr. A. L. Reed, director of Industrial Education Rp 
lations at Minneapolis-Honeywell was scheduled to sr: 
on the topic "Planned Futures" at the Novembe' 
meeting. The last meeting of Fall Quarter has beeH ... ~t 
for Wednesday, December 4. 

A .. S .. C .. E. 
The first meeting of the student chapter of the A.S.C.E. 

was primarily for organization. Slides were shown from 
the Midwest A.S.C.E. Student Chapter convention at 
Iowa City last May. A discussion of the construction of 
the Coralville Dam was then held. 

The first of a series of noon meetings planned was 
held and a movie on taconite was shown. The movie 
illustrated the importance and the scope of the taconite 
industry in Minnesota. 

The next regular meeting featured a speech given 
by one of the students and a movie entitled "Building 
for the nations." The movies showed all the steps which 
went into building of the secretarial building for the 
United Nations. 

The next noon meeting featured a speaker of general 
interest to all I.T. students. The speaker was Mr. Hinder
man of the Asphalt Institute, who spoke on "Engineer
ing, a profession or a trade." 

At the next regular meeting, highlighted by movies 
on "Prospecting for Petroleum" and "10,000 Feet Deep." 
These films dealt with the problems and methods of dis
covering and drilling for oil. At present, the oil indus
tries are employing an increasing number of all types 
of engineers. 

In December, a group from the Navy will speak on a 
program which the Navy has for graduate Civil Engi
neers. 
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KAPPA ETA KAPPA 
KAK members stayed one jump 

ahead of "old man winter" with a 
wiener roast at Minnehaha Park the 
week before homecoming. It was 
chilly, but we really had a swell turn
out. Two large fires and the high spir
its of all, helped keep everyone good 
and warm. The party later adjourned 
to the house for singing around the 
player piano. 

Saturday afternoons found the 
house full, as football fans, r11em bers, 
and alumni who parked in our spa
cious parking lot were treated to cof
fee and donuts following the games, 
while waiting for the traffic to dear. 

Our annual homecoming party was 
held at the house. Following the "Hoe
clown Hoosiers" theme, the basement 
was turned into a country scene with 
cornstalks along the walls. Candle-lit 
pumpkins on the tables gave a dim 
glow for the more romantically in
clined. The many Hi-Fi fans living 
in the house provided speakers in the 
dining room and basement for dance 
music. Our player piano was 1noved 
to the front hall for the occasion, and 
it really got a work-out, along with 
many voices. The dismal weather 
seemed to dampen the alumni attend.
ance somewhat, but those who came, 
along with all the actives, found a 
good variety of fun for the evening. 

We're looking forward to a lively 
week-end, Thanksgiving, when many 
actives will journey to Delta Chapter 
at ·Madison, vVisconsin, for the N a
tional Convention. 

38 

THETA TAU 
On October 13, the chapter Imti

ated four new members: Loren Eck
burg, Richard Hjerpe, John Sladek, 
and Bradford Lern berg. 

Loren Eckburg is from Litchfield, 
Minnesota. He graduated from Litch
field High School in 1954, and en
tered Gustavus Adolphus College. 
After two years there, he transferred 
to the University of Minnesota, ma
joring in electrical engineering. He 
will graduate in 1959. 

Richard Hjerpe, of Duluth, is a 
mechanical engineering student. He 
graduated from Central High School 
in Duluth in 1954, and attended the 
University of ·Minnesota at Duluth 
for his pre-engineering. In 1956 he 
transferred to J\t[inneapolis, where he 
will graduate in 1958. 

John Sladek attended Harding and 
St. Agnes High Schools in St. Paul. 
He attended St. Thomas College for 
one year, then transferred to the U ni
versity of l\!(innesota. His major is 
mechanical engineering and he will 
graduate in 1960. 

Bradford Lemberg came from Gay
lord, Minnesota. He attended Macal
ester College and served in the army 
before cmning to the University of 
Minnesota. He will graduate as a civil 
engineer in 1959. 

The chapter expects to initiate a 
larger pledge class at the end of the 
winter quarter. 

ALPHA RHO CHI 
Alpha Rho Chi, national architec-

tural fraternity has completed a busy 
fall quarter. Newly pledged are: James 
Thompson, Keith Johnson, and Rich
ard Zenisek, all of grade I design; and 
Mario Averbuj, of grade III. Also liv
ing at the house this year, is Andre 
Strowski, grade IV student, newly ar
rived from Hungary. One of our mem
bers, Vernon Knutson, takes leave of 
us for Taliesen, and will be under the 
tutorage of Frank Lloyd Wright. 

Activities have included the com
pletion of an experimental Buckmini
ster Fuller dome in the back yard, and 
various social functions. We have had 
a smoker for the grade I students, a 
faculty luncheon, and open houses on 
Saturdays, following the home games. 
In addition, we opened to the school, 
a tour of the Niels house, a well known 
Minneapolis residence designed by 
Frank Lloyd Wright; and conducted 
a closed tour of the Temple of Zion, 
in St. Paul, designed by the European 
architect, Eric Mendohlson, shortly 
before his death. 

l\i(ore frivolous activities have in
cluded the theft of a 'little brown jug', 
(a traditional exchange between the 
Michigan and Minnesota chapters), 
from Illinois, which had stolen it from 
Ohio State which, in turn, had stolen 
it from Michig·an. Said jug is presently 
on display at the chapter house. 

We have recently had, as dinner 
guest, Mr. Kidder Smith, well-known 
author, photographer, and lecturer on 
European and South American archi
tecture. 
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t ratt hitne ire raft 
in the tiel of 
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. Toqay, 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-

erodyna 
!iii! 

ICS 

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, co~kus
tion, materials problems a/t: - .. ·,·:·e-

chanical design - spell~ a 
gratifying future for man; to .. 
day's engineering studentsi 

electronic computers accelerate both the analy
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 high•altitude st 
chamber in P & W A's Willgoos Turbine laboratory i)er
mits study of a variety of performance problems that 
may be encountered during later development stages. 

Pratt & Whitney Aircraft operates a 
completely self-contained engineering fa
cility in East Hartford, Connecticut, and 
is now building a similar facility in Palm ' 
Beach County, Florida. For further in
formation about engineering careers at 
Pratt & Whitney Aircraft, write to Mr. 
F. W. Powers, Engineering Department. 

Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 





WORK-STUDY 
(Continued from Page 29) 

Students sometimes worry about the fact that their 
curriculum does not (and does not attempt to) prepare 
them to do a specific job upon graduation. Fortunately, 
employers agree with us that graduation is properly called 
"Commencement," and no employer expects a new gradu
ate to tell him how to run his business, at least not right 
away! What an employer does expect, and has a right 
to expect, is that graduates with the B.E.E. from Minne
sota have a reasonable amount of native ability and re
liability, and are in possession of the engineering funda
mentals, mathematics, physics, chemistry, circuits, electric 
machinery, electronics, general technical background, 
English, human relations,- all in sufficient amount and 
grasp, so that in due course he is able to take important 
enginee:ing resp_onsibility. After ten years of learning 
on the JOb he will perhaps be the head of some group, 
aJ~d. as par~ of his responsibilities he will have the job 
of m_structmg and assimilating incoming engineering 
recrmts. 

The foregoing describes the situation of the great 
majority of electrical engineering students for whom the 
regular 5-year curriculum is designed. 

Provision is also made for those who want to prepare 
themselves for a career in industrial engineering by means 
of an option which runs through 3 years of the profes
sional study. 

The biggest uncertainty that a student is ordinarily 
confronted with in the choice of a career, is to estimate 
properly his own abilities and desires with respect to 
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the abilities needed for success, between the extremes 
within which professional electrical engineers normally 
operate. This may be a difficult judgment to make. For 
persons who find themselves at either of the two extreme 
ends of engineering ability (I) highly technical, or (2) 
human relations, the choice is easy and practically auto
matic. For those in between more light is needed, and 
it is largely because of such considerations that we urge 
students to seek su~uner employment of an engineering 
character. Many of our students because of financial 
necessity work at the same time they are going to school, 
but this work the faculty does not atempt to supervise 
as to character, but we may take a hand if the student's 
scholastic performance suffers on account of an excessive 
work load. :Many of our students are married and have 
had from 2 to 5 years of work experience in the military 
services or elsewhere before coming to the University. 
Almost invariably the work experience has had a sober
ing, steadying influence on the man, though there are 
exceptions. 

What I am saying· is that we believe that work and 
study go together very effectively and that we promote 
and support work-study arrangements. Indeed we employ 
some students to aid us in our own research and in our 
laboratory teaching work, and we know from first hand 
experience both the benefits and the disadvantages of 

·our own program, and of the part-time student employ
ment programs oJ industries in this area. 

The Formal J!Vorh-Study or Cooperative Plan 
This plan does not seem to offer the student advantages 

(Continued on Page 48) 
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TilE SPACE-CIIILD'S MOTIIER GOOSE 

by FREDERICK WINSOR 

"Pussy cat, pussy cat, 
\Vhat do you see 
That enlarges your tail 
To this noble degree?" 

"I sco a small 
Four-dimensional man 
\Vho has recently landed 
From Aldebaran." 

"Pussy cat, pussy cat, 
\Vhat do you hear 
To cause that irrational 
Twitch of your car?" 

"I hear the lullaby 
l\1other cats croon 
To the play-weary kittens 
On Jupiter's moon." 

-There was a man in our town, \ 
An Astrophysicist, 

Who found a place 
In hyperspace 

By just a twist of wrist. 

But when he sought the Nearer Now 
And gave another twist, 

He found that he'd 
Become, somehow, 

A Cyberneticist. 

• 

Little Bo-Peep 
Has lost her sheep. 

The radar has failed to find them. 
They'll all, face to face, 
l\ieet in Parallel Space, 

Preceding their leaders behind them. 

Probable-Possible, my black hen, 
She lays eggs in the Helati ve \Vhen. 
She doesn't lay eggs in the Positive Now 
Bocause she's unable to postulate How . 

CojJyrights 1956 & 1957 by Frederick Winsor. From THE SPACE 
CHILDS MOTHER GOOSE to be jmblished by Simon and Schuster, 
with illustrations by Marian Parry. 
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A Follower of Goddard 
And a Rising Astrogator 

\V ere agreed that superthermics 
'Vas a spatial hot pertater. 

They reached a Super-Nova 
On a bicycle named ·13et.a 

And I'd tell you more about it 
.But they fused- with all the data. 

"Mary, 1\Iary, 
Quite contrary, 

How are your hydroponics?'~ 
"I've Dixie Belles 

And chantcrelles 
All singing in supersonics." 
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Little Miss Muffet 
Sits on her tuffet 

0 

In a nonchalant sort of a way. 
·With her force-field around her 
The spider, the bounder, 

Is not in the picture today. 

II~ 
Data scrutator, 
Extrapolator, 

You forecast by rigadoon. 
You used to extoll 
The Gallup Poll 

But now you are shooting the moon. 

Humpty Dumpty sat on a wall. . 
At three o'clock he had his great fall. 

The King set the Time Machine back to two; 
Now Humpty's unscrambled and good as new. 
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Flappity, Floppity, Flip! 
The l\'fouse on the l\1c)bius Strip. 

";11§? The Strip revolved-
~ -....., The l\1ouse dissolved 

',. \ h d' . 1 1. --r<:..."' \... In a c rono tmensiOIW sop. 
«,....:l"""~"";:...oo::;....~.._ 

Hey Diddle Diddle 
Distribute the l\1iddle 

The Premise controls the Conclusion 
The Disjunctive affirms 
That the Diet of \Vorms 

Is a Borbetomagic confusion. 

Sing a song of saucers 
Flown from outer space. 

Four and twenty generals, 
Crimson in the face. 

The saucers conquered gravity 
So they all began to spin -

This little pig built a space-ship; 
This little, pig paid the bill; 

This little pig made isotopes; 
This little pig ate a pill; 

And this little pig did nothing at all, 
But he's just a little pig still. 

I.ittle Jack Horner 
Sits in a corner 

Extracting cube roots to infinity
An assignment for boys 
That will minimize noise 

And produce a more. peaceful vicinity. 

And Gentlemen, if you'll pardon me, 
This is where I came in. 

( 
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Sure we want you 4ft~ ~. 

IF you show potential for 
success in your field 

IF you're anxious to in· 
crease your skills and 
knowledge 

IF you can co-operate 
with others to get a job 
done 

IF you want to do what's 
expected of you - and 
more 

Union Carbide's engineers and scientists are 
among the best in industry-and we need top 
engineering and science graduates to move 
up with them as Union Carbide expands. 

Nuclear energy, extremes of heat, cold, pres
sure, and vacuum-Union Carbide people 
work with these basic tools over the entire 
scale of the physical sciences. 

Union Carbide people extend the frontiers 
of science through teamwork-yet, since 
technical teams are small, you can achieve 
individual recognition early in your career. 

Union Carbide people like their work, and 
consistently do more than is expected of them. 
They develop new products at the rate of two 
a month-and the rate is accelerating. 

ENGINEERS-SCIENTISTS 

Do you fit the bill? If so, we'd like to hear from you. There's a place for 
you at Union Carbide, helping to shape the future in alloys, carbons, 
chemicals, gases, plastics, or nuclear energy. 

We have important openings for liberal arts and business school graduates 
as well. 

Representatives of Divisions of Union Carbide Corporation, listed at 
right, will be interviewing on many campuses. Check your placement 
director, or write to the Division representative. For general information, 
write to V. 0. Davis, 30 East 42nd St., New York 17, N.Y. 
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IBAKEUTE COMPANY Plastics and resins, includ
ing polyethylene, epoxy, fluorothene, vinyl, silicone, 
phenolic, and polystyrene. J. C. Older, River Road, 
Bound Brook, N. J. 

ELECTRO METALLURGICAL COMPANY Over 
100 ferro-alloys and alloying metals; titanium, calcium 
carbide, acetylene. C. R. Keeney, 137-47th St., 
Niagara Falls, N. Y. 

HAYNES STIELUTE COMPANY Special alloys 
and hard-facing materials to resist heat, abrasion, and 
corrosion; cast and wrought. L E. Denny, 725 South 
lindsay Street, Kokomo, Ind. 

UNDE COMPANY Industrial gases, metalwork
ing and treating equipment, synthetic gems, molecular 
sieve adsorbents. P. I. Emch, 30 East 42nd Street, 
New York 17, N. Y. 

NATBONAL CARBON COMPANY Industrial 
carbon and graphite produ~ts. PRESTONE automotive 
products, EvEREADY flashlights and batteries. S. W. 
Orne, P. 0. Box 6087, Cleveland, Ohio. 

SILICONES DIVISION Silicones for electrical 
insulation, release agents, water repellents, etc.; 
silicone rubber. P. I. Emch, 30 East 42nd Street, New 
York 17, N. Y. 

UNION CARBIDE CHEMICALS COMPANY 
Synthetic organic chemicals, resins, and fibers from 
natural gas, petroleum and coal. W. C. Heidenreich, 
30 East 42nd St., New York 17, N. Y. 

UNION CARBIDE INTERNATIONAL 
COMPANY Markets UNION CARBIDE products and 
operates plants overseas. C. C. Scharf, 30 East 42nd 
Street, New York 17, N.Y. 

UNION CARBIDE NUCLEAR COMPANY 
Operates Atomic Energy Commission facilities at Oak 
Ridge, Tenn., and Paducah, Ky. W. V. Hamilton, P. 0. 
Box "P", Oak Ridge, Tenn. 

VBSKING COMPANY Pioneer in packaging
a leading producer of synthetic food casings and poly
ethylene film. Dr. A.l. Strand, 6733 West 65th Street, 
Chicago, Ill. 

GENERAL OffiCES- NEW YORK Account
ing, Electronic Data Processing, Operations Research, 
Industrial Engineering, Purchasing. E. R. Brown, 
30 East 42nd Street, New York 17, N. Y. 
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WORK-STUDY 

(Continued from Page 43) 

which he can not get elsewhere or otherwise, and it has 
serious disadvantages for the student of electrical en
gineering at the University of "Minnesota. 

Advantages to the Student (Possible advantages) 

I. If accepted the student is assured of employment for 
6 months of every year. 

2. If satisfactory the student is recruited permanently 
and has then specific background experience and 
seniority in the company. 

3. If the student is a flounderer the plan directs his 
effort. (A sad reflection on the initiative of the stu
dent.) 

4. The student gets practical work experience. (It may 
be too routine or un-enlightened, however, and thus 
be poor experience.) 

D£sadvantages to the Sttulent Body as a TiJ!hole 

1. Acceptance depends upon certain employers and their 
evaluation standards- the rejects are left behind. 

2. At an immature age (sophomore) the student agrees 
to limit his employment to a single company, thus 
loses opportunity for free exploration in the summers 
which otherwise are open. 

3. The immature student is subject to company indoc
trination and thus his judgment may be blurred. 

4. Student misses out on extra-curricular campus activi
ties. 

5. Stimulation for regular graduate work is missing. 

6. The on-off character of the instruction seriously inter
feres with academic instruction, especially serious for 
the top-gTade students with leanings toward the science 
area of engineering. 

There is, of course, still another party to the program 
viz. the University and specifically the E.E. Department. 
The cost of the work-study curriculum, is greater,- and 
we must balance cost against effectiveness of instruction. 
For it must be remembered that the work-study plan 
alternates work and study quarter by quarter. This is 
because the employer requires that his job be kept filled 
the year around. Therefore it takes two students to fill 
one work-study position. But this imposes on the school 
the requirement to operate for part of its students on a 
12 month per year basis. Consequently instruction must 
be provided not only in the three regular school quarters 
but also in the 3 month summer term. But even worse, 
in the Electrical Engineering curriculum, which con
sists in a succession of steadily advancing subjects, skills, 
and disciplines, each prerequisite for the next, every part 
of the program would have to be offered each quarter, 
for it is clear that the students who are on industrial 
assignment can not pursue sequence work unless the 
sequence itself is offered by alternate quarters. It would 
be extremely difficult to find faculty to effectively man 
such a work-study program. Indeed the writer believes it 
would be impossible at the present time to organize a 
work-study program in electrical engineering which 
would be even a fair approximation to the regular cur-
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riculum, and the cost to the University, if it were pos
sible, would be much greater. One may ask is there any 
valid reason why the University should spend excessively 
from its limited funds in order to subsidize a small 
fraction of the students so that they can concurrently 
put money in ther own pockets? This does not seem 
like fair and equal treatment for all. But the main ob
jection as has already been stated is that the Electrical 
Engineering department believes it impossible to achieve 
its educational objectives with the on-off alternate quar
ter type of instruction. 

No one expects (and I certainly do not) that this dis
cussion will lead to the conclusion that one single cur
riculum is to be desired above every other. Engineering 
educators have wrestled with the curriculum over the 
years, .and they are still doing so. There has been contin
uous change through the years, and while no single ac
cepted pattern of excellence has emerged, there have 
been definite trends. We at JVfinnesota feel we have one 
of the best. 

PART-TIME JOBS 

(Continued from Page 23) 

engineering application, a student can get a broad back
ground along with understanding the subject. 

Another beneficial aspect of a part time research job 
at our university, is the recognition which a student re
ceives for his work. He is also recognized as being an 
individual, not as another "file number existing among 
the thousands" which is the popular concept many peo
ple have of college students attending a large university. 
The working student receives much more personal atten
tion fron1 his professors, some of whom are also his bosses 
and technical advisors for the project he is working on. 
It is a lot easier to discuss your problems with a friend 
than with a cool aloof disinterested individual. As a 
result of this more personal treatment, the student gains 
more of a sense of belonging at the University. 

A part time research job provides diversion for the 
technical student. I welcome the chance to "get away 
from the books" for awhile each day. A more relaxed 
atmosphere exists at the laboratory where I can forget 
about assignments- yet I am still learning new things 
or applying old principles, so I don't lose sight of my 
primary objective (a technical education) as is possible 
with other diversions. 

A successful laboratory project embodies a certain 
amount of a sense of accomplishment which helps bolster 
the engineering student's morale. It might be said to 
kindle his ambition, give impetus to his will to succeed, 
which is in my opinion, a necessary aspect of an outstand
ing engineering personality. 

I strongly advise all engineering students to obtain 
part time research jobs if the opportunity is offered to 
them. They will indeed be fortunate by obtaining a 
much better background in engineering applications. 
Upon graduation they will have learned more than the 
other students who just attended classes. 
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WORLD'S LARGEST ELECTRONIC BRAIN 

RCA I A reduces weeks of paper 
work to seconds-cuts costs by millions! 

In almost the twinkling of an eye, electronics 
handles calculations that would take any person 
days of work. 

The newest - and largest - electronic ubrain', 
(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 millionsl 

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<s> ® 

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 
ELECTRONICS FOR LIVING 
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Edited by WERNER A. TRAXEL 

featuring the latest news 

About 

Ebicon Tube 

Gas Turbines 

High Temp .. Metals 

Electroluminescence 

Carbon Matrix Technique 

SEEING IN THE DARK 

That eerie experience of "feeling your way 111 the 
dark has posed so many scientific problems that scientists 
at the Research Laboratories of vVestinghouse Electric 
Corporation have launched an intensive investigation 
into this unseen world. 

This tube gives promise of being 100 times more sen
sitive than present day television camera tubes. \tVe have 
termed it "Ebicon" from the initials of the phrase "elec
tron bombardment induced conductivity" vvhich is the 
phenomenon basic to its operation. 

Another version of the same type tube, which scientists 
are in the process of developing, is expected to be eight 
times smaller by volume and weight than existing sensi
tive tubes. 

The human eye is an instrument that covers an enor
mous range of light intensities, but at the luwest levels 
of illumination, such as under starlight conditions and 
even lower, the eye's performance becomes limited by 
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the particle nature of the light itself. This is where elec
tronics has stepped in. 

Because electronic devices can be designed to operate 
with very large lenses, which collect great quantities of 
light particles, and because they utilize these particles 
more efficiently than the human eye, they offer possibili
ties of vision at illumination levels far below those re
quired for ordinary vision. 

Why do we want to see the dark? There are a number 
of reasons for wanting to push the visibility limit as far 
as possible. Among· these are: 

l. Military- Ability to place enemy troops and move
ments under closer surveillance during darkness. 

2. J\i[eclical-To improve X-ray fluoroscopic tech
niques which now are limited by amount of radia
tion a patient can stand. 

!t Astronomy- To increase the capabilities to see great 
distances into space which are now limited by the 
sensitivity of photographic plates. 

(Continued on Page 52) 
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here young men work on big jobs 
It takes a lot more than electronic calculators 

and push buttons to run a big refinery like ours 
at Whiting. It takes scientifically trained and 

skilled men. Take, for example, Bill Nemec, who 
shares in the responsibilities of our Refinery 
Economics Division Technical Service group. 

A chemical engineer, Bill came to us from 
the University of Michigan. He and his associ
ates work on problems involving chemical 
engineering, economics, cost control and sound 

advance planning. Facing new situations daily, 

they work with many people in the Research 

Center and in the refinery. As a result, they 
gain ·an ever-widening knowledge of refinery 

operations. 

Sound interesting? Bill Nemec is one of hun

dreds of young men with widely varied back
grounds, talents and responsibilities building 
careers at Standard Oil's progressive Whiting, 
Indiana, laboratories. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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L'S c R ER 
(Continued from page 50) 

4. Atomic Energy-It is now possible to detect and 
measure atomic particles by the scintillation count
er. In the future, and by "seeing in the dark," it may 
be possible to see and record the results of high
energy atomic reactions as they take place inside of 
luminescent crystals. 

The Ebicon tube works in this manner: 

As particles of light strike the tube, they produce elec
trons which are then accelerated by a potential of ap
proximately 20,000 volts. Then, these electrons are shot 
through the key point of the tube- a "storage target" 
consisting of a small aluminum-coated metal screen and 
a selenium semiconductor. This "target" serves the 
dual purpose of storing and multiplying the electrons. 
Through this multiplication process a signal is received 
which is large enough to operate conventional electronic 
amplifiers. 

The Ebicon tube is of simpler design than the sensitive 
tubes now in use and will require less complex associated 
camera equipment. Also, fewer camera adjustments will 
he necessary during operation. 

Other uses might include color television, closed circuit 
telecasts such as inside manufacturing plants where light

- o· is limited, and virtually any indoor or outdoor event 
11ess of time of day or weather conditions. 

11The Ebicon Tube" 
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ULTRAPURE NIOBIUM 

Niobium has moved a step closer toward its expected 
use in rockets, missiles, jet engines and nuclear reactors 
of the future. 

Scientists have developed a technique for the ultra
pure preparation of this rare and little-known chemical 
element. Preparation of the metal in its purest possible 
form is essential to a basic understanding of the proper
ties that make it of interest as a high-temperature struc
tural metal. The high-purity niobium was produced by 
a metallurgical process and called "cage zone melting." 
It has produced the purest niobium ever made on a scale 
large enough for realistic scientific study of the ultra-pure 
metal. The process removes all but the very last traces of 
impurities in niobiurn by refining the metal at a white
hot temperature 'of almost 4400 degrees Fahrenheit while 
confining it under a vacuum only four billionths the pres
sure of the atmosphere. This is thought to be the first 
time that any metal ever has been kept in the molten 
state under such simultaneous extremes of high tempera
ture and low pressure. 

HIGH-TEMPERATURE METALS NEEDED 

The urgent need for better materials is acute in the 
area of high-temperature structural materials. The rigid 
demands imposed by all forms of supersonic flight and 
the tremendous temperatures made available through 
release of nuclear energy have intensified greatly the need 
for such materials.- Over the past decade we have seen 
the development of iron, nickel and cobalt-base "super" 
alloys having excellent strength at temperatures up to 
about 1700 degrees Fahrenheit. For higher temperatures 
the metallurgist has turned, in recent years, to the higher 
melting point "transition" metals such as chromium, 
molybdenum and tungsten. 

Another member of this family of metals is niobium, 
formerly called columbium. It is a comparatively rare 
element, of relatively minor commercial importance. 
Recent research, however, indicates that niobium offers 
excellent promise as a structural metal at temperatures 
above 1800 degrees Fahrenheit. 

Niobium has unique high-temperature properties. Un
like most metals, it does not lose its room-temperature 
strength drastically with increasing temperature. At 2000 
degrees Fahrenheit- just about the melting point of 
copper- it has roughly the same strength as molyb
denum and is several times stronger than the best avail
able nickel-base and cobalt-base alloys at this tempera
ture. Niobium also has valuable structural characteris
tics. It is only slightly heavier than iron, and is not brit
tle at room temperatures as are other high-temperature 
metals such as chromium and molybdenum. 

Because it is so active chemically near its melting point 
of 4380 degrees Fahrenheit, molten niobium must be 
handled in a vacuum or in an atmosphere of some inert 
gas such as helium or argon. For the same reason, nobium 
of extreme purity cannot be prepared by melting it in 
any sort of crucible or similar container. 

"Cage zone melting," invented three years ago, solves 
both of these problems at the same time. The process 
works like this: 

(Continued on Page 54) 

MINNESOTA TECHNOLOG 



Where reliability is the watchword 

JENKINS VALVES were selected 

Reliability has characterized Sikorsky Helicopters 
throughout a long record of military and commercial 
service. A watchword in the building of these versa .. 
tile airplanes, reliability also was made the critical 
measure of all equipment for the 18-acre Sikorsky 
plant recently completed in Stratford, Conn. 

On the valves to control much of the complex net· 
work of pipelines, management, architects, engineers 
and contractors found it easy to agree. From long 
experience on many jobs all could be sure of the 
reliability of Jenkins Valves. 

This confidence in the specification "JENKINS", has 
been shared by building experts and plant operating 
men alike for 93 years. The valves that have won this 
great confidence bear the Jenkins Diamond trade
mark .•• and they cost no more. Jenkins Bros., 
100 Park Ave., New York 17. 

DECEMBER 1957 

Jtrchitects and En(Jineers: F. A. FAfiiBROTHER AND GEORGE H. MtEHLS~ 
Detl"oit; With ALBERT KAHN ASSOCIATED ARCHITECTS AND 
ENGINEERS, Detroit, as consultants. 

General Contractor: E. & F. CoNSTRUCTION co., Bridgeport. 
Mechanical Contractor: JOHN WINI!:LE, INc., Larchmont, N. Y. 

JENKINS VALVES shown controlling heating lines. Used through· 
out the Sikorsky plant on steam, water, air and process piping. 

Sold Through Plumbing-Heating and Industrial Distributors 
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A rectangular bar of impure niobium stands vertically 
on a movable platform, which can move the bar up and 
down inside a coil of heavy copper tubing. The coil and 
platform are enclosed in a sealed vessel having· a vacuum 
only four billionths the pressure of the atmosphere. 

\!Vhen a strong, high-frequency electrical current is sent 
through the coil, corresponding currents are induced in 
the bar, which melts from the inside out. The four cor
ners of the bar do not melt, but form a "cage" within 
which the molten niobium is trapped. The niobium bar 
thus serves as its own crucible within which the white
hot metal is refined. 

As the bar rises through the coil, a molten zone of 
niobium travels down the bar from top to bottom, melt
ing the bar progressively throughout its entire length. 
Successive "passes" through the coil result in niobium 
of increasing purity as more and rnore impurities are 
removed. 

ln addition to the preparation of the ultrapure metal, 
the research program on niobiun1 includes such studies 
as: tests of the strength of the metal at temperatures 
ranging from 2000 degrees to minus 320 degrees Fahren
heit; measurements of the rate of niobium oxidation at 
elevated temperatures; method of welding the metal 
under various kinds of gas atmosphere; and improvement 
in methods of analysis for trace impurities in the metal. 

Recently large reserves of niobium ores have been dis
covered which supply could take the 1netal out of the 
"rare metal" classification it has held for ] 50 years. 
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TODAY'S MOST IMPO·RTANT NEW PRIME MOVER 

Over 2000 years ago man successfully harnessed the 
energy in an expanding gas- in effect, discovering the 
principle of the gas turbine. Since 130 B.C., when Hero 
of Egypt built the first gas turbine, a small, hot-air driven 
toy carousel, men have continued to improve upon his 
idea. 

During the 16th century the turbine principle was ap
plied to turn a roasting spit. This was the first practical 
application of the gas turbine. 

On November 30, 1791, shortly after the close of the 
American Revolution, the British Patent Office issued a 
patent to John Barber. This patent described a gas
turbine power plant that included in elementary form all 
the principal components of the modern plant. Yet until 
about 1940, few engineers took this type of power plant 
seriously. The C}Verage person still thinks of it as a mod
ern invention. 

The principle of the turbine itself dates back to an
tiquity. And although it's apparent from Barber's patent 
that the principle of the gas-turbine power plant was 
understood from at least the beginning of the 19th cen
tury, neither steam nor gas turbines were built during 
1nost of that century. Instead, the reciprocating steam 
engine was developed early and remained for many years 
the dominant type of power plant. P~obably the high 
operating speeds required for large turbine outputs and 
high efficiencies were excessive for the materials and bear
ings of the day. Nor was theory, especially as it pertained 
to turbine nozzles, adequate to provide a good founda
tion for practical design. 

Early in the 20th century, however, the steam turbine 
was perfected; and in a few years it had almost com
pletely superseded the reciprocating steam engine. You 
might logically expect parallel development of the gas 
turbine. On the contrary, almost contemporaneously 
with the perfection of the steam turbine, development 
of the reciprocating internal combustion engine began. 
And many years passed before attention turned to the 
gas turbine. 

Development of rotary compressors, both of centrifu
gal, or radial-flow, and axial-flow types, dates from about 
the beginning of the present century. 

Because of its greater ease of manufacture and corre
spondingly decreased cost for low pressure ratios, the 
centrifugal type progressed much more rapidly than 
axial-flow compressors. From l 910 onward a large num
ber of centrifugal compressors were built for blast-furnace 
and other industrial applications. During the closing 
days of \t\Torld \t\Tar 1, the centrifugal compressor was 
selected for the turbo-supercharger, the immediate prede
cessor of the aircraft gas-turbine power plant. Mean
while, although Sir Charles Algernon Parsons had built 
a few axial-How compressors in the 1900 to 1910 period, 
for many years development of this type preceded slowly. 

Engineers' interest in the independent gas-turbine 
power plant didn't lag while the steam turbine and the 
reciprocating internal combustion engine were in process 
of development. Though a number of investigators were 
active in gas-·turbine research previous to and just after 
1900 and though their work constituted a necessary foun-

(Continued on Page 56) 
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Marquardt Means Opportunzty 
The Marquardt Aircraft Company was founded in November, 1944 to conduct research, 
development, and manufacturing operations in ramjet propulsion. From the beginning, 
the principle company objective was to establish and maintain a high level of com
petence in engineering. 

Both because of the national need and the inclination and experience of the key 
people, Marquardt has continued to pioneer the development of products containing 
a high content of scientific and engineering newness. Prominent examples are the 
supersonic ramjet, providing cruise power for the Boeing Bomarc interceptor missile 
and the Lockheed X-7 Test Vehicle; ram air auxiliary power packages, on the Chance 
Vought F-8U and the Lockheed F-104A; thrust reversers; afterburners; and a wide 
range of ramjet and turbojet controls and accessories. 

Since the technical areas available to a company specializing in advanced controls 
and propulsion work are numerous, you will find a broad range of engineering oppor
tunities at Marquardt. Check your Placement Office for dates when Marquardt rep
resentatives will visit your school, or write Dock Black, Professional Personnel, Mar
quardt Aircraft Company, Van Nuys, California. 

DECEMBER 1957 

NUMBER ONE IN A SERIES 
ENGINEERING MANAGEMENT AT MARQUARDT 

Roy E. Marquardt, at 39, is the youngest 
chief executive officer in the aircraft 
engine business. A graduate of the Cali
fornia Institute of Technology, he was 
Director of Aeronautical Research at the 
University of Southern California prior 
to founding Marquardt Aircraft Co. 

FIRST IN RAMJETS 
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dation for later development, no practical power plants 
were produced. Charles Lemale and Rene Annengaud 
in France, Norman Davy in England, and Dr. Sanford A. 
J\ifoss in the United States are representative of the work
ers in the field at that time. About the beginning of the 
century, Hans Holzwarth began a long career devoted 
almost exclusively to the constant-volume, or explosion, 
gas turbine. This type has nlet with far less favor than 
the constant-pressure type, although the compound air
craft engine operates on essentially the same cycle. 

In 1918 the Army accepted the first turbo-supercharger, 
a device utilizing a small turbine rotor to increase the 
normal air intake of an internal combustion engine, per
mitting greater power and efficiency at high altitude. 

Several different ground power plants were built or 
begun during the 1930's. Among them '"'ere two of Holz
warth's design, the first of which operated successfully 
for short periods as early as 1933 and completed a nearly 
continuous run of 470 hours in September, 1937. The 
steel works at Hamborn, Germany, then ordered a sec
ond unit of 5000-kw capacity, installed in 1940. Successful 
operation of the second unit, probably the first large in
dustrial gas turbine in actual service, was reported but 
details aren't available. 

Beginning about 1931, Brown Boveri developed a 
boilt>r, in reality a supercharged steam generator. In it, 
e 1t products of combustion are forced around the 
wat tubes at high pressure and high velocity to increase 
the rate of heat transmission. A gas turbine operated by 
the waste gases from the boiler furnishes the power for 
compression. Although not strictly an independent power 
plant, it provided a powerful stimulus to further devel
opment, especially of axial-How compressors. 

The cracking process for producing gasoline, in which 
a certain operation is carried out with gas at high pres
sure and temperature, furnished another stimulus, for 
the gas expanded in a turbine to deliver sufficient shaft 
power to drive an electric generator as well as the neces
sary com pressor. 

Among the other gas turbines of the 1930's was a con
stant-pressure unit of George Jendrassik's design built at 
Budapest, Hungary, in 1935, with assistance from the 
Hungarian government. 

Also, a constant-pressure stand-by plant for a bomb
proof shelter was built for the city of Neuchatel, Switzer
land, in 1939. 

The J endrassik unit, which included an axial-flow com
pressor and regenerator, developed about 100-hp net 
output at 16,400 rpm with a thermal efficiency of 21.2 
percent. The Neuchatel unit of 4000-kw capacity uses no 
cooling water and requires as an auxiliary only a small 
diesel-driven alternator to supply the starting motor in 
the event of a complete power failure. (Its efficiency is 
reported to be about 17 percent, since it has no regener
ator.) In 1939, engineers also began designing a gas
turbine locomotive that from 1942 onward operated 
successfully for long periods on nonelectrified railway 
lines of the Swiss Federal Railway. 

During World War II, the turbosupercharger helped 

56 

allied aircraft to fly higher, faster and farther than the 
enemy. 

A turbo supercharg-er is similar to an independent 
gas-turbine power plant except for the absence of a com
bustion chamber. Production techniques were well de
veloped for the turbosupercharger. (Shortly thereafter 
several hundred thousand turbosuperchargers were built 
to make possible the high-altitude flying of Flying 
Fortresses, Super-fortresses, Liberators, Lig-htnings, and 
Thunderbolts in vVorld War II.) 

In September 1941 , the Air Force asked General Elec
tric to undertake development of the aircraft gas turbine 
in the United States and asked Bell Aircraft to design a 
suitable airplane. Within six months of the time work 
began, General Electric completed its first unit. And the 
first jet engine flight in the United States occurred at 
Rogers Dry Lake (formerly Muroc), California, in Octo
ber 1942. 

Yet the increase of scale involved in passing from tur
bosuperchargers to independent gas-turbine power plants 
necessitated not only new tools and other manufacturing 
facilities but also development of new metallurgical and 
manufacturing techniques. In general, operating stresses 
and gas temperatures required were no higher than for 
the turbosuperchargers. But obtaining the necessary 
strength in some of the parts with larger dimensions 
proved more difficult. It isn't surprising, therefore, that 
in the absence of an emergency the large financial out
lays required weren't favored. 

Since 1948, when the first gas-turbine-electric locomo
tive went i1}to operation, gas turbine has found its place 
as a widely ·accepted prime mover in a diversity of indus
tries. Through a dynamic program of research and de
velopment, new applications for this versatile prime 
mover are continually being found. 

In February 1956 a milestone of industrial progress 
was revealed with the announcement that 100 gas tur
bines had accumulated over 1,000,000 hours of operation, 
or ~he equivalent of 114 machine years' operating ex-
penence. · 

Gas turbines then, as now, were being used to generate 
electric power to furnish power for natural gas pipeline 
pumping where they contribute to lower pumping costs, 
for railroad locomotives where their dependability is 
demonstrated daily by operating over some of the most 
rugged terrain in the country, and in the petrochemical 
industry where continuous 24-hour, 7-day a week com
pressor service is required. 

FULL-SCALE PRESENTATION OF 
11IELECTRONIC LIGHT" 

The first full-scale presentation of man's newest light 
source, electronic light, was presented recently. 

Panels no thicker than window glass line the ceiling 
and three walls, giving off light (approximately 50 foot
candles) equivalent to that in a modern, well-lighted 
office or class room. 

One hundred and twelve glass panels, each one foot 
square in size and giving off a soft green light, are used 
to illuminate the room with shadowless light. Walls and 
~eiling of the room are not lighted, but are light, creat
Ing an atmosphere of light without light fixtures. 

(Continued on Page 58) 
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DU PONT PERSONALIZED TRAI lNG STARTS SA E DAY 
YOU DO: PREPARES YOU FASTER FOR ADVA CE E T 
r----------------, 
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All KINDS OF 
ENGINEERS NEEDED 

by 
C. M. Forbes 

DuPont 
Representative 

At DuPont, the opportunity for 
chemists and chemical engineers 
is only part of the story. There 
are equal opportunities for many 
other kinds of engineers. Of 
course, we can't cover all of the 
types of jobs available at Du 
Pont, but I've listed here some 
of the possibilities. 

Civil engineers, for example, de
sign and supervise construction 
of our new plants. Mechanical 
engineers design, lay out and 
plan the purchase of production 
equipment, and they supervise 
production and work in research. 

Electrical engineers lay out and 
maintain power systems for our 
plants. They also design produc
tion equipment. Sales engineers 
in every field apply their skills 
to customers' problems and help 
:find new applications and mar
kets for our products. 

1 Metallurgical engineers develop 
I new metal and semi-metallic 
I products and work on corrosion 
I problems and the selection of 
I materials suitable for industrial 
I processes. 
I We are also interested in engi-
1 neers who have specialized in 
I petroleum, plastics, ceramics, 
I safety, sanitation and many other 
I fields of study. 
I Opportunities in most branches l of engineering continue to grow 

at DuPont. If you have ques
l tions on your own specialty, 
~ please see me when I visit your 
I campus. I'll be happy to try to 
I answer them. 1 

L----------------~ 
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our Classroom Learning Is pplied 
Immediately to Industrial Problems 

Training at Du Pont is tailored to the 
individual. It begins the day you join 
the Company and continues through
out your career. Its purpose is to give 
you as much responsibility as you can 
handle at the outset, and to prepare 
you for future advancement. 

Personalized Development 
When you join Du Pont you are gen
erally given a specific assignment at 
once. You learn informally in consul
tation with your supervisor and others 
assigned to the same project. This 
headstart on responsibility permits a 
new man to move ahead according to 
his abilities. He gets to know DuPont 
and his job quickly. 

Job Evaluation 
This approach at Du Pont is supple
mented by frequent meetings and sem
inars and by formal job evaluation 

THERE'S A BIG FUTURE 
IN DU PONT RESEARCH 
In 1956, DuPont spent $77 million 
on research. And over the past 25 
years, $1 has been spent on research 
for every $3 invested in new produc
tion facilities. This activity promises 
plenty of room for the young research 
man to grow. 

Right now, Du Pont engineers and 
scientists are working on hundreds 
of new research projects. Many work 
in the Experimental Station near 
Wilmington, Del.; others are busy in 
laboratories in nine more states. 

reports. Your supervisor, for example, 
will evaluate your progress on the job 
at least once a year. The two of you 
will analyze your performance and 
outline a program for improvement. 
From these evaluations often come 
recommendations for promotion and 
salary increases. 

On occasion, a man may de(:· 
that he is better fitted for sales, 
research than production work, for 
example. In these cases a transfer 
to another job may be effected with
out any loss in Company benefits or 
without a change in employer. Re
directed, a man often will find him
self and the work for which he is 
best suited. 

If you have any questions about 
personnel development at DuPont, 
stop in to see the Du Pont representa
tive when he visits your campus. 

SEND FOR INFORMATION BOOKLET 

ON JOB OPPORTUNITIES AT DUPONT 

Booklets on jobs at Du Pont arc 
yours for the asking. The sub· 
jects of particular interest to 
young graduates include: me· 
chanical, civil, :metallurgical, 
chemical, electrical, instrumenta· 
tion and industrial engineers; 
atomic energy, technical sales, 
business administration, research 
and development. Write, men
tioning the subject that interests 
you. The address: DuPont, Room 
2494-C Nemours Building, Wil
mington 98, Delaware. 
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TWO KNOBS FOR EVERY ROOM 

Also shown was how the housewife of the future may 
have complete mastery over the lighting in her house
through electroluminescence. Two control knobs will be 
in every room, one for brightness and the other for color. 
Like the volume knob on a radio, these will adjust for 
any level of brightness, and, even more important, will 
create any color atmosphere, from varying shades of 
white, to blue or red. 

First discovered electroluminescence is the giving off 
of lig·ht by phosphors coated on a glass panel that is 
treated to conduct electricity. When electricity is applied, 
the panel lights up. 

In its early days, electroluminescence was a laboratory 
curiosity. You had to turn out all the lights and adapt 
your eyes to the darkness before you could see its faint 
light. Now we have panels that are brighter than fluores
cent lamps. 

Because the efficiency of electroluminescence is not yet 
up to present-day light sources, widespread use is not yet 
economically feasible. However, if progress continues at 
the rate it has during the past two years, practical every
day electroluminescence should not be very far off. It 
may not be just around the corner; but it is certainly 
just over the next hill. 

ELECTROLUMINESCENT FLASHLIGHT 

The world's first electroluminescent flashlight, no 
larger than ordinary ones, is powered by a 25-volt battery 
and contains a special transistor circuit to provide the 
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type of electricity needed. No light bulb is used; instead, 
a small glass disc gives off a blue colored light. 

Also exhibited were electroluminescent cells of various 
colors. Besides white these included the colors blue, 
green, orange, and red. One cell in particular was made 
to change through all four colors by varying the charac
ter of electricity applied. Employed on a large scale, this 
principle would permit changing the lighting of a room 
to any shade of white, merely by turning a knob. Psycho
logically, this would have its advantages; hot days might 
appear cooler by using a bluish white; drab and dreary 
days might be "warmed" by changing the light to a red
dish white. 

NOT RESTRICTED TO FLAT PANELS 

l'reeing light from the confines of point or line sources 
such as incandescent or fluorescent lamps, electrolumines
cence promises to spark totally new concepts of lighting. 
Light in the future will be part of the construction of 
walls, ceilings, and possibly even floors. And, because 
electroluminescence is not restricted to flat planes, light 
may go into the construction of domes, balustrades, and 
other architectural designs. 

Imagine a living room that is as cheerful and bright as 
a summer landscape, without consciously being so; that 
is, with no apparent, concentrated source of light. Visual
ize a modern factory, completely conditioned to the psy
chological well-being of its employees, with light condi
tioning provided by an even glow emitted by the walls 
and ceilings. And with electroluminescent cells taking on 
a wide variety of shapes to suit various lighting needs, 
perhaps we'll see the vented hood over the kitchen range 
helping to illuminate the room. Or, the glass shower 
stall door might provide light for the bath, with perhaps 
just a bit of special phosphor thrown in to serve as a 
healthful sun lamp. 

The opportunities are endless, demanding only imagi
nation from designers and continuing progress from 
scientists. 

(Continued on Page 70) 

A pretty secretary is shown in the world's first room with walls and 
ceiling made of light. Panels no thicker than wim:low glass line this 
room, providing light from man's newest and most promising light 
source, electroluminescence. 

MINNESOTA TECHNOlOG 



1 

DECEMBER 1957 

Write to: 
Personnel Director 
Division 1200 

1 
scientific laboratory 

OF THE UNIVERSITY OF CALIFORNIA 

I.OS AI.AMOS, NEW MEXICO 

WHO IS ELIGIBLE-Summer em
ployment opportunities at the Los Alamos 
Scientific Laboratory are open to graduate 
students majoring in vanous physical sciences, 
and undergraduates receiving their degrees 
next June, who intend to continue with ad
vanced studies. 

Selection is made by the Laboratory on a basis 
of your record, your experience and interests, 
and the recommendations of your professors. 
The program provides for well-paid summer 
work with renowned scientists in one of the 
nation's most important and best equipped 
laboratories. 

As a summer employee you will become fa .. 
miliar with the phases of vital scientific re .. 
search and development activity related as 
closely as possible to your field of interest. 
This experience will enable you to appraise 
the advantages of a future career at the 
Laboratory. 

HOW YOU MAY APPLY-Apply 
on the application form (available in your place· 
mentor department office, or by writing to Los 
Alamos immediately) before January 15, 1958, 
to allow time for review of your qualifications 
and for necessary security clearance, which 
may take three or four months to complete. 
Employment offers are contingent on the grant. 
ing of this clearance by the Atomic Energy 
Commission. Transcripts of all graduate and 
undergraduate work should be submitted. 
Applicants will be notified of the Laboratory's 
decision by April!, 1958. 

TRAVEL EXPENSES PAID 

TO AND FROM LOS ALAMOS 

Single dormitory quarters are available. 

OPPORTUNITIES FOR 

Experimental Physicists 
Nuclear Physicists 

Theoretical Physicists 
Mathematicians 

Metallurgical Engineer! 
Chemical Engineers 

Analytical Chemists 

Inorganic Chemists 
Physical Chemists 

Mechanical Engineers 
Electrical Engineers (Electronics) 
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are for the employees as ·well as the new recruits. A quali
fied staff is on hand to help plan a man's career growth 
and direct him to job areas most suited to his talents and 
interests. lVIany personal problen1s may also be resolved 
with the aid of a good counselor. The personnel depart
Inent also includes people to assist a man with his in
surance and financial problems. Smaller companies rnay 
have competent personnel departments but they are 
usually under-staffed in the area of technical personnel 
counselling. 

SALARY 
Large companies are in a better position to "gamble" 

on a man than are smaller companies. The result is 
higher starting salary. Also, a good n1anager probably 
has a better chance of getting into the higher income· 
brackets in a big company (exceptions being small com
panies that grow into big companies). This author does 
not feel this is a really significant point, but it does bear 
mentioning. 

FRINGE BENEFITS 
Large companies generally encourag·e and promote 

group insurance plans, free medical services, longer paid 
vacations, recreational programs, credit unions, co-op 
cafeterias, and extensive retirement plans. J\!Iost small 
companies fall short in one or more of these areas. These 

· -~ points a family man especially must consider. 

SERVICE OBUGA TION 
jle all companies must re-hire a man when he is 

discharged from service duty, most small companies 
hesitate to hire a man with service obligations. Not only 
will a large company hire such a person, but when he 
is discharged, he may put his in-service training to bet
ter use in the more-diversified large company. 

SECURITY 
In our somewhat unstable technological society, trends 

change direction quite unexpectedly. A large, diversified 
company can absorb these fluctuations, but a small com
pany may have to fold or will, at any rate, experience 
a serious set-back. In the course of a man's earning period 
(some 35 years) many such "ups" and "downs" may 
occur. These could have a serious effect on his family 
and their future. 

RESEARCH 
There is no doubt that a large company can, and does, 

do more basic research. All new developments are passed 
on directly to the engineers. This means that big com
pany engineers are usually months, or even years, ahead 
of their small company contemporaries in the develop
ment of exciting new concepts and products. 

Physicists and chemists will find big company research 
facilities and its progressive attitude much to their liking. 
This does not intend to knock small research firms, but 
most other small companies just aren't equipped to do 
much basic research. 

PRACTICAL EXPERIENCE 
It is generally felt that small companies provide a more 

practical background for their engineers. This is true 
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to a certain extent. In a large company, an engineer may 
spend a few weeks in engineering test, in production 
control, in tool design, in process engineering, and in 
design engineering. Through this, he comes to realize 
what is involved in producing a device and also knows 
what is expected of the engineer. This provides him with 
a comprehensive working knowledge of the problems in
volved. The man in the small company, though, may 
become shackled with his technician duties. This leaves 
little time for actual engineering· work for which he was 
trained. J\!Iore and more companies, of all sizes, are be
ginning to realize a need for more skilled technicians. 
This would free their engineers of many menial tasks 
and allow them to devote more time to actual engineer
ing problems. 

EFFICIENCY 
A common cornplaint against a big company is the reel 

tape involved in large operations. There is, true enough, 
a lot of paper work in large firms- but for a purpose. 
It allows much better control (which means more effi
ciency) over finances, etc. Actually, sn1all companies do 
not have as much paper work because d1ey do not have 
the finances, equipment, etc. to be concerned about. The 
amount of paper work an engineer in a larg·e company 
encounters is not as voluminous as is commonly thought. 
It is really easier for him to obtain materials and equip
ment (and faster) than for a small company engineer. 

In a large company, a new device must go through a 
great number of steps before it becomes a product. The 
result- a better product and usually at a lower price. Is 
this inefficiency? 

Another apparent fault of a large company is the lack 
of exchange of ideas. Anyone who has worked for a large 
firm (in the engineering departments) will tell you this 
is a lot of monsense. In the first place, there are a great 
many more ideas to be exchanged and developed in a 
large company (simply because there are more engineers). 
In the second place, conferences are actually very numer
ous among big company engineers, and better organized 
than in a small company. Brainstorming is another tech
nique being used more and more in large engineering 
departments. Smaller companies can employ this tech
nique, too, but three or four engineers make a much less 
effective session than ten or twelve. 

COMPANY POLITICS 
Both big and small companies have a certain amount 

of politics. If a man has a relative or friend working for 
a company, big or small, his chances of getting in are 
enhanced somewhat. In a large company, however, this 
influence usually ends after he's been hired. Since a man's 
advancement in a large company is controlled by a 
number of supervisors (promotions are usually recom
mended at management meetings) his achievements, not 
his influences will determine his growth in the company. 
In a small company, promotions are generally recom
mended by one supervisor. His judgment alone (and 
influences placed upon him) control a man's rise in the 
company. 

Some companies, both big and small, have policies 
forbiding relatives to work in the same plant, or even 
the company. This, again, is a form of politics and may 
eliminate some good people along the way. A middle-

(Continued on Page 64) 
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let's ut 

((Almost 22% of the 

Company's sales in 

1956 came from 

products developed 

and marketed in the 

last five years" 

-3M Annual Report 

a slide rule to your £uture! 

The mind of an engineer is a wonderful 
instrument-tough, fact-oriented, al
lergic to illusion, practically a slide 
rule in itself. 

As an engineer-to-be, we suggest you 
use the engineer's hard-boiled ((facts 
and figures'' approach in measuring the 
dimensions of your opportunity with 
the 3M Company. For example •.• 

Growth. 3M is a fantastically fast
growing company. Sales have nearly 
doubled in the past five years, from 
$170 million in 1951 to $330.8 million in 
1956. And, of course, that means that the 
people here are necessarily growing, too! 

New Ideas! Much of 3M's phenomenal 

growth is the result of receptiveness to 
new ideas. Proof: Although 3M is half 
a century old, more than 22 % of the 
products we are selling this year were 
developed since 1952 ... Products like 
((ScoTCHGARD" Brand Stain Repeller, 
the ultimate in stain protection for 
furniture and apparel fabrics, and 
((ScoTcH" Brand Video Recording Tape 
(sound and sight on one tape) which is 
revolutionizing the television industry. 
That means there's a healthy climate at 
3M for your new ideas to get a hearing. 

Sound interesting? Drop us a line, and 
let us tell you more. Minnesota Min
ing and Manufacturing Company, 
St. Paul 6, Minnesota. 

MINNESOTA MINING AND MANUFACTURING COMPANY 

., .... where Research is the key to fomonow 
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hovvard hughes 
fello'W'ships 

Ten awards are open to candidates inter
ested in studies leading to a Doctor of 
Philosophy or Doctor of Engineering 
degree or in conducting post-doctoral 
research. 

Each Fellowship provides a cash award 
of not less than $2000 ... a minimum 
salary of $2500 for summer or part-time 
work ... up to $rsoo for tuition, books, 
and research expenses ... and moving 
and tra:nsportation costs. Eligibility is 
based on the completion of one year of 
graduate work in physics or engineering, 
and qualification for graduate standing at 
California Institute of Technology, Uni
versity of California (Berkeley), or Stan
ford University. Application dosing date: 
January 15, 1958. 

ll!'l"'aster of science 
lellovvships 

One hundred awards are open to partici
pants who will complete courses leading 
to the Master of Science degree within 2 
academic years. Tuition, admission fee, 
and books will be provided. During the 
summer they will have the opportunity 
to work with experienced Hughes scien
tists and engineers, while receiving salaries 
based upon their ability and technical 
experience. 

Applicant must receive his B.S. degree 
during the coming year in Aeronautical 
Engineering, Electrical Engineering, Me
chanical Engineering, or Physics. Partici
pant may request his graduate school 
from the following six institutions: Uni
versity of Southern California, UCLA, 
Stanford University, University of Ari
zona, Purdue University, or West Vir
ginia University. 

Write, specifying appropriate fellowship, to: 
Office of Advanced Studies 

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

I I 
I I 

I 
I 
I I 

I I L_ ______________ _; _ _j 

RESEARCH AND DEVELOPMENT 

LABORATORIES 

Hughes Aircrcift Co., Culver City, Calif. 



CORPORATE GIANTS 
(Continued from Page 60) 

of-the-road policy seems to be the best to look ~?r. . , 
Small companies are more apt to become family 

companies. A newly-hired relative may take a job_ away 
from a qualified engineer, or, at least, postpone h1s pro
motion. This is eliminated in larger companies by sheer 
size. People do not have to be shifted around to make 
room for sornebody's relat~ve or friend. 

DEPTH OF MANAGEMENT 
In smaller companies, with a small manag·erial staff, 

promotions are infrequent and occur only upon resigna
tion or a big growth movement. In a larger company, 
the engineer with good management potential will find 
a spot in the usually undermanned managerial areas. 
Here he can exhibit and develop his potential to a high 
degree. A sharp man will advance much faster and to a 
hio-her level (prestige and salary) in a large company 

b . . . 
(contrary to common belief) than would be possible m 

most small companies. 

PERSONALITY CONFLICTS 
Occasionally there arise, in big and small firms, a clash 

of personalities between engineer and supervisor. This 
situation is unfortunate in a small company since the 
two must work quite closely, and for a long time. The 
outcome is usually disastrous to both the company and 
the men involved. ln a large company, where there is 
room for the engineer to move to a new station, this 
situation may be avoided. 

L 
By knowing about some of the projects underway at the 
Babcock & Wilcox Company, an engineer may see his 
personal avenues of growth and advancement. For today 
B&W stands poised at a new era of expansion and 
development. 
Here's an indication of whafs going on at B&W, with 
the consequent opportunities that are opening up for 
engineers. The Boiler Division is building the world's 
largest steam generator. The Tubular Products Division 
recently introduced extruded seamless titanium tubing, 
one result of its metallurgical research. The Refractories 
Division developed the first refractory concrete that will 
withstand temperatures up to 3200 F. The Atomic Energy 
Division is under contract by the AEC to design and 
build the propulsion unit of the world's first nuclear· 
powered cargo vessel. 

These are but a few of the projects- not in the plan
ning stage, but in the actual design and manufacturing 
phases- upon which B&W engineers are now engaged. 
The continuing, integrated growth of the company offers 
engineers an assured future of leadership. 

How is the company doing right now? Let's look at one 
line from the Annual Stockholders' Report. 

64 

1954 

CONSOLIDATED STATEMENT OF INCOME 
(Statistics Section) 

(in thousands of dollars} 

1955 1956-UNFIU.IED ORDERS 

$129,464 $213,456 $427,288 
(backlog) 

RECOGNITION AND SATISFACTION 

"You're just a cog in a wheel in a big compa~y." This 
is an old aro-ument used by small company recrUiters. Ask 
a machinis~ in a large company and he will probably 
agree. But, ask an engineer and you'll get a different 
a~1swer. \!Vhen an engineer is responsible for some ne'\v 
development, the large company's customers probably 
'vvon't know his name, but he receives high recognition 
within the company itself (Which is more important?). 
The company, in turn, receives recognition in industry 
for this new development. The really creative engineer 
will find a tremendous self-satisfaction in producing some
thino· orio·inal in the hig-hly com1)etitive spirit of big 

b b 

business. 
On the other hand, the somewhat less imaginative 

engineer can find a position to his liking (providing he 
has the technical knowledge) in a large company. He 
will be recognized by his co-workers and superiors as a 
hio·hly skilled technical engineer (a good example is the 

b . 
competent test engineer). In a small company, this en-
gineer may become lost and neglected, and his talents 
never fully utilized. 

An argument put forth by small companies is that, in 
a large company, an engineer may become "stuck" be
hind a supervisor who does not appreciate the engineer's 
potential. Actually, this may happen in any company. 
In a smaller company, the engineer is really "stuck". In 
a large company, there is plenty of opportunity for trans
fer. 

(Continued on Page 70) 

B&W engineers discuss developments 
in the Universal Pressure Boiler. 

Ask your placement officer for a copy of uopportunities 
with Babcock & Wilcox'' when you arrange your inter
view with B&W representatives on your campus. Or 
write, The Babcock & Wilcox Company, Student Train
ing Department, 161 East 42nd Street, New York 17, N.Y. 

N-220' 
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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. 

SOCONY MOBIL OIL CO., INC. 
NEW YORK 17, N. V. 

Leader in lubrication for 91 years 

AFFILIATES: 

General Petroleum Corp., los Angeles 54, California 
Magnolia Petroleum Company, Dallas 21, Texas 

Mobil 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 
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There once was an editor bold, 

Whose humor was too hot to hold; 

The ESSAY BE read, 

Now the editor's dead, 

And the jokes are beginning to mold. 

Mother: "Billy, what are you read
ing?" 

Billy: "Playboy, Mamma.11 

Mother: 110h, that's all right dear. 
was afraid you had gotten hold of a 
T echnolog." 

"What is number 2679995438 laugh
ing about?" 

"He just found out he's got an incura
ble disease and only a year to live." 

"What's funny about that?" 
"He's being hanged tomorrow." 

After the age of 45, a man's get up 
and go is likely to have got up and gone. 

Moral: Get lots while you're young. 

Mrs. Gogarty consoled Mrs. 0 1Rouke 
after the death of the latter's husband. 
u And what did he be dying of?" asked 
Mrs. Gogarty. "Gangrene," sighed Mrs. 
O'Rouke. 11Well/' said Mrs. Gogarty, 
11thank God anyhow for the color of it/' 

He walked her to her front door. 
She whispered with a sigh, 
"I'll be home tomorrow night." 
He answered, 11So will 1." 

Two engineers were drinking in one of 
the local bars. Before them were bottles 
in a great variety and at intervals they 
took time out to stare at an old crone 
who sat at a near-by table. One or the 
other of them would murmur, "Not yet." 

An SLA student, intrigued, finally asked 
the reason for their strange behaviour, to 
which one of the engineers replied, "As 
soon as she starts to look beautiful we are 
going to call it a night." 

Mrs. Jones had just given birth to trip
lets and her neighbor was highly excited 
when she visited the new mother. 

"My," she said, "that's certainly won
derful." 

"Yes," the mother agreed, "and to 
think it happens only once every 5,613 
times." 

There was a moment of silence, then 
the visitor asked, "But how do you find 
time to do your housework?" 

The child had swallowed a quarter, 
a dime, and some nickels. Asked how 
he was progressing, the doctor reported, 
"There's no change yet." 

An attractive, but not too bright, girl 
of our acquaintance nearly ruined herself 
before she discovered that what the doc
tor ordered was not, as she misunder
stood, "three hearty males a day." 

MINNESOTA TECHNOLOG 
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Your first position after graduation 
will determine the direction in 
which you will grow in engineering 
knowledge and ability. 

Garrett offers engineering career 
opportunities which will expand for 
many years to come. 

They include the following in the 
fields of aircraft, missiles and tech
no1ogical industry: system elec
tronics; computers and flight 
instruments; gas turbine engines 

I i 

I rr 1111 1111 1111 

This 91lz-pound AiResearch solid propellant power package energizes 
the auxiliary systems of a guided missile. It includes an electrical sys
tem generating 650 watts and a hydraulic system wh~ch activates the 
missile's aerodynamic controls. Participating in its development were 
electronic, hydraulic, mechanical and power plant engineers. 

and turbine motors; prime engine 
development; cryogenic and nuclear 
systems; pneumatic valves; servo 
control units and air motors; indus
trial turbochargers; air conditioning 
and pressurization and heat transfer. 

In addition to direct assignments, 
a 9-month orientation program is 
available to aid you in selecting your 
field of interest. This permits you 
to survey project, laboratory and 
administrative aspects of engineering 

at Garrett. With company financial 
assistance you can continue your edu
cation at outstanding universities 
within easy reach of your employ· 
ment. 

Project work is conducted by 
small groups where individual effort 
is more quickly recognized and 
opportunities for learning and 
advancement are enhanced. For full 
information write to Mr. G. D. 
Bradley. 

THE CORPORATION 

985f S. SEPULVEDA BLVD •• LOS ANGELES 45, CALIFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING. LOS ANGELES • A./RESEARCH MANUFACTURING, PHOENIX • AIRSUPPL.Y 

A/RESEARCH INDUSTRIAL " REX • AERO ENGINEERING '" AIR CRUISERS • A/RESEARCH AVIATION SERVICE 
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nth an I in ted plastics rep rt f r or 

Printed circuit for popular television receiver 
uses a metal-clad Synthane laminate. Such a 
circuit ~liminates wiring, wiring errors, saves 
space and weight. 

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 frequencies 
-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 RiverRoad, Oaks, Pa. 

COMPRESSIVE STRENGTH DIELECTRIC STRENGTH LIGHT WEIGHT WEAR RESISTANCE 

• a 0 industry's unseen essential 

SYNTHANE CORPORATION, 13 RIVER ROAD, OAKS, PA. 
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Tear out this page for YOUR BEARING NOTEBOOK ... 

How to lieep the 
world's biggest 

The machine at right does a 
job that dynamite used to. 
Weighing 17V2 tons, it's the 
world's biggest ripper. In de
signing this monster, engi
neers faced a load problem. 
The axles of the steel drum 
wheels had to take tremendous 
shock loads as the machine 
ripped five foot furrows in solid 
rock strata. And they had to 
take the heavy radial and thrust 
loads of cross-country travel. 
To handle all the loads, the 
engineers mounted the wheels 
on Timken® tapered roller 
bearings. 

Slice a Timken bearing in half and see why it takes shock loads 

We case carburize Timken bearing races and rollers to make 
them hard on the outside to resist wear, tough on the inside to 
resist shock. And the taper lets Timken bearings take radial and 
thrust loads in any combination. 

Want to learn more about 
iob opportunities? 

Timken bearings make better machines. 
Better machines enrich our lives, give 
us more spare time. It's what theTimken 

Company calls Better-ness. If you'd like 
to know more about Better-ness and 
what it can mean to you, write for: 
t•Better-ness and your career at the 
Timken Company". The Timken Roller 
Bearing Company, Canton 6, Ohio. 

P ED 
ROLLER BEARINGS 

TRADE-MARK REG. U.S. PAT. OFF. 

l ,!/ 
NOT JUST A BALL Q NOT JUST A ROllER a=:> THE TIMKEN TAPERED ROLLER Q::::l BEARING TAKES RADIAL (o)) AND THRUST -(o))--- LOADS OR ANY COMBINATION --@)-

t ~t' 
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(Continued from Page 58) 

CARBON MATRIC TECHNIQUE 

A new, simplified technique for overcoming one of the 
laboratory chemist's chief time-consuming problems, that 
of spectrochemical determination of the elements in sam
ples of unknown origin and basic composition, has been 
developed at U. S. Steel's new Research Center. Known 
as the "carbon-matrix technique," the new method uti
lizes a graphite electrode to create the necessary dilution 
and a known, small amount of germanium to produce a 
reference intensity in the spectrum. 

In making any spectrochemical analysis, it is necessary 
that the instruments be calibrated with materials of the 
same basic composition, or matrix, as the samples to be 
analyzed. 

When these samples are of an unknown basic compo
sition, it is difficult to determine the concentration of the 
various elements present. This is because there is a char
acteristic wave-length for each element and its concentra
tion is measured by the intensity of light of that wave 
length emitted when the sample is excited in an electrical 
discharge. The light intensity, however, changes with the 
matrix of the sample, and calibrations prepared for one 
material may not be applicable to another. Thus, when 
th matrix is unknown, the spectrochemical method can
not be applied, since the calibration which should be 
used for the analysis cannot be determined. 

The usual way to overcome this difficulty is to mix the 
sample with some standard substance for which calibra
tions can be prepared. A procedure involving dilution of 
up to 800 times the unknown sample ,with varying 
amounts of germanium dioxide and then by a mixture of 
equal amounts of graphite and copper oxide in the ratio 
of 1 to 40 has given satisfactory results. By using· copper 
as the internal standard and analyzing in triplicate with 
a series of standards, an over-all accuracy of plus or 
minus ten per cent is achieved. 

This procedure, while giving satisfactory results, is 
complicated and sometimes quite lengthy. In addition, 
when the sample is very small, it is difficult to prepare a 
homogenous mixture with the diluent. lVIany of the sam
ple.s submitted to the Applied Research Laboratory 
we1gh less than a few tenths of a milligram. 

The carbon-matrix technique is, in effect, a simplified 
method of diluting the sample with a standard substance. 
A tiny amount of the sample is placed in a small crater 
drilled into the end of a graphite electrode. \IVhen the 
electrode plus the sample is placed in the electrical dis
charge, the necessary dilution with a standard substance 
is performed by the carbon of the electrode. 

In this way, the in tensity of the emitted light depends 
in a reduced degree upon the matrix of the sample and 
an approximate analysis becomes possible. 

NATURAL RUBBER BRIDGE BEARINGS SOLVE LONG 
STANDING ENGINEERING PROBLEM 

Until the advent of a new natural rubber bearing that 
has just been introduced in England, bridge engineers 
were restricted to the traditional nests of rollers or slid
ing plates for bridge expansion bearings. The problem 
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with these was maintenance. Rollers tend to wear flat 
after a period of time. Both rollers and plates are subject 
to rust. Now a new natural rubber bearing fulfills all 
requirements of longitudinal movement, with the added 
benefit of long life with no maintenance whatsoever. 

This bearing was introduced in the construction of 
L?ndon's Pel~am Bridge, a quarter of a mile in length 
with dual vehicular roadways and pedestrian pavement. 
The end spans of the bridge are reinforced concrete. The 
center spans, which total 288 feet and cross the railway, 
are constructed with welded steel girders, composite with 
concrete deck slab. These are the spans that are to be 
supported on the newly designed rubber bearings. 

Bearings are now available with nominal capacities of 
50 and 100 tons. In appearance, the bearings are merely 
large blocks of rubber- the 100-ton unit measuring 24" 
x 16" x 7Vs" deep, and the smaller unit ll" x 16" x 7Vs" 
deep. Actually, however, the rubber is interlayed with 
st~el plates. These plates have a minimum cover of ~" 
ol natural rubber about their edges and are therefore un
affected by the elements. 

Bearings with greater capacity and different properties 
are now being developed. Work is being particularly con
centrated on bearings with vee'd plates which provide 
lateral stiffness with the same longitudinal rating and 
also with domes bearings which have lateral stiffness in 
all directions but low rotational stiffness. 

CORPORATE GIANTS 

(Cont£nu.ed fTorn Page 64) 

FORESIGHT 
Some small companies have very definite, and good, 

plans for the future. However, many are so concerned 
over their local problems that national and international 
trends are not considered as often as they should be. 
When a big company plans, it plans internationally. 
These plans are generally felt by the engineers (since 
the~ are the foundation of the con1pany) and give the 
engmeer a better sight into his own future. Much time 
and money is put into market research in large firms. 
This is not a wasted effort. 

CONCLUSION 
In considering any of the above points, it must be 

stressed that an individual's personality must enter in. 
However, most big companies are so set up, and managed, 
that a m~n ?£ any talent, interest, and capability can 
find a satisfymg and profitable job within its ranks. 

PERSONAL OPINIONS 
The first point I~entioned (personal develop1nents) 

pretty well summanzed the author's feelings. Whether 
an engineering grad is the small-company type or the 
big-business type, experience and more experience is the 
all-important.t~ing. A small company just doesn't present 
the opportumties that a large one does. 

A.fter a few years of this valuable experience, the 
~ngmeer .should assess his own personality. Perhaps he 
1~ the pnvate-consulting-firm type, or maybe the execu
tive type. This, then, is the time to look into such thinas 
as future security, salary, company policies, fringe ben~
fits, etc., and decide upon a lifetime career. Remember, 
an engineering grad is only a freshman in the college of 
industry. 

MINNESOTA TECHNOLOG 
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Where Variety and Opportunity Challenge Your Abilities 

To become a leader in a specific field means that you have been spurred by enthusiasm, backed 
by logic and motivated by the desire to achieve accomplishment. 

This has been the formula which has made Fisher the number one name in the controls field 
throughout the nation's prime industries. 

The control of oil, steam, gas, chemicals in fluid and gaseous form is a thrilling challenge not 
only in one specific field, but in practically every basic industry in the world. 

If you are sincerely looking for stability, opportunity and future ... Fisher offers you all three 
in great abundance. 

See your college placement office for interview schedules 

If It flows through pipe anywhere in the world ••• 
CHANCES ARE IT'S CONTROLLED IBV, •• 

FISHER GOVERNOR COMPANY 
Marshalltown, Iowa Woodstock, Ontario 
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AIRCRAFT CONTROl!. BEARING CATAI!.OG ••• 
available for university libraries. This catalog con
tains complete dimensional and load rating tables, 
scale drawings and a special engineering section 
featuring technical data, 

I 
BALL BEARINGS 

E ERAL 
BO KBI DING 

Gold lettering - Stamping 

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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a asterpiece 
of 

Fafnir builds super-precision ball 
bearings with tolerances held to 
millionths of an inch and finishes to 
microinches. These bearings support 
jet engine rotors ·where they with
stand high loads and speeds while 
compensating for distortion and 
maintaining shaft rigidity under 
blast furnace conditions. 

The self-aligning jet engine ball 
bearing illustrated involves a radial 
and a thrust bearing assembled in 
one-piece self-aligning outer ring. 
All parts must fit together with ex
treme precision. Higher mathematics, 
metallurgy, mechanical and aeronau
tical engineering are required to 
design and construct such a bearing. 
The Fafnir Bearing Company, New 
Britain, Connecticut. 

MINNEAPOILIS 
BLUE PRINTING CO. 

612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KUEFFEL & ESSER CO. 

Why Vought Proj ts 
Bring Out The Best 

In An Engineer 
At Vought, the engineer doesn't often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it's no wonder. 

For here the engineer contributes to 
history-making projects- among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1 ,500-plus
mph fighter, details of which are still 
classified. 

The Vought engineer watches such 
weapons take shape. He supervises 
critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share 
these experiences. Today, for exam
ple, Vought is at work on important 
projects involving: 

electronics design and manufacture 

inertial navigation 

investigation of advanced propulsion 
rnethods 

Mach 5 configurations 

Vought's excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with othei 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 

*** Would you like to know what men 
with your training are doing at 
Vought ... what you can expect of a 
Vought career? 

For full information, see our repre
sentative during his next campus visit. 

*** Or write directly to: 

C. A. Besio 
Supervisor, Engineering Personnel 

Dept. CM-3 

MINNESOTA TECHNOLOG 



A 
Vought 

Vignette 
ONE OF A SERIES 

Aero namicist 
Who Te tSi 

There'd never been a fighter that could barrel at 
more than 1,000 mph one minute and land on a carrier 
the next. And, as a result, there was unusually keen ad
vance interest in the flying qualities of the airplane 
proposed by Chance Vought. 

Jim Madden was more than curious. As an aero
dynamic design specialist, he would help develop the 
Crusader's handling qualities. His job began with wind 
tunnel tests. 

Jim converted tunnel information into a graphic 
picture of static and dynamic forces affecting Crusader 
stability. He used analog computers and equations of 
motion to predict the build-up of forces during maneu
vers. Hinge moments, loads, and required rates of con
trol motion were determined and released to Servo
mechanism and Product Design groups. Soon the 
Crusader's stabilization and power control packages 
began to take shape. 

Jim's part in the project could have ended right 
there. But Vought's control system simulator helped him 
proceed to some thoroughgoing conclusions. 

It duplicated the complete rod system and all servo
mechanisms that would control the speedy new fighter. 
In the simulator's cockpit, high above the Structures 
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Lab floor, Jim previewed control responses that test 
pilots later would experience. Airplane responses to 
Jim's rudder kicks and aileron movements were re
corded on analog computers. Any inability of the 
control system to position the aircraft during flight was 
easier to spot . . . and, with test and design engineers 
on hand . . . easier to correct. 

"It was like a big schematic- only better," says 
Jim of the simulator. 

"It gave me a chance to work with the whole 
system. 

"And actually watching aircraft responses to the 
controls gave me a feeling for how fast they happen." 

Another thing that moved fast was Crusader devel
opment. Vought's simulator and other facilities detected 
problems before they compounded. The fighter reached 
operational readiness in record time. 

Research, design and test facilities 
at Chance Vought allow the 

engineer to do a thorough job in 
advanced problem areas ••• 

assure high reliability in Vought· 
developed weapon systems. 

OF MILITA.n,:p. tl.>40 "1~ Q th 0 

%. ANNIVERSARY ~ 
* 1917 TO 1951 * 
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n FTL ''First''-

(Tc:ac:tical Air Navigation) 

REVOLUTIONARY .AIR NAVIGATION 

SYSTEM EX.IEMPUFIES CREATIVE, 

CHALLENGING ASSIGNMENTS 

AWAITING YOU .AT FTL 

TACAN, new bearing and distance nav
igation system for military aircraft, is 
only one of many major developments 
pioneered by Federal Telecommunica
tion Laboratories. 

Our long-range program is diversified 
and inspiring ... offering unlimited op
portunities for achievement and rapid 
professional recognition. 

If you have the background and abil. 
ity you will advance quickly at FTL •.• 
where facilities are the finest ... where 
leadership is dynamic, cooperative. 

You'll enjoy FTL's "small-company" 
project system •.. plus working "in the 
country," but only minutes from New 
York City. Look ahead ... write today 
for the unique FTL-IT&T story. 

I!EAS'f COAST ASSIGNMIENfS BNCII.UDE ~ 

Radio Communication Systems 
Traveling Wave Tubes 

Electronic Countermeasures 
Air Navigation Systems 

Antennas • Missile Guidance 
Transistors and other Semiconductor Device$ 

Computers • Telephone and 
Wire Transmission Systems 

Opportunities for relaxed living and career
building also at FTL's West Coast Labora .. 
tories: San fernando, Cal., 15151 Bledsoe 
St.-openings in Digital Computers, Inertial 
Navigation Systems and Infra Red Systems. 
Palo Alto, Cal., 937 Commercial St.-open
ings in Carrier Systems. 

East Coast Laboratory and Microwave Tower 
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There Once Was an Editor Bold .. -- ... 

An engineer is a man who is educated in the art of develop
ing new and different ways of making the same mistake. 

"What are you smoking in your pipe?11 

"That's my business.11 

"That's what I thought, but how do you keep it lit?11 

WOMEN'S TEARS: The first successful fluid drive. 

IE: "How did you puncture that tire?11 

EE: "Ran over a milk bottle." 
IE: "Didn't you see it?" 
EE: "Naw, the kid had it under his coat." 

Now that the tourist season is over, it's time for the county 
to close the detours and open the roads. 

Say it with flowers, say it with sweets, 
Say it with kisses, say it with eats, 
Say it with jewelry, say it with drink, 
But never, oh never, say it with ink. 

Question on a job application: "Are you a natural born citi
zen?" 

Answer: "No, Caesarean." 

Kitty: "The man I marry must be a hero.'' 
Katty: "Oh really/ dear, you 1re not that bad.11 

Only one man in a thousand is a leader of men. The other 
999 are followers of women. 

Mixed company is what you1re in when you think of a gaod 
story that you can1t tell there. 

Little boy: "We have a new baby at our house." 
Neighbor: "How nice. Did the stork bring him?" 
Little boy: "No, he developed from a unicellular amoeba.1

' 

The course of true love never runs up a big light bill. 

MINNESOTA TECHNOLOG 
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@ e e where you can design, build, 

research or sell produCts like these 

wit r t ••• an row 
@ 

I 
~ ustr1es 

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: 

e Find the type of work he likes best 
e Develop engineering skill 
e 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 Ill 

DECEMBER 1957 

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. 

15 



Difference between ordinary magnetic iron (left) and Cubex (right) is diagrammed on glass panel by 

Dr. George W. Wiener, who heads up research on soft magnetic materials at Westinghouse Research 

I 
en ne 

Westinghouse scientists have climaxed an intensive 
search that promises significant improvements in 
electrical equipment performance and operating costs. 
With this new alloy, Cubex,® metal crystals are aligned 
in ice-cube fashion so that magnetism flows readily in 
four directions instead of two ... actually turns corners 
with markedly less resistance. 

Now in the development stage, it will bring such 
important benefits as better performance, higher effi
ciency and smaller size to users of motors, transformers, 
and other electrical apparatus. 

Developed in Westinghouse Research Laboratories, 

I I 
Sl n fr ntiers ith 

Cubex is the result of continuous programs of research 
and development since the 1920's. 

This work on magnetism is only one of the many 
interesting jobs engineers and scientists at Westing
house are engaged in all the time. Other fields include 

ATOMIC POWER 

AUTOMATION 

JET-AGE METALS 

CHEMISTRY 

RADAR 

SEMICONDUCTORS 

ELECTRONICS 

LARGE POWER EQUIPMENT 

GUIDED MISSILE CONTROLS 

and dozens of others. 



Laboratories. Dr. Wiener got his B.S. in 1943 from University of Wisconsin. In 1953 he earned his Ph.D. at 

University of Pittsburgh while working at Westinghouse and studying on tuition-free Graduate Study Program. 

cu e- r1 nted II 
For more information on Westinghouse research in 

the field of magnetism, or information on job oppor
tunities, write to Mr. J. H. Savage, Westinghouse 
Electric Corporation, P.O. Box 2278, Pittsburgh 30, Pa .. 

FIRST WITH THE FUTURE 

I 

Cube-orientation of crystals in Cubex is revealed by "etch 

pits" in this photomicrograph. Cubex is a silicon-steel 

alloy, easily magnetized in four directions instead of two. 
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your fit£t m ve 
CAN DECIDE THE GAME 

your firs_t job 
CAN DECIDE YOUR FUTURE 

L.-____ __,.,_That important first job can start you off in 
the wrong direction -or it can lead you straight toward yom 
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., 3102 N. 56th St. 
SEMI-CONDUCTOR DIV., V. SORENSON, Dept. C0.,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 information. regarding interview 
dote on your campus or write to one of the above addresses. 

STUDENT WANT ADS 

'48 CHRYSLER 4 DR. BlACK/ 
WHITE WAll TIRES, PERFECT 
CONDITION. MAKE OFFER. 
K&E DRAWING SET AlMOST 
BRAND NEW. MAKE OFFER. 
CAll SU 4-8234. ASK FOR 
ROG. 

ANYONE INTERESTED IN AC
TIVE ROCKET RESEARC HI 
POSSIBlY ACTUAl TEST FIR
INGS, CONTACT- RICHARD 
YOUNG, KE 7-6348 ANY 
WEEK DAY AFTER 6 P.M. 

Then there was the absent-minded pro
fessor who forgot to write a five dollar 
book to give to his class. 

A professor, who long suspected his 
class was drowsing off on him, decided 
to catch everyone off base. During the 
lecture he suddenly dropped into double
talk. 

"You then take the loose sections of 
fendered smolg and gwelg them - being 
careful not to overheat the broughtabs. 
Then extract and wapf them gently for 
about a time and a half. Fwengle them 
each twice, then swiftly dip them in bling
es, if handy. Otherwise discriminate the 
entire instrument in twetchels. Are there 
any questions?" 

"Yes," came a sleepy voice from the 
rear. "What are twetchels!?" 

"I shouldn't be serving you wine. You 
are head of the Temperance League," 
said the charming hostess. 

"Oh no, I'm chairman of the AnH-Vice 
league." 

"Welt I knew there was something I 
shouldn't offer you." 

Two cowboys were about to leave for 
a trip into the Arizona desert country. 
One of them was talking to a stranger 
who inquired about their equipment. 

"My pardner and me are traveling 
light. He's taking nothing but a jug of 
whiskey for rattlesnake bites." 

"And what are you taking?" 
"Two rattlesnakes." 

MINNESOTA TECHNOLOG 
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sonnething of 

your future 

W'as on 

our nninds 

yesterday 

Who can gauge the portent of 
things like jet and rocket flight, 
gas turbines and guided missiles? 
Electronic computers and auto
mation, television and radar? Fis
sion products and atomic power? 

Already some of them are giant 
industries. They affect your per
sonal life, your entire world out
look. Yet each would still be an 
improbable dream except for the 
stainless and electrical alloys and 
other special-property metals 
(such as titanium and zirconium) 
that permit designers to do things 
today which formerly could not 
be done. 

It is Allegheny Ludlum's con .. 
tinuing job to pioneer, research 
and develop such metals-and 
more important, make them avail
able to industry in every shape, 

. form, size and quantity needed. 
You may decide that this field 

offers the career for you. If so, 
we'd like to talk with you-and 
if you select one of the many 
fields where special steels have 
vital uses, we'll be glad to work 
with you. Allegheny Ludlum 
Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pa. 

Pittsburgh 22, Pa. 

ALLEGHENY 

LUDLUM 

PIONEERING on the 
Horizons of Steel 

Stainless and high-temperature, electrical and tool steels; magnetic materials and sintered carbides 
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ADVERTISEMENT? 

The scientific research teams at HUMOVAC have done it 
again! To our already proud line of computers we now add 
two new models, the UNIWHAT, designed primarily as an aid 
in scientifific research, and the model T-JV, a small office size 
business machine. 

IINIWHAT is unique in its field. Research teams at HUMO
-- have long been aware of the tedious process involved 

·ogramming scientific problems so that they may be 
~d by the average "old fashioned" computers. To speed 

up this process of translating problems into computer lan
guage and avoid delays caused by punching cards or tape, 
HUMOVAC now announces a completely automatic audio 
input-output system. Problems reod into this device by the 
researcher are coded fully automatically and fed into the 
computor where they are solved. The solutions are then de
coded and read out through an audio amplifier-speaker sys
tem. Thus the researcher has the solution to his problem as 
soon as he has voiced it. 

To those who are technically inclined, the following facts may 
be of interest. During the latter stages of designing and test
ing this instrument one of the engineers on the project, who 
had a habit of talking to himself, found that UNIWHAT was 
solving his problems before he realized that they were prob
lems. 

Translating from voice to binary introduced technical dif
ficulties which brought about the development of an ampli
fier, the frequency response of which is flat from zero to 
light. Yes, we now have a light amplifier! (only 3 lbs. 7 oz.). 

The history of voice to binary conversion is quite fascinating. 
In order that the converter may be able to translate random 
speech into logical formulas, it is necessary to store a vast 
number of idiomatic expressions and colloquialisms together 
with their logical meanings in the permanent memory banks 
of UNIWHAT. During the course of developing this system 
it was necessary to literally teach UNIWHAT to speak as one 
teaches a child. Then later, just as a child, it had to be 
taught to speak only when spoken to, for it developed the 
habit of saying (at the most inopportune moments) UNI
WHAT? And if the person on the input micrcophone was 
caught off guard and answered "No, what?", UNIWHAT 
would ramble on in an endless stream of useless and irrele
vant information. 

It 
• 
I II 

•• 

• 
I rs ... 

Further claims or descriptions of UNIWHAT will be reserved 
for the time when you actually see UNIWHAT in action, for 
UNIWHAT must be seen to be appreciated. It must be seen 
to be believed. 

Although not nearly as startling or fantastic as its larger 
brother, HUMOVAC'S Model T-IV (fondly called "TIVITY" 
by the designers) presents just as large a stride ahead in its 
own realm of activity, that of data handling and processing 
for the small business. TIVITY is the end result of years of re
search, not only in data processing, but also in the psycho
logical effects of various colors, sounds, and physical mo
tions of a machine upon the people working in the same 
room as the machine. The best of all of these effects have 
been combined in TIVITY so that the net effect on your office 
workers is a psychological lift, producing an increase in 
overall efficiency in all workers exposed to the sight and 
sounds of TIVITY. No one except HUMOVAC can give you 
both the latest advances in data processing plus a bonus of 
added personal efficiency in one machine. To see your waste 
time losses vanish, to see errors made by clerks and typists 
evaporate, install the new Model T-IV, for all forms of in
efficiencies disappear when your office has a HUMOVAC 
TIVITY. 

A student, obviously reluch:mt; 
was up in front of the Dean and 
ordered to give his eye-witness 
account of the latest Engineer
Forester battle. "Fact is Dean," 
he began slowly, "it actually was 
nothing. Bill called Mike a liar, 
and Mike dropped him with an 
axe handle. One of Bill1s friends 
got sorta mad and sliced a piece 
out of Mike, whereupon a friend 
of Mike's shot Bill's friend, two 
engineers shot him and three or 
four more began to get cut up a 
bit. That just naturally caused a 
little excitement, and the fight 
started/1 

ADVERTISEMENT? 
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Using a stereoscopic plotter the engi
neer can prepare a contour map. The 
photo-analyst reads the photographs 
directly for the meaning of earth and 
foliage in determining subsoil charac
teristics and much other valuable data. 

In minutes the survey plane flies over 
the prospective site, making over
lapping stereo photographs. 

A sharp eye in the s picks plant sites, 
appraises soil and water supply 

Stereo aerial photographs in 
the hands of Donald J. Belcher 
& Associates Incorporated, 
Ithaca, N.Y., reveal a wealth of 
information about a location in 
8. fraction of the usual time and 
at far less cost. 

Picking a plant site, determining 
drainage and foundation condi
tions, routing a highway or pipe-

line, can mean months of trudging 
toil and sampling. 

But not when you put photog
raphy to work. 

The sharp eye of the depth
revealing 3D camera gets every 
detail down on paper where the 
trained analyst can translate the 
photographic record into invalu
able facts for the engineers. 

CAREERS WITH KODAK 

Whether it is in finding a plant 
site, or in aiding research, im
proving a product or increasing 
sales, photography plays an im
portant position on industry's 
team. For small companies and 
large, it picks up chores that free 
technical hands for creative work. 
It trains, it sells, it takes over 
office routine. You'll find It can 
work for you, too. 

With photography and photographic 
processes becoming increasingly im
portant in the business and industry of 
tomorrow, there are new and challeng
ing opportunities at Kodak in research, 
development, design and production. 

If you are looking for such an interest
ing opportunity, write for information 
about careers with Kodak. Address: 
Business and Technical Personnel De
partment, Eastman Kodak Company, 
Rochester 4, N. Y. 

EASTMAN KODAK COMPANY, Rochester 4, N.Y. 



Q. Mr. Hill, what can I do to get the 
most out of my iob interviews? 

A. You know, we have the same 
question. I would recommend that 
you have some information on what 
the company does and why you be
lieve you have a contribution to 
make. Looking over company in
formation in your placement office 
is helpful. Have in mind some of the 
things you would like to ask and try 
to anticipate questions that may 
refer to your specific interests. 

Q. What information do you try to get 
during your interviews? 

A. This is where we must fill in be
tween the lines of the personnel 
forms. I try to find out why partic
ular study programs have been fol
lowed, in order to learn basic motiva
tions. I also try to find particular 
abilities in fields of science, or math
ematics, or alternatively in the more 
practical courses, since these might 
not be apparent from personnel rec
ords. Throughout the interview we 
try to judge clarity of thinking since 
this also gives us some indication of 
ability and ultimate progress. One 
good way to judge a person, I find, 
is to ask myself: Would he be easy 
to work with and would I like to 
have him as my close associate? 

Q. What part do first impressions play 
in your evaluation of people? 

A. I think we all form a first im
pression when we meet anyone. 
Therefore, if a generally neat ap
pearance is presented, I think it 
helps. It would indicate that you 
considered this important to your
self and had some pride in the way 
the interviewer might size you up. 

Q. With only academic training as a 
background, how long will it be before 
I'll be handling responsible work? 

GE 

S31dO:J £ 

I · One of a series* 
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Interview with General Electric's 

W. Scott Hill 

Manager- Engineering Recruiting 

alities I L o 

hen ® 6 ecru1t1n 

A. Not long at all. If a man joins a 
training program, or is placed direct
ly on an operating job, he gets 
assignments which let him work up 
to more responsible jobs. We are 
hiring people with definite consider
ation for their potential in either 
technical work or the management 
field, but their initial jobs will be 
important and responsible. 

Q. How will the fad that I've had to 
work hard in my engineering studies, 
with no time for a lot of outside activi
ties, affed my employment possibilities? 

A. You're concerned, I'd guess, with 
all the talk of the quest for "well
rounded men." We do look for this 
characteristic, but being president 
of the student council isn't the only 
indication of this trait. Through 
talking with your professors, for 
example, we can determine who 
takes the active role in group proj
ects and gets along well with other 
students in the class. This can be 
equally important in our judgment. 

Q. How important are high scholastic 
grades in your decision to hire a man? 

A. At G.E. we must have men who 
are technically competent. Your 
grades give us a pretty good indica
tion of this and are also a measure 
of the way you have applied your
self. When we find someone whose 
grades are lower than might be ex
pected from his other characteristics, 
we look into it to find out if there 
are circumstances which may have 
contributed. 

Q. What consideration do you give work 
experience gained prior to graduation? 

A. Often a man with summer work 
experience in his chosen academic 

For 

En ® 1n ers 

field has a much better idea of what 
he wants to do. This helps us decide 
where he would be most likely to 
succeed or where he should start his 
career. Many students have had to 
work hard during college or sum
mers, to support themselves. These 
men obviously have a motivating 
desire to become engineers that we 
find highly desirable. 

Q. Do you feel that a man must know 
exadly what he wants to do when he is 
being interviewed? 

A. No, I don't. It is helpful if he 
has thought enough about his in
terests to be able to discuss some 
general directions he is considering. 
For example, he might know whether 
he wants product engineering work, 
or the marketing of technical prod
ucts, or the engineering associated 
with manufacturing. On G-E train
ing programs, rotating assignments 
are designed to help men find out 
more about their true interests be
fore they make their final choice. 

Q. How do military commitments affed 
your recruiting? 

A. Many young men today have 
military commitments when they 
graduate. We feel it is to their ad
vantage and ours to accept employ
ment after graduation and then ful
fill their obligations. We have a 
limited number of copies of a De
partment of Defense booklet de
scribing, in detail, the many ways in 
which the latter can be done. Just 
write to Engineering Personnel, 
Bldg. 36, 5th Floor, General Electric 
Company, Schenectady 5, N. Y. 959-s 

*LOOK fOR other interviews dis
cussing: 1111 Advancement in large 
Companies ® Salary ® Personal 
Development. 

ER L ELECTRIC 





Did you ever hear 
ato s move? 

he physicist positions a single crystal of age-hardened 
steel under the sharp diamond penetrator. He touches 

a pedal, and the pyramidal tip of the diamond squeezes into 
the polished surface of the steel. 

The instant that it touches, things begin to happen inside the 
crystal. Atoms begin to slip and slide, in layers. Some layers 
abruptly wrinkle and corrugate. If you listen hard when this 
happens, you hear a faint, sharp, "click." This is the sound 
of atoms suddenly shifting within the crystal. 

You can see the action, too-or, rather, the results of it. 
The photomicrograph above shows the characteristic ridges 
and ripples. The black diamond in the center is the depres
sion made by the penetrator. 

By studying these patterns, and correlating the information 
with other data, scientists at U. S. Steel are trying to learn 
what happens atomically when a steel is bent, flexed or 
broken. Thus, they try to develop new and better steels for an 
exacting and ever-growing steel market. 

Research is only one area in which we need high-level scien
tific personnel. Partly, this is due to the fact that men progress 
so rapidly at United States Steel. Remember these figures: 
among the 20,000 members of our management team, 99% 
attained their position through advancement within the cor
poration. If you want to take advantage of odds like this, 
write for our booklet, "Paths of Opportunity." 
Write to United States Steel, Personnel 
Division, Room 5680, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania. 

UNITED STATES STEEL 
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Ernst Mach ... on absolutes 

"No one is competent to assert things about abso

lute space and absolute motion ; they are pure 

matters of thought that cannot be produced in 

experience. All our principles of mechanics, as we 

have shown in detail, are experienced knowledge 

concerning the relative positions and motions of 
bodies. They could not be, and were not, admitted 

in the areas in which they are now recognized as 

valid, without previous testing. No one is war

ranted in extending these principles beyond the 

boundaries of experience. In fact, such an exten

sion is meaningless. as no one would possess the 

knowledge to make use of it." 

,.-.~Die Mechan(k in ihrer Entwicklung, 1912 

TH/3 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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Chemistry is engaged in 
the vital transformations 

of the universe 
Since the time of Ancient Greece, man has been prob
ing into the composition of the elements from which he 
derives existence and sustenance. And these first at
tempts, crude and unorganized as they rna y now seem, 
nevertheless marked the first advance toward some 
understanding of matter. Thereby chemistry was born. 
What progress has been accomplished since the Aris
totelian doctrine of the four elements! Man advanced 
from there to the alchemist's arcanum, and ultimately 
to the harnessing of the atom by our modern scientists! 
How far will the search go? So many secrets are yet to 
be unearthed. The scientific mind is understandably en
thralled by the magnitude of the task ahead. And the 
enchantment, too, for the mystery is irresistible. Partic
ularly when the solution means triumph over discoveries 
apt to profoundly influence generations to come. 
It is a tremendous challenge. But the true scientist's 
thirst for knowing, advancing, creating is only limited 
by his vision and his courage before the unknown. 

and you, too, can help 
shape the future 

~ See for yourself. Write our Director of College Rela-
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ho ets the Business? 
If you passed this junction next 
Sunday, looking for a likely stop
ping place, which advertiser would 
get your business? 

A toss-up? Yes, probably. 

Maybe you feel the same way, 
too, about the printed advertising 
that bombards you daily. 

But how about your printed ad
vertising? Does it win your pros
pect's attention, move him to single 
out your product? 

* * * In today's competitive markets, 
your advertising's influence on sales 

depends more than ever on print
ing that faithfully reproduces every 
pictorial detail. Faithful reproduc
tion is a mechanical thing, and a 
means to an end: more sales. 

"'Who gets the business? Jones 
Press is interested in seeing that 
you get the business. You'll lihe 

Jones Press! 

.lONES ~ PRESS 
FIFTH & FIFTH SOUTH G MINNEAPOliS 



THE LOCKHEED MISSILE SYSTEMS 

Advanced Study Progranl for 

M.S. a11d Ph.J). J)EGREES 

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. or Ph.D. degrees. Under this program the 
participants arc employed in their chosen fields of research and development 
at Lockheed Missile Systems 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 
or write: 

( .tJ COLLEGE RELATIONS DIRECTOR 

L~ MISSILE SYSTEMS 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO o SUNNYVALE o VAN NUYS o CALII•,ORNIA 
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here young men work on big jobs 
It takes a lot more than electronic calculators 
and push buttons to run a big refinery like ours 

at Whiting. It takes scientifically trained and 
skilled men. Take, for example, Bill Nemec, who 
shares in the responsibilities of our Refinery 
Economics Division Technical Service group. 

A chemical engineer, Bill came to us from 

the University of Michigan. He and his associ
ates work on problems involving chemical 
engineering, economics, cost control and sound 

advance planning. Facing new situations daily, 

they work with many people in the Research 

Center and in the refinery. As a result, they 
gain an ever-widening knowledge of refinery 
operations. 

Sound interesting? Bill Nemec is one of hun
dreds of young men with widely varied back

grounds, talents and responsibilities building 
careers at Standard Oil's progressive Whiting, 
Indiana, laboratories. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 

MINNESOTA TECHNOLOG 



Harvey Graves (Dartmouth, BA '50, MSEE '51) discusses a reactor experiment at the Westinghouse Reactor Evaluation Center, in Waltz Mill, Pa. As manager 

of the Nuclear Design Section, Mr. Graves works with Dr. Wilfried Bergmann (Vienna, PhD '51), on right, and other young scientists who operate the facility. 

At 30, Harvey Graves directs nuclear design 
of two major Westinghouse reactors 

After completing the Westinghouse Student Training 
Course in 1951, Harvey Graves attended the West
inghouse Advanced Design Course* and was sent by 
Westinghouse to the Oak Ridge School of Reactor 
Technology for one year. Back at Westinghouse again 
in 1953, Engineer Graves did advanced work on nuclear 
reactor development. 

In 1955, he was promoted to supervisory engineer 
on the Belgian reactor project. In 1956,. he was again 
promoted to Manager, Westinghouse Nuclear Design 
Section. Today, Mr. Graves' 24-man section is develop
ing and desighing the .. nuclear portion· of commercial 
reactors for the Y apkee Atomic Electric Qompany and 
the Center d'Etude de l'Energie Nucleai:d~ in Belgium. 
*Fully accredited graduate school 
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Progress? Certainly. And if you have ability and 
ambition, you'll find Westinghouse offers equal engi
neering opportunities in automation, jet age metals, 
radar, semiconductors, electronics, large power equip
ment, guided missile controls and dozens of other 
fascinating fields. 

For more information on professional opportuni
ties at Westinghouse, write to Mr. J. H. Savage, West
inghouse Electric Corporation, 3 Gateway Center 
Pittsburgh 30, Pa. 

ou 
FIRST IN ATOMIC POWER 
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thrive in this ideal 
rowing'' environlllent 
WORLD'S LARGEST RESEARCH CENTER FOR 

AUTOMATIC PRESSURE AND LIQUID LEVEL CONTROL 

Modern research laboratory at Fisher includes high 
and low pressure flow lines in sizes up to 12 inches 

During the past three quarters of a century, the Fisher research 

and development departments have produced some of the 

outstanding developments in control instrumentation and automation. 

At the same time, these laboratories have developed some of the 

nation's leading control engineers! The two go together at Fisher. 

If you are looking for challenge, opportunity and a future 

that will touch practically every basic industry in the 

world, consult your placement office or write us about the 

opportunities Fisher holds in store for you. 

IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD ••• CHANCES ARE IT'S CONTROllED BY 

FISHER GOVERNOR COMPANY 
Marshalltown, Iowa I Woodstock, Ontario I Rochester, England SINCE 1880 

MINNESOTA TECHNOLOG 
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You can get your Master's Degree during regular working hours, 
while earning the salary and all the benefits of a Chrysler Corporation engineer. 
At the same time, you will be preparing for a rewarding career as 
a member of the automotive engineering team that is the leader in the industry. 

Look at some of the advantages to students who qualify: 

e Master's Degree in Automotive Engineering in two years. 

e Regular salaried status. 

e Classes 8 hours a week, during work hours. 

e No tuition, no fees. 

E 

e Broad work experience, through job rotation on 3 .. month assignments. 

e An opportunity to concentrate in the fields you select. 

Like to learn more? Contact your college Placement Office for full details about the 
Chrysler Institute's Graduate Program and interview dates. If you need any 
additional information, write: Mr. R. W. Rockefeller, P.O. Box 1118, Detroit 31, Michigan. 

INSTITUTE OF ENGINEERING 
GRADUATE SCHOOL 
DETROIT, MICHIGAN 
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Picture Yours If i 
trol um Ch • mtstry 

t Philli s 

What do you see? Are you helping design a 
fractionation unit? Developing a new 
rocket propellent? Perhaps you're con
structing a new polyethylene reactor . . • 
or working on an improved octane num
ber system. 

Petroleum chemistry is important at 
Phillips ... but so are gasoline refining, 
uranium processing, pipe line design, oil 
geology and exploration, research and the 
dozens of other activities which are essen
tial to Phillips broad.and diversified oper
ations. The wide selection of possibilities 
available in these various specialties en-

abies you to choose a career that matches 
your education and interests. 

During the past ten years Phillips has 
expanded tremendously. Many important 
new developments are still in the making. 
So when the Phillips representative comes 
to this campus, be sure to arrange for an 
interview. Meanwhile, write to our Tech
nical Manpower Division for your copy 
of our new brochure, "Career With A 
Future" .. 

D. R. ·McKeithan, Director 
Technical Manpower Division 

PHILLIPS PETROLEUM COMPANY 
Bartlesville, Oklahoma 

MINNESOTA TECHNOLOG 



Recently AiResearch engineers were 
called upon to develop an accessory 
power motor for aircraft and mis
siles which would operate at 
+ 1000° F .... a temperature area 
where present-day hydraulic and 
electrical devices fail. 

Their answer was this cam piston 
air motor, pictured above in a spe
cially built transparent shell. Operat
ing on hot air or gas, its efficiency 
actually increases as temperatures 
rise. 

This problem and its solution are 

typical of many encountered at 
AiResearch in aircraft, missile, 
nuclear and electronic fields. Specif
ically, you'll find them in system 
electronics; computers and flight 
instruments; gas turbine engines and 
turbine .motors; cryogenic and 
nuclear systems; pneumatic valves; 
servo control units and air motors; 
industrial turbochargers; air condi
tioning and pressurization; and heat 
transfer. 

Upon your employment, in addi
tion to direct assignments, a 9-month 

orientation program is available to 
aid you in selecting your field of 
interest. This permits you to survey 
the project, laboratory and adminis
trative aspects of engineering at 
Garrett. Also, with company finan
cial assistance, you can continue 
your education at outstanding uni
versities located nearby. 

Project work is conducted by small 
groups where individual effort is 
more quickly recognized and oppor
tunities for learning and advance
ment are enhanced. 

~ For full information write to Mr. G. D. Bradley. 

THE CORPORATION 

9851 S. SEPUL. VEDA BLVD., LOS ANGELES 45, CALIFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING, LOS ANGELES e A/RESEARCH MANUFACTURING, PHOENIX e AIRSUPPL.Y 

A/RESEARCH INDUSTRIAL * REX o AERO ENGINEERING • AIR CRUISERS * AIRESEAR.CH AVIATION SERVICE 
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With a new quarter just getting under way, every
one is starting out with the hope that "This one will be 
different". It is too early for spring fever and too late for 
holiday merriment. Everything seems almost too normal. 

1t is interesting to note I.T. student approval of the 
present system of registration as indicated last quarter. 
It looks as though Engineers prefer rugged individualism 
to the quiet security of a lottery. They apparently have 
little faith in "Probability" working for them, except in 
poker garnes. Anyway, the non-graduates this spring will 
again have to sit on the 50-yard line all night waiting for 
their registration numbers. Actually the system as it has 
operated this past year has done a good job. When regis
tration is spread out over a long enough time the problem 
of long lines does not arise. A suggestion, perhaps, would 
be to have distribution of registration numbers during 
the first week of spring quarter rather than during mid
quarter. 

It has been brought to this Editor's attention that En
gineers are no longer in such pressing demand as they were 
a year or so ago. Even more distressing, perhaps, is the 
wholesale layoff of engineers by some companies, includ
ing several firms right here in the Twin Cities. It would 
appear that the professional status of Engineering has 
indeed suffered a serious setback. Reportedly engineers 
have been laid off on seniority basis just as day-pay laborers 
and production workers. Thus engineers have been more 
closely associated with the labor force than if they had, 
in fact, been a part of \rValter Reuther's U.A.W. There are 
rumors that the layoffs have been an attempt, on the part 
of Management, to remove dead wood. If this is the case, 
there is perhaps some merit for the layoffs, though one 
would think that an individual who managed to survive 
five years of Engineering School is good for something. 
If these rumors have no basis, it would seem that the 
attitude toward the future by some big companies is not 
an enthusiastic one. It is encouraging however, that while 
interviewing companies are somewhat more selective than 
in the past, the starting salaries they are offering are mod
erately higher than last year. 

The proposed expansion program of the University 
within the next ten or twelve years appears to be an ex
citing one. We hope to have something on it, for our read
ers in a future issue, as it will affect the Institute of Tech
nology. As many of our readers may already know, the 
school of Architecture has received appropriations to start 
construction of a new Architecture biulding. It will be 

located on the parking lot just North of :Mechanical and 
across the street from Administration. 

We regret that the December issue did not come out 
on schedule. You may perhaps have noticed that we are 
using a somewhat different approach to layout of the 
magazine in this issue. The purpose is not esthetic but 
it is designed to facilitate division of labor on the staff 
and to give each member on the 'Log staff a definite job 
·which he is expected to do, with a definite and reasonable 
deadline. When an article comes in, it will be assigned 
to a staff member. His job will be to design the layout, 
order pictures, and to proofread the manuscript. The 
article will then be sent to Jones Press for galleying. The 
same staff member will paste up the article when the gal
leys return. The end of the article, as it appears in the 
magazine will be signified by the initials of the staff mem
ber who processed it. 

By definitely laying out each staff member's duty on a 
given issue and shortening the lines of authority, it is 
hoped that the magazine will even better serve its pur
poses. The 'Log is in several respects unique to other tech
nical magazines. It does not cater to only one branch of 
engineering or science as do such trade magazines as Elec
trical World or Nucleonics. We are part time amateurs 
rather than full time professional journalists. It is difficult 
to get more than two or three staff members together at 
one time because of conflicting schedules. The purpose of 
the 'Log is to let as many students as possible have a hand 
at technical journalism. It is not, and should not be a one
or two-man proposition. When and if it becomes this, 
there is perhaps some reason to question the validity of 
its existence, apart from providing reader service. The 
changes we have made are intended (1) to provide better 
reader service (2) to facilitate the makeup and layout of 
the 'Log and (3) to give staff members individually, great
er participation and responsibility. 

Incidentally, in case you're wondering, the reason that 
the 'Log varies in size from month to month is financial. 
It costs about $1.00 per copy to come out with a 100-page 
magazine. This must be covered by advertisements and 
fee statement contributions. The number of ads varies 
from month to month, as does the cost of engraving. The 
latter depends on the number of illustrations used in the 
magazine. We try to maintain a ratio of one to one be
tween ads and editorial matter. We don't try to make 
money, but on the other hand we don't want to lose money. 

-J.F.C. 

STEEL LOBSTER 
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If this were a real lobster it would certainly consternate even a vet
eran lobsterman. But it isn't. 
It's a 3,000 pound lower exhaust hood for a 12,500-kw steam turbine 
being readied for hoisting into place in General Electric's Medium 
Steam Turbine, Generator and Gear Department, Lynn, Mass. (The 
slots in the center of the "lobster" are semi-circular diaphragms which 
direct steam from one set of turbine buckets to the following stage. 
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Rural Living is Kept Modern Through 

RIC TU L 

HAT IS AGRICULTURAL ENGINEERING? Too many people 
do not know; and yet this comparatively new branch 
of engineering is largely responsible for the tremen-

dous advancement in agriculture and its related fields. The 
development of agriculture in the past 45 years from 
rather crude animal powered machinery to the modern 
mechanized methods is as striking as many of the advances 
in aviation, nuclear physics, and other similar studies. 

Agriculture is the oldest of industries. Its engineering 
began when man first fashioned a plow out of a carved 
stick and constructed a crude hut to shelter his livestock. 
However, Agricultural Engineering as a recognized pro
fession with its own specialized education, is one of the 
youngest. Prior to 1907, a few colleges taught separate 
courses in Agricultural Engineering. In that year a group 
of men met at the University of Wisconsin and formed 
the American Society for Agricultural Engineers. It was 
not until 1910 that any institution conferred the degree 
of "Bachelor of Science in Agricultural Engineering." 
Since that time the profession has grown to be included in 
the curriculum of 46 colleges and universities in the United 
States and Canada. 

GI E I 

by J. A. REESE 

At Minnesota, the Department of Agricultural Engineer
ing is situated on the St. Paul Campus. The building it 
occupies, although built in 1913, still provides adequate 
laboratory, class-room and office space for the growing 
Department, handling a variety of subject matter. This 
is clue largely to the foresight of Professor William Boss, 
founder of the Department who also is a charter member 
of American Society of Agricultural Engineers. The Agri
cultural Engineering curriculum became effective in 1925. 

It has special appeal to those young 1nen who feel they 
would like to work with technical problems of agriculture. 
As in any engineering profession, one must have an interest 
in physics, mathematics and related sciences. Agricultural 
engineers have an interest in the things of the farm- its 
rural environment, its people, its crops and animals, its 
soil, and their place in the economy of the nation- as 
suppliers of food and raw materials. To thoroughly under
stand the problems and nature of farming it is helpful 
to have had actual farm experience either by living or 
by working on a farm. 

Agricultural Engineering is the application of Engineer
ing principals to crop production and, harvesting, crop 

AG ENGINEERS WORK TOWARD IMPROVEMENTS IN: 

FARM POWER AND MACHINERY CONSERVATION 

AGRICULTURAL PROCESSING PLANNING AND LAYOUT 

FARM STRUCTURES DESIGN AND CONSTRUCTION 

RURAL ELECTRIFICATION PROMOTION AND SALES 

14 MINNESOTA TECHNOLOG 



storage and processing, livestock production, soil and 
water conservation, and farm living. It draws to a certain 
extent on mechanical, electrical, structural, and hydraulic 
engineering. While most engineering fields are highly 
specialized in their particular subject, Agricultural En
gineering is the application of any branch of engineering 
to the extent that it may be used in rural living and ag
ricultural development. 

Agricultural Engineering is a single profession, its parts 
interwoven in a common objective- to improve agricul
ture. Yet it may give one a better picture of the field if 
broken down to the various specializations of its members. 

Farm Power and Machinery 

Power is useless without a means to apply it. As related 
to Agricultural Engineering, power is any source of en
ergy other than muscles. Machinery includes implements 
and any devices for applying power in farming. The farm 
tractor is the most common source of power. One of the 
objectives of agricultural engineers is the development of 
efficient and economical power and machinery to assist the 
farmer in crop and livestock production. They design and 
develop it, demonstrate its use, and counsel its selection by 
fanners. 

Agricultural Processing 

The processing and marketing of farm products calls for 
the services of the agricultural engineer. It requires the 
application of engineering methods and equipment wheth
er the product is a fruit, vegetable or crop. Sound En
gineering training is essential for the insulation of cold 
storages, and the design of canning and locker plants, 
abattoirs, creameries and other processing plants. Artificial 
dehydration of farm crops is increasing rapidly. 

Farnm Structures 

This embraces all buildings and other stationary struc
tures of the farm from fences, silos, graineries and other 
slorages, barns and other animal shelters, machine sheds 
and shops and even the farm dwellings. Agricultural En
gineering concerns itself mainly with the functional and 
economic aspects of structures. Farm structures engineer
ing calls for full knowledge of climate, the heat and mois
ture production of animals as well as their environmental 

Agricultural Engineering Building 

University of Minnesota 

Saint Paul Campus 
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needs, the technology of ventilation, heating and insula
tion, physical and biological behavior of crops in storage, 
familiarity wth equipment for water supply, drainage, and 
electric service, as well as conveyng equipment. There is a 
great challenge to overcome the problem of rundown, ob
solete structural equipment of the American farm. 

Rural Electrification 

J\!Iainly, this means putting electricty to work on the 
farm. It is not so much electrical engineering as taking 
advantage of the flexibility, convenience, and automation 
afforded by electricity as applied to agricultural purposes. 

Examples include: Light rays to attract insects and to 
kill germs, electric brooders for chickens and pigs, electric 
heat for cold frames, electric ranges for the kitchen, elec
tic fences, electric motors to power various equipment, 
and ultra violet light to increase egg production. Rural 
electrification has done much to raise the standard of livin~:r 
for farm families. o 

Soil and Water Management 

vVork in this field has as its objective keeping the soil 
and water where they belong. 1 t consists largely of irri
gation, drainage, and the control of soil erosion. This is 
the branch of agricultural engineering which draws most 
freely on hydraulic engineering. Conservation calls for 
close cooperation with biochemists, agronomists, foresters, 
meteorologists; also with power and machinery engineers 
to devise machines and ways of tillage that resist the rav
ages of wind and water. Examples of activities are irriga
tion pumps, contour farming, grass waterways and Humes, 
terraces, ponds, and steel and concrete spillways. 

Graduates are qualified for various jobs including: 

Developing and Testing 

Developing and testing new or improved equipment 
for fillage, harvesting, and processing crops and. for saving 
labor on the farm. A 1950 Minnesota graduate now directs 
the field testing of experimental farm machines for a major 
farm equipment manufacturer. 

Planning and Layout 

Planning and layout of tile and open-ditch drainage 
systems, irrigation systems, terraces, strip cropping, grass 

(Continued on Page 46) 
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An Introduction to 

Dr. illiam . Shepherd 

Professor and Head 

Department of Electrical Engineering 

by CHARLES I. HANSING 

R. WILLIAM G. SHEPHERD is a difficult man to talk to 
because of the efficiency of his secretary. He is of aver
age build for a man in his middle forties and has re

ceding brown hair. vVaiting in the office lobby he would 
surely walk by you, unrecognized. In his clean, white shirt, 
and with his books under arm, he could probably more 
easily pass for an older graduate student than either a 
professor or much less the head of the Electrical Engineer
ing Department. 

Dr. Shepherd gre'N up in the University neighborhood, 
attended Minneapolis Marshall High School, and later 
graduated from the University of Minnesota (B.E.E. 1933, 
Ph.D. Physics 1937). To finance his undergraduate study, 
he ·worked as a laborer during summer vacations and 
graded papers during the school year. On his first summer 
job, we was employed as a "Grunt" to dig holes for tele
phone poles. Later that summer he was promoted to "King 
Grunt", that is, he supervised and helped two qthers dig 
the holes and place the poles. His second summer job 
seemed more promising, when he was awarded the title 
of "Pole Line Inspection Engineer". Upon arriving on 
the job, he was directed to inspect and measure the degree 
of rot in the buried end of the telephone poles -his chief 
tool being a shovel. Between summers, Dr. Shepherd 
studied for a degree in electrical engineering. His interest 
in electronics led hirn to undergraduate research under 
the leadership of Professor Hartig of the Electrical En
gineering Department. 

Upon receiving his Bachelor of Electrical Engineering
degree, he accepted the only job offer of his class- a teach
ing assistantship in the University of :Minnesota Physics 
Department. vVorking jointly ·with Dr. J. H. '~illiams, 
of the School of Physics, and R. 0. Haxby they published 
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Vacuum pumping station for evacuating experimental tubes. 

in 193 7 a thesis on the "Dissociation of Lithium under 
Deuteron Hombanhnent". This led to the discovery of the 
unstable, :2HeG, which was one key in determining the nu
clear process by which the sun operates. 

Ph.D. degree in hand, Dr. Shepherd left the University 
and for $50 a week went to work for the Bell Telephone 
Laboratories' Nonlinear Circuit Research Department in 
New York. One activity of the department was the develop
ment of a high-speed gas type electron tube switch for 
producing sharp repeated electrical impulses and supply
ing the carrier frequency for multiplex telephone con
versations. 

During World vVar II Dr. Shepherd helped to develop 
vacuum tubes for microwave generation. These tubes, 
based on a new principle concerned with velocity modula
tion, are basically essential for modern radar systen1s. 

After the war ( 1917) Professor Hartig persuaded Dr. 
Shepherd to return to the University as a professor in 
electrical engineering. In 1956 Professor Hartig· resigned 
as departrnental Head and Dr. Shepherd was promoted 
to the position of Professor and Head of the Department 
of Electrical Engineering, the position he now occupies. 

The Atornic Energy Commission in 1949 gran ted the 
University funds to design and build a linear accelerator. 
This project was under the direction of Dr. Williams of 
the Physics Department, and Dr. Shepherd was ass~gned 
to the electrical design and engineering of the project. 
The accelerator is now being used for basic atomic re
search. 

By 1950, Dr. Shepherd initiated the development of the 
Electron Tube Research Laboratory, as a tool for graduate 
study. This laboratory now contracts for $200,000 per 
year of basic research, and supports a sizeable amount of 
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the Department's graduate study program. The laboratory 
is particularly interested in electron emission. Its objec
tives are to study methods of obtaining reliable high den
sity, electron How. The laboratory has pioneered the use 
of radioactive tracers to gain insight into why a cathode 
is a good emitter, and to devise new type cathodes which 
are capable of sustained electron emission. 

Dr. Shepherd met and married his wife, a University 
of Minnesota graduate, while studying for his Ph.D. degree. 
He claims he "married her for her money" since she was 
making more money then he. The rest of the family consists 
of a son, Bill, Jr., 18, two daughters, Nancy, 16, and Sally, 
13, a dog, two horses, and at times a few tropical fish. 
Barend Abeln, from The Hague, Holland, is also living 
vv-ith the Shepherds at present, through the American Field 
Service Exchange Program- an outgrowth of Bill, Jr.'s 
previous trip to Germany as an exchange student. 

The Shepherds' proud new University Grove home is 
of ultra-modern construction, and was designed by Prof
essor Rapson, Head of the School of Architecture. The 
family also has a summer cottage at Forest Lake. 

SPECIAl FEATURE 

\!Vhile living in New York and working for the Bell 
Telephone Laboratories the Shepherds enjoyed sailing 
on Long Island Sound. To get away from the metropolitan 
congestion and their crowded apartment, they purchased 
a 23 foot cabin sloop, The Trollop, (By Webster "a loose 
woman"). 1 thad been declared a total loss by an insurance 
company after a 1939 hurricane. The boat was repaired 
as a do-it-yourself project and later relaunched on the 
Sound. 

Dr. Shepherd has not returned to his favorite sport 
since moving to Minneapolis. "There is a psychological 
restriction on a lake whereas on the ocean, if you want 
to go somewhere, you can- even if you don't." (Dr. Shep
herd's longest trip was about 30 miles.) 

In 1954 Dr. and Mrs. Shepherd toured Europe, during 
which time he attended the URSI (Union Radio Scientific 
International) Assembly. Dr. Shepherd is President of 
Commission VII (Radio-Electronics) of URSI. 

Dr. Shepherd is an amateur painter, enjoys good mu
sic, bridge and golf. He dislikes television. He and his 
wife are members of the Faculty Dancing Club. 

Carquinez Strait Brid e 
BRIDGE, presently being built across the Carquinez 
Strait in California, marks a 1nilestone in the advance
ment of welded bridge designs. Nearly 30 rnillion 

pounds of steel, all shop welded, will be used in the super
structure of the four-lane highway bridge. This includes 
nearly six million pounds of USS "T-1" constructural alloy 
steel in the most highly stressed members and 11 million 
pounds of USS "Tri-Ten" high strength, low, alloy steel 
in other crucial members. Much of the welding is done 
with semiautomatic submerged arc welders using standard 
procedures and . 70,000 psi tensile electrode. American 
Bridge Division, U. S. Steel Corporation is fabricating and 
erecting the job. 

Extensive use of the high strength steel affected cost sav
ings estimated by the State of California Highway Depart
ment at $800,000. This results from the substantial weight 
reduction made possible by the high strength of steel. The 
45,000 psi stress allowed for the "T-1" is 2Y2 times that 
permitted for ASTM A-7 steels and nearly twice that for 
ASTM A-242 steels. Approximately 15 per cent of the steel 
in the bridge is "T -1 ". 

Welded desig·n simplified members to three basic sec
tions: H section for tension members, box-sections for 
members with normal compression, and internally sup
ported box-sections for members with heavy compression. 

American Bridge uses three types of submerged arc 
equipment for welding: full automatic, and both mecha
nized and manual semi-automatic. Though some welds on 
the heavier box-sections require as many as 38 passes to 
complete, % inch fillets make up a large part of the work. 
Several IV1anual Lincolnweld units are used on these welds. 

The State of California approved all subnwrged arc 
procedures for the Carquinez Bridge before construction 
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began. The 1;2 per cent molybdenum, 70,000 psi tensile 
electrode used on the "T-1" provides ample strength for 
stresses at the joints where it is used, even though it does 
not match the high strength of the steel. 

Judicious use of material produced considerable savings 
over the cost of depositing a higher strength weld. 

L. C. Hollister, Project Engineer on this bridge for the 
California State Highway Department, will present a 
paper describing this project in detail at the national meet
ing of the American vVelding Society in April in St. Louis. 

- J.I1. 



IN FARM MACHINERY AS 

IN MISSILES 

G DETER I E FI AL 

HE ROTARY HOE has been widely used in some areas o£ 
the corn belt for cultivation of corn and soybeans up 
until the plants are six inches tall. The principal ad-

vantage of this type of cultivation is that much time can 
be saved in comparison to the usual first cultivation. The 
rotary hoe may be operated successfully at ground speeds 
up to 8 or 9 1niles per hour, thereby enabling a single oper
ator to cover a considerable acreage per day. 

The rotary hoe is a ·wheel of about 18 in. diameter. It 
has curved teeth projecting from the periphery of the 
wheel. These wheels are mounted in rows about 6 ft. long 
and two rows are secured in tandem to form a section. Any 
number of sections may be purchased to form an imple
ment of any desired size. In operation, these teeth pene
trate the soil surface and loosen it as they roll. 

In 1\!Iinnesota the rotary hoe has not been as extensively 
used as in other areas; but farm implement dealers in this 
vicinity have indicated that in recent years this implement 
has represented a large portion of their cultivation equip
ment sales. It appears that the functional value of the hoe 
depends upon the design of the hoe and also, to some 
extent, upon the nature and condition of the soil. 

The Agricultural Engineering Department of the Uni
versity of 1\!Iinnesota, in cooperation with the United States 
Department of Agriculture, has initiated a project to in
vestigate the design and performance of the rotary hoe. 
This research is being conducted by Louis A. Liljedahl, 
Agricultural Engineer, and John Strait, Associate Profes
sor of Agricultural Engineering. The primary objectives 
of this research are to study design factors, methods of 
application which influence the effectiveness of this tool 
as a weed control and tillage implement, and soil flm·v 
around the implement tooth. 

Description of the Equipment 

In order to satisfactorily control such variables as mois
ture content and compaction of the soil for this study, a 
laboratory apparatus as is described below was designed 
and built for the purpose. The apparatus consists of a 
soil tray 15 ft. long, 5 ft. wide, and 8 in. deep; mounted 
on a low cart with V-grooved cast iron wheels. This cart 
rolls on tracks made of 2 in. angle iron secured to the 
floor. The total length of the track is 63 ft. The tray, car
riage, and track are shown in Fig. 1. Since the soil tray, 

Fig. 1. Soil tray and track. Fig. 2. Complete drive showing motors, 
clutch and transmission. 

Fig. 3. Soil watering unit. 
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having a gross weight of 6000 lb. when fully loaded, must 
be accelerated and decelerated in short distances a 15 
horsepower, 3 phase electric motor is necessary to drive the 
tray at the desired speeds. The speed of the drive unit is 
varied through the large variable pitch V-belt sheave drive 
off the motor connected to a truck transmission. This 
transmission is coupled to the driving sprocket through a 
constant torque slip clutch. A special slow-speed drive unit 
consisting of a Y2 hp variable drive was added for provid
ing the very slow, carefully controlled speeds needed for 
preparing the soil bed. This unit is coupled to the trans
mission with a long V-belt over the large pulley of the 
drive. When operating the carriage at high speed with the 
large motor the belt to the small motor is merely removed. 
The power is transferred to the soil tray through a roller 
chain. The complete drive unit is shown in Fig. 2. With 
the combination of the two variable drive electric motors 
and the truck transmission a continuous speed range from 
I to 8 miles per hour is available in either direction. Be
cause the need for deceleration is as great as that for accel
eration, a special switching circuit had to be used to 
"plug" (switch a reverse current through) the motor to 

by WAlTER N. STUMPF 

stop it. In addition to this electrical brake, a mechanical 
brake was mounted on each side of the tray. These brakes 
are self energized when a small wheel on the brake arm 
rolls over a linear cam mounted beside the track. The 
brakes make direct contact with the track and remain 
locked until released. The mechanical brake is used only 
at speeds above 4Y2 miles per hour. 

The tool mount is secured to the floor approximately 
midway over the track. It is fully adjustable, both verti
cally and horizontally, to enable operation at any depth 
or at any place in the bed. The various tools are mounted 
on this frame, and the soil tray is pulled under it. A cam
era stand and photo spot lights are also placed beside the 
track to facilitate the taking of high speed motion pictures. 
These pictures are used in evaluating the performance of 
the rotary hoe. 

A mechanical soil-watering unit as shown in Fig. 3 was 
also mounted over the track. It consists of seven 65-degree 
fan-spray nozzles mounted across the width of the soil tray. 
These nozzles are not directed at the soil but at an inter-

(Continued on Page 20) 

Fig. 4. Ripping bar. Fig. 5. Leveling bat. Fig. 6. Soil bed showing 
amounts of penetration. 
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TESTING ... DESIGN 
(C ontinuecl from Page 19) 

ception shield, the face of which is covered with window 
screen. The screen extends % in. below the lo·wer edge of 
the interception shield and the horizontal wires have been 
removed from the lower 1 in. of the screen. The spray 
collects on this screen and runs dmvn the vertical wires 
where the water forms droplets and falls gently onto the 
soil surface which is about 1 in. below the ends of the 
wires. By pulling the soil tray through at a constant rate, 
an even water distribution is obtained. 

Preparation of the Soil 
The preparation of the soil bed consists of four main 

steps: (1) loosening the soil, (2) leveling, (3) packing, and 
(4) watering. The loosening is accomplished by a ripping 
bar, as shown in Fig. 4, moving 3 in. below the surface of 
the soil. This leaves the soil in a very loose and workable 
condition. The soil is then stroked off with the leveling 
bar as shown in Fig. 5. Next the soil is packed with a lawn 
roller to get the desired bulk density of 1.10 to 1.15. Fi
nally the bed is watered with the apparatus described 
above. It is then allowed to stand until the moisture has 
penetrated the soil and moisture samples are taken. vVhen 
the moisture content has reached the desired value the 
testing is begun. 

Methods of Evaluation 
The criteria for evaluating the performance of the vari

ous types of rotary hoes include the following: percentage 
of total surface area disturbed, degree of pulverization of 
the surface layer, the penetration and variation in penetra
tion obtained with a given force on the wheel, and the 
action of the wheel on growing plants. 

Testing 
Similar tests are conducted for the various types and 

designs of hoes. A sing·le wheel is mounted on the tool 
frame and is run through the soil at 4y2 miles per hour, 
at depths varying· from Y2 in. to 2Y2 in. in V4 in. incre
ments. This action of the hoe in the soil is recorded vvith 
the high speed motion picture camera. The high speed 
camera is capable of taking pictures at 1000 to 3000 frames 
per second. These pictures taken at 3000 frames per sec
ond, when projected at the standard 16 frames per second 
rate, enables one to view the action of the hoe at about 
1 j200 of its actual speed. Individual frames may also be 
used for evaluation. After the hoe has been run at the 

difteren t depths the amount of soil disturbed by the hoe 
is determined by placing a frame 6 in. by 18 in. over one 
row of holes and removing· the loose soil from within this 
frame with a vacumn cleaner. The vacuum cleaner is 
mounted on a scale which reads directly the weight of soil 
loosened by the hoe in this specified area. Similar tests are 
performed for each different depth, and after the loose soil 
has been removed as in I<ig. 6 the amount of surface dis
turbed is clearly shown for each penetration. 

Field Testing 
It was believed that there is a positive correlation be

tween the amount of surface soil disturbed and the per
centage of weeds killed by the hoe. Since it was not desir
able to plant weeds in the soil tray in the laboratory, a 
simple field testing· apparatus was set up at the Rosemount 
Experiment Station. These plots, each 9 ft. by 6 ft. were 
tilled with a small garden tractor, leveled, and rolled sim
ilar to the method used in the laboratory. There was no 
artificial watering system employed and the soil moisture 
was dependent upon rainfall. After the plots were worked 
down, weeds were planted evenly throughout all of the 
plots. When these had emerged they were counted and 
recorded for each plot. The plots were then rotary hoed 
at depths varying from % in. to 2% in. in y2 in. incre
n:ents. The loosened soil was then removed and weighed as 
was done in the laboratory. A second weed count was 
taken one day after the hoeing and the percentage of kill 
was computed for each type of hoe. 

Correlation of Laboratory and Field Tests 
Although there has not beenenough actual testing done 

to draw any positive conclusions at present, it does appear 
as though there is a correlation between the amount of 
soil disturbed and percentage of weed kill. Some prelim
inary tests have shown that the amount of surface soil 
disturbed is greatly increased by a slight incre~se in tooth 
penetration. An increase in penetration from· i in. to 1Y4 
in. increased the percentage of soil disturbed from 15 to 
20 per cent to 50 to 60 per cent even in wet soil, and fur
ther penetration of the tooth to 1 Y2 in. resulted in 80 to 
100 per cent surface disturbance. The speed of operation 
does not seem to have a very marked effect upon the oper
ation of the rotary hoe. It is believed that this experiment 
will be valuable in determining the best tooth design, 
wheel diameter, and operating- conditions for the soil con
ditions and weed population that are prevalent in J\ilin
nesota.- J .I<'.C. 

WE HAVE A $50.00 CHECK HERE FOR NORMAN SMITH, FOR HIS PRIZE-WINNING ARTICLE 
LAST YEAR. SINCE HE ISN'T LISTED IN THE DIRECTORY, WILL ANYONE KNOWING HIS WHERE
ABOUTS DROP INTO M.E. 2. - THE EDITORS. 

The day after finals, a disheveled Ch.E. walked into a 
psychiatrist's office, tore open a cigarette, and stuffed the 
tobacco up his nose. 

"1 see that you need some help," remarked the startled 
doctor. 

"Yeah," agreed the student. "Do you have a match?" 

20 

Salesman: "Sir, I have something here that's guaranteed 
to make you the life of the party, allow you to win friends 
and influence people, help you forge ahead in the business 
world, and in general make life a more pleasant place and 
invigorating experience." 

Engineer: "I'll take a quart." 
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CHILD you like to fly? Everyone, at one tin1e or an
other, has dreamed of flying, but how many have 
ever fulfilled these dreams? J\!J ost people seem to 

think it is either too expensive or too difficult. 
The greatest barrier to a civil aviation boom seems 

to be ignorance. The "fear of Hying" possessed by many 
people is mostly an apprehension caused by not under
standing how an airplane flies. Many people still believe 
that an airplane will "fall out of the sky" if it should 
suffer power failure. 

There is, of course, a great interest in aviation. This 
can be verified by placing a pilot in a non-flying group. 
The conversation usually ends up with the pilot answer
ing questions about aviation as fast as he can. The ques
tions may vary fron1 the ridiculous to the sublime, such 
as, "Arent't you afraid of the Hight?"; "What sensations 
do you have of speed?"; "What is control reversal?"; 
"What is it like to go through Mach I?" 

One thing that is hurting aviation are stories and 
articles written by people who don't understand what 
they are trying to describe. This is like asking a brick
layer to describe .Einstein's theory of relativity, and yet 
it happens all the time. \!Ve have all read of the eerie 
sensation of flying at forty thousand feet at speeds in 
excess of Mach I and how dangerous it is. If the oppor
tunity presents itself, ask a military pilot of his sensations 
and note the contrast in descriptive adjectives. 

People speak of the dangers of flying. These same 
people will not associate any danger with trains or buses, 
and yet the differences in casualties per million passenger 
miles are almost nil. We can kill over 100 people on a 
weekend in automobiles and this is accepted, but let a jet 
aircraft crash and kill two or three people and it makes 
the front page of every newspaper in the country. Jf 
automobile accidents received the same notoriety, our 
driving safety would be greatly increased. 

Pilots are probably the largest safety-minded group 
in the country. If a pilot was caught flying under the 
influence of alcohol, he would never Hy again; but drivers 
under the same circumstances would only figuratively 
get their fingers slapped and be allowed to drive again. 
Don't they both present the same potential danger? A 
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train engineer can die of a heart attack at the controls, 
while a pilot has to be in perfect physical condition be
fore he takes off. lf a car careens into a house, no one 
talks of moving the street; but let an airplane run off 
the end of the runway and immediately there are in
numerable petitions to move or eliminate the airport. 

(Continued on Page 48) 
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by PATRICK F. FLYNN 

I
N THE MECHANIZED WORLD OF TODAY, a farmer must keep 
in step with changes and improvements which will help 
him to a more efficient job of food production. 
Among the recent developments in farm machinery is 

the picker-sheller, a machine designed to pick and shell 
corn in one operation in the field. This machine eliminates 
the need for a separate shelling operation and thus con
tributes to a more efficient production of the corn crop. 

The picker-sheller is a combination of two machines, 
the corn picker and a corn sheller. The picker mechanism 
of the machine strips the ears of corn from the stalks and 
removes the husks. After the picker mechanism has re
moved the husks from the ears it delivers the ears to the 
sheller mechanism. The sheller mechanism then removes 
the kernels of corn from the cob and deposits the kernels, 
ready for drying and storag·e, in a holding tank built on 
the machine. 

With the introduction of a new machine such as this, 
many questions arise. Some such questions are: How good 
is the machine? Will it do a job comparable to that of 
the separate cqrn picker and corn sheller? If the machine 
is good enough to take its place in the agriculture of 
today, what are the factors that determine its most effi
cient use? 

Researchers at the University of :Minnesota and other 
experiment stations have set about the task of answering 
these questions. 

The objectives of the research at the University of J\!Iin
nesota are: 

I. Determine the field shelling characteristics of corn. 
2. Determine the effect of factors such as cob moisture 

content on the losses of the machine. 
3. Determine the conditions which contribute to the 

most efficient operation of the machine. 
To determine the effects of the various factors, the 

researchers undertook a rigourous series of field tests. 
These tests were over a period of four years, from 1953 
to 1956, inclusive. The factors investigated were as follows: 
sheller loss, cleaning loss, cornshelling by snapping rolls, 
missed ears, loose ears, down and leaning ears, test weight, 
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cracked corn and foreign material, kernel damage, kernel 
moisture content, and cob moisture content. 

Samples for the various determinations were taken 
from a five acre field of corn at the Rosemont Experiment 
Station. This five acre field was divided into four smaller 
equal sized plots. All the plots, had 250 ft. long rows. 

Some of the samples were collected in canvasses posi
tioned on both sides of the row. The canvasses were spaced 
50 feet apart along the corn rows with the first set of can
vasses placed l 00 feet in from the ends of the rows. The 
three canvasses to the right of the machine caught the 
snapping roll and cleaning losses, and the left canvasses 
collected the tailings. 

Each year, samples were taken twice a week (weather 
permitting) from the time that the kernel moisture con
tent reached 35 per cent until the weather conditions 
became prohibitive. These trial runs were analyzed to 
determine the effect of the various factors on the per
fonnance of the machine. 

An important factor is sheller loss, which is corn left on 
the cobs after they pass through the shelling mechanism. 
From the samples collected on the canvasses, the total 
sheller loss per plot was calculated. 

Total possible yield for the plot was also figured. This 
is the sum of the machine yield (corn in holding tank 
at the end of the run) and the total calculated loss per 
plot. Yield and loss figured were reduced to pounds of 
dry matter per plot, thereby eliminating any possible 
misrepresentation which might be introduced because of 
varying moisture contents. 

Figure 2 shows the sheller loss as a percentage at the to
tal possible yield, plotted as a function of the kernel mois
ture content of the corn at the time of the harvest. 

Cleaning loss was made up of loose kernels that escaped 
as tailings, and also some small and crooked kernels that 
passed through 12j64 inch seine in the bottom of the shell
ing mechanism. Cleaning loss is the same as sheller screen 
loss as referred to in figure four. 

The cleaning loss was the sum of the loose kernels in 
the tailing and the sheller screen losses. 
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The sheller screen loss was separated from the other 
material on the canvasses by passing· the samples over a 
l2j64 inch seine in the laboratory. ·Material that passed 
through this seine in the laboratory was considered to be 
the same as that which had passed the sheller screen in 
the field. The cleaning loss is also plotted as a percentage 
of total possible yield against the kernels moisture con
tact in figure four. 

Missed each of corn were those ears that the picker 
failed to remove from the stalks or ears that the snapping 
dropped on the ground instead of delivering them to the 
sheller mechanism. These ears were gathered and weighed 
and were par-t of the gathering loss of the picking mech
anism. 

Loose ears were ears lying on the ground before the 
picker passed over the field. These ears were gathered and 
weighed. The loose ears plus the missed ears made up the 
total gathering loss. Gathering loss is thus: whole ear that 
the picking mechanism failed to deliver to the sheller 
mechanism. Gathering loss appears in figure 4 as a 
function of kernel moisture content. 

Down and leaning ears were ears connected to the stalk 
but in a position near to the ground. An ear was con
sidered to be down if it was within four inches of the 
ground. Ears above four inches from the ground but below 
their regular position on an upright stalk were considered 
as leaning ears. The effect of the percentage of these ears 
was studied in relation to the gathering losses of the ma
chine. 

Test backed weights were taken at the time of harvest 
with standard test weight apparatus and again after the 
corn had dried to approximately 18 per cent moisture 
content in the lab. From these figures, the effect of early 
harvest on the final bushel weight was detennined. 

After each test run a sample of the shelled corn was 
placed in an air-tight container and brought back to the 
laboratory for a moisture content determination. The 
moisture content was determined in two ways. The first 
of these was by the use of Brown-Dievel moisture testing 
apparatus. This a distribution where the corn is boiled 
in oil until all the moisture is driven off into graduated 
cylinders which give the moisture content of the corn. 
These moisture content figures were checked by the oven 

Fig. 1. One of the various types of picker-shellers on the market 
operating in a Minnesota corn-field. 
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drying method. This was done to insure accuracy of mois
ture content determination. The Brown-Dievel moisture 
content data was taken as the actual moisture content 
because this method is accepted by the government for 
moisture content determination of market corn. 

Cob moisture content was also determined by over dry
ing the cobs that appeared in the tailing. The effect of 
cob moisture content as well as kernel moisture content 
was studied by the researchers. 

Results of the test showed that the field shelling of corn 
is a feasible operation. Sheller loss was under 2.5 per cent 
for the whole range of moisture content investigations. 
Sheller losses for very early harvest were less than 2 per 
cent of the total possible yield. It is a I so seen that the 
sheller loss increases to a maximum a moisture content of 
approximately 25 per cent and then falls off rapidly until 
it is almost negligible on 17.5 per cent moisture content. 
This pattern is believed to be caused by the fact that when 
the m.oisture content is high, a large amount of husks and 
foreign material is taken into the sheller mechanism. This 
extra material retards the flow of corn through the sheller 
and causes each ear to remain inside the sheller for a 
longer period of time. This extra time in the sheller is 
believed to be the cause of the lower early losses. As the 
rnoisture content falls off the amount of debris taken de
creases rapidly causing the higher sheller loss in the middle 
range of the curve. The low losses at the lower moisture 
contents are caused by the loosening of the kernels on the 
cob as the corn dried, causing thern to shell easier. 

It appears that the moisture content of the corn has a 
very pronounced effect on the harvesting losses of the ma
chine. Kernel moisture content was chosen as a comparison 
because it is easier for the farmer to determine kernel 
moisture. Therefore, he can easily apply the results of 
the research to his own field operations. 

As Fig. 2 shows, the total loss was lowest at the highest 
moisture content, where the losses of the picker mechanism 
were low. At 34 per cent moisture content the total loss 
was about 7 per cent and this was made up of 2 per cent 
sheller loss, 2.8 per cent corn shelled by the snapping rolls, 
2 per cent gathered loss, and 0.2 per cent cleaning loss. 

(Continued on Page 54) 
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s YOU MAY or may not know, the Tech Commission is 
the executive body of the Technical Association. This 
Association consists of all students in the Institute of 

Technology, and the Commission, being the student gov
erning body, has the authority to act, for the members of 
the association, in matters pertaining to the Institute. 
The Tech Comtnission is composed of the presidents of 
the recognized departmental societies, or his appointed 
representative, four members elected at large from th 
Institute, one appointed freshman, and three appointed 
faculty members. The members elected at large represent 
the students who do not belong to a recognized society. 
The funds of the Association are maintained by the net 
operating profits of Engineers' Day. Some of the duties of 
the Tech Commission are as follows: 

1. To foster student enterprises until such time as they 
are in a position to operate independently. 

2. To supervise Engineers' Day and elect a chainnan to 
conduct the activities. 

3. To collaborate with the All-University Council for 
the welfare of the University. 

4. To act on matters of general interest to all members 
of the Association. 

5. To conduct all regular or special elections of the 
Institute of Technology. 

6. To act with the faculty upon special request on mat
ters of student discipline. 

As we go back, over the years, we are brought abruptly 
to a halt in the year 1932. For there are no minutes of the 
meetings for earlier meetings. From 1932 to 1938 the min
utes of the meetings are very sketchy and only indicate 
that the Commission held elections for St. Pat, the Book 
Store Board, and the Techno-Log Board. In the year 1938 
to 1939, however, there is an allusion to a constitution 
dating back to 1922 under which the Comn1ission of this 
year was operating. Hence, we know that the Tech Com
mission has been in operation since at least 1922. 

The year 1938 to 1 939 was a momentous one for the 
Commission, as it was in the process of revaluating itself. 
In the first succession of meetings the commission dis
cussed the necessity of the Book Store and Techno-Log 
boards. Since the action of the Regents made the book 
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store an all University body, the Commission has no con
trol over it other than to express student sentiment. It was 
also reaffirmed that the Techno-Log board was a waste 
of time. It was suggested, however, that the boards be 
maintained at their reduced capacity to spread positions 
around as extra-curricular activities. During this period, 
the Commission helped put the Tech Glee Club on its 
feet, and later this organization became self supporting. 

Next came a revised constitution. From the discussions, 
it was resolved that the constitution must be changed due 
to changed conditions and organization of the Institute. 
A committee was set up to draw up a new constitution 
and, subject to ratification of the members, present it to 
the student body in the spring elections. This constitution 
was adopted June 1, 1939; and is, with the exception of 
one amendment and four by-laws, in effect today. 

There was still the problem of E-Day, however, and the 
Commission had the problem of trying to persuade the 
Electrical Engineering and Chemistry departments to com
bine their bi-yearly show with E-Day. They also had the 
usual problems of electing St. Pat and the Queen Coleen, 
judging the floats, etc. By now the year was almost over 
and the Commission had little to do but recommend sub
jects to be discussed and acted upon by next year's Com
mission. A few of the suggestions were that: the Tech 
Commission act as a go-between between the students and 
the faculty on group problems of students, a provision be 
made to set aside a portion of the profits of E-Day for 
lean years, and that some sort of freshman orientation pro
gram be set up. 

In 1939 to 1940 the only available minutes were the 
suggestions for the following year. These were nine in all 
and are as follows: 

1. Secure a file and desk in the new Union from which 
E-day and I.T. activities can be handled. 

2. Have Commission meetings planned in advance and 
at stated intervals. 

3. Investigate and set up standards as to: 
a. Who should be considered a senior? 
b. Qualifications for E-day chairman. 
c. Qualifications for St. Pat. 
d. Point system for awarding society activity plaque. 
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by CLAUS T. WIEBE 

Purposes 

Promote societies. 

Supervise E-Day. 

Work with All-University Congress. 

Act on matters of concern to IT students. 

Conduct elections in IT. 

Work with faculty on problems of student discipline. 

Coordinate group spirit among IT student groups. 

Make suggestions on registration and curriculum to faculty. 

Informs faculty of student dissatisfaction or grievances. 

4. Look over the constitution and set up by-laws as shall 
be advisable. 

5. Work for the elimination of dual payment of gradu
ation fees for students receiving two degrees. 

6. Investigate the posisbility of having the vice-presi
dents of the societies representatives to the Tech Com
mission instead of the presidents. 

7. Investigate the possibility of having more at-large 
members (they had three at the time). 

8. That the commission establish committees with the 
chairman from the Commission and members from 
the student body. 

9. That the three main events be planned well in ad
vance. 
a. Personnel conference- beginning of fall quarter. 
b. E-day chairman be chosen by Feb. 1 and filings 

opened in fall quarter. 
c. I.T. election filings opened second week of spring 

quarter and elections by May I. 
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There were no minutes from the 1940 to 1941 Commis
sion and a small number from the 1941 to 1942 one. This 
latter Commission was apparently not too good because 
they criticized others (namely the faculty) but no matter 
what they proposed, they couldn't do it because of lack of 
funds, or so they said. 

There were no minutes of the meetings of the Tech 
Commissions from 1942 through 1946. However, in 1946 
to 1947 the minutes are again complete, and the Commis
sion started off with a discussion of a classification pro
cedure. They came up with a plan to classify the students 
by the number of credits completed. This method was 
dropped. Concerning E-day, they had plenty of trouble. 
First of all the last years program went in debt, and then 
they couldn't get an E-day chairman. They finally took 
over the planning themselves and in the end came out 
with about one hundred dollars profit. Also in this year 
the Minneapolis Engineers Club revived their banquet 
for the seniors which was in honor of retiring Dean Lind. 
This year the All-University Congress proposed an All-U 
day which the Commission opposed on the grounds that 
it would cut into, and seriously affect the purpose of ·E-Day 
which is essentially all-U in its scope. 

The New Commission 

In the first part, we found that the Commission which 
was started in 1922 or earlier had, in 1939, revised its 
constitution. Under this constitution, the Tech Commis
sion is the governing body of the Technical Association 
of which all students enrolled in l.T. are members. We 
also saw that the Commission was and is the overseer of 
E-Day and in charge of LT. elections, among other things. 

The last article brought us up to the school year 1947-
1948 with the minutes of the meetings for many of the 
years missing. Well, the minutes of the meetings for the 
year 1947-1948 are also missing, but the minutes from 
1948 to the present are all complete. 

In 1948-1949 the Commission immediately got started 
on the proble1n of E-Day. The previous year had reported 
a loss of about $28. The filings for the E-Day chairman 
were opened in the middle of Fall quarter, the chairman 
was duly elected, and E-Day was on its way. A special 
election was held on Nov. 23 to ratify the constitution 
of the Technolog Board and this consitution was ratified 
by a vote of 465 to 14. This Comn1ission appointed a 
committee to coordinate activities toward the formation 
of a faculty rating system. It was found that Pi Tau Sigma, 
honorary fraternity, already had done quite a bit to
wards this project, and work is to be carried on from 
here. The Commission studied the problem of expenses 
of the required senior inspection trips. Through the work 
of the committee the Veterans Administration has agreed 
to pay transportation costs for the rehabilitated veterans, 
and a study of the possibility of having the payment ex
tended to all G.I.'s is to be made. Also, there was the 
problem that foreign students who were prohibited from 
taking jobs in this country were still required to pay the 
$10 placement fee. This matter was looked into, but the 
Commission, at this time, was unable to change the situa-
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tion. As sort of an anticlimax, E-Day and the elections 
went as usual, and the date for the next years E-Day was 
set. 

In the year 1949-1950, the Commission had trouble with 
the elections. First of all, the three representatives from 
IT to All-U CongTess were not IT students, and, secondly, 
there was only one candidate for E-Day chairman. It was 
noted that there was a great deal of apathy in the student 
body. At one of the meetings a SAB member was present 
who explained the present SAB system and policies. A 
lengthy discussion of the University's beverage policy fol
lowed. The adoption of the McCormick Plan came up in 
the spring elections. The Tech Commission went on record 
as opposed to the plan on two grounds; (1) that $1.00 was 
too much of an assessment, and (2) that the facilities were 
not large enough. (to explain briefly, the McCormick 
Plan was a "tax" financing for student participation sports. 
This "tax" was a $1.00 fee added to each student's fee 
statement in place of charging admission prices for the 
use of the tennis, golf, and ice skating facilities.) The 
plan, however, was approved on a trial basis. The rest of 
the year went as usual with the exception that the E-Day 
comrnittee had to be cautioned as to the character of the 
·Mayhem show. 

A study of the handling of the senior placement sheets 
was made by the 1950-1951 Tech Commission. It was found 
that two major problems were involved. One was a lack 
of student initiative in turning in the sheets, and the other 
was lack of departmental emphasis. It was recommended 
that the societies take action on this matter and that 3. 

standard of departmental action be set up. A report was 
made to the Commission on the proposed National Student 
Association program concerning the following points: 

1. To promote student seminars. 
2. To promote faculty evaluation. 
3. To promote student interest in exam and curriculum 

problems. 

It was also reported that the faculty rating system was in 
the planning stage. The outlook for the Palm Beach BaH 
to be held in connection withE-Day was not go good, but 
as it turned out E-Day was a success this year. The :Mc
Cormick Plan again came up for discussion. After di.;;
cussing the results of one years trial, the Commission came 
up with these conclusions: (1) the plan hasn't been tried 
long enough to reach any conclusions, (2) the statistics 
presented were poor, and (3) the program is beneficial 
to those who use the facilities and should be given a longer 
trial. The Commission also made a suggestion which was 
included in All-U Congress' passag-e of the plan for another 
years trial. This suggestion was that the facilities be open 
to the students in the summer also. The retiring Com
m~ssion suggested to the next years Commission that they 
offer some type of freshman orientation. 

The Tech Commission of 1951-1952, besides taking care 
of E-Day,,. discussed the problem of easing the talking 
restrictions in the library with no results. They also ex
amined suggestions for developing a high school visitation 
program to acquaint the high school students with the 
field of engineering. West High School was contacted and 
talks were given to the juniors and seniors, and the pro
gram was received enthusiastically. They also sent letters 
requesting permission of the T·win Cities' high schools 
to send information about the Institute of Technology to 
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their classes, and the Minneapolis School System rejected 
it. This year the Society for the Advancement of Manage
ment (S.A.M.) was admited to the Commission. There 
were 233 students present at this year's Minneapolis En
gineers Club Banquet (last years was held on Feb. 7) and 
free tickets were given to the graduating seniors for this 
function. As the school year ended, E-Day seemed to show 
a profit of about $600. (This figure seems to be a bit 
large). 

In 1952-1953 the Commission revived the Tech Party 
which had been inactive in the past year. Along with this 
went an effort to promote more interest in the professional 
societies and in IT in general. The Commission worked 
on problems of E-Day expenses and renumeration which 
had arisen. They also discussed the difficulties and prog
ress. of the Technolog and the Technolog Board. ] t was 
also suggested that a public address system be set up to 
cover the engineering buildings for special occasions, for 
example, E-Day and the Minneapolis Engineers Club 
banquets which had received a very poor response this 
year. The Commission set up a softball league for which 
six societies had signed up (A.I. M.E. won the champion
ship.) This year the high school visitation program was 
well received by the high schools. l t was in this year that 
the technolog had trouble with the character of its humor. 
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and it was suggested that the Commission take action on 
the ban of Technolog humor. The motion was made and 
seconded that the Commission make no comment at this 
time. 

The Tech Commission posted a calendar of events on 
the Commissions bulletin board in Main Engineering, in 
1953-1954, so that the societies could schedule their meet
ings so as not to conflict with other societies and thus 
increase their attendance. A motion was made and passed 
that the Commission act as purchasing agent for the socie
ties for the '53-'54 Gopher, but the Gopher editor turned 
it clown on the grounds that it would loose money. The 
Tech Commission of this year evaluated the high school 
visitation program and listed the purposes of this program 
as follows: 

1. To interest high school students in engineering as a 
desirable field. 

2. To clarify misconceptions about eng~ineering. 

3. To improve relations between the high schools and 
the University. 

4. Not to sell the University as an engineering school 
but rather the engineering profession. 

5. To interest the students in attending E-Day (secon
dary). 

(Continued on Page 32) 
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FORECAST: 

NEEDED: 

lmagineers 

with a 
sense of 

adventure 

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 
Time, Saturday Evening Post, The New 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. 
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NEW! "ALCOA THEATRE" 
EXCITING ADVENTURE 

ALTERNATE j;IONDAY EVENINGS 

Aluminum Company of America 
1825 Alcoa Building 

Pittsburgh 19, Pennsylvania 

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

NAME ___________________ ___ 

ADDRESS ________________ _ 

CITY AND STATE ___________ _ 

COLLEGE ______________ _ 

DEGREE ________________ _ 

DATE OF GRADUATION ________ _ 
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A rig in one of the experimental test cells at P & W A 15 Willgoos Laboratory. The six large finger-like devices are remotely 
c:ontrolled 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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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 

I ST E T Tl 

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 iet engine compressor. 

Special-purpose probes designed 
and developed by P & W A engiq 
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. 

Pratt & Whitney Aircraft operates a 
completely self -contained engineering fa
cility in East Hartford, Connecticut, and 
is now building a similar facility in Palm 
Beach County, Florida. For further in
formation about engineering careers at 
Pratt & Whitney Aircraft, write to Mr. 
F. W. Powers, Engineering Department. 
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Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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(Continued frotn Page 27) 

Concerning E-Day, the Tech Commission recommended 
that the practice of all IT graduating seniors kissin? the 
queen finalists (referred to as the kissing org-y). be d_1scon
tinued because of bad publicity and because It senously 
handicapped the Queens Committee in getting high .qual: 
ity girls for queens. Because of increased enrollment 1n I'I 
the Commission appointed another representative to All-U 
Congress; the Institute of Technology now has two elected 
and one appointed representative to the Congress. In clos
ing out the year, the Commission emphasized the Big 
Brother (academic assistance to freshmen and sophomores 
in IT) program, and scheduled a meeting of the Tech 
Commission, SAB, and the Law Council early in the fall 
quarter of '54 regarding the next year's E-Day Parade (the 
lawyers attempted to ruin the parade while the engineers, 
of course, prevented it). 

The 1954-1955 Tech Commission ,,vas a very busy one. 
Aside from the usual planning they studied the IT registra
tion procedure, lighting in the engineering library, the Big 
Brother program, improvement of student faculty com
munications, the work study program, and the possibility 
of having name plates put on the enginering buildings. 
After studying the IT registration procedure the Conunis
sion sent a letter of recommendation to the Registration 
Committee requesting the following: 

1. Lengthen the registration to five days. 
2. Give out the registration materials two days 1n ad

vance (especially fall quarter). 
3. Keep the offices open at noon. 
4. No more numbers should be due in one hour than 

the office can handle efficiently. 
5. That the class schedules be sent to each registrant. 

The Commission made a survey of the lighting in the 
Main Engineering library and then made a request that 
fluorescent lights should be installed in the library. They 
also sent a letter to Dean Spilhaus concerning· the poor 
lighting in the library and the gloominess of same (stating 
that the lighting was way below standard). Dean Spilhaus 
replied that steps to correct the matter are being taken. 
As for the Big Brother program, the Commission decided 
to take a trial run with the following outline. The program 
should start winter quarter. Thirty or forty students who 
got C's and D's in freshman math and are on probation 
should be picked and notified. The "classes" should be 
conducted along the lines of the recitation sections, and 
should have a number of "instructors" (seniors andjor 
juniors) to give individual tutoring where necessary. The 
Commission of this year wrote a memorandum on im
provement of student faculty communications which reads 
as follows: 

1. A carefully selected student be on the College of 
Engineering Curriculum Planning Committee as liai
son. 

2. The presidents of the societies be liaison between 
the students and the faculty of his department. 

3. The officers of the Tech Commission meet regularly 
with the Dean of IT to discuss basic policies and 
trouble spots. 

4. That more emphasis be placed on student advisory 
and disciplinary situations as follows: student ad-
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visors and Big Brothers to be selected from the de
partments and be give positions of high prestige. 

5. That the Tech Commission appoint a carefully se
lected five man discipline comn1.ittee to act on student 
problems (correlated with Big Brothers), and the 
chairman of this committee is to be on the IT Work
Study committee. 

As for the work-study program, the Commission decided 
that a questionnaire be circulated among the electrical 
engineers to determine if there was .e~ough. interest to 
warrant such a program. The Comnusswn discussed the 
fact that there were no legible name plates on the engineer
ina· building-s to aid students and visitors. The Commission 

b . h wrote a letter to Buildings and Grounds requestmg· t at 
such name plates be put up. Besides these things, the 
Commission discussed the SLA Boards suggestion that a 
"dead day" be placed between classes and finals, sug-gested 
that this day be taken off of the vacation between quarters, 
and informed the SLA Board that they would join in a 
campaign to achieve this aim. The rest of the time the 
Commission concerned itself with E-Day, an all IT dance, 
the Minneapolis Engineers Club banquet, high school 
visitation, and the maintainence of a callendar of society 
meeting dates. 

The topics under discussion by the 1955-1956 Tech 
Commission were E-Day, high school visitation progTam, 
the work-study program, the Technolog fee, student wage 
scale, the SAB Conduct Control policy, and the Memoran
dum on Improvement of Student Faculty Communica
tions. E-Day and the high school visitation went as usual. 
The Commission had some trouble getting students to 
participate in the high school visitation program. The 
commission took no action on the work-study program 
to extend it to other departments (was started in the KE. 
dept.). Concerning the Technolog fee, the Commission 
which has continually been in support of it submitted it 
to a vote in the elections and, with 20% of IT voting, it 
was approved by 84% of the voters. It was found that the 
student wage scole at Rosemount was the same as at the 
University which did not seem fair as one has the added 
cost of commuting. The Commission of this year had many 
discussions about the SAB conduct control policy and its 
application to the Tech Commission as the governing 
body of the IT stduents. They finally resolved that the 
Commission would be responsible for the IT students 
and that any necessary action would be taken by that body 
and also reported to SAB. The Commission decided that 
the best way to implement the Memorandum on Improve
ment of Student Faculty Communications was to work 
on it point by point. Concerning the first point, the mem
bers asked their respective departments what they thought 
of such a student liaison and were met with a variety of 
replies. As a final measure, a letter was sent to Dean Spil
haus asking him what he thought of the student liaison 
and of the feasibility of the program itself. Dean Spilhaus 
replied that as fas as he could determine the liaison was 
not acceptable to the departments, but that the program 
itself was very good. The Tech Commission also suggested 
that the societies should get together and have some joint 
meetings so as to get more well known speakers and thus 
attempt to increase their membership. They sent a letter 
to Dean Johnson requesting that the class schedules be 
available to the students before registration and also sug-

(Continued on Page 56) 
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It was one of mother's most hectic days. 
Her small son, who had been playing 
outside, came in with his pants torn. 

"You go right in, remove your pants, 
and mend them yourself." 

Some time later she went to see how 
he was getting along. The torn pants 
were lying on the chair. The door to the 
cellar, usually closed, was open and she 
called down loudly and sternly: "Are 
you running down around there without 
your pants on?" 

"No, Madam, I am reading the gas 
meter." 

Freshman: "What does 'Fantasy' 
mean?" 

Senior: "A story in which the characters 
are ghosts, goblins, virgins, and other 
supernatural beings." 

Some girls are cold sober. 

Others are always cold. 

During mock maneuvers an army com
mander ordered a notice to be displayed 
on a bridge stating: "This bridge has 
been destroyed by air attack." But to 
his chagrin, he noticed through his field 
glasses that a foot regiment was crossing 
the bridge despite his orders. He sent 
his adjutant to the officer in charge post
haste to find out how he dared to defy 
his orders. An hour later the adjutant was 
back. "It's all right, sir," he reported. 
"The troops are wearing signs saying 'We 
are swimming'." 

Newton's sixty-ninth law: The dimmer 
the porch light the greater the scandal 
power. 

He: Did you ever hear about the angry 
golf ball? 

She: No. 
He: It was teed off. 
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Prof. (knocking on desk): Order! Order! 

Class (in union): Budweiser. 

Salesman: Is your mother home, Son
ny? 

Three year old: No, but my sister is. 

Salesman, happily: "Would you please 
send her to the door." The salesman wait
ed impatiently, then after a long delay, 
the voice of the small child was heard, 
"I can't lift her out of the play pen." 

M.E. Problem Test No. 2 

A crosseyed woodpecker with a cork 
leg and snythetic rubber bill required Y2 
hour to peck 1,4 of the distance through 
a cypress log 53 years old. Shingles cost 
79c per hundred and weigh 8 pounds 
apiece. The log being pecked upon is 
34 feet long and weighs 46 pounds per 
foot. Assuming that the coefficient of 
friction between the woodpecker's bill 
and the cypress log is 0.097 and there 
is negligible resistance to diffusion, how 
many units of vitamin B1 will the wood
pecker require in pecking out enough 
shingles for a $75,000 barn with detach
able chicken house? The woodpecker has 
efficiency of 97 percent, and gets time 
and a half for overtime. 

Definition of a college student: One 
who can't count to 70 without laughing. 

How about the scissors and knife grind
er who announced so happily, "I never 
saw things so dull." 

The reason for the yellow light on 
traffic signals: It gives Scotchmen a 
chance to start engines. 

The young man started work as a 
stockroom boy. Within six months he 
was made a salesman. In another six 
months he was upped to sales manager, 
and shortly thereafter he was made gen
eral manager. 

A few days later, he was called in 
by the president of the firm, who ex
plained that he would reitre soon and 
would turn the presidency over to the 
newcomer. 

"Thanks," said the young man. 
"Thanks!" . growled . the . president. 

"You've been with this firm only a year. Is 
that all you can think of to say?" 

"Well," said the young man, "thanks 
a lot, dad." 

"What are you putting in your vest 
pocket, Murphy?" 

"That's a stick of dynamite. Every time 
Riley sees me he slaps me on the chest 
and breaks all my cigars. The next time 
he does it, he's going to blow his hand 
off." 

The professor grimly eyed the class 
as he prepared to return a batch of ex
amination papers. "You will remain seat
ed while they are passed out," he com
manded. "If you were to stand, it is con
ceivable that you might accidentally form 
a circle. That would make me liable for 
arrest." 

"Why?" the kids asked. 
"I could be arrested for maintaining 

a dope ring!" 

"If it's heads, we hit the sack. If it's 
tails, we stay up. If it stands on edge, we 
study." 

Salesman: Sir, I have something here 
which will make you popular, make your 
life happier, and bring you a host of 
friends. 

Student: I'll take a quart. 
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The committee chairman described the dismantling of 
che F-84 jet fighter in the Aeronautical Engineering hangar 
i·or use as an E-Day display at the December meeting of the 
Mi~nesota student chapter of the Institute of Aeronautical 
Science. Any Aeronautical Engineering student is welcome 
to help with the dismantling of the jet fighter. This proj
ect should prove very interesting and educational as the 
dismantling should illustrate many details in aircraft con
struction. 

Mr. Harold Froehlich, Head of the Geophysics Research 
Group of General Mills, spoke on the topic, "Physiological 
Aspects of Ballooning". He described the effects of CO:~ 
and water vapor on the human body at hig·h altitudes and 
stated the minimum required conditions needed for 
normal body functions at given altitudes. 

Mr. John Cramer, Director of the General 1\tlill's Bal
loon Division, showed a film on Project Farside. The 
film showed the construction of the balloons used in the 
project at the General Mill's plant. The polyethelene 
balloon was the largest balloon ever used and it lifted 
the heaviest object ever lifted to approximately 100,000 ft. 
The film also showed test flights of the balloon by General 
Mills carrying an equivalent model of the Farside rocket. 

After the film Mr. Cramer answered questions on the 
movie and described other balloon projects which are or 
soon will be in operation. Some of these projects are as-
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sociated with the University of Minnesota or with some 
of the University's staff members. 

A .. S .. M .. E .. 

The lVIinnesota Student Chapter of A.S.M.E. made its 
first field trip of the school year to Northern States Power's 
Black Dog Power Station located on the south bank of the 
lVIinnesota River between Cedar Avenue and Lyndale 
Avenue. The members intensively inspected the plant 
equipment under the guidance of the N.S.P. Company 
staff members. The equipment consisted of three boiler, 
turbine, and generator systems which produce a total of 
270,000 K.\!V. The importance of this power station was 
demonstrated by a city-wide "black-out" a couple of months 
ago due to mechanical failure of this plant. 

This field trip was very interesting and successful. Future 
trips are being organized with consideration given to 
possible weekend trips to Chicago, lVIilwaukee, and other 
industrial areas. 

At the December meeting of the student chapter, Pro
fessor J. .J. Ryan spoke on "Automotive Safety." For the 
past two years, Professor Ryan has been investigating crash 
safety for the U.S.A.F. In his talk, he described the work 
he has done in "Packaging People for Safety." 

Three main areas have been studied on reducing impact 
in collisions. They are: hydrolic bumpers, recessed clash, 
and collapsible steering columns. Professor Ryan pointed 
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out that these improvements are only effective if a safety 
belt is also used. 

The talk was illustrated with movies of the University 
of l\1innesota experimental safety car crashing into bar
ricades, with two passengers aboard, at speeds up to 20 
mph and showing the results of these crashes. 

If safety devices now available were used on all cars, 
at least half of the yearly 1,300,000 traffic injuries could 
be prevented, according to Professor Ryan. 

S.A.M. 

The members of the l\!Iinnesota chapter of the Society 
for the Advancement of Management toured the Quality 
Park Box and Envelope Company plant in St. Paul in 
October. The success of this tour has resulted in the 
planning of more such trips during the school year. 

At the chapter meeting in December Dr. H. A. Hene
rnan, Assistant Director of the Industrial Relation Re
search Center, spoke on the question, "What is Manage
ment?" Dr. Henernan's gifted and colorful speaking ability 
was enjoyed by students and faculty members alike. 

At future S.A.l\1. meetings Mr. E. D. Schleh, Manage
ment Consultant, will discuss the topic, "Organizational 
Planning," and Mr. John McKenzie, Director of l\lfanu
facturing for Toro Manufacturing Company, will speak 
on "Budgets and How to Use One." 

Early in winter quarter the S.A.l\II. Big Brother Program 
will start. This program gives each S.A.M. member an 
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opportunity to visit a local industry and confer with c 
of the management of that industry. 

A.S.A.E. 

The student chapter of the Minnesota branch of the 
American Society of Agricultural Engineers were the guests 
of the Agricultural Engineering faculty in November for 
the annual Student Faculty Banquet. Professors Otis and 
l\1anson were special hosts and served a tremendous buffet 
style turkey dinner. 

After the meal, Professor Schwantes introduced the 
faculty and Jerrold Niemann, president of the student 
branch of the A.S.A.E., introduced the students. 

Mr. Truman Heinton, Research Director of the Rural 
Electrification Administration, briefed the group on some 
of the very latest uses of electricity and electronics in the 
field of agriculture. 

The student branch of the A.S.A.E. held their annual 
motor vehicle license plate sale on the St. Paul Campus 
during December. The profits from this sale are used to 
finance the student branch activities for the year. This 
sale headed by Jim Guyaux appears to be very successful. 

At the November meeting guest speaker, l\!Ir. Fred Kess
ler of Weyerhauser's Rilco Rafter Division, presented a 
new film on laminated wood framing materials. He dis
cussed the uses of laminated wood framing in large agri
cultural and industrial buildings. lt was pointed out that 
the glued laminated wood framing in many uses was equal 
in strength to metal and was lighter and less expensive. 
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KAPPA lETA KAPPA 

TheN ational Convention of Kappa Eta Kappa fraternity 
was held at Delta Chapter in J\lladison, Wisconsin, this 
year. Official delegate Karl J\llagnuson, along with George 
Dufour, Earl DeJonge, Sy Ryan, and Keith Flemming 
made the trip down to attend over the Thanksgiving week
end. Meetings began at 9:30 a.m. both Friday and Satur
day, with additional sessions in the afternoon and early 
evening. Delta's social chairman did an extra fine job 
of supplying dates for the visiting brothers, as everyone 
adjourned to a party at "Glen & Ann's" following the 
meeting Friday evening. Saturday's session included a tour 
of Wisconsin's modern Electrical Engineering building. 
One glance at their EE Machinery Lab could easily justify 
their pride in this building. John Coruthers, a Wisconsin 
alumnus, was renominated to serve another term as Presi
dent of the National Executive Council, while Gerald 
Brings (Minn. '56) was renominated to continue as Secre
tary-Treasurer. The attending· alumni led discussions Sat
urday evening concerning the professional status of En
gineers., and the sudden lay-offs of Engineers in the last 
few months. The convention was brought to a fitting cli
max Saturday night with a beer party at the Delta Chapter 
house. Delta's delegation had the privilege of returning 
the "tail ender" trophy to our Beta Chapter due to Minne
sota's loss in the Wisconsin football game. They even had 
witnesses, as a carload of KHK members from Wisconsin 
were up here for the game the previous week. 

Our fall quarter "After Finals Party" will include some 
Christmas theme. Everyone will gather at the house for 
refreshments and to decorate the Christmas tree before 
going out to dinner. The party will then return to the 
house for more frolic following dinner. 

TRIANGLE 

Hello Triangle fans. The big news of the month was the 
fall quarter formal. This was carried off with unusually 
fme form and good luck. The affair was planned well in 
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advance therefore no one knew when it was. We finally 
obtained the tropical room of the Dyckman Hotel for 
December 6. Everyone was notified in plenty of time as to 
the time and place so on the 5th and 6th guys were trying 
all over for dates. We always manage to end up all right 
though. On the night of the formal everyone was in a 
fine mood. 

Some guys brought their girls in formals and found out 
it was a semi-formal affair. Their girls were sore about 
that. Other guys brought their girls in regular attire and 
found out it was semi-formal. Their girls were sore about 
that too because they didn't look like anybody else. The 
guys were all sore at each other because nobody got the 
word. Everyone was in a real good mood so we had a few 
7-sevens. (That is seven~up with a little more than ice 
added to give it a special flavor.) 

With everyone in a festive mood we waited for the or
chestra. They showed up, the union showed up, the or
chestra left (scabs). That put everyone in an even better 
mood, another round of 7 -sevens. Brother Trask arose to 
blow his mighty saxophone. I danced with his fiance. He 
quit playing- Killjoy. Brother Forseth arose to play the 
piano. He had momentarily forgotten he didn't know how, 
he soon found out- he quit too. Another round of 7-
sevens. Everyone gathered into a circle and sang songs, 
lousy college songs. There is nothing worse than singing 
songs at a formal. Seeking some form of entertainment, 
we lit all the candles we could find to add a little atmos
phere. That did it; there is nothing like stale old candles 
to add atmosphere. Another round of 7-sevens and we 
swam home. The crew arrived at Triangle about midnight. 
We gathered around and sang songs, those same lousy col
lege songs. Someone hauled out a tape recorder and we 
recorded our fine voices. The playback killed that party. 
Everyone left with their girls. I don't know if they went 
home- I didn't but then that's another story. 

Finals were soon to start and that wrecked December. 
One thing for sure, our parties may not be the smoothest 
but we always have fun.- D.W. 
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John Reiter (right) discusses the route of signals from the wave guide through the IF stages of a microwave receiver 

"This as the kind of challenge I as looking for" 
John A .. Reiter, Jra, B.s .. in Electronics, Arizona State College, '54., 

discusses the biggest project so far in his Ben System career 

"One of the reasons I joined a Bell Telephone 
Company," John says, "was because the engineer· 
ing would he more interesting and challenging. I 
knew I'd chosen well when I was assigned to assist 
in planning a microwave radio relay system between 
Phoenix and Flagstaff, Arizona. This was the kind 
of challenge I was looking for. 

"It was to he a system requiring five intermedi
ate relay stations, and I began by planning the 
tower locations on 'line of sight' paths after a study 
of topographical maps. Then I made field studies 
using altimeter measurements and conducted path
loss tests to determine how high each tower should 
he. This was the trickiest part of the j oh, because 
it called for detecting the presence of reflecting sur
faces along the transmission route, and determining 
the measures necessary to avoid their effects. 

"Not the least part of the job was estimating 
the cost of each of the five relay stations, taking into 
consideration tower height, access roads, and the 
need for special equipment such as de-icing heaters. 
All told, the system will cost more than $500,000. 

When construction is finished in December of this 
year, I'll he responsible for the technical consider
ations involved in connecting radio relay and tele
phone carrier equipment. Initially this system will 
handle 48 voice channels, hut can he expanded to 
540. In addition to long distance telephone service, 
it will also provide data transmission circuits. 

"This assignment is an example of the challenges 
a technical man can find in the telephone company. 
You take the j oh from start to finish- from basic 
field studies to the final adjustments-with full re
sponsibility. To technical men who want to get ahead, 
that's the ultimate in opportunity." 

John Reiter is building his career with the Moun· 
tain States Telephone and Telegraph Company. Find 
out about career opportunities for you. Talk with 
the Bell interviewer when he visits your campus. 
And read the Bell Telephone hooklet on file in your 
Placement Office, or write for a copy of "Challenge 
and Opportunity" to: College Employment Super
visor, American Telephone and Telegraph Company, 
195 Broadway, New York 7, N. Y. 

BELL TELEPHONE COMPANIES 
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Here is a sampling of the kinds of engineers and scien
tists which DuPont will employ this year with BS-MS 
training-and their fields of work. The chart is an easy 
way to match your own interests against job openings 
at DuPont. 

For example: If you are a mechanical engineer, 
run your fi h "M h . 1 En . " nger across t e ec aniCa gmeers 

column. The code letters refer to the type of work 
(Research, Development, etc.). The departments of the 
Company are listed across the top. The column across 
the bottom indicates some of the locations where these 
departments have openings. DuPont also has oppor
tunities for other engineering and scientific specialties, 
b d 1 r · ut space oes not perm1t a comp ete 1stmg. 

EXPLOSIVES, FABRICS 
ELASTOMER ELECTRO· ATOMIC AND 

DEPARTMENT~ ENERGY ENGINEERING CHEMICALS CHEMICALS EXPLOSIVES 
DIVISION 

FINISHES 

Designs and constructs Neoprene Metallic Sodium Sporting Powders Nuclear Reactor Coated Fabrics 
major plant facilities. Rubber Hydrogen Peroxide Blasting Supplies Materials Paints, trnishe 
Conducts research and Chemicals Vinyl Products Dynamite Heavy Water lacquers ; 
development, and provides Sodium Cyanide Polymer Synthetic Resin 

PRODUCTS engineering consul- Organic Chlorinated Solvents Intermediates Finishes 
tation in chemical and lsocyanates Nylon Intermediates 
mechanical engineering, 
instrumentation, 
and materials technology. 

CHEMICAL 
ENGINEERS A, 8, C B A, B, D, F B. D A,B A,B,F 

MECHANICAL 
ENGINEERS A,B,C B E A,B 

ELECTRICAL 
ENGINEERS A, B,C E 

METALLURGICAL 
ENGINEERS A, B A, B A, B 

CHEMISTS F A, B, F 

PHYSICISTS A,B 

Wilmington, Del., Beaumont, Tex. Memphis, Tenn. Gibbstown, N.J. Aiken, S.C.* Newburgh, .Y. 
POSSIBLE or louisville, Ky. Niagara Falls, N.Y. Parlin, N.J. 
INITIAL Plant Locations Montague, Mich. Wilmington, Del.** Philadelphia, Pc: 
ASSIGNMENTS Wilmington, Del.** 

i 

PERSONALIZED INFORMATION-The kind of work 
you will do and the location of your first assignment 
depend on your qualifications and the openings avail
able. Since the above chart was prepared, some of the 

openings listed may have been filled or new jobs may 
have been added to the list. For up-to-the-minute infor< 
mation about possible jobs for you, see the Du PoD:\', 

representative when he visits your campus. 

\IVATCH THE DU PONT "SHOW OF THE MONTH" ON TELEVISION 
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lilllllll 

ILM 

ellophane 
ponge Yarn 
Iylar® 
Polyester Film 

el-o-seal® Bands 

, B, D, F 

, B, D, E 

I 
A Research 

8 Development 

GRASSELU 
CHEMICALS 

Acids and Heavy 
Chemicals 

Biological and 
Agricultural 
Chemicals 

A, B, D 

Cleveland, 0. 
East Chicago, 

Ind. 
Houston, Tex. 
linden, N.J. 
Wilmington, 

Del.** 

ORGANIC 
CHEMICALS 

Dyes 
Petroleum 

Chemicals 
Tetraethyl lead 
Fluorinated 

Hydrocarbons 

A, B, F 

A, B,F 

A, B, F 

Deepwater, N.J. 
Wilmington, 

Del.** 

C Design 

0 Production 

PHOTO 
PRODUCTS 

Photographic 
and X-Ray Film 

Photographic 
Papers 

Processing 
Chemicals 

A, B, D,F 

A, B, E, F 

E 

A, F 

A 

Parlin, N.J. 
Rochester, N.Y. 

PIGMENTS 

Titanium Pigment 
Pigment Colors 
Titanium Metal 
Hyperpure Silicon 

A,B,F 

A, B 

F 

Edge Moor, Del. 
Newport, Del. 
New Johnsonville, 

Tenn. 
Wilmington, Del.** 

I 
E Plant Engineering 

f Sales 

POL YCHEMICALS 

Ammonia 
Antifreezes 
Urea Products 
Plastics 
Nylon 

Intermediates 

A, B, D, f 

A, B, D, F 

A, B, D, F 

A, B, D,F 

A,B 

Charleston, W. Va. 
Orange, Tex. 
Parkersburg, 

W.Va. 
Victoria, Tex. 
Wilmington, Del.** 

I 

TEXTILE FIBERS 

Nylon 
Dacron® 

Polyester Fiber 
Orion® 

Acrylic Fiber 
Rayon 

A,B,D 

A, B, D, E 

B,D, E 

A,B,D 

A, B 

Camden, S.C. 
Chattanooga, Tenn. 
Kinston, N.C. 
Martinsville, Va. 
Old Hickory, Tenn. 
Richmond, Va. 
Seaford, Del. 
Waynesboro, Va. 
Wilmington, Del.** 

*Government owned, Du Pont operated **Sales and/or Research & Development only 

SEND FOR INFORMATIVE BOOKLETS packed with information about careers 
at DuPont in chemical, mechanical, electrical, metallurgical and other engiQ 
neering fields, and in research and development. Just send your name, address, 
class, school and name of subject that interests you to Room 2494-D Nemours 
Building, E. I. du Pont de Nemours & Co., Inc., Wilmington 98, Delaware. 
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''I'm in the business 
and I know~~ e'' 

"Not too long ago 1 was in the same situation you 
fellows are in now. Senior year and the big de
cisions. What am I going to do with my education? 
lVhat am I going to do for a living? 

uw ell, I talked to a number of people and did as 
much letter writing and looking around as I could . . 
The way I fogured it, 1 wanted opportunity . .. a fair 
chance to put my capabilities to work and to be 
recognized for what 1 could do. Of course, I wanted 
to be well paid, too. It all seemed to add up to the 
aircraft industry ... and to me it still does. 

11In the space of just a few years I've worked on 
quite a few projects, important projects that some 
day may mean a great deal to this country. They 
sure meant a lot to me. And I wasn't standing 
either. My salary and my responsibilities have 
creased with each promotion. That means lots 
challenges, new and tough problems that we heLVe to 
solve, but that's the way 1 like it. So, if you 
some advice from this 110ld grad," choose the 
industry. It's the wisest choice, I'm in the b 
and I know." · 

Probably no other industry in America ·has 
so fast and advanced so far in a short time as has 

the aircraft industry. And yet there is no limit to 
how far man's inventiveness and imagination can 
push the boundaries. Radical new concepts 
would have been unthought of just a few years ago 
are the drawing-board problems of today. 

Truly aviation is still in the pioneering stage, and 
one of the leaders is Northrop Aircraft, which has 
been making successful contributions to our 
nation's defense for over 18 years. Projects such as 
the Snark SM-62, world's first intercontinental 
guided missile, have identified Northrop as a suc
cessful pioneer. And new aircraft such as the super~-·-"' 
sonic, twin-jet T-38 advanced trainer are maintain
ing this reputation. 

Let us tell you more about what Northrop can 
offer you. Write now, regardless of your class, to 
Manager of Engineering Industrial Relations, 
Northrop Division, Northrop Aircraft, Inc., 103 
East Broadway, Hawthorne, California. 

A Division of Northrop Aircraft, Inc. 
BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE 
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s A STUDENT of Engineering, you have already professed 
your calling and have by mere fact of enrolling in the 
course, openly avowed your willingness to begin the 

process of becoming a professional engineer. 
Most people choose their life's work for more than one 

reason, but in all cases, remuneration must be one of the 
reasons- even though it may not be the most important. 
There are many people, those we call dedicated, who are 
following a profession in spite of the fact that their re
munerotion is not what it should be. In some instances, 
this ;es to professional engineers. 

.. ball player, who by reason of outstanding ability 
jons has played during his college days as an ama

ccepts a contract to play for money as a member of 
ganized group, automatically becomes a professional. 

·. iS being paid for his ability to produce under the rules 
of the association in ·which he is playing. 

Your ability to produce- after you have acquired the 
necessary talents- entitle you to accept employment as 
engineer and thus become a professional. By accepting the 
title "Professional Engineer" you automatically subscribe 
to the rules and regulations of the profession and agree 
to conform to its standards. A football player who is de
tected in a violation of the rules causes his team to be 
penalized immediately. This police action by the referee 
is a strong deterrent to those who are inclined to viola
tions, and this same idea is carried out in the professions 

E 
FELL s I '' 

by JAMES SAMPSON, P.E. 

but the enforcement of the rules is smnewhat more diffi
cult. There are no referees as such. The rules are not 
specific in all cases. What might be a violation in one 
person's eyes would be justifiable in another's because of 
differences of opinion. The decision as to violations are 
much more complex. 

You have, by accepting the title of professional engineer, 
automatically set yourself up as an expert in that branch 
of engineering which you are qualified to practice. Your 
acceptance into the profession by those qualified by la·w 
to pass on your abilities, indicates that you are qualified 
and that you will continue to keep yourself abreast of 
changes which affect your work. It also indicates that you 
have subscribed to the rules and laws controlling your 
activities and that you will abide by those rules or ethics 
- if you prefer- of the profession. 

In our highly competitive economy, success is usually 
measured by the accumulation of wealth in the form of 
money and possessions. Our present society seems ready 
to accept anyone who has attained the top without a great 
deal of thought regarding the method employed to get 
there. Undoubtedly some successful engineers have em
ployed tactics which might be open to criticism if not 
downright unethical. However, for the most part, the 
practice of engineering is carried along in an ethical man
ner, and those members of the profession who remain 
long in business subscribe to the Code of Ethics as recom-

James Sampson was born and educated in Trenton, New Jersey, graduating from Trenton 
High School in 1925. Worked on heavy construction and as Engineering Assistant for private 
engineering company until 1929. 
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Worked as Junior Civil Engineer for New Jersey State Highway Department on survey and 
construction while attending evening school at Drexel Institute of Technology in Philadelphia. 
During curtailment of work caused by the depression, took position of salesman in 1933, sub
sequently changes to Sales Engineer for Armco Drainage & Metal Products, Inc., Trenton, 
New Jersey. 

Served 41f2 years as Member of Sanitary Corps, and Corps of Engineers, U. S. Army during 
World War II. Was on active duty in the United States, England, France and Germany. Holder 
of Bronze Star Medal for meritorious service and Campaign Medal and Battle Stars for all 
European campaigns. Discharged as Lieutenant Colonel, C.E. in 1946. 

Returned to Armco Drainage & Metal Products, Inc., as State Sales Manager for Pennsylvania, 
and was transferred from Harrisburg, Penn., to position of Division Sales Manager of the North
western Division with Headquarters in Minneapolis July 1956. 

Joined N.S.P.E. as member-at-large during service with the Armyi Member of Harrisburg 
Chapter, Pennsylvania Society of Professional Engineers from 1949 to 1956, serving as Presi
dent of the Chapter for the year 1955-56. Present member of Minnesota Society of Professional 
Engineers, Upper Midwest Oilmen's Club, and Minnesota Surveyors' and Engineers Society. 

Mr. Sampson, his wife Amelia, and their three children are members of the St. Stephens 
Episcopal Church1 and reside at 6416 Indian Hills Road/ Edina. 
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mended by the National Society of Professional Engineers. 
As a young engineer, about to enter the profession, I 
highly recommend that you request a copy of this Code 
of Ethics from the Minneapolis Chapter of the .Minnesota 
Society of Professional Engineers, and discuss any per
tinent questions that arise with your professors andjor 
employer if you are already employed. 

After passing parts I and II of the Engineer-in-Training 
Examination and your employment with an engineering 
firm entitles you to membership in the J\!Iinnesota Society 
of Professional Engineers as an engineer in training, and 
your active association with other members of your pro
fession in such a Society will enable you to obtain qualified 
answers to any problem which may perplex you regarding 
your professional activities during the time immediately 
preceding your licensing by the State Board of Registra
tion. In addition, your membership in such a Society 
would enable you by association and discussion to acquire 

Special Feature 

attitudes and interpretations of ethical problems which 
would qualify you to make the proper decision as to your 
own actions at the time you are licensed to practice. Be
cause of the complexities of the problems involved and 
the many different intrepretations placed upon personal 
actions, it is difficult to give examples of problems which 
young engineers might face in their transition from student 
to professional engineer. 

At the time of my own graduation from Engineering 
School, the Dean of Engineering in his parting remarks 
said, "Engineering is eighty per cent good common sense, 
ten percent technical knowledge, and ten per cent good 
fellowship." After twenty years since first hearing these 
remarks, I still feel it is good advice and can only add that 
a continuous application of the Golden Rule should suf
fice to get you on top in your chosen profession of profes
sional engineering, even though you may sometimes be 
tempted to violate the Code of Ethics. 

tudy at Ford 

Ford Work study operates under a "Buddy System" con
sisting of teams of two students- one coming onto a job 
while his counterpart returns to college. 

The roughest possible ride is given to an auto body by a pair of 
Minnesota students and a Ford Motor Co. technician in Ford Engineer
ing Staff's testing laboratory. The body, weighted for passenger and 
trunk load is subjected to a severe bending vibration test in a search 
for body failures. Conducting the test, which simulates the ride over 
the roughest roads are Duane Tupper (left) and John Caron (center), 
both juniors at the University of Minnesota, and Earl Hackert, Ford 
Technician. Tupper is from Mazeppa, Minnesota, and Caron from 
Faribault. 
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They may be involved in production problems or may 
be stationed in development and testing in Engineering 
research and advanced study labs. Some may work in pure 
science in the scientific laboratories. 

Gas turbine engines are put through their paces at Ford Motor Com
pany's Engineering and Research Center in Dearborn, Mich., by John 
Patten (left), of the University of Minnesota, and Charles Rauchfuss, 
Drexel Institute. Patten, a native of Superior, Wis., previously worked 
in engine drafting before his assignment in gas turbine research. The 
gas turbine engine is in operation in the test cell visible through the 
porthole in the center of the photo. 
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Art Fox, B. C. E., Manhattan College '47, reaches 77,000 engineers and 

men as a Senior Editor of McGraw-Hill's ENGINEERING NEWS-RECORD 

An Editor with a Hard Hat. Art, pictured above at 
right with Assistant Resident Engineer McCormack, 
observes progress at the Beaumont Rapids power dam 
at St. Maurice River, Quebec. 

In ten short years, Art has climbed rapidly in 
profession. Just back from a 2,500-mile editorial 
to Canada, here's what he has to say: 

"To me, journalism is a form of teaching. 

travel, by working with leading engineers, I 
on what's new and significant in engineering 
construction. I try to make my articles more 
instructive-to inspire readers to tackle and 
projects they might otherwise shy away from." 

Other than preparing reports in college, Art 
no early writing experience. Immediately after 
uation, he was employed by a leading firm of 
suiting engineers. While on the job his appn~ci<n: 
for the inspiration-power of the industrial 'I'Y'I<>O'O'~' 

Cranes and Concrete. Another view of the Beaurr 
Rap~ds project. Art drove 1,800 miles from Montrea 
get three on-site stories. Like other McGraw-Hill edt 
he got his story firsthand. 
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and in less than a year he applied for a position 
McGraw-Hill. 

started with ENGINEERING NEWS
in 1948 as an Assistant Editor. Since 

Art has been "up to his neck in engineering" 
earned his P. E. license while an engineer

... been active in A.S.C.E. and other 
:;vo,o.J.VJUU..I. organizations. 

want a fast-moving career in engineering 
prestige, variety, a view of the "big 

in your industry, and more-we're looking 

Advertising Opportunities, too! 
Excellent job openings exist on many 
McGraw-Hill magazines, domestic and inter
national, for advertising careers. "Successful 
Careers" will give you the facts. 

and Tunnels. Here's a shot Art took pf work 
Bersimis Powerhouse. As a McGraw-Hill engineer

you, too, will expand your professional back
while reporting to your industry. 
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for you! You do not need previous writing experience, 
but you do need: ambition, an alert, inquiring mind 
and a desire to write. 

Send today for your copy of "Successful Careers 
in Publishing at McGraw-Hill." Or write and tell us 
about yourself, your achievements and career goals .. 
Write to: 

Peter J. Davies 
Assistant to the Editorial Director 
McGraw-Hill Publishing Co., Inc. 

330 West 42nd Street, New York36, N.Y. 

cGr 
ubli 

- ill 
ations 

McGraw-Hill Publishing Company, Inc. /''" \, 
830 West 42nd Street, New York 36, New York \ o~ r.,,,..1' 

Desks and Plans. Here's Art at his desk in the McGraw
Hill Building. You, like Art, will travel, participate in pro
fessional societies and advance yourself financially and edu
cationally-as well as serving your industry and profession. 
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AG ENGINEERING 
(Continued front Page 15) 

waterways, and other soil conservation practices. lVIany 
graduates have found positions with governmental agencies 
concerned with conservation practices. 

Design and Construction 

Design and construction of farm machinery, farm 
buildings, and electrical conveniences. The farm imple
ment companies employ many graduates. A 1954 graduate 
designs machines based on functional requirements and 
makes the layouts for a large implement company. 

Promotion and Sales 

Promotion and sales of a variety of engineering equip
ment and materials used on the farm. One graduate is 
sales engineer for a large wood structural design and fabri
cation company. Another is sales manager for a food ma
chinery and chemical corporation. 

Management Positions 

lVIanagement positions with large farms, canning com
panies, rural electrification co-ops, and manufacturing com
panies. A 1952 graduate is Division Engineering Manager 
of a nationally known canning company. He develops and 
directs programs for design and construction of buildings 
and installation and operation of major production equip
ment. 

Research Work 

Research work with new methods and equiprnent for 
saving labor, increasing crop yield and quality, and 
improving farm living. A 1949 graduate is Research En
gineer with an internationally known manufacturer of 
electronic instruments and controls. He conducts agricul
tural research and develops instruments and controls for 
use in agriculture. Another•graduate of 1953 is Field Re
search Engineer with an Association of Hawaiian sugar 
growers. His job is to study field operation of various 
types of irrigation systems, and make recommendations 
for their improvernent. · 

It is quite apparent that the job opportunities are 
numerous and varied in agricultural engineering and one 
is not limited as to working environment or location. 

The curriculum is administered jointly by the Institute 
of Technology and the Institute of Agriculture and leads 
to the degree of Bachelor of Agricultural Engineering. 
The first two years of undergraduate study is identical to 
the other branches of engineering. In the third year the 
student is introduced to some Agricultural Engineering 
courses such as farm structures, soil and water manage
lnent, and farm machinery; and some courses in the In
stitute of Agriculture as well as the basic engineering 
courses. The fourth year consists largely of Agricultural 
Engineering courses and courses in the various other en
gineering fields. The schedule also calls for some technical 
and non-technical ele,ctives. The fifth year is similar to the 
fourth year except for the addition of courses in soils. A 
total of 250 credits in the si)ecified subjects is required 
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for graduation. A combined business option is available 
for students who meet the requirements. This consists 
of replacing 49 credits of non-technical electives with 74 
credits of Business Administration and leads to the en
gineering degree plus the degree of Bachelor of Science 
in Business Administration. The Agricultural Engineering 
Department also offers advanced degrees for qualified 
graduates. 

All agricultural engineering students are invited to join 
the student branch of the JVIinnesota Section, American 
Society of Agricultural Engineers. The student branch 
holds regular meetings, with a formal program usually 
consisting of speakers representing the various fields of 
Agricultural Engineering. The branch also sponsors 
various social functions for its members, has student
faculty functions, and sponsors recreational teams, floats 
and displays for E-day and Minnesota Royal. Students 
1nay join the National Society as such and upon gradua
tion becorne a regular member. The National Society 
publishes monthly its own technical magazine ({Agricul
tural Engineering" of which all members receive a copy. 

As an Agricultural Engineer, one will be able to do 
satisfying and professional work in either a city or rural 
environment. The salaries paid to Agricultural Engineers 
compare favorably to those of other engineering fields. 
The nature of agricultural engineering work and the 
character of the agencies or industries which employ it 
make for steady employment. This means greater personal 
security than that prevailing in many occupations. In his 
personal and professional associations, the agricultural 
engineer lives among people in comfortable circumstances, 
able to provide well for his family but free from extrava
gant living. 

A fraternity had sent its window curtains to the cleaners and 
there was some delay in having them returned. One morning 
a note arrived from the girls' rooming house across the street. 
"Dear Sirs," it read, "may we suggest that you procure curtains 
for your windows. We do not care for a course in anatomy." 
The chap who left his shaving to answer the door and receive 
the note sent hack the following answer: "Dear Ladies: This 
course is not compulsory." 

E.E.: "Sir, I would like to marry your daughter." 

Dad: "I'm afraid, son, that you couldn't support her in the 
manner to which she is accustomed." 

E.E.:. "With both of us working, we can probably get along." 

Dad: "That's flne. But that's just one problem. You know that 
after awhile, a little one may come along and that will mean 
added expenses." 

E.E.: "That's true, but we've been lucky so far!" 

If it's funny enough to tell, it's been told; if it hasn't been 
told it's too clean; and if it's dirty enough to interest an en
gineer the editor gets kicked out of school. 

MINNESOTA TECHNOLOG 
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INDIANAPOLIS, IND.: (Special) It takes a lot of teamwork to carry out the missions of carrier-based 
fighter pilots of our New Air Navy. And, it takes a lot of teamwork to design, develop and produce a 
fighting machine for these dedicated men. Such teamwork is exemplified in the Allison J71 turbo-jet 
engine with afterburner (above) which powers the Navy F3H-2N Demon all-weather fighter-interceptor. 
Many Allison engineers--out of school only a few years ago and now well entrenched on the Allison 
Division team of General Motors Corporation--contributed to the operational success of this powerful 
engine. If you would like to know more about the Allison team, write Personnel Department, College 
Relations, Allison Division of General Motors Corporation, Indianapolis, Indiana 



WHO? 
ME? 

FLY? 
(Cont£nued from Page 21) 

The fear of mechanical malfunction on an airplane is 
immense, and yet we think nothing of driving with bad 
tires or poor brakes. Safety inspections of aircraft are 
mandatory and must be complied with before an air
plane can be licensed for flight; automobiles are only 
repaired when they malfunction. 

Aircraft noise receives much more attention than train 
or truck noise, but all three create noise of the same 
magnitude. 

Another argument often presented against flying is 
the cost. There are quite a few four-place airplanes that 
cruise at 120 mph. and burn 10-20 galjhour of fuel. 
This is 12 miles per gallon (120j10). How many cars 
can average 120 miles per hour and g·et 12 miles per 
gallon? A figure that often scares people is $15 to rent 
an airplane per hour. They don't realize that this in
dudes maintenance costs, insurance, fuel, plus a profit 
for the operator. 

As an example let us say that an airplane that rents 
for $15 per hour cruises at 120 miles per hour; i.e., it 
costs $15 to go 120 miles. Car rental to make the same 
trip would cost $10 per day plus 10 cents per mile or 
$22 and take three times as long if the driver was able 
to average 40 miles per hour. 

Similarly the difference in costs between an airline 
ticket and a train ticket are soon absorbed by the cost 
of meals and tipping when rail transportation is elected, 
not to mention the loss of time. 

True, learning to fly is quite expensive; but if the 
process of learning to drive was as thorough, the costs 
would be quite similar and driving safety would greatly 
increase. 

Flying is thought to be difficult because it is misunder
stood. The hardest thing is to realize that you are free 
to move in three dimensions while flying and only two 
dimensions while driving. The judgment required for 
taking off and landing an airplane are quite· similar to 
judging stopping distances in an automobile at moderate 
to high speeds. Whoever heard of an airway 50 feet wide 
and a pilot having to stay within this lhnit? But this is 
the limit placed on an automobile, and deviation from 
it in an automobile is usually fatal. 

People speak of the great number of instruments in 
an airplane. Most instruments are engine instruments 
quite similar to those in an automobile, the only differ
ence is that there are a few more to give you a better idea 
of how the engine is operating. 

The primary flight group consists of the airspeed indi
cator, the compass, the altimeter, and the needle and 
ball (turn indicator). When looked at with an open 
mind this really doesn't seem too complicated. 

Flying is a fast, inexpensive and relatively simple mode 
of transportation. :Maybe someday it will be accepted by 
the public. Let's hope so.- D.W .. 

It has been brought to the attention of the engineering 
office that a Miss Helen Hunt has found a slide rule. 
Any engineer who has lost his slide rule can go to Helen 
Hunt for it. 
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HE HEAT TRANSFER LABORATORY in the Mechanical En
gineering Department has a research contract with the 
U. S. Air Force to study a cooling scheme which could 

be used in cooling· satellites and high speed missiles as they 
reenter the atmosphere. Missile and satellite engineers 
have long been concerned with this problem .which stands 
in the way of successful recovery of satellites and their in-. 
struments. 

To illustrate the difficulties, an object ·coming toward 
the earth with satellite velocity of the order of 25,000 ftjsec 
is essentially a meteorite and can be destroyed by the heat
ing due to air compression and friction. These processes 
can produce air temperatures near the surface of the satel
lite higher than the surface temperature of the sun, and a 
cooling scheme is called for which is both highly effective 
and which has low weight. Such a scheme has been ad
vanced in recent years and is called transpiration or mass
transfer cooling. With this cooling method, the surface of 
the missile or satellite is constructed from a porous mate
rial throug·h which a coolant is ejected during the high 
heating time of the trajectory. This coolant is particularly 
effective since it is placed between the satellite skin and the 
high-temperature air. 

HEAT TRA SFER RESEARCH 

AI 5 AT RE-E TRY 

Report by 

Prof. THOMAS IRVINE 

The research project mentioned above involves a theo
retical and experimental study of the fundamental physical 
processes involved in such a cooling method. Already 
theoretical solutions have been obtained under several con
eli tions which enable a prediction of the amount of coolant 
needed for typical satellite reentries. These solutions are 
presently being verified in the Heat Transfer Laboratory 
wind tunnel. 

Such solutions also apply to another cooling scheme 
where the outside skin of the object is made of a material 
such as carbon which will sublime directly into a vapor. 
The large heat needed for sublimation is obtained from 
that which ordinarily ·would penetrate the satellite skin. 

Both transpiration and sublimation cooling appear to 
hold great promise in the solution of the heating problems 
encountered in high-speed reentry. 
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HOW' TO ''BREADBOARD" YOUR FUTURE 

.. e e AT RAYTHEON 

Right at the start, it's nice to feel you "belong"
to know what your job is, and the kind of future 
open to you. 

At Raytheon, while we recognize the importance 
of trying your skills in various places, it's company 
policy to make you a producing engineer as soon 
as possible. 

Career oppor-tunities exist for engineers, physicists 
and mathematicians to man important projects in: 
missiles, radar, communications, transistors, micro
wave and cathode ray tubes, physics, infrared, 
metallurgy, servomechanisms. 

You enjoy pleasant living in one of many attrac
tive communities. Through Raytheon's graduate 
programs you can continue your studies at one of 
several convenient centers of learn
ing in the Boston area. 

WRITE FOR THUS HELPFUL. BOOKLET 

Raytheon conducts campus interviews at 
many colleges. Check with your place
ment officer for more information. Write 
to William J. Howells, Jr., for a copy of 
"Your life and Your Future at Raytheon" 
-no cost or obligation. 

RAYTHEON MANUFACTURING COMPANY 



Left to right: Lou Bernardi, Notre Dame, '54; Norman Lorenson, Mich.)>t.; -'55; Ernest Schttrmann, M.l. T., '53; Dick Swenson, Purdue, '50. 

' I 
• FORT WORTH 

CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION 
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How RCA brin s a richer, wider range 
of musical sound to your home 

Before high fidelity, the 
sound of recorded music 
was limited-much as 
piano music would be if 
you could hear only the 
notes played on the center 
of the keyboard. No 
rich bass notes, no keen, 
vibrant highs. 

RCA achievements in the science of 
sound and acoustics changed all that. 
Today, with RCA Victor records and 
high fidelity "Victrolas," the full range 
of sound is reproduced so faithfully 

that you can enjoy music almost as 
though you were there. 

And now, Stereophonic Sound! A 
new and dramatic dimension in re
corded music is also yours to enjoy 
on RCA high fidelity instruments. 
Stereophonic units can be added to 
most "Victrola"® Hi-Fi systems any 
time you choose. 

In this, as in almost every area of 
electronic progress in home entertain
ment, defense and industry, the leader
ship of RCA serves you. RCA means 
electronics at its best! 

WHERE TO. MR. ICNGRNIEIER? 

RCA offers careers in research, 
development, design, and man
ufacturing 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 
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Y UR EN6/NEERIN6 CAREER 

with/ 

Seven electric-driven Ingersoll-Rand reciprocating compressors totaling 21,900 horsepower are at work in this Iorge 
ammonia synthesis plant. The units in the foreground compress mixed gases to more than 12,000 pounds per square inch. 

Here's What Compressor Engineering at lngerson ... Rand 

can mean to you ... 

TODAY, air power is one of the industry's 
most vital requirements. Compressed air 

and gases are the "breath of life" to chemical 
and process industries, refineries, power 
plants, steel mills, manufacturing plants, 
mines and aU types of construction jobs. 
Hence, compressor and blower engineering 
offers an exciting and ever-expanding field of 
challenging opportunities that are virtually 
industry-wide. 

Ingersoll-Rand is the world's largest man
ufacturer of air and gas compressors and 
Turbo-Blowers- supplying over 1000 differ
ent sizes and types, ranging from 1f2 hp to 

17,250 hp, in pressures from vacuum to 
35,000 psi. 

Ingersoll-Rand also manufactures pumps, 
rock drills, diesel and gas engines, vacuum 
equipment, blowers, air and electric tools 
and specialized industrial machinery as illus
trated at the right. These products require 
engineering know-how in their design, manu
facture and field application. 

If you are looking for a leadership career 
with long-range job security and excellent 
opportunities for advancement, you'll find 
it at Ingersoll-Rand. For further details, con
tact your Placement Office, or write to 
Ingersoll-Rand, 11 Broadway, New York 4. 

OPPORTUNITIES for ENGINEERS NOW AVAILABLE: 

ED Sales Engineering 

ED Design Engineering 

ED Production Engineering 

ED Business Engineering 

abo means 
LEADERSHIP 

in 

Centrifugal Pumps 

Air & Electric Tools 

Steam Condensers 

Diesel & Ga~; Engines 

MINNESOTA TECHNOLOG 



Robert G. Hildenbrandt tells 
what it's like to be ••• and 
why he likes being ••• an 
Electronic Circuit Designer 
with IBM. 

*"SOUJTION" 

This is one of the cele
brated problems of math
ematics, dating from the 
18th century. That it 
CAN'T be done was 
proved by the great 
mathematician Euler in 
1735. Euler's "solution" 
founded the science of 
topology, important to
day in electronic circuit 
design. 
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I 
Selecting a career can be puzzling, too. 
Sometimes, as with the seven bridges, the 
answers aren't always available. In engi
neering and research, it's just as important 
to discover that no solution may be possible 
as to find the solution. It is equally true in 
career selection that some companies can 
provide solutions . . . opportunities for 
growth ... not always available in all com
panies. Here's how Bob Hildenbrandt found 
the solution to his career problem-at IBM: 

«'Since joining IBM," Bob says, "fve seen 
some amazing developments in advanced 
circuitry. In my opinion, transistorized digi
tal airborne computers represent one of the 
most progressive assignments in electronics 
today. As we enter the missile age, the 
technology of packaging and miniaturiza-

tion will take on increasing importance. 
Transistorized computers offer an excellent 
chance for development work in computer 
circuits ... high-frequency power supplies 
... magnetic amplifiers, regulators, storage 
devices. Challenge? It's tremendous- for 
we're working not only on present systems, 
but those of the future!" 

* * * * 
There are many excellent opportunities for 
well-qualified engineers, physicists and 
mathematicians in IBM Research, Develop
ment and Manufacturing Engineering. Why 
not ask your College Placement Director 
when IBM will next interview on your cam
pus? Or, for information about how your 
degree will fit you for an IBM career, 

JUST WRITE TO: 

Mr. R. A. Whitehorne 
IBM Corp., Dept. 852 
590 Madison Avenue 
New York 22, N.Y. 

DATA PROCfSSING 

ELECTRIC TYPEWRITERS 

MILITARY PRODUCTS 
INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 

SPECIAL ENGINEERING PRODUCTS 

SUPPLIES 

TIME EQUIPMENT 
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MINNEAPOLIS 
BLUE PRINTING CO. 

612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KUEFFEL & ESSER CO. 

Gold lettering - Stamping 

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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MACHINE DESIGN 
(Continued from Page 23) 

The most important loss factors 
were those caused by the picker mech
anism. They tended to affect the 
losses caused by the sheller mechanism 
and make the total loss increase 
with decreasing moisture content, even 
though the losses caused by the sheller 
were decreasing. 

The next question raised is when is 
the best time to harvest with a picker
sheller in order to get optimum re
turns from your corn crop. 

It would appear that the earlier 
the corn is harvested the more corn a 
fanner can save. However, there are 
other factors that must be considered, 
such as: What will the drying cost be 
for corn harvested at the various mois
ture contents? This is a cost that faces 
every farmer who uses a picker-sheller, 
because field shelled corn must be 
artificially dried or it will spoil in 
storage. When drying costs are con
sidered, it is seen that it is better to 
take a greater picker loss in order to 
reduce the drying costs. 

Another factor the fanner must con
sider if he intends to market his corn 
is the extent of kernel damage, be
cause kernel damage has an effect on 
the government grade placed on the 
corn at the time of sale. It was found 
that when corn is shelled at a high 
moisture content that the kernel dam
age is quite high. This great amount 
of kernel damage would lower the 
government grade on the corn and 
reduce the price received by the farm
er. 

Thus, considering these three as
pects, losses, drying costs, and selling 
price, it would be recommended not 
to start harvesting corn at a moisture 
content as high as 35 per cent, but 
to wait until the moisture content is 
in the region of 25 per cent and har~ 
vest at these moisture contents taking 
advantage of the lower drying costs 
and the increased selling price for the 
better grade of corn. 

On an Easter Sunday a young
ster filled the chicken coop with 
eggs dyed every color of the rain
bow. The rooster took one look· at 
the brilliant display, ran straight 
out of the coop, and killed the pea
cock. 

Why Vought Proj ts 
Bring Out The Best 

In An Engineer 
At Vought, the engineer doesn't often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it's no wonder. 

For here the engineer contributes to 
history-making projects- among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1 ,500-plus
mph fighter, details of which are still 
classified. 

The Vought engineer watches such 
weapons take shape. He supervises 
critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share 
these experiences. Today, for exam~ 
ple, Vought is at work on important 
projects involving: 

electronics design and manufacture 

inertial navigation 

investigation of advanced propulsion 
methods 

Mach 5 configurations 

Vought's excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 

*** Would you like to know what men 
with your training are doing at 
Vought ... what you can expect of a 
Vought career? 

For full information, see our repre
sentative during his next campus visit. 

*** Or write directly to: 

C. A. Besio 
Supervisor, Engineering Personnel 

. Dept. CM-4 

-~------------------------
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A 
Vought 
Vignette 

ONE OF A SERIES 
-------------· 

The 

IT WAS A ROUTINE CRUISE 
for the Bon Homme Richard. 

But for Wayne Burch, it was a memorable climax 
to months of hard work. Aboard the carrier with 
the Chance Vought design specialist was the white
lacquered fighter he'd worked on so long. 

* Wayne had joined the Crusader dayfighter project 
in Preliminary Design, on alighting and arresting 
gear. He'd transposed his initial drawings· into detail 
design and, later, he'd watched his gear pass jig and 
aircraft drop tests. At the Navy Test Center, the 
Crusader's gear absorbed maximum sink speeds and 
arresting tension, and Burch once more was there. 

* Now, Navy pilots on the Bon Homme Richard were 
taking the Crusader to sea, and Burch was going 
along. This time his assignment was simply to watch, 
and this time the Crusader was to be just part of 
the picture. Vought wanted him to experience carrier 
life and to see how his new weapon fitted in. For 
Wayne, whose sea log began and ended with one 
day's fishing from a 20-foot launch, it promised to 
be an eye-opening voyage. 
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For six days the designer shared quarters with Navy 
fighter pilots and had coffee with maintenance men. 
He studied aircraft spotting and catapulting, and he 
learned the sign language of the LSO (Landing Sig
nal Officer) . He marveled at the fingersnap timing 
of the Navy's deck handlers and at the Bon Homme 
Richard's mid-voyage refueling of two bobbing 
destroyers. * 
Wayne calls it "one of the most enjoyable weeks 
of my life" ... and, as other sea-going Vought 
engineers have discovered, "one of the most profit
able, too. 
"Now I know the pilot's job, what maintenance 
wants ... how really big the operation is. 
"It's something you don't get if you stick too close 
to design. 
"I guess you'd call it perspective." 

At Chance Vought the designer stays in touch 
with his product ... Contact begins in development, 

extends through test and includes, when possible, 
a study by the designer of the tactical environment 

in which his weapon will serve. 

INCORPORATED· DALLA$, TEXAS 
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MOVING WHEEL • • • 

(Continued from Page 32) 

gested a method of .limiting the schedules to one per 
student (Note: this system is now in operation). A report 
on the meeting between the Foresters and the Com.mission 
and the Lawyers and the Commission says that the Forest
ers are willing to have an organized feud with the Engi
neers but ,the Lawyers were unwilling to cooperate. This 
unwillingness caused the University a great deal of incon
venience and expense last year. The Commission also voted 
to make a movie of next year's E-Day, and voted funds for 
same. 

The Tech Commission of 1956-1967, in considering ad
mitting the American Institute of Physics to the Com
Inission came upon the question of procedure. When they 
looked in the consitution they did not find any clear cut 
procedure. This prompted a revision or amendment of 
the constitution. It was found that an amendment and the 
addition of by-laws would be the best. Having done this 
they then looked into the problem of student-faculty 
liasion. Dean Johnson reminded the members that they 
as student representatives to the faculty should contact 
their respective department heads. about participation in 
the faculty meetings. After discussion on this matter the 
Commission drew up a four point basis on which to de
velop the liaison program. This is as follows: 

1. To determine what the student body is interested in 
in the faculty meetings. 

2. To find a method for obtaining a systematic program. 
3. To determine a method for obtaining a liaison stu

dent. 

4. To obtain the faculty and departmental opinions on 
the liaison program. 

The Tech Commission received a letter from the Kansas 
State Engineeretts Club (an organization of engineers' 
wives), and the Commission decided to advertise the pro
gram here and make arrangements here if there was suf
ficient response. The high school visitation program 
showed a substantial increase this year with a number 
of the J\llinneapolis high schools and also the suburban 
high schools participating. It is hoped that the program 
can be extended to the St. Paul schools next year (the 
superintendent of the St. Paul schools turned the program 
down this year). They also assembled a committee to pre
sent evidence to the Board of Publications concerning the 
Daily's poor handling of E-Day publicity. 

The present Tech Cornmission is working on the setting 
up of a U of M Engineeretts Club, the student-faculty 
liaison program, high school visitation, and E-Day. In 
addition we are concerned with the society room problem. 
At present the fate of the society room is in the hands of 
the faculty, and we would like to see each society have 
a permanent office if possible. We are also trying to publi
cise the Tech Commission, what it is, and what it does, 
which is the reason I have written this article, because we 
have found that 1nost students have not even heard of it 
or the Technical Association of which it is the governing 
body. We want you to know what the Tech Commission 
is, and that we are your representatives to the faculty and 
the University. In this capacity, we the presidents of the 
engineering societies or their appointed representatives, 
welcome any gripes, problems, or suggestions concerning 
the University; and we will sincerely try to accommodate 
you in any way that we can. 

I • • • 

K & E 

POST 

Log Log Vector 
Log Log Deci Trig 
Log Log Trig 

Versa log 
Manheim 

PICKETT & ECKEL 

Also Pocket Rules & Circular Rules 

EN INEERS BO KSTORE 
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hen you graduate, do you want a 

Sure you want a job ... but you want more than just a job. You want a job 
with opportunity, a job that offers a challenge. Union Carbide offers such jobs. 

Jobs with opportunity for what? Advancement, for one thing. Union Carbide 
is introducing new products at the rate of one every fifteen days. Each new 
product opens up new avenues of advancement. Not only that; markets for 
our present products are expanding at an exciting rate too. 

Jobs with what kind of challenge? Union Carbide has always operated on the 
frontiers of science. The challenges are the challenges of that frontier-the 
challenges of new ideas. Union Carbide is already among the largest U. S. 
producers of titanium-will tantalum be the next "wonder metal"? Union 
Carbide pioneered the two major plastics, vinyl and polyethylene-is another 
major break-through in the making? Challenging questions, and Union Carbide 
people are answering them. 

Representatives of Divisions of Union Carbide Corporation, listed below, will 
be interviewing on many campuses. Check your placement director, or write to 
the Division representative. For general information, write to V. 0. Davis, 
30 East 42nd Street, New York 17, New York. 

BAKELITE COMPANY Plastics, including 
polyethylene, epoxy, fluorothene, vinyl, phenolic, 
and polystyrene. J. C. Older, River Road, Bound 
Brook, N.J. 

SILICONES DIVISION Silicones for elec
t rica I insulation, release agents, water repellents, 
etc.; silicone rubber. P. I. Emch, 30 East 42nd 
Street, New York 17, N. Y. 

GENERAL OFFICES- NEW YORK 
Accounting, Electronic Data Processing, Operations. 
Research, Industrial Engineering, Purchasing. E. R. 
Brown, 30 East 42nd Street, New York 17, N. Y. 

ELECTRO METALLURGICAL COMPANY 
Over 100 ferro-alloys and alloying metals; titanium, 
calcium carbide, acetylene. C. R. Keeney, 137-
47th St., Niagara Falls, N. Y. 

HAYNES STEHITE COMPANY Special 
alloys to resist heat, abrasion, and corrosion; cast 
and wrought. L. E. Denn.y, 725 South Lindsay Street, 
Kokomo, Ind. 

LUNDE COMPANY Industrial gases, metal
working and treating equipment, synthetic gems, 
molecular sieve adsorbents. P. I. Emch, 30 East 
42nd Street, New York 17, N. Y. 

NATIONAL CARBON COMPANY Indus
trial carbon and graphite products. PRESTONE 
anti-freeze, EvEREADY flashlights and batteries. 
S. W. Orne, P. 0. Box 6087, Cleveland, Ohio. 

JANUARY 1958 

UNION CARBIDE CHEMICALS COMPANY 
Synthetic organic chemicals, resins, and fibers 
from natural gas, petroleum, and coal. W. C. 
Heidenreich, 30 East 42nd St., New York 17, N.Y. 

UNION CARBIDE INTERNATIONAL COM
PANY Markets UNION CARBIDE products and 
operates plants overseas. C. C. Scharf, 30 East 42nd 
Street, New York 17, N. Y. 

UNION CARBIDE NUCLEAR COMPANY 
Operates Atomic Energy Commission facilities at 
Oak Ridge, Tenn., and Paducah, Ky. W. V. Hamilton, 
P. 0. Box "P", Oak Ridge, Tenn. 

VBSKING COMPANY A pioneer in packaging 
-producer of synthetic food casings and poly
ethylene film. Dr. A. L Strand, 6733 West 65th 
Street, Chicago, Ill. 

51 



58 

ENGINEERING UNDERGRADUATES ..• don't get lost in a forest of details! 

DOUGLAS CLEARS THE WAY !FOR CAREER BUILDING WITH! 

MAdOR ASSIGNMENTS BASED ON ABILITY 

In plann-ing your career, it's important to know that your job will be more than a mere 
detail in a vast project. At Douglas, you'll work as part of a tea1n sharing total responsibility 

I 
for projects of prime importance. This gives greater scope 

to your assignment ... and with promotion from within, more 
opportunity to chart your future. Many important Douglas 

assignments are awaiting career-minded engineers. 

For important career: opportunities in your field, write: 
C. C. LaVENE 

DOUGLAS AIRCRAFT COMPANY, BOX 6102-K 

SANTA MONICA, CALIFORNIA 
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Tear out this page for YOUR BEARING NOTEBOOK . •• 
0 

0 

0 
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How to get higher 
spindle accuracy, 

cut costs too 
The engineers who designed 
this new surface grinder had to 
be sure of the highest spindle 
accuracy in order to get the 
smooth spindle operation re
quired for extreme precision 
work. To hold the work and 
wheel spindles rigid, maintain 
highest accuracy, the engineers 
specified Timken® tcoo" tapered 
roller bearings. Timken "00" 
bearings make possible the 
closest machining tolerances 
ever achieved. Run-out is held 
to 7 5 millionths of an inch. 
And they gave the manufac
turer greater capacity in less 
space, cut manufacturing costs 
~ over earlier spindles used. 

How Tim ken bearings hold shafts rigid to maintain 
accuracy-The full line contact between Timken bear .. 
ing rollers and races gives shafts rigid support over a 
wide area. Shaft deflection is minimized. And the tapered 
design of Timken bearings permits them to be set up 
with the most desirable amount of end play or preload 
that gives the best performance. 

Want to learn more about Job 
opportunities? Timken bearings 
help make better machines. Better 
machines enrich our lives, give us 
more spare time. It's whatthe Timken 
Company calls Better-ness. Want to 

help create Better-ness? If so-write 
for your free copy of: "BETTER-ness 
and your career at the Timken Com
pany". The Timken Roller Bearing 
Company, Canton 6, Ohio. 

PERED 
ROLL BEARINGS 

TRADE-MARK REG. U.S. PAT. OFF. 

~ \.l / 
NOT JUST A BALL 0 NOT JUST A ROLLER a::J THE TIMKEN TAPERED ROLLER a::::> BEARING TAKES RADIAL @I) AND THRUST -([)- LOADS OR ANY COMBINATION -@),:-

f ?f' 
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The world ahead looks bright indeed for today's 
graduate engineer ... especially at Wisconsin Elec
tric Power Company where a wealth of engineering 
skill is needed to meet the important responsibility 
of serving well over half a million electric customers 
and more than 75,000 gas customers. 

There's no "standing still" at Wisconsin Electric 
Power Company. Our organization is geared to 
the opportunities to be found in the years ahead. 
Take atomic energy, for example. Our engineers 
gain experience in this important field by partici
pating in the activities of a group of electric com
panies now engaged in building the Enrico Fermi 
Atomic Power Plant pictured above- the world's 
largest commercial "breeder" reactor installation. 
When completed in 1960, this pioneer plant will 
provide excellent operating experience for the fast 
approaching atomic age. 

At Wisconsin Electric Power Company you will 
have a chance to use your engineering skills in a 
wide variety of fields - electrical, mechanical, civil, 
chemical, statistical, research, sales, administrative, 
etc. Opportunities are available both in our Mil
waukee metropolitan area and in many of the 
smaller communities of the Wisconsin Electric 
Power Company system which extends from the 
Wisconsin state line on the south into upper Michi
gan on the north. 

If you are interested in good wages, interesting 
work, excellent working conditions, numerous em
ploye benefits, exceptional opportunities for ad
vancement - and most of all, a chance to learn 
and grow in your chosen profession - then find out 
more about the Wisconsin Electric Power Company 
system. Make it a point to see our representative 
when he visits your campus. Find out more about 
"the shape of things to come" as they may affect 
your personal career. 

For complete information on a wide variety 
of interesting and rewarding careers .... see 
our representative when he visits your campus. 

ISCONSIN ELECTRIC PO ER CO PANY SYSTE 
Wisconsin Electric Power Co. Wisconsin Michigan Power Co. Wisconsin Nahm::d Gas Co. 

Milwaukee, Wis. Appleton, Wis. Racine, Wis. 
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PHOTOGRAPHY AT WORK 
No. 30 in a Kodak Series 

Pepsi-Cola International Panorama, 
a magazine of places and people, 
reaches people around the world, 
builds recognition for Pepsi-Cola as a 
product associated with the better, 
happier side of life. 

Photo raphy 
spea s 
In every 
Ian ua e 

This picture leaves no doubt that Netherlanders 
are neighborly. 

What better way to say people take naturally to 
"Pepsi" whether in Leopold ville or Lichtenstein? 

To tell its story in 7 5 couna 
tries, Pepsi-Cola puts pictures 
to work to add meaning to the 
product's global billing as ( (the 
refreshment of friendship.'' 

To build up an atmosphere of 
friendliness and understanding 
in markets around the world, 
Pepsi-Cola International pub
lishes "Panorama" -and gives the 
brunt of the job to photography. 

Photography knows no lan
guage barrier. It is clear to young 
and old alike- appeals to every-

one. With photography, people 
are real; situations authentic, 
convincing. This is what makes 
photography such a powerful 
salesman. 

Large businesses and small can 
use this powerful salesmanship
can also use photography to cut 
costs and save time in many other 
ways. It can help with problems 
of product design-can watch 
quality in production. It trains. 
It cuts office routine. You'll find 
that it can work for you, too. 

EASTMAN KODAK COMPANY, Rochester 4, N.Y. 

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 oppor
tunity, write for information about careers with 
Kodak. Address: Business and Technical 
Personnel Dept., Eastman Kodak Company, 
Rochester 4-, N.Y. 



Where do you find better advancement 
opportunities-in a large company or a 
small one? To help you, the college 
student, resolve that problem, Mr. Abbott 
answers the following questions con
cerning advancement opportunities in 
en~1ineering, manufacturing and tech
nical marketing at General Electric. 

Q. In a large Company such as General 
Electric, how can you assure that every 
man deserving of recognition will get it? 
Don't some capable people become lost? 

A. No, they don't. And it's be
cause of the way G .E. has been 
organized. By decentralizing into 
more than a hundred smaller oper
ating departments, we've been able 
to pinpoint both authority and re
sponsibility. Our products are engi
neered, manufactured and marketed 
by many departments comparable 
to small companies. Since each is 
completely responsible for its success 
and profitability, each individual 
within the department has a defined 
share of that responsibility. There· 
fore, outstanding performance is 
readily recognized. 

Q. If that's the case, are opportunities 
for advancement limited to openings 
within the department? 

A.. Not at all. That's one of the 
advantages of our decentralized 
organization. It creates small oper
ations that individuals can ''get their 
arms around", and still reserves and 
enhances the inherent advantages of 
a large company. Widely diverse 
opportunities and promotions are 
available on a Company-wide basis. 

Q. But how does a department find the 
best man, Company-wide? 

A.. We've developed personnel reg
isters to assure that the best quali
fied men for the job are not over
looked. The registers contain com-

GE 
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Interview with General Electric's 

Earl G .. Abbott 
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plete appraisals of professional em
ployees. They enable a manager to 
make a thorough and objective 
search of the entire General Electric 
Company and come up with the 
man best qualified for the job. 

Q. How do advancement opportunities 
for technical graduates stack-up with 
those of other graduates? 

A. Very well. General Electric is 
recognized as a Company with out
standing technical skills and facili
ties. One out of every thirteen em
ployees is a scientist or engineer. 
And approximately 50 per cent of 
our Department General Managers 
have technical backgrounds. 

Q. How about speed of advancement? 
Is G.E. a "young man's Company"? 

A. Definitely. A majority of all 
supervisors, managers and outstand
ing individual contributors working 
in the engineering function are below 
the age of forty. We believe that a 
job should be one for which you are 
qualified, but above all it should be 
one that challenges your ability. As 
you master one job we feel that 
consideration should be given to 
moving you to a position of greater 
responsibility. This is working, for 
in the professional field, one out of 
four of our people are in positions of 
greater responsibility today than 
they were a year ago. 

Q. Some men want to remain in a 
specialized technical iob rather than go 
into managerial work. How does this 
affect their advancement? 

A. At G.E. there are many paths 
which lead to higher positions of 
recognition and prestige. Every man 
is essentially free to select the course 
which best fits both his abilities and 
interests. Furthermore, he may mod
ify that course if his interests change 

as his career progresses. Along any 
of these paths he may advance 
within the Company to very high 
levels of r,ecognition and salary. 

Q, What aids to advancement does 
General Electric provide? 

A. We believe that it's just sound 
business policy to provide a stimu
lating climate for personal develop
ment. As the individual develops, 
through his own efforts, the Com
pany benefits from his contributions. 
General Electric has done much to 
provide the right kind of opportu
nity for its employees. Outstanding 
college graduates are given graduate 
study aid through the G-E Honors 
Program and Tuition Refund Pro
gram. Technical graduates entering 
the Engineering, Manufacturing, or 
Technical Marketing Programs start 
with on-the-job training and related 
study as preparation for more re
sponsible positions. Throughout 
their G-E careers they receive fre
quent appraisals as a guide for self 
development. Company-conducted 
courses are offered again at all 
levels of the organization. These 
help professionals gain the increas
ingly higher levels of education 
demanded by the complexities of 
modern business. Our goal is to see 
every man advance to the full limits 
of his capabilities. 

If you have other questions or want 
information on our programs for 
technical graduates, write to E. G. 
Abbott, Section 959-9, General 
Electric Co., Schenectady 5, N. Y. 

*LOOK FOR other interviews dis
cussing: Gil Qualities We Look for 
in Young Engineers Gil Personal 
Development ® Salary. 
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This is the look 
of boiling steel 

he picture was taken with a camera that exposes 
3,000 frames per second. One second of action 

takes more than three minutes to project at normal 
viewing speed. 

The picture was taken looking into an open hearth 
furnace, and it discloses action that was only vaguely 
perceived before. This enables U. S. Steel scientists 
to develop a better understanding of the kinetics of 
heat transfer and chemical reaction at temperatures 
approaching 3,000° F. 

This is but a small part of the scientific world that 
exists within United States Steel-the leading pro
ducer in one of the most interesting businesses in the 
world, the steel business. If you want to dig ore out 
of the mountains of Venezuela, investigate the atomic 
structure of steel crystals, help rocket designers solve 
new problems with new steels, there might well be a 
place for you at United States Steel. Read our booklet, 
~~Paths of Opportunity." Write to United 
States Steel, Personnel Division, Room 
5681, 525 William Penn Place, Pitts
burgh 30, Pa. 

UNITED STATES STEEL 
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Pictured above is our new Research and Development Center now 
under construction in Wilmington, Massachusetts. Scheduled for 
completion in early 1958, this ultramodern laboratory will house 
the scientific and technical staff of the A vco Research and 
Advanced Development Division. 

Avco's new research division now offers 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, Massachusetts. 

CRE IVITY 

If there is a single word that can best describe the aim and 
purpose of A VCO's Research and Advanced Development 
Division, it is creativity. We at AVCO have assembled those 
elements and that atmosphere which we believe are most 
conducive to true creative effort. 

Our future progress depends on an early recognition of the dif
ference between an 'important new idea and just a new idea. It 
is mere quibbling with words whether we call these things new 
discoveries, breakthroughs, or basic research. They are, in fact, 
merely the signposts of our future. The world in 1980 and the 
year 2000 will, in its technological aspects, be vastly different 
from what we know today. Yet locked somewhere on our present 
scientific frontiers is the knowledge that will spell out this 
difference. It is our purpose to help in the unlocking of that 
knowledge and to contribute our part to the over-all progress. 

The most important ingredients of creativity are curiosity and 
a real will to work hard. Of only slightly lesser importance is 
the feedback, or close working relationship between theore
tician and observing experimentalist. We at AVCO also realize 
that a single creative effort is the output of a man, or, at the 
most, of a small group of men at any one time. It is, therefore, 
continuously subject to the criticism of other men and some 
even more stultifying forces. Some of these are economic or 
organizational and others are of a more subtle variety. We of 
the A VCO management consider it our responsibility to be 
alert to both positive and negative factors affecting creativity. 
We consider the ability of our men to create for the future, 
the most important function of the AVCO Research and 
Advanced Development Division. 

J. W. Marchetti, 
Director, Avco Electronics Research Laboratory 



''They all agree ... " 
uSince the day we decided to get married, I've been 
doing a lot of thinking about our future. It's time 1 
made a choice on a career. I've talked to the Dean of 
Engineering, most of my professors, and to some of the 
fellows who have graduated, and you know, they all 
said the same thing. 

"They all agree that the aircraft and missile industry 
holds the best opportunities and the brightest future for 
an engineer these days. What they said makes sense, 
too, because developments in this (teld today really give 
a fellow an opportunity to make important co1'ttrz.bu~ .. '""~ 
tions on vital projects. 

uN ot only that, but the aircraft industry is noted for 
its good salaries. Generous bene(tts, too. And advance-
ment in both salary and position is limited 
far I want to go." 

U nlimited opportunities, high salaries, company-paid 
. benefits unheard of until a few years ago- these 

are only a few of the reasons why so many young engi
neers with a keen eye to the future are choosing the 
aircraft industry. 

It is only natural that many engineering graduates 
should consider joining Northrop Aircraft, Inc., be- .... ······ r 
cause the company shares its many successes with ev~ry./~~·;;'!l' 
member of its engineering and scien,tific team. Ad-
vanced projects at Northrop are now in production, and 
active top-priority projects mean rapid advancement 
and success for the indi.vidual engineer. 

Such projects include the famous Snark SM-62, 
world's first intercontinental guided missile, now 
activated in the first United States Air Force 
squadron; the USAF. T-38 supersonic twin-jet 
vanced trainer; and other important missile and 
manned aircraft weapon systems and components. 

Engineers in more than thirty categories contribute 
to Northrop's success in an ideal environment with the 
latest tools of science, in its new Engineering Science 
Center. Here you will work with leading scientists and 
engineers who respect, acknowledge, and reward your 
individual ideas and abilities. · 

Why not write us now ... regardless of your class at 
college. Ask us how you might best gain a career with 
Northrop. Write to Manager of Engineering Industrial 
Relations, Northrop Division, Northrop Aircraft, Inc., 
1033 East Broadway, Hawthorne, California. 

ORTHROP 
A Division of Northrop Aircraft, Inc. 
BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE. 
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Henri Poincare ..... on disinterested fools 

"But scientists believe that there is a hierarchy of facts, 

and that we may make a judicious choice among them. 

They are right, for otherwise there would be no science, 

and science does exist. One has only to open one's eyes 

to see that the triumphs of industry, which have enriched 

so many practical men, would never have seen the light 

if only these practical men had existed, and if they had 

not been preceded by disinterested fools who died poor, 

who never thought of the useful. and who were not 

guided by their own caprice. 

What these fools did, as Mach has said, was to save their 

successors the trouble of thinking. If they had worked 

solely with a view to immediate application, they would 

have left nothing behind them, and in face of a new 

requirement, all would have had to be done again." 

...... Science et methode, 1912. 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization engaged in resea~ch on problems related to national security and the public interest 

MINNESOTA TECHNOlOG 



Problem,: To find a job that will utilize your engineer
ing training to the fullest possible extent. A position 
that will reward you for a job well done. 

Solution: Find a company that has a reputation for be
ing the leader in its field. A company whose future will 
depend on new products, new processes. A company 
with this background will rely on its engineers for prog
ress and will reward them accordingly. 

LINDE, as you probably know, is a major supplier 
of atmospheric gases to industry ... you're probably 
familiar with them in welding; steel companies use 
them in refining metals; and they're essential to thou
sands of chemical processes. LINDE is also famous for its 

welding equipment, for synthetic sapphires, and other 
new and interesting products. 

A LINDE engineer, as a result of this progressive at
mosphere, enjoys several unique advantages. For one, 
highly specialized technicians do bench work, drafting, 
relieving the engineer of detail work. Engineers enjoy 
privacy that is so greatly desired in engineering today. 

But all these things are discussed in a booklet that 
should be in your possession before you decide. Why 
not write for a copy today ... no obligation. Ask for 
"Look to LINDE for your future." Address Dept. XX-00, 
Linde Company, Division of Union Carbide Corpora .. 
tio:n, 30 East 42nd Street, New York 17, N.Y. 

A LEADER FOR 50 YEARS 
The terms "Linde," and "Union Carbide" are registered trade-marks of UCC. 
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PHOTOS DETTMANN ARCHIVE 

ENGINEERS and SCIENTISTS 

... as in advancement opportunities 
at Sylvania 

It remained for Nicholas Lobachevsky to solve a riddle that bothered mathe
maticians for the better part of twenty-two centuries.* He was able to construct 
a rational geometry by denying Euclid's fifth postulate- by maintaining that 
parallels do meet. 

Here at Sylvania Electric we have a noneuclidean geometry of our own, in 
which parallels also meet. It's a geometry of professional development, though, 
and not just of points, lines, and planes. 

Itt----?' 
ttt---/- WHAT DO WE MEAN? 

*WE MEAN NO DISCREDIT TO BOI.VAI 

OR GAUSS. LOBACHEVSKY MUST TAKE 

CHRONOLOGJ.CAI. PRIORITY, HOWEVER. 

THIS: At Sylvania a man advances by one of two parallel paths. 

If his interests and talents lie in the areas of engineering and scientific 
specialization, he advances as a specialist. 

If his forte is in the areas of organization and administration, he advances 
through management. 

These parallel paths meet in a common point: At Sylvania a man knows that 
he is given the fullest opportunity to develop and exercise his talents. He knows 
that a man goes as far and as fast as he is able in the path of his choice. Whether he 
chooses management or specialization, he finds equal rewards and compensation. 

Graduates and men with advanced degrees in science and engineering will discover 
Research, Development, Manufacturing and Marketing careers at Sylvania-in 
specialization or management- in: 

LIGHTING, RADIO, TV, HI·FI, ElECTRONICS, SEMICONDUCTORS, PHOTOGRAPHY, 

COMMUNICATIONS & NAVIGATION SYSTEMS, AIRBORNE DEfENSE, RADAR, ECM, 

MISSilES, COMPUTERS, CHEMICALS, PHOSPHORS, PLASTICS, METALS & WIRE. 

Contact your college placement officer for an interview, or write us and ask for a 
copy of "Today & Tomorrow with Sylvania". 

YLVA lA 
SYL..VANIA ELECTRIC PRODUCTS INC. 

1740 Broadway, New York 19, N.Y. 
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REPORT FR RYAN 

Ryan's Diversification 
Creates ide Opportunity for En 0 

1neers 

X-13 Vertijet Adds New Punch to Airpower 
Washington- Unveiled in an unpre

cedented flight at the Pentagon, the 
Ryan X-13 Vertijet gave military 
officials a glimpse of the future of air
power. Like a huge bat, the Vertijet 
unhooked· itself from its nose cable, 
hovered vertically, then whipped over 
into horizontal flight and roared out of 
sight. 

World's :first jet VTOL aircraft, the 
Vertijet combines the flashing perform
ance of jet power with the mobility of 
missile launching. It frees supersonic 
airpower from runways and airports. 
Without landing gear, flaps, actuators, 
the X-13 concept means less weight
more performance in speed and climb. 

In the words of a top Air Force 
General, "The Vertijet has provided 
military planners with a new capability 
for manned aircraft of the future." 

Achieved in close cooperation with 
the Air Force and Navy, the Vertijet is 
based upon Ryan's unsurpassed 274 

FEBRUARY 1958 

million manhours of research, develop
ment, and test in VTOL aircraft. 

Navy, Army 
to Use New Ryan 
Navigator 

San Diego-Navy aircraft-piston 
engine, jets and helicopters will soon be 
equipped with Ryan lightweight auto
matic navigators and ground velocity 
indicators. Lightest, simplest, most 
reliable, most compact of their type, 
these systems are self-contained and 
based on continuous-wave radar. 

The navigators provide pilots with 
required data such as latitude, longi
tude, ground speed and track, drift 
angle, wind speed and direction, ground 
miles covered and course and distance 
to destination. Ryan is also developing 
guidance systems for supersonic missiles. 

More Orders for 
Ryan Firebees 

San Diego-Nearly $20 million worth 
of Ryan Firebee jet drone missiles have 
been ordered by the Air Force and Navy 
in 1957. In operational use, the Firebee 
is the nation's most realistic "enemy" 
target for evaluating the performance of 
air-to-air and ground-to-air missiles. It 
possesses the high speed, altitude, 
maneuverability and extended duration 
needed to simulate "enemy" intercept 
problems. 

America's number-one jet drone, the 
Firebee is another example of Ryan's 
skill in blending aerodynamic, jet pro
pulsion and electronics knowledge to 
meet a challenging problem ... answer a 
vital military need. 

r------------~----
1 Ryan has immediate career 
~ openings for engineers 

I 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
airframes, engines and electronic systems. 

SEND FOR RYAN'S BROCHURE, "ENGINEERING 
OPPORTUNITIES." MAIL THIS COUPON TO: 

Mr. James Kerns, Engineering Personnel 
Ryan Aeronautical Company 
Lindbergh Field, 2736 Harbor Drive 
San Diego 12, California 

NAME 

ADDRESS 

PHONE NO. 

DEGREE SCHOOL 

FIELD OF EXPERI[NCI; OR PflEF[RENCE 
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makes big things happen 
in paints and 
industrial finishes 

& 

You're living in a world of color. Man takes a brush, cdips it into paint, 
cloaks the drab with new cheerfulness, converts the dreary into com
pelling beauty. But paint means so much more than mere color. 

In addition to soft, pastel hues, home owners in Miami want a house 
paint that stands up to constant salt air breezes, the blazing rays of a 
tropic sun, intermittent heavy rainfall. Building superintendents in Gary 
want a surface coating unaffected by chemically active industrial gases 
and fumes, extremes in humidity, frequent changes in wind direction. 
Fishing fleet operators around Puget Sound want an exterior boat finish 
that resists biting winds, blizzards and protracted cold. The production 
engineer in a large Atlanta cannery wants a food container coating 
impervious to chemical reaction, yet taste-free. Yes, there's more
much more-to paint than mere color. 

The search for new and even better paints and industrial finishes is 
carried on every day at Pittsburgh Plate Glass Company. Each day 
brings new challenges to its laboratories ... challenges quickly trans
lated into improved products. 

Seeking a career that requires creative thinking, utilizes all your skills 
and talents, offers the chance to learn the latest techniques? Then look 
into your career possibilities with Pittsburgh Plate Glass Company. 
Contact your Placement Officer now or write to the Manager of College 
Relations, Pittsburgh Plate Glass Company, One Gateway Center, 
Pittsburgh 22, Pennsylvania. 

MINNESOTA TECHNOLOG 



THE LOCKHEED MISSILE SYSTEMS 

Advanced Study Progranz 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. or Ph.D. degrees. Under this program the 
participants are employed in their chosen fields of research and development 
at Lockheed Missile Systems 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 
or write: 

( .tJ COLLEGE RELATIONS DIRECTOR 

L~ MISSII.E SYSTEMS 
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO e SUNNYVALE • VAN NUYS • CALIFORNIA 
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liberal arts students are really no more numerous than engineering and 
science students. Those of us in the World of Magic Numbers resolutely be
lieve that they are in no way superior; yet, the S.l.A. student activities are 
much better represented in the Minnesota Daily than are their I.T. counter
parts. Right off-hand I know of no I.T. organization that has a Daily reporter 
in attendance at its meeting~. Most or at least many of the liberal Arts School 
student activities are covered by Daily reporters. The day will come when 
the Institute of Technology will be larger than the Arts college. Half of today's 
knowledge didn't exist only one decade ago and most of the new knowledge 
is technical. With increasing emphasis on technology, the newspapers of the 
future will have to extend coverage of technical events, and technical people. 

In this technical age, can it realistically be said that Shakespere and 
· locke and Dostoyevsky are the basis of a truly liberal education, or must 

we change our thinking on the subject? It seems likely that a not too distant 
generation will define mathematics and physics as the fundamental nucleus 
of an education and the classics and humanities merely as worthwhile and 
desirable supplements. People with liberal Arts backgrounds maintain that 
there is more to living than merely Mathematics and Physics. Those of us 
with technical backgrounds would be the last to deny this, but, on the other 
hand, it would seem desirable that the educated individual in a technical 
society have at least an elementary understanding of physics and mathe
matics. Just as there is more to living than just math and physics, so it would 
seem, that there is more to reporting of technical events and breakthroughs, 
than discussing their immediate political significance in the light of, say, 
Machiavelli. 

The Uranium and Hydrogen atomic bombs followed by the sputniks and 
the space age have left a lot of liberally trained journalists appearing some
what inadequate. 

111f all I knew is what I read in the Daily/' I would be very much ignorant 
of the status of activities in the Institute of Technology, or for that matter 
that the scope of I. T.'s activities is much more extensive than, for instance, 
those of Piek Hall. 

(Continued on Page 66) 

GIRl OF THE MONTH 

This month, we are delighted to be able to feature Miss Gloria Hallin. 
In addition to being Miss Minneapolis, she is Vice-President of her Sorority 
(AZ) and the 'log's very capable and efficient secretary. Congratulations, 
Gloria. 
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This qualitative discussion of the 1nany facets of the atom represents an 
attempt to sutvey the field of atornic energy with emphasis on developments in 
the Midwest. 

HE DAY BEFORE Pearl Harbor, the U. S. Government 
approved a crash atomic energy program. In the en
suing months and years a handful of internationally 

famous scientists and an army of engineers proceeded to 
bring· about a production Iniracle. The theoretical ideas 
underlying the operation of the bomb were rather definite
ly established quite early in the garne. The problem was 
to transmute the theoretical ideas into reality. Traditional
ly conservative civilian and military administrators were, 
in a short time, stripped of their Victorian fiscal ideals by 
scientists who demanded millions for processes which they 
hadn't yet invented. The outward calm and confidence of 
the demanding scientists achieved the desired results, but 
not without numerous trips to Washington. Normally 
reticent professors from campus greens all over America 
treaded pathways to official doors throughout vVashington. 
Among the scientists were men from our own "Midwest and 
the University of 1V£innesota. Dr. A. 0. C. Nier, the present 
head of our Physics Department, was the first man to 
isolate U -235, in 1940. Other :Minnesota physicists, among 
them Williams, Buchta, and Hill, made significant con
tributions to the atomic energy program. William's work 
with high energy particles resulted in a Rockefeller grant 
for building the world's largest linear accelerator here on 
the University of Ml.nnesota campus. It is located by the 
Mississippi River, behind Sanford Hall. 

Another atomic age symbol on campus is the Van de 
Graaff generator on the Northeast corner of the Physics 
Building. 

A more recent aquisition of the University of Minnesota 
is the Cobalt 60 irradiation source which is being installed 
on the north side of the Chemical Engineering Building. 
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The concrete slab showing above the ground is rather 
unimpressive, but the purposes it will fulfill in tracer, 
medical, and materials research are fundamental. A meet
ing of the presidents of three companies-Northern States 
Power, J\!Iinneapolis Honeywell Regulator Company, and 
General :Mills early in 1955 set the ball rolling for the 
invasion of the Midwest by the peaceful atom. They set 
up the machinery for the J\!Iinnesota Nuclear Operations 
group. The group includes 26 Minnesota Firms and the 
University of Minnesota. The purpose of the group is to 
foster and promote nuclear development in the :Midwest. 
The first project undertaken by the group was the Uni
versity of J\!Iinnesota Gamma Irradiation facility. 

A St. Paul finn, Minnesota Mining and :Manufacturing 
company, received delivery on the first "spent fuel" ele
ment for their new gamma irradiation source on Nov. 29, 
1957, making it the first installation of its kind in the 
Midwest. In fact, the A.E.C. has only granted five licenses 
for this type of facility. Both the spent fuel source and the 
cobalt source emit gamma radiation. However, the cobalt 
source only emits gamma rays of two frequencies, while 
the spent fuel source emits gamma rays over a range of 
frequencies. There are at present three Cobalt facilities 
in Minnesota: at the University of Minnesota, at General 
Mills Inc., and at the 3-JVf Central Research Laboratory. 

The cobalt 60 source, as used by 3-M labs, is designed 
for pure research, while the spent fuel source is intended 
for irradiation of larger specimens. 

The much publicized Elk River Nuclear Reactor is 
another J\!Iidwest atomic energy project in the works. At 
the moment its exact status seems to be a bit nebulus. 

The Elk River Cooperative had negotiated a 3-way con-
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Research Radio Isotopes Reactors 

View of interior of U of M's Linear Accelerator 
as of a section of it is "up for repair" 

This isn't a Bazooka, rather it is the stack 
of carbon in the Chern. E. Radiation Facility 

Mock up of fuel element for APPR (Army 
Power Package Reactor) 

tract involving the Atomic Energy Commission, The Elk 
River Cooperative, and American JVfachine and Foundry 
Company. In fact, they succeeded in completing negotia
tions and obtaining a signed contract. At this point, the 
Congressional .Joint Committee on Atomic Energy inter
vened and made the A.E.C., instead of the Cooperative, 
the primary negotiating agent for the project. The Ameri
can Machine and Foundry Company then withdrew its 
initial bid and submitted a new one which was 3 million 
dollars in excess of the first bid. This exceeds the ap-
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propriation for the project. Hence, about 3 months 
ago, the A.E.C. opened a new invitation for bids. At pres
ent, 3 companies have indicated that they will submit 
proposals. They are: G.E. of San Jose, A C F Industries 
of Wash., D. C., and l<'uel Economy Engineering Company. 
Several other companies have indicated an interest. 

Essentially, the Elk River reactor will be a grown up 
version of an Argon National Laboratory reactor. The 
latter is a 5000 kw unit while the Elk River reactor will 
produce 22,000 kw. There are several other boiling water 
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ATOMS 

reactors in operation or in the works but they are all 
smaller. The reactor will be a heterogeneous water boiler. 
There will be no pumps in the closed cycle; the system 
will be 80 percent conventional. The cooling will be ac
complished by natural convection. Under the terms of 
the appropriation, it will be one of the many types being 
built on a semi-experimental basis throughout the nation. 
Ultimately, it is hoped, the exploration of many reactor 
types will reveal which reactors are expecially sui ted for 
specific conditions. An auxiliary fuel heated superheater 
will be used to increase thermal efficiency. The Elk River 
reactor will be constructed adjacent to present facilities. 
Turbines and superheaters will be housed in the present 
power plant building. 

The preceding are but a few signs of the changing times 
as research and industry slowly ingest the atomic age. 

What originally began as a purely military project has 
now fissioned to include a host of multi-million dollar 
peaceful industries. Medical research utilizes radioactive 
isotopes in areas including treatment of cancer, tracing 
vitamin adsorption in living organisms, and in producing 
new drugs and medicines. The stationary power is begin
ning to build peacetime reactors of all shapes, forms, and 
combinations. 

TOP- LAGERQUIST operating the hands at the U of M radiation 

facility. 

CENTER- A nuclear lab technician peers through a three-foot-thick 

window into the "cave," where a silicone insulated test motor, sup

ported directly above the radioactive source, is absorbing gamma ray 

energy at the rate of 0.1 megarads per hour. 

BOTTOM- Inside the U of M Van de Graff generator. 

The army Package reactor is designed for producing 
power at remote outposts. 

The Nautilus and the Seawolf represent the first ex
amples of motive power reactors. Publicity reports of large 
firms such as General Electric indicate that nuclear air
craft will soon span the air lanes of our shrinking globe. 

With the expansion of nuclear technology comes a 
multiplication of potential radiation hazards and an ac
companying need for more and better safety devices and 
programs. 

It is thus readily seen that division of present and im
pending nuclear technology can be made according to the 
following categories: (1) isotope application in medicine, 
research, and industry, (2) nuclear pm,ver applications, 
(3) safety programs, measures, and concepts, and (t1) future 
developments. 

Dr. \tV. F. Libby, inventor of C-14 dating, predicts that 
within the next decade the economic value of radioiso
topes may be measured in billions of dollars. Already, one 
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third of the major industries in America are using iso
topes in research, development, and production. Libby, 
who is the lone scientific representative on the Atomic 
Energy Commission, states in a recent article in Nuclear
onics Magazine, "Realization of the billion dollar goal will 
be limited only 'by availability of the raw materials of 
progress- men, money, vision." 

lVf uch of the "raw materials of progress" has already 
gone into future development of isotope application. Cer
tain polyrners, used in making plastics, undergo complete 
change on irradiation. Metals and alloys, when irradiated, 
often suffer complete change in such basic properties as 
tensile strength and yield point. The rate of chemical re
actions, also, can be profoundly affected by irradiation. 
The University of Minnesota irradiation source will find 
application in "time of reaction studies" as well as in 
materials testing. 

In connection with the University of 1\finnesota radia
tion source, soil chemists and bacteriologists are interested 
in mutating soil bacteria to effect an increased rate of 
decomposition of organic materials. Animal husbandry, 
on the other hand, is interested in observing radiation 
effects on larger mammals and plans to irradiate sheep for 
a study of radiation effects on the developing embryo as 
well as effects on metabolism. Some success has already 
been shown in the treatment of small grains in producing 
desirable mutations by irradiation. 

There appears to be considerable hope for successful 
radiation treatment of foods to eliminate harmful bacteria. 
Tests are being planned for determining feasibility of 
irradiating milk and milk products as well as other com
modities which are stored over long periods. The success 
in medical treatment of cancer, using Cobalt 60 is already 
well known. Less well-known applications include tests 
on accident victims to determine whether amputation of 
injured members is necessary. A very small amount of 
radioactive Huid injected into the bloodstream indicates, 
in a matter of minutes, whether blood is circulating in 
the in jured member. Likewise, the function of many vague
ly understood glands and processes has been made clearer 
by studying "tagged" isotopes in vitamins, foods or liquids. 

Nuclear Power Applications 

The atom crossed the Rubicon under the football sta
dium at the University of Chicago in December 1940. 
An assortment of scientific VIP's were gathered about a 
rather unimpressibe cube of bricks. Clustering about an 
instrument panel, they watched the radioactivity count 
rise rapidly as cadmium control rods slowly slid out of 
the pile. Controlled nuclear fission was a reality! With 
proper ceremony, a bottle of rare I tali an wine made its 
appearance, and physicists toasted each other and the fu
ture. 

A long series of events conspired to produce the theory 
necessary for controlling nuclear fission. Dempster dis
covered U-235 in 1935. In 1938, Hahn and Strassmann, in 
Germany, split the uranium atom. In 1940, Nier success
fully isolated U-235, and subsequent studies at Columbia 
University proved definitely, for the first time, that U-235 
is indeed the fissioning constituent of Uranium. 

Most of the ideas on nuclear reactors are rather simple. 
Only the mathematics is complex. Basically, a nuclear 
reactor consists of shielding, a reflector, a moderator, a 
fuel element, and control rods. These are, briefly cate
gorizing them, a collection of special materials, which 
when suitably combined, result in a controlled, self sus-· 
tained neutron chain reaction. Fig. 1 indicates the relative 
positioning of the various elements of nuclear reactor. 
Any given chunk of uranium contains a finite number of 
wandering neutrons. Of these, some are absorbed by im
purities. Others leak out of the boundaries of the uranium 
sample and are lost. Some, the interesting ones, collide 
with uranium nucleii and are absorbed. This absorption 
causes all sorts of frustration within the nucleus. The 
nucleus can be regarded as a liquid drop which is stable 
under ordinary circumstances. Absorption of a neutron 
causes it to vibrate. Surface tension and electrostatic at
traction are the forces tending to oppose the vibration. 
However, when the vibration effect predominates, as it 
does in U-235, the nucleus will fission or break into 
smaller fragments. As already indica ted, the neutron is 
the fission precipitator in the nuclear reactor. When an 
atom fissions, some of the fragments are neutrons which, 

(Continued on Page 44) 

This is the target end of the Van de Graaf, 
Particles enter the large tube in the upper 
left corner, are counted inside the cylinder 
atop the gear, and strike foil targets in the 
attached box. 

linac personnel lowering one of the 
big vacuum tubes into its socket. 

Experimental station at 
linear accelerator. 
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for Smooth Power, the 

by ARNOLD WEIMERSKIRCH 

The torque converter was invented by Dr. Herman 
Fottinger in Germany in about 1905. His invention an
swered the problem of providing a reduction gear between 
the high speed turbine and the low speed propeller on 
ships. Dr. Fottinger's unit was replaced in 1914 by the 
more efficient herringbone reduction gears developed by 
Sir Charles Parsons in England. 

In 1930, Mr. A. Lysholm of the Ljunstrom Company 
of Sweden developed a much smaller torque converter that 
was suitable for use in automotive vehicles. This unit was 
used in city buses in England and was known as the 
Lysholm-Smith converter. It had a maximum torque ratio 
of about 5 to 1 with a peak efficiency of about 82 percent 
and was designed for a manual change to lock-out drive. 

In 1934, after the rear engine buses built by General 
Motors had replaced the street cars in New York City, 
a survey was made recording the number of times a bus 
driver had to shift gears in city traffic. It was found that 
a gear shift had to be made once every eleven seconds on 
the average. These buses were equippd with air-pressure 
shifting synchromesh transmissions to make it easier on the 
driver. However, it was still quite a chore and this fact 
coupled with the high maintenance cost caused by ex
cessive clutch wear made automatic transmissions almost 
mandatory. The Lysholm-Smith torque converter was, 
therefore, adopted in buses in the United States. 

This converter did not, by any means, solve the entire 
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is the Answer 

problem, however. It could take care of starting and lower 
speed acceleration but was unusable for part throttle opera
tion at higher speeds. It had to be disconnected while 
another direct connection was made between the engine 
and the rear axle. 

A modified design was built and installed in a rear 
engine bus furnished by the Yell ow Truck and Coach 
Company. This unit included an automatic change to 
lock-out drive and was a big step forward in the develop
ment of torque converters. 

Sometime later, the Twin Disc Company obtained a 
license from the Ljunstrom Company to build the Lys
holm-Smith converter for industrial use. 

In 1930 an Englishman, P. N. Salerni, produced the 
first torque converter and fluid coupling in one unit. 
Previous to this they had always been two separate units. 
His first units were single stage and later he built a two 
stage converter. 

The second major use of torque converters in America 
came during World War II when they were installed in 
heavy army equipment, especially tanks. The torque con
verter was especially suitable on rough terrain where maxi
mum grade-ability on slopes would be required one minute 
and high acceleration on level ground the. next. The most 
widely used unit, built by Buick, was of the three stage 
Lysholm-Smith type. 

Early in 1948, General :Motors introduced the Dynaflow 
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transmissiOn in the Buick. This marked the first time 
that transmissions using the torque converter principle 
were mass produced for use in automobiles. 

Since then all other passenger car manufacturers have 
introduced their own automatic transmissions and today 

· the torque converter finds extensive use wherever it is 
necessary to transmit torque from an input shaft to an 
output shaft. 

Converter Fluids 

One of the main losses in a torque converter is due to 
the viscosity of the fluid. On the other hand the torque 
transmitted is directly proportional to the density of the 
fluid. This suggests that the best fluid is one with a low 
viscosity and a high density. 

Theoretically water would be the best fluid, but at this 
point other factors enter in. For one thing water will freeze 
at temperatures within the normal operating range of 
torque converters in cold climates, rendering them useless. 
Other major disadvantages of water are that is has poor 
lubricating qualities and it encourages rust. 

Obtaining a good fluid, then, becomes a major problem. 
In addition to those mentioned above, other critical char
acteristics include volatility, foaming, pour point, and 
effect on turbine seals. 

Foamy and highly volatile fluids are undesirable be
cause of the bubbling effect they create. This greatly 
reduces the efficiency of the converter. Also highly vola
tile fluids Hash to vapor easily, another undesirable situa~ 
tion. 

The pour point is important because fluids which 
thicken at low temperatures allow little or no fluid flow. 
In a few cases there has been enough resistance present 
to shear the turbine blades. 

It is necessary that the effect of the fluid on seals is 
known, since, if the fluid extracts the plasticizer contained 
in the synthetic rubber, it becomes hard. The effect of 
the seal is then destroyed and excessive oil leakage will 
result. This is an especially touchy problem since it is 
difficult to determine whether the seal is too easily affected 
by good oil or if the oil is too active on the seal. 

At first oil companies were not interested in developing 
a special torque converter fluid since not enough units 
were in operation to make it worth while. As more units 
were produced a greater interest' was taken and after ex
tensive research the S.A.E developed a fluid which is 
generally considered to be excellent. It consists of a light 
spindle oil of Pennsylvania base to which is added a heavy 
duty engine oil additive. It was run approximately 25,000 
miles without change. After the test it was found that the 
oil and the torque converter unit were still in better con
dition than they were after 6,000 to 9,000 miles using 
previous fluids. 

Since that time it has been found that spindle oils from 
other crudes and suitable additives give equally good re
sults. 

Converter Cooling 

One of the major problems of torque converter appli
cation is that the power lost in the inefficiency of the con
verter results in heat. At stall under heavy load, the effi
ciency is zero, thereforethe power of the engine is trapped 
in the converter and must revert to heat. Also under no 
load with the turbine runout speed determined by the 
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blading, the efficiency is again zero and any power from 
the engine entering the converter must be transferred into 
heat. 

From this it is obvious that the engine speed at stall and 
racing will determine the amount of input power and 
therefore the amount of heat to be handled in a cooling 
system. 

In most applications, if the proper converter has been 
selected, it is virtually impossible to stall a unit. Also, in 
most cases, extremely low speed ratio operation is only 
intermittent and overheating very rarely occurs from this 
source. 

The other end of the curve is a different story, however, 
and one which is often misunderstood. Under very light 
load conditions, or when using a converter which is de
signed to match the engine under heavier loads, it is pos
sible to be putting in considerable engine power but oper
ating at low efficiency at the high speed ratios. At this 
point the input torque requirement of the converter 
equals the. drag torque of the stator. The heat generated 
pnder this no load condition is usually the governing 
factor in calculating the cooling capacity requirements for 
continuous operation. The cooling requirements under 
these conditions can be greatly reduced by freewheeling 
the stator. This is true because there is no stator drag 
torque when it is freewheeling, consequently the governor 
on the engine will reduce the power output. 

The heat trapped in the converter must be dissipated 
in a radiator or heat exchanger. In order for this cooling 
to take place, fluid from the converter circuit must be 
moved to the cooler and returned to the converter. Here 
again, the basic design of the converter can ma1 e this 
problem either cheap and simple or costly both in initial 
cost of the pump and in loss of available horsepower to 
drive the pump. 

It has been previously mentioned that pressure differ
ences exist at different points within the torque converter 
unit. Therefore, if the converter system is tapped, provid
ing a path from the higher pressure through the cooler 
and back to the low pressure side, this pressure differential 
can be used to push the oil through the cooling circuit. If 
a sufficient pressure differential cannot be tapped, it is 
necessary to use a positive displacement pump driven by 
the engine to do this job. 

Fluid Coupling 

Since a fluid coupling does not have the ability to mul
tiply torque it is not really a torque converter, however it 
will be discussed here because it operates on the same prin
ciple as a torque converter. 

The fluid coupling has a torus shaped split housing in 
which the blades or vanes are set radially to the drive shaft. 
As the pump starts to rotate, the oil is thrown toward the 
outer rim of the housing and becomes a moving mass. 
When this mass strikes the stationary blades of the turbine, 
it exerts a force on them proportional to the weight of the 
Huid that flows out of the pump every second. This kinetic 
energy is recovered in the turbine by retarding the forward 
rotation of the oil. The oil then flows back into the pump 
and again picks up momentum. Since the blades of the 
coupling are straight or radial, torque may be transmitted 
in either direction with the same efficiency. 

In normal operation of the fluid coupling, the turbine 
always turns at a lower speed than the pump and since 

(Continued on Page 42) 
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GAS CONVERT. C.o!'4vern: 

St. Paul Ammonia 

A new addition to the :Minnesota industria] family, St. 
Paul Ammonia, went on stream September 1st of this year. 
The company located in Pine Bend, south of the Twin 
Cities, has about 140 employes. The plant produces the 

SOL 
PLANT SOlUTlON~ 

equivalent of 200 tons per day of ammonia in the form of 
liquid ammonia and ammonium nitrate solutions. These 
products find extensive use as fertilizer. 

Putting together air and natural gas or #6 fuel oil to 
produce ammonia involves the use of a wide range of 

Left: Heart of the plant is the ammonia reactor. 

Below: Air Plant - In this massive refrigerator liquid air is produced 
for separation· into nitrogen and oxygen. 
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chemical operations under many varied conditions. The 
temperature range, from -315°F. in the air plant to al
most 1 ,000°F. in the loop, will give some idea of the vari
ety of conditions employed. 

A look at the fiow chart will show the following general 
pattern. The raw materials, air and a hydrocarbon, enter 
and give rise to two parallel streams, nitrogen and hydro
gen. Liquefaction and fractional distillation of the air 
produces the nitrogen stream, while partial oxidation of 
the hydrocarbon is used to obtain hydrogen. After purifi
cation of the hydrogen, the two strean1s are brought to
gether in the presence of a catalyst to form ammonia. The 
ammonia is either sold as a finished product or sent to the 
nitric acid and solutions plants to be used in the produc
tion of ammonium nitrate solutions. These processes take 
place in a series of interlocking units. 

Air Plant 
A huge refrigerator fed by an equally large compressor 

is a statement that gives some idea of the equipment that 
achieves the first step in obtaining the end products of the 
air plant, nitrogen for the synthesis of ammonia a.nd oxy
gen for the partial oxidation of the hydrocarbon. Ingersol 
Rand, 2000 hp., V-12 compressors draw in the air and after 
four stage cornpression force it to the cooling coils under 
GOO 1bs/in2 pressure. Liquid ammonia, circulating around 
the coils, cools the air to -3l5°F. Fractional distillation of 
the now liquid air separates it into nitrogen and oxygen. 
Use of stainless steel throughout this unit cuts corrosion to 
a minimum. 

Production of Synthesis Gas 
Jn Texaco Converters the oxygen from the au pla.nt 

partially oxidizes the hydrocarbon feed stream to a nux
ture of H 2, CO, and C02. The hydrocarbon used to pro
duce this synthesis gas depends on the season. Nat ural gas 
is used in the summer months when other demands for it 
are low. In the winter when it is not so readily available 
#G fuel oil is used. 

Right: Close watch on the control panel insures peak operation. 

This synthesis gas then flows to the shift converter where 
conversion of the CO to C02 takes place. A sample of the 
reactions this far is: · 

2CH4 + 0 2 --~ 2CO + 4H2 

CO + H 20 --~ C02 + H2 
Once this conversion takes place purification of the hy
drogen involves only the removal of C02• Two scrubbing 
towers operating in series and using KCO:l and N aOH as 
washes cut the C02 to ] 0 ppm in the hydrogen stream. 
Constant checks on the percentage of C02 in this stream 
are obtained by use of an infrared carbon dioxide an
alyzer. 

The Loop 
The nitrogen and hyrogen streams come together in the 

loop which is the heart of the process. Here in the presence 
of an iron catalyst under 4,000 lbs/in2 and at 925°F. the 
nitrogen and hydrogen combine to form ammonia. The 
process is a cycle with the make up gases entering on one 
side while the liquid ammonia is removed on the other 
by two stage cooling, first with water and then with am
rnonia as the refrigerant. The remaining gases are recycled 
to react again. Each pass of the make up gases over the 
catalyst results in 18% conversion to ammonia. The re
cycle from the ammonia condenser is 4% ammonia. Reac
tions in the loop. 

N 2 + 3H2 --~ 2NHs 

Production of Ammonium Nitrate Solutions 
The ammonia stream to be used in the production of 

ammonium. nitrate solutions splits into two parts. The first 
of these new streams Hows to the nitric acid plant. Here 
over a platinum catalyst the ammonia burns in a stream 
of air compressed under a pressure of 120 lbs/in2 to yield 
nitric oxide. The nitric oxide contacts with water in a tray 
tower to give nitric acid. 

A special feature of this unit is that the byproduct gases 
from the reactions are used to run the air compressor. First 

(Continued on Page_ 56) 

Below: Texaco Converters produce hydrogen from natural gas or fuel oil. 
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o THE MAN on the street, the name "Tesla" is usually 
associated with the high voltage, high frequency de
vice known as the Tesla Coil. But this. coil was only 

a minor invention of Nikola Tesla, one of the greatest 
engineers of all time. 

The first major invention of Tesla was the alternating 
current motor, and with it the polyphase a.c. system that 
is in general use throughou~ the world today. But to 
establish the a.c. system in the United States, Tesla had 
to compete against Thoma~ Edison, the leading exponent 
of the d.c. system. · · 

The concept of the a.c. motor was not new in Tesla's 
day, but no one had been able to design one that would 
run. In 1881, at the age of 25, Tesla was in charge of the 
installation of a new telephone exchange in Budapest. 
It was here that he conceived the idea of the rotating 
magnetic field. With this basic idea, he designed the first 
a.c. motor, and in addition, designed dynamos, trans
formers, and all the other devices necessary for a complete 
alternating ~nrrent system. 
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ACCOMPLISHMENTS OF 

THE GREATEST E .. E. 

A.C .. Polyphase Motor 

Anticipated the Wireless 

Remote Control 

100,000 Volts in 1890 

Wireless Power Transmission 

Carbon Bulb Lamp 

Point Electron Microscope 

X-Ray Technique 

Cosmic Rays 

High Speed Turbine 

Shortly after this, Tesla went to Paris to work for the 
Continental Edison Company. Here he built working 
models, but was unable to interest anyone in it. Finally, 
in desperation, Tesla came to America. Here he attempted 
to interest Edison in his idea, but Edison told him that 
a.c. was not only unsafe, but that it was totally impractical 
and there was no future in it. At this, Tesla quit the Edi
son Company and formed his own. 

Tesla rapidly constructed machines for three complete 
systems-- single phase, two-phase, and three-phase currents. 
In each of the systems, he produced the dynamos for gen
erating the current, motors for producing power, trans
formers for raising and lowering voltages, as well as a 
variety of devices for automatically controlling the ma
chinery. Since every one of these devices was original, 
Tesla worked out the mathematical theory covering all 
of the· apparatus. vVith Edison's d.c. it was not practical 
to distribute current to consumers more than 220 volts, 
resulting in large transmission losses. But with Tesla's 
a.c. it was possible to produce and distribute current at 
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thousands of volts which could be reduced to lower voltage 
for consumers use. Instead of a d.c. generating station 
that could serve a one-mile radius at most, a.c. could be 
economically transmitted hundred of miles. 

In 1888, Tesla patented all of the above devices. To 
capitalize on his inventions, he sold them to George West
inghouse for one million dollars cash and one dollar per 
horsepower royalty. The royal ties- should have brought 
an estimated 12 million dolars to Tesla during the life 
of the patents, but the nation wide depression and strong 
competition from the merger of the Edison Company and 
the Thomson-Houston Company into the General Electric 
Company put Westinghouse in critical financial difficulties. 
To save the company so that the world might have the 
polyphase a.c. system, Tesla relinquished his royalties. 

Soon after the development . of the polyphase system 
Tesla turned his interest to higher and higher frequencies 
of alternating current. Tesla was not one to think in terms 
of limited objectives. He reasoned that the earth and the 
ionosphere form two plates of a gigantic condenser with 
the air in between as the dielectric. His plan was to con
nect the high frequency generator between these two 
plates and send current through the earth and ionispherc. 
He had three goals: (1) to provide world wide distribution 
of power without wires, (2) to establish communication 
with all parts of the world by modulating the basic fre
quency, and (3) to light the entire earth with the light 
produced in the ionisphere. Although these objectives are 
far-fetched, Tesla had good reason to believe that they 
were possible since he had accomplished the transmission 
of power and intelligence over many miles. 

1 N SEPTEMBER OF 1898, Tesla staged a demonstration in 
I Madison Square Garden of remote control with a small 
transmitter. In a srnall boat a few feet long he placed a 
radio receiver and a variety of motor driven mechanisms. 
The principles of his transmitter and the use of tuned 
receiving circuits enabled him to use several channels of 
different frequencies he had invented in 1893, three years 
before Marconi or Lodge "invented the wireless". This 
invention was the forerunner of modern remote control. 

Looking for larger effects, Tesla began construction 
of a giant oscillator at Colorado Springs, Colorado. A 200 
ft. tower was constructed and a copper ball three feet 
in diameter was placed at the top. At the same site a 
giant Tesla coil was constructed. The coil was grounded 
at one end and connected to the copper ball at the other. 
\t\Tith this arrangement, Tesla was able to set up electrical 
vibrations in the earth at a frequency of 150,000 cycles 
per second. The first time that the apparatus was operated, 
it produced sparks several inches in diameter and 135 feet 
long and the voltage produced was more than 100 million 
volts. Tesla tested his power transmission system at a 
distance of 26 miles from his laboratory, and was able to 
light 200-50 watt incandescent lights. This corresponds 
to about 13 horsepower, and Tesla accomplished this 
with a 300 horsepower oscillator. Presumably, a dozen 
or more tests of this kind could have been carried on at 
once at any place on the globe. 

With this experience behind him, Tesla went to Shore
ham, Long Island, about 60 miles from New York City. 
Here he acquired 200 acres of land where he planned a 
power and broadcasting station which would broadcast 
all wavelength channels from a single station. Because 
of the fact that Tesla never bothered himself with the 
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financial details of exploiting his inventions, he soon ran 
out of funds and the plan was abandoned. But Tesla had 
already introduced the following ideas which he felt were 
entirely practical and possible in nine months: 

I. the interconnection of all existing telegraph stations. 
2. establishment of a secret and non-iriterterrable govern

ment telegraph service. 
3. interconnection of all telephone exchanges the world 

over. 
4. universal distribution of news by telegraph or tele

phones. 
5. facsimile transmission of typed or handwritten char

acters, letters, or checks. 
6. universal registration of time by cheap clocks indi

cating the time with astronomical precision. 
7. establishment of a universal marine service enabling 

navigators of all ships to steer without a compass. 
8. reproduction of photographic pictures or drawings 

anywhere in the world. 

0 NE OF THE LESS spectacular inventions of Tesla is the 
carbon-bottom lamp. This lamp consisted of a carbon 

"button" inside of an evacuated glass bulb. A single elec
trode from a Tesla coil was connected to the button. The 
bombardment of the button by the ionized gas atoms 
raised it to any degree of incandescence desired. In these 
simple glass globes, Tesla could produce extremely high 
temperatures, depending on the current used. He was able 
to vaporize carbon directly into a gas, and could instantly 
melt zirconia, the most heat resistant substance known. 

Tesla was quick to see the many implications of his 
invention. Every electrical wave that surged through the 
tiny central bead caused a shower of particles to radiate 
from it. The sun, Tesla reasoned, is an incandescent body 
that carries a high charge and it too should emit particles. 
One of the manifestations of this bombardment, he de
clared, was the aurora borealis. Cosmic rays at that time 
were unknown. 

There is one very modern discovery embodied in Tesla's 
molecular-bombardment lamp- the point-electron micro
scope. In the point electron-microscope, electrified parti
cles shoot out in straight lines from a piece of substance 
kept at a high potential, and reproduce on the spherical 
surface of a glass globe the pattern of the microscopically 
small area from which. the particles are issuing. This size 
of the glass sphere furnishes the only limit to the magni
fication. 

Tesla produced on the surface of the spherical glove of 
his lamp, images of what was taking place on the disinte
grating button when he used an extremely high vacuum. 
By doing this in 1891, he anticipated the point-electron 
1nicroscope by nearly half a century. 

In lectures on his button lamp, he described the radia
tion in 1892 as "visible light, black light, and very special 
radiation." He disclosed the fact that this "very special 
radiation" would expose film within metal containers. 
This of course identifies the radiation as x-rays. Later 
when Roentgen published his results on x-rays, Tesla did 
not consider that this situation gave him any prior claim. 
However, while Roentgen and others were trying to make 
photographs through thin objects like hands and feet held 
dose to the bulb invented by Roentgen, Tesla was able to 
photograph through the skull at 40 feet. 

In this same lecture of 1892, Tesla offered to the world 
(Continued on Page 58) 
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An Introduction to 

·Dr. Richard C. Jordan 

Professor and Head 

Department of Mechanical Engineering 

by CHARLES I. HANSING 

HIRTY YEARS Too sooN rocket and missile developm.ent 
seemed to be part of the near future to Richard C. Jor
dan. Having decided in second grade that he should be-

come an engineer, Dr. Jordan enrolled in aeronautical 
engineering at the University of Niinnesota. Graduation in 
1931 was accompanied by the bottom. of the depression. 
About 90 per cent of all the engineers in the United 
States were unemployed. Dr. Jordan, however, was offered 
a fellowship in mechanical engineering and thereby con
tinued his studies which lead to a masters degTee in 1933. 

By this time the depression has eased slightly and he 
began work in the Air Conditioning Division of the Ameri
can Radiator Company. This was the beginning of a 
career which has led him to become an international 
authority in the refrigeration and air conditioning field. 

This first job ($60.00 per month) later led to a teaching 
position at University of Tulsa and in 1937 an instructor
ship at the University of Minnesota. While instructing 
at the University of Minnesota he also studied for a doc
torate and upon graduation chose to remain on the Uni
versity staff. Since then he has acted as a Professor for the 
Engineering Experiment Station and the Niechanical En
gineering Department, becoming Head of the Mechanical 
Engineering Department in 1951. 

Dr. Jordan is very interested in engineering education 
and is a member of the American· Society for Engineering 
Education. His association with the University has accom
panied· a general change in the mechanical engineering 
cu rri cu1 um. 

Today the mechanical engineering course has become 
almost entirely fundatnental. The shop course requirement 
has been reduced to only 6 credits whereas for example 
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Automatic recording of solar radiation research data. 

basic thermodynamics require 12 credits before beginning 
discussion of the . specialized courses in refrigeration, air 
conditioning and heat power. 

Dr. Jordan and his staff have been responsjble for the 
growth of graduate study in the Mechanical Engineering 
Department. Dr. Jordan stated that, "In 1948 there were 
approximately 20 graduate students in mechanical en
gineering, one a doctorate candidate, whereas today there 
are 100 graduate students with 30 doctorate candidates". 
This has made the graduate group in the Mechanical 
Engineering Department one of the strongest in the 
country. He also commented that his staff has been "in
ternationally recognized for their achievements, particu
larly in the areas of heat transfer, thermodynamics, applied 
thermodynamics and power." 

Dr. Jordan considers his most important outside re
sponsibility that of acting as Chairman and Delegate from 
this country to a new' committee formed in the National 
Research Council. This is to permit internal liaison 
between all of the technical societies and government 
branches concerned with all aspects of low temperatures. 

He is the co-author with Gayle B. Priester of the text, 
Refrigeration and Air Conditioning. 

As a boy Dr. Jordan was musically inclined and studied 
the violin. While in high school he switched to the banjo 
and later played at college dances and an evening supper
club. 

In 1931 his interest in flying led to part (1 jl5) owner
ship of the first licensed glider in Minnesota. 

Dr. Jordan met his wife at a fraternity party. She also 
attended the university and later graduated with a masters 
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degree in psychology. The J ordans have three teenage 
girls. The oldest, is spending her senior high school year 
in Belgium on an experimental exchange program- all 
her lessons are given in French. 

The Jordan family has a summer home on Lake Kabeto
gama which they call "Retreat from Reason," from the 
book by Lancelot Hogben. Their cabin is situated on a 

SPECIAL FEATURE 

remote island about one mile off shore. From here they 
can go about 150 miles without portaging on Minnesota 
and Canadian border lakes. 

Dr. Jordan is interested in traveling and has visited 
much of North America and Europe. His major sports 
activity is tennis. 

C. I. H. 

The O'Man Manipulator 

Idaho Falls, Idaho,- JVfechanical "hands" that can dis
assemble an aircraft jet engine "bolt by bolt" are part of 
the remote handling equipment in one of the world's 
largest shops for handling radioactive equipment. The 
huge "hot" shop, 160 feet long, 50 feet wide and 63 feet 
high, is part of the Atomic Energy Commission's test fa
cilities at Idaho Falls, Ida. 

Remote handling tools in the "shop" range from a 
1 00-ton crane down through O'Man, a huge mechanical 
"arm" to a much smaller master-slave manipulator for 
making intricate mechanical adjustments. 

The O'Man manipulator can handle from 500 to 3,000 
pounds, depending on the arm length and position used. 
This giant manipulator is suspended from a crane bridge 
and can cover the entire working area of the shop. 

Operators of these manipulators and four other elec
trically controlled wall-mounted manipulators are protect
ed by concrete walls some seven feet thick and by nine 
windows of lead glass and zinc bromide, six feet thick. 
Each window contains 500 gallons of zinc bromide to pro
tect operators from stray nuclear radiation. 

Visual observation of work in the "hot" shop is difficult 
because distances involved between observer and equip
ment often exceed 50 feet. 
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Six of the viewing windows in the main shop are J 8 
feet above the shop floor and two are 30 feet above it. 
One window is located in the cell maintaining the remote 
handling equipment. 

Viewing aids used include binoculars, spotting tele
scopes, mirrors and dosed circuit industrial television, with 
preparation being made for installation of a television 
network that includes black and white, color, 3-D stereo 
vision or any combination of these, with viewing screens 
at all operator locations. ' 

Depth perception depends to a great extent on the 
stereo vision of the technician, since size, color and shadows 
are not always available as depth perception aids. 

To help provide operators with needed depth percep
tion, the "hot" shop operations unit has set up a program 
for selection and development of manipulator technicians 
with respect to stereo vision. 

Since the average person probably has only about 70 per 
cent stereo, and less than one person in 10 has perfect 
stereo as well as perfect vision, it is necessary to select 
those who can de developed to 100 per cent stereo with 
a reasonable amount of exercise and training. 

About six hours of exercise a month is necessary to 
maintain the stereo skill acquired ip this program. 
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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 
2000 peo pie, 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. 

JOB OPPORTUNITtES 
••••• 0 •••• 0 0 .... ~. 0 ••• - fil 0 •• 8. 

IN THESE FIELDS NOW 
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1 IMPORTANT DEVELOPMENTS AT JPL 

Weapons Systems Responsibility 
In the development of guided missile 

systems, the Jet Propulsion laboratory 
maintains a complete and broad respon· 
sibility. From the earliest conception to 
production engineering-from research 
and development in electronics, guidance, 
aerodynamics, structures and propulsion, 
through field testing problems and actual 
troop use, full technical responsibility rests 
with J PL 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. 

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. 

SYSTEMS ANAlYSIS • INERTIAL GUIDANCE • COMPUTER EQUIPMENT 
INSTRUMENTATION • TELEMETERING " flUID MECHANICS 

HEAT TRANSFER • AERODYNAMICS • APPLIED PHYSICS " PROPEllANTS 
MATERIALS RESEARCH 

JET PROPULSION LABORATORY 
A DIVISION Of CAliFORNIA INSTITUTE Of TECHNOlOGY 

PASADENA • CAliFORNIA 
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Harvey Graves (Dartmouth, BA '50, MSEE '51) discusses a reactor experiment at the Westinghouse Reactor Evaluation Center, in Waltz Mill, Po. As manager 

of the Nuclear Design Section, Mr. Graves works with Dr. Wilfried Bergmann (Vienna, PhD '51), on right, and other young scientists who operate the facility. 

At 30, Harvey Graves directs nuclear design 
of two major stinghouse reactors 

After completing the Westinghouse Student Training 
Course in 1951, Harvey Graves attended the West
inghouse Advanced Design Course* and was sent by 
Westinghouse to the Oak Ridge School of Reactor 
Technology for one year. Back at Westinghouse again 
in 1953, Engineer Graves did advanced work on nuclear 
reactor development. 

In 1955, he was promoted to supervisory engineer 
on the Belgian reactor project. In 1956, he was again 
promoted to Manager, Westinghouse Nuclear Design 
Section. Today, Mr. Graves' 24-man section is develop
ing and designing the nuclear portion of commercial 
reactors for the Yankee Atomic Electric Company and 
the Center d'Etude de l'Energ.i.e Nucleaire in Belgium. 
*Fully accredited graduate school 
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Progress? Certainly. And if you have ability and 
ambition, you'll find Westinghouse offers equal engi
neering opportunities in automation, jet age metals, 
radar, semiconductors, electronics, large power equip
ment, guided missile controls and dozens of other 
fascinating fields. 

For more information on professional opportuni
ties at Westinghouse, write to Mr. J. H. Savage, West
inghouse Electric Corporation, 3 Gateway Center 
Pittsburgh 30, Pa.· 

0 s 
FURST UN ATOMIC POWER 
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YOU ALWAYS GET PROVEN QUALITY FROM TURQUOISE DRAWING LEADS AND PENCILS 

PROVEN GRADING -17 different formulae make sure you get exactly the line you expect
from every pencil, every time. 

PROVEN DURABILITY- Because compact lead structure gives off no chunks of useless "dust" 
to blow away, Turquoise wears down more slowly. 

PROVEN NEEDLE-POINT STRENGTH- as electron photomicrograph shows, Turquoise lead struc
ture is finer-and therefore stronger. It holds a needle point under 
drawing pressures for long lines of unchanging width. 

EAGLE PENCIL COMPANY • NEW YORK • lONDON • TORONTO • MEXICO • SYDNEY • BOGOTA 
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This Electron Microscope takes per· 
feet pictures 7,500 times actual size 
-lets you see the startling difference 
between Eagle's "Electronic" Tur· 
quoise lead and the lead in the 
usual quality drafting pencil. 

Photographs courtesy of 
lodd Research Industries, Inc, 
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Wm. C. Folk, P.E., received B.S. and M.S. 

degrees from the University of Texas in Archi

tectural Engineering. He was registered in 

1949 in Texas, and by examination in Minne

sota in 1955. He belongs to A.S.C.E. and 

the National Society of Professional Engineer. 

Currently he is serving as State Director for 

the Engineers in Industry Section. Mr. Folk has 

held various positions ranging from draftsman 

with the Army Engineers, instructor in Civil En

gineering at University of Texas, Section Chief, 

architectural and civil engineering design with 

Anderson, Clayton and Co. of Houston, Texas, 

to his present as Executive Engineer, General 

Mills, Inc., Minneapolis, Minn. 

I I 

by WilliAM C. FOLK, P.E. 

OUR IMMEDIATE CONCERN, based on the memory I have 
of my undergraduate days, is to get that experiment 
written with time to spare for extra-curricular activi-

ties. All phenomenon is not technical. Engineers are hu
man, at least the young. Please never forget that we dwell 
in the framework of a complex society. In the past too 
many engineers, as they grow older, have permitted them
selves to be blinded to this· inexorable fact, by the purely 
technical aspects of their daily affairs. 

vVillful infliction of your ideas upon others, without 
some degree of human understanding, can spell disaster 
to almost any prospective endeavor. 

People generally demand and buy automobiles that look 
like airplanes. They do not like the monotony of the level 
and straight, mile after mile, six-lane super highway. Their 
Hi-Fi sound frequencies must range beyond their hearing 
senses. They want the mice to hear the delicate sounds of 
all six chords to rock- and-roll in their hennetically sealed, 
environmentally controlled open-to-nature glass ranch 
houses. An engineer's livelihood, respect, and prestige, 
despite how good his technical knowledge, is in direct 
ratio to his ability to integrate his skill in services to the 
desires and needs of human society. 

Yes, you do have a choice. You can go through life 
rendering to the social orders about us only the cut and 
dried principles of the specialized skills you have mastered, 
without ever really being in overall responsible charge as 
a LEADER. You will and can advance, even if only by 
default, TO A POINT by the laurels of your college 
acquired technical knowledge and on the job skills of 
standard engineering practices. After that, then what
abjection- a career relegated to mediocrity by those who 
follow with a broader vision and understanding of people, 
the truly Professional Engineer. 

I trust true Professionalism in all its connotations is 
your choice and ambition. Once attained, you must recog
nize that you have an obligation to society and the com
munity in which you ·live. You have been set apart from 
your fellow man - in sort of a charmed circle to which 
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there is no admission except for those possessed of highly 
specialized skills and unusual talents. Society, recognizing 
the competency of the professional engineer, has granted 
him special privileges by democratic processes, the en
gineering registration law. 

Society generally thinks of our profession in terms of 
you, just as we are all inclined to think of the medical 
profession in terms of our family doctors, or the legal 
professions in terms of the local district attorney. 

Never before have there been so many spotlights on 
Engineering. Society will measure your performance on 
your ability to communicate. It will have to be in terms 
which they are accustomed to understanding- personal 
appearance, articulateness, sincerity, confidence, and in 
general those qualities ordinarily identified with salesman
ship. 

The engineer's job fundamentally is the application 
of acquired specialized knowledge and skill for controlling 
materials and forces of nature to serve mankind. This 
historical truism I found to be quite accurate, based on 
my own experiences as an engineer, first in government, 
as partner of a consulting firm, and currently with in
dustry. The difference found was not in the services ren
dered, but primarily in the clients themselves. Since most 
of my professional career has been in industry, I would 
like, with unqualified pride, to relate a few observations 
that may be of interest at this point in your career. 

If professional development and growth is likened to a 
pyramid, then in these terms, industry offers the oppor
nmity to acquire the building blocks. Through those 

with whom I have worked I have gained knowledge, un
derstanding, and appreciation of almost the entire busi
ness spectrum. 

Typical assignments have involved working with pro
duction people to develop conveying equipment for in
creasing production; with accountants on budgeting funds 
for plant expansion; with insurance actuaries about dust 
explosion hazards, machinery guards, sprinkler systems; 
negotiating contracts with lawyers and contractors for new 
power systems; with sales people on a minor innovation 
to a gadget to improve its popularity and saleability; re
solving a jurisdictional trade union problem either by per
suasiveness or inconsequential modification to an other
wies technically-sound machinery layout. This is not the 
entire list, for there are other across the field communi
cations such as advertising, personnel, and transportation. 
Our store of ever expanding technology has brought about 
more and more sub-divisions of specializations. In turn, 
the greater the degree of specialization; the greater the 
need for vision to develop perspective to balance these 
diverse elements in terms of the broad objectives for both 
the engineer's finn and society. Such challenges call for 
leadership on behalf of the engineer in industry, and con
sequently opportunity for advancement. 

Let there be no misunderstanding about what has been 
said. I do not quarrel with the training you are now re
ceiving, for it is basic and necessary. My Mission is simply 
to say- to fulfill the ambition you must have had on 
choosing engineering as a career, you must pursue the 
social graces as well as the technical. 

I • • • 
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Sherman francisco tel~s what it's 
like to be ••• and why he likes 
being ••• a Computer Systems 
Engineer with IBM. 

........................................... 
*SOLUTION 

If x and y be the number of bulbs A and B respectively, 
• the profit ( P) for a day can be represented by 

P= 2x+ 5y 
• subject to the restrictions 

X~ 20, y ~ 15 e 

" and also subject to the restriction that there are only ., 
8 hours in a production day, i.e., " 

0.2x + 0.4y :::§ 8 or x + 2y ~ 40 " 

• • • 15 

• • 
41 10 

Gl> 

• 6 "'-9o 
® 

... .. 10 15 20 1!5 

" Since x ~ 0 and y ~ 0, the values of x and y must fall '" 
on the boundary or within the polygon enclosed by the .. 

e lines x = 0, y = 0, x = 20, y = 15 and x + 2y = 40, .. 
• as shown. The optimal solution occurs at the corner : 

where P = $95. Thus the maximum possible profit is ., 
" P = $95 at x = 10, y = 15, i.e., when the machine pro- • 

duces 10 of A and 15 of Beach day. : 
• Note: This simple graph method is too cumbersome for more e 
"' than 2 variables. Modem computers use numerical techniques '" 

to handle many more variables - a technique called Linear '" 
.Programming. : 

eooooeooeeoooeeesooeeoecteoeoooeeeeo 
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Selecting a career can be puzzling, too. Here's how Sherman 
Francisco found the solution to his career problem-at IBM: 

"Airborne computers present a special challenge to an engineer~ 
because systems must be planned and designed with flight in mind. 
Through simulation studies, we test computer systems right in our 
own labs-simulating both the dynamics of the aircraft and the 
environmental conditions encountered. My biggest thrill? To see 
my first simulated bombing mission, achieved after a year and a 
half of planning and designing!" 

* * * * 
There are many excellent opportunities for well-qualified engi
neers, physicists and mathematicians in IBM Research, Develop
ment and Manufacturing Engineering. Why not ask your College 
Placement Director when IBM will next interview on your cam
pus? Or, for information about how your degree will fit you for 
an IBM career, 

JUST WRITE TO: 

Mr. R. A. Whi.tehorne 
IBM Corp., Dept. 853 
590 Madison Avenue 
New York 22, N.Y. 

INTERN ATIONAt 
:BH.TSINESS MACHINES 
CORPORATION 
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BREAKING BARRIERS in friction research, GM engineer-in-training Donald Hamilton (r.) works 
closely with Robert Hellmann, M.E. '41, and 0. K. Kelley (c.). One of the nation's leading automatic 
transmission authorities, Mr. Kelley holds 24 patents, directed Transmission Development Section of 
GM's Engineering Staff before his recent promotion to Chief Engineer of GM's Buick Motor Division. 

Because e. fll · is a ~ · at GM-
your accomplishments are accorded added attention 

You've picked your profession-engineering. 

You plan to practice with the company of your choice. 

But will the company you join recognize you as a pro
fessional man? Will it give you professional responsibili
ties? Will you be given challenging assignments? 

If you pick General Motors - and General Motors picks 
you for one of the many different kinds of engineering work 
involved in producing our hundreds of different products
we have reason to think you will. 

For to us, engineering is a profession. 

Not only at our General Motors Technical Center-but in 
every one of our 35 divisions and 126 plants in 71 cities 
and 19 states-it is recognized as such. 

This professional recognition is shown in minor ways -
like putting you on an annual salary, not an hourly rate. 
And-like giving you vacations with pay. 

It is shown in major ways, too. 

It is shown in the fabulous GM Technical Center near 
Detroit, dedicated to the advancement of engineering and 
science, equipped with every conceivable research facility. 
Shown in the encouragement given you in pursuing 
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advanced degrees. Shown by the fact that so many key men 
throughout General Motors are engineers. 

How far can an engineer go in General Motors? There is 
no limit-literally. For example, 14 out of 33 Vice-Presidents 
are engineers, 23 of 42 Division General Managers are 
engineers. These men were in your shoes not so many 
years ago. 

Today, General Motors is looking for young engineers who 
may fill these executive positions in the years to come. If 
you're the kind of man we're looking for-the kind of man 
who wishes to practice his engineering profession -let us 
hear from you. It could be the most important letter of 
your life. 

GM positions now available in these fields: 

MECHANICAL ENGINEERING • ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING • METALLURGICAL ENGINEERING 

AERONAUTICAL ENGINEERING • CHEMICAL ENGINEERING 

CERAMIC ENGINEERING • MATHEMATICS • INDUSTRIAL DESIGN 

PHYSICS • CHEMISTRY 

GENERAL MoToRs CoRPORATION 
Personnel Staff, Detroit 2, Michigan 
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thousand Illiles up the Inazon 
CONTROLS MUST FUNCTION ...... WITHOUT PAMPERING!· 

A thousand miles up the Amazon puts you about 200 miles south of 
the Equator-and ,a whale of a long way from service, as we know it. 
But, nevertheless, there stands the Manaus Refinaria del Companhia 
de Petroleo da Amazonia, complete with the most modern refining 
equipment. 

Here, every bit of equipment must stand on its own merit ... there 
is no time for pampering. Sources of supply and repair are too far 
away to help much. 

So, when they hacked this refinery out of the jungle, they chose Fisher 
control valves and liquid level controls. 

In a recent report, Arturo Amorim, Vice President and Direcror of 

Operations, states, " ... All are delivering excellent performance"! 

Which again proves that you can't beat more than three quarters of a 
century of Fisher engineering know-how for day-after-day dependo 
ability. 

FISHER GOVERNOR COMPANY 
Marshalltown, Iowa/Woodstock, Ontario 

Monous Refinery 

COMPANHIA de PETROlEO do AMAZONIA 

Designed by 

SOUTHWESTERN ENGINEERING COMPANY 

Los Angeles, California 

Inaugurated September 6, 1956 

fluid Calolytic Cracking Unit 

Designed by 

UNIVERSAL Oil PRODUCTS COMPANY 

Des Plaines, Illinois 

CONTROL VALVES-LIQUID LEVEL CONTROLS 
Supplied by 

FISHER GOVERNOR COMPANY 

Marshalltown, Iowa I Woodstock, Ontario 

SINCE 1880 

WORLD LEAC,ER UN RESEARCH FOR BETTER PRESSURE AND LIQUID LEVEL CONTROLS 
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Your formula for advancement in 
present day technological industry is 
growth in knowledge and ability. 

Applying this principle at Garrett, 
engineers are achieving outstanding 
reputations for excellence in the 
following aircraft, missile and indus
trial fields: air conditioning and 
pressurization; heat transfer; cryo-

THE 

Stick-force reversal, a problem of reverse elevator response occurring 
at sonic speeds, was solved by this sensitive AiResearch air data system 
incorporating transducer, computer and actuator. Engineers taking part 
in its development included mathematicians and specialists in analog 
computation, preliminary design, fractional hp motors and gears. 

genic and nuclear systems; pneu
matic valves; controls and air 
motors; system electronics; com
puters and flight instruments; gas 
turbine engines and turbine motors; 
prime engine development and 
industrial turbochargers. 

Upon employment, you may 
choose either a direct assignment or 
enter a 9 month orientation program 
which permits you to survey Garrett 

CORPORATION 

engineering activities to aid you in 
selecting your field of interest. With 
company financial assistance you can 
continue your education at neighbor· 
ing universities. 

Typical project work is done in 
small groups where opportunities 
for learning, added responsibility 
and advancement are enhanced. To 
receive full information write to 
Mr. G. D. Bradley 

9851 S. SEPULVEDA BLVD .• LOS ANGELES 45, CALIFORfll~ 

DIVISIONS: A/RESEARCH MANUFACTURING. LOS ANGELES • A/RESEARCH MANUFACTURING, PHOENIX" AIRSUPPLY 

AI RESEARCH INDUSTRIAL " REX • AERO ENGINEERING • AIR CRUISERS • A/RESEARCH AVIATION SERVICE 
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"Now interviewing for Electrical 
Engineers, Physicists, Mechanical En
gineers, C hernists or what e·oer you 
are! Our company has just the right 
position for you; Design, PToduction. 
Application, Fi.eld Enginee·ring. T¥ e 
need good men for all these positions. 
Our 10 year training program is the 
best in the nation. Catnpus in.terviews 
on . Make your appoint
men./ now. TVorh in Greenland. Be 
different! 

OUND FAMILIAR? This advertisement never appeared of 
course, but similar ones appear daily in the newspac 
pers. The name of the company? Well it could have 

been one of the larg·er companies in America that employ 
engineers. 

Engineering is, by definition, the art and science by 
which the properties of matter and the sources of power 
in nature are made useful to man in structures, machines 
and manufactured products. An engineer is not a research 
scientist; if he were, he would be called by that name. 
Many men go into research after leaving college but these 
are not truly eng·ineers. A good engineer produces some
thing that is sold, for a profit, to the public. Both large 
and small companies that manufacture products need en
gineers in all phases of the production from design to sales 
and service. Large or small, each company has its merits 
and faults. These cannot be changed but an engineer seek
ing employment must weigh all factors in making his 
choice. 

The big manufacturing companies are BIG! They are 
all characterized by the diversification of their products. 
With 'this diversification come the problems of inter
departmental communications, paper work and a vast 
amount of knowledge to accumulate on the many company 
products. As a company representative, you must have a 
good working knowledge of most products. The customer 
doesn't care if you are an electronics expert; his water 
pump isn't working, your company sold it to him and he 
will look to you to see that it is working properly. 

:Most large departments are divided into engineering 
and sales groups. Sales groups, for the most part, must 
apply the company's products to the customer's needs and 
make the personal contacts necessary to sell the customer 
on the company's equipment and services. The engineering 
department must take over the job once the sale has been 
made, design the equipment, and turn it over to the shop 
to be built. Lack of proper communications between these 
two groups often call for seemingly impossible equipment 
designs. The sales department of one company sold a self 
contained D. C. power supply that was to be no larger than 
1 6 inches wide, 24 inches deep and 36 inches high. Once 
this sale was turned over to the engineering department it 
was found that the main power transformer was larger 
than the entire volume of the proposed unit. After many 
letters to the customer, the final outline drawings were 
finished. The unit was eight feet high, four feet wide, and 
three feet deep. 
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:Many large companies have very extensive training pro
grams which, for the most part, orient the student to the 
company, the company's products and how to apply them 
to the customer's needs. After completing this training 
program, the student "graduate" is allowed to choose his 
job assignment. This assignment is, of course, chosen from 
those departments which need men at that time. Very few 
large companies that have training programs hire college 
graduates for any one specific job, regardless of the com
pany interviewer's statements and promises. 

Many non-technical duties which the engineer is not 
required to do in larger companies provide monotony 
breaks in the work of engineers at smaller companies. An 
engineer in design or similar work must often obtain the 
material himself in the small business firm. In larger com
panies a great deal of paper work enters into the picture. 
After spending two or three hours writing out his orders 
to the purchasing department, many an engineer has spent 
even more time re-ordering, changing orders, or just trying 
to figure out how anybody could have ordered 500 units 
when he only wanted five. After all, he knew exactly what 
he wanted! In a smaller company a sales representative 
"';ould have contacted him, determined exactly what he 
wanted and have seen to it that he got everything cor
rectly. The larger company does not change from day to 
day. Year in, year out, same old desk, same personnel to 
work with, same type of equipment. The smaller company 
offers the opportunity to meet people every day. New cus
tomers, sales men and business men from many fields are 
constant visitors. 

Large industry does not, in general, provide rapid ad
vancement for any one man. The chances do arise, once in 
a great while, for rapid promotion, but in general, the 
large engineering department is very closely held together 
by constant cooperation among its members. When the 
opportunity arises for the promotion to a vacancy in man
ag·ement, not only must the person's qualifications be con
sidered but also what the effect will be on the entire 
departmental personnel. Often, once a department head is 
chosen, it is on seniority not on general qualifications. To 
forestall this conflict, large companies often "import" the 

+ + -+ +++ 

Corax Heaters 
X-ray photos of industrial heating elements form a 

fluorescent-like pattern as they undergo careful examina
tion at the industrial heating division plant of Westing
house Electric Corporation. With a magnifying glass, a con
trol specialist is checking the position of the spiral resist
ance wire which is firmly surrounded by an insulating pow
der within the strong outside tube. Corox heaters are made 
in copper, steel, aluminum, Incaloy, Inconel and other 
alloy tubings. Their uses include water heaters, automatic 
washers, deep fat fryers, griddles and electric irons in ad
dition to numerous industrial uses. 
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top men for management. In this way the continuity of 
the department is not affected. 

In the past years, the status of the e1nployee working 
for wages has risen. ln large companies, the"cngineer is no 
longer a professional1.nan. Jn some of the larger companies 
the engineering staff must even "punch in" on the time 
dock. Even the janitor is not happy unless he is called a 
"sanitary engineer". lt is no wonder that some companies 
have engineering unions. A smaller company has more 
trouble obtaining engineers and as a result, the engineer
ing manpower is not wasted. The small company must 
observe professionalism in engineering. One of the main 
factors in this is that the engineering staff is not large. 
An engineer in a smaller company is respected for his pro
fession and not just one of the many tools of the manufac
turing trade. 

Just how good are most of the fringe benefits? Life and 
medical insurance costs are relatively the same regardless 
of the means for obtaining them. The very basis for insur
ance is that each person pays his share of the total expected 
costs. This doesn't change very much even if the insurance 
is obtained from the company. Once a person has left the 
firm, benefits usually cease and any premiums paid in arc 
lost. This is better than obtaining protection through the 
larger insurance companies? 

One of the best things that an engineer may obtain is a 
practical background. In the smaller company the engineer 
is constantly working with the other employees. He spends 
his time testing, designing and following the product 
through manufacturing processes. In larger companies, the 
best that can be done is to allow each man a week or two 
at the most in each department before he is assigned one 
specific job in which he must specialize. Being a technician 
among other things at a smaller company is not laboriou-;; 
the engineer has the pride of building equipment that is 
truly his own work, not just completing one phase ancl 
turning it over to someone else for manufacture. This way, 
the engineer sees the result of his work. The pride of work
manship and sense of accomplishment are enhanced and 
both serve to inspire him to even better and finer future 
achievement. 
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Full-time, off-the-job GRAD E 

STUDY CENTER. New York's Coliseum Tower houses one of 
three special study centers set aside for W.E.'s Graduate Engi
neering Training Program. Other centers are in Chicago and 

Winston-Salem, N. C. Product design principles are one of the many 
technical subjects our engineers cover in Introduction to vVestern 
Electric Engineering, the first phase of the program. 

MINNESOTA TECHNOLOG 



speed careers at 
now, Western Electric engineers are back "on campus" 
unique new Graduate Engineering Training Program. 

attending courses at special study centers established 
company in Chicago, New York and Winston-Salem, 

C. It's a rare chance to study advanced engineering and get 
pay at the same time. 

These "students" are guided by a teaching staff of top West-
Electric engineers, outside experts and professors from 

universities. They're learning the latest technical devel
i!PJments ... boning up on everything from manufacturing proc

to computer applications. 
When the program reaches its peak, some 2,000 to 3,000 West

Electric engineers will attend each year ... studying in an 
as close to a university graduate school as is prac

industry. 
engineering "university" was born because of the ever

complexity of Western Electric's job as the manu
and supply unit of the Bell Telephone System. Today 

engineers are right in the middle of exciting fields like 
radio relay, electronic switching and automation. 

engineering training is designed to spur their devel
""'''""''nr- and advancement throughout their entire careers. 

Graduate Engineering Training would work for you 

program gets under way after approximately six months on-the-job 
}:peri1~nce. First off: 

A nine-week Introduction to Western Electric Engineering helps you 
learn about your W.E. engineering field, sharpens your skills in getting 
ideas across. Technical subjects include communications systems, prod
uct design principles, military electronic systems. 
Another nine-week program, General Development, starts after your 
first year with us, helps broaden and strengthen your engineering back
ground. Besides technical subjects like engineering statistics, measure
ments and instrumentation, and electronics, you receive grounding in 
human relations and the socio-economic importance of engineering. 
To meet continuing needs for formalized technical training, Advanced 
Development offers four-week courses tailored to the individual needs 
of the engineers selected to attend. These courses are designed to help 
develop creative engineering abilities. Computer applications, switching 
theory, feedback control systems, and semi-conductor devices and cir
cuits are sample topics covered in this phase. 

Besides taking' part in the Graduate Engineering Training Pro
engineers are eligible for our Tuition Refund Plan for 

hours study at nearby colleges. 
In short, there's a unique opportunity at Western Electric to 

a professional career ... and work in the exciting world 
communications. 

I G 
estern Electric 

Knowledge born in the classroom often sparks on-the
job ideas. These engineers are working on transistor 
manufacturing problems. . 

OPPORTUNITIES FOR 
ENGINEERING GRADUATES 

( Supervisory and administrative 
opportunities exist in each field) 

Analysis for manufacturing operations: 
Machine and tool requirements-M.E., E.E.; 
Space requirements-M.E., I.E.; Test facility 
requirements-E.E.; Personnel requirements
I.E.; Eledric power, light and heat require
ments-E.E.; Raw material requirements
Chem. E., Met. E., Phy. Sc.; Procedures and 
processes-lYLE., I.E., Time and motion 
studies- I.E., Investigation of manufacturing 
difficulties-M.E.; Quality control-M.E., E.E. 

Planning telephone central offices: 
Equipment requirements - E.E.; Power and 
cable requirements-E.E. 

Development and design: 
New machines and tools-M.E., E.E.; Material 
handling methods-M.E., I.E.; New equip
ment and processes-M.E., E.E.; Repair shop 
methods-M.E.; Testing facilities-E.E.; Test
ing methods-E.E.; Job evaluation studies
I.E.; Wage incentive studies-I.E.; Production 
control studies-I.E.; Improved chemical proc
esses-Chem. E., Met. E., Phy. Sc.; New appli
cation for metals and alloys-Chem. E., Met. E., 
Phy. Sc.; Raw material test procedures-Chem. 
E., Met. E., Phy. Sc.; Servl.ce to military on 
electronic clevices-E.E. 

For further information write: Engineering 
Personnel, Room 1030, 195 Broadway, 
New York 7, N. Y. 

Western Electric has major manufacturing plants at Chicago and Decatur, Ill.; Kearny, N.J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and laureldale, 
Pa.; Burlington, Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.; North Andover, Mass.; lincoln and Omaha, Neb.; St. Paul and Duluth, Minn. Distri
bution Centers in 32 cities. Installation headquarters in 16 cities. General headquarters: 195 Broadway, New York, N.Y. Also Teletype Corp., Chicago 14, Ill. 
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A.S.C.E. 

The l\1innesota student chapter of the American Society 
of Civil Engineers sponsored a program on the profes
sional status of the engineer which was open to all engi
neering students. The guest speaker was :Mr. Hindermann, 
who traced the evolution of the professional status of the 
engineer up to the present day and went on to discuss the 
present situation. He concluded by giving a fair appraisal 
of both the union and professional status of engineering 
with some emphasis on the latter. 

At the November meeting of the A.S.C.E. an interesting 
technicolor sound movie was shown. The movie showed 
the construction of the United Nations Secretariate Build
ing from the various architectural drawings to the actual 
field construction. Interesting scenes dramatically displayed 
the work of various trades in the building of this structure. 

At the first December meeting Commander 1\!IcCorrey of 
the Navy told of the Navy's program for graduating engi
neers. Commander McCorrey is in charge of tl-ie construc
tion and maintenance of the Ninth Naval District which 
includes thirteen midwestern states. Under this Naval pro
gram upon completion of your engineering requirements 
for a degree, you are eligible for entrance into the Navy 
as an Ensign in the Naval Corp of Civil Engineers. This 
department has openings for 1\!Iechanicals, Electricals, In
dustrials, and Civils. The three years active duty and five 
years reserve completes the military requirements but 
Comm. McCorrey stressed the organization as a permanent 
position. Also a movie on the "Bureau of Yards and Docks" 
was shown. 
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The second rneeting of the month was held on vVednes
day, December 11, in Coffman 1\!Iemorial Union. Two 
1novies put out by the Shell Oil Company were shown, 
"Prospecting for Petroleum," and "10,000 Feet Deep." 
They showed how petroleum is formed, located, and 
drilled. 

The next meeting was held on January 14 and featured 
a movie, "l\1an With 1,000 Hands," which was put out by 
International Harvester and showed the construction of 
the huge dam and power plant in British Columbia. 

Also at this meeting plans were made for a hay ride and 
Bob Adams was elected A.S.C.E. E-Day chairman. 

A.I.ChE. News 

vVinter. quarter finds the AIChE chapter on campus 
with its activities in full swing. On January 14 the chapter 
cosponsored with AXE House an inspection trip to 1\!Iin
nesota Linseed Oil's plant north of Minneapolis. The tour 
of the plant included a chance to see the pressing and ex
tracting operations and hear explanations of their work
ings by members of plant staff. AI Smith and Jim Padrnos 
were the prime movers in the project. 

The regular, monthly meeting was held on the night of 
.January 14. At this meeting 1\!Ir. .J. R. Riggs spoke to the 
group on, "Unit Operations at 1\!Iinnesota Mining and 
:Manufacturing." 1\!Ir. Rigg's talk ranged from the many 
methods of drying used to prepare the diverse products of 
his company to special project currently being carried on 
dealing with cashew nuts. Both from the talk and from 
informal discussion over refreshments after the meeting 
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the members are able to get an idea of actual chemical 
engineering practice. 

An extra January meeting was held on the 21st to en
able the members to hear a talk by Mr. Bertrand of Du
Pont Chemical Company. All interested nonmembers are 
invited to any of these activities. 

A.S.A.E. 
This year's annual license plate sale under the direction 

of chairman James Gugaux closed very successfully Janu
ary 10, 1958, with a record sales of over 375 plates. 

James Beese, Pat Flynn, and Walter Stumpf are contril)
uting articles to the National Student Journal of A.S.A.E. 
The National Student Journal is published each year by 
a member chapter of the A.S.A.E. 

Mr. Harold Cload, Research Engineer at Minneapolis 
Honeywell Company presented a talk entitled "Automatic 
Crop Drying Controls" at our January rneeting. 

AlEE-IRE 
AlEE-IRE's last meeting of fall quarter consisted of a 

tour of the facilities of WCCO-TV. Mr. John Sherman, 
chief engineer of WCCO's television facilities, introduced 
the group of 45· interested students to some of the prob
lems of a large scale television station and to some of the 
equipment necessary for efficient operation of the station. 
The group was then conducted through the station's tech
nical facilities and the function and operation of each was 
explained. Reproduction of images was covered from the 
camera to the transmitting antenna. The interest of the 
group was reflected by the large number of questions asked 
both at the studio and at the transmitter site at the top of 
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the }'oshay Tower. It was a very successful and enjoyable 
tour. 

The first meeting of winter quarter consisted of a tour 
of Minneapolis Honeywe1l's Aero Division. It was the first 
daytime meeting and was reasonably well attended in spite 
of the awkward time. The facilities of the division were 
covered from research to production, emphasis being 
placed on the large engineering to production ratio of 
personnel and equipment. This tour of a large engineer
ing operation laid the basis for comparison with that of a 
small company which will be toured later this year. 

The next meeting is scheduled for January 21 and will 
precede the taking of the group picture for the Gopher. 
The subject of this meeting will be summer engineering 
employment and will be directed toward the interests of 
the third and fourth year students. 

It is hoped that all EE students will take advantage of 
the opportunity to join AlEE-IRE as it provides an excel
lent chance for indoctrination into the EE profession. 
1 nterested persons may receive information on the organ
ization by talking to any of the officers. 

A.S .. M .. E .. 
The American Society of Mechanical Engineers (student 

chapter) has performed some new basic research in the 
field of hydrodynamics. The chapter held a joint seminar 
with the Mines Society on January 17. The seminar dealt 
with the thorny problem of forced fluid flow. Though no 
final conclusion was reached, it was agreed that the ASME 
had made the more progress. Further experimentation will 
probably be necessary in this field. 
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Opportunities for achievement and success are to 
be found in abundance at Wisconsin Power Com
pany by young engineers of skill, vision and ini tia
tive. Problems are here for you to solve- rewards 
are here for you to earn. Opportunities for personal 
growth and advancement are unlimited. 

A wide variety of interesting work is available. 
For example, you may take part in designing and 
building power plants, substations, electric and gas 
transmission and distribution lines. You may help 
solve chemical engineering problems, create rate 
schedules, work on special engineering and economic 

• • • 

Man of distinction? Of course you 

plan to be one. Who doesn't? But not 

like this slightly ludicrous gentleman 

at the left who exhibits some of the 

popular advertising concepts of distinction. 

True distinction is based on achievement 

-and there is plenty of opportunity for that 

at Wisconsin Electric Power Company. 

studies. You may help our industrial and commer
cial customers solve their power problems. 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. 

Whatever your work may be when you begin 
your career here, you may be sure that it will be 
worthy of achievement and will contribute toward 
your becoming - some day - a real "man of dis
tinction." 

We invite you to begin your career 
here .... and grow with us! 

The area we serve extends from the Wisconsin state 
line on the south into upper Michigan on the north. 
It is blessed with a wide diversification of economic 
activity - including large industrial centers as well as 
the business and manufacturing activities of many 
small communities with their surrounding farm areas. 

Demands for our services are so great that we are 
now in the midst of a 10 year expansion program which 
anticipates the practical doubling of our business with
in that period. We invite you to GROW WITH US! 

See our representative when he visits your campus 

ISCONSIN ElECTRIC PO ER co PANY SYSTE 
Wisconsin Electric Power Co. Wisconsin Michigan Power Co. Wisconsin Natural Gas Co. 

MILWAUKEE, WISCONSIN APPLETON, WISCONSIN RACINE, WISCONSIN 
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How RCA brings a richer, wider range 
of musical sound to your home 

Before high fidelity, the 
sound of recorded music 
was limited-much as 
piano music would be if 
you could hear only the 
notes played on the center 
of the keyboard. No 
rich bass notes, no keen, 
:vibrant highs. 

RCA achievements in the science of 
sound and acoustics changed all that. 
Today, with RCA Victor records and 
high fidelity "Victrolas," the full range 
of sound is reproduced so faithfully 

that you can enjoy music almost as 
though you were there. 

And now, Stereophonic Sound! A 
new and dramatic dimension in re
corded music is also yours to enjoy 
on RCA high fidelity instruments. 
Stereophonic units can be added to 
most "Victrola"® Hi-Fi systems any 
time you choose. 

In this, as in almost every area of 
electronic progress in home entertain
ment, defense and industry, the leader
ship of RCA serves you. RCA means 
electronics at its best! 

WHERE TO, MR. ENGWNIEIER? 

RCA offers careers in research, 
development, design, and man
ufacturing 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 
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Imported CASTELL 

''BLAC L '' 

adds skill to your hand 

Horizontal opportunities are 
plentiful for graduate engineers 
- but how about verti
cal opportunities? How 
high will you grow in 
S years? 

That will depend on 
your native talent, hard 
work and such profes
sional habits as the use 
of imported A.W.FABER 
CASTELL. "black gold" 
graphite- the best na
tural graphite testing 
out at more than 99% 
pure carbon - makes 
Castell the world's 
finest drawing pencil. It 
will add skill to your 
hand as it does to sea
soned Pros the world 
over. Color-graded for 
instant identification in 
most ·of the 20 scienti
fically-accurate degrees, 
8B to lOH. 

If you prefer a 
Holder, try LOCKTITE 
Tel-A-Grade 9800 
which shows your de
gree in a flash -plus 
imported "black gold" 
CASTELL 9030 Lead. 
Shop in your college 
store and insist on 
CASTELL across the 
board. 

A@W@FABIReCASTELL 
PENCIL CO., INC. NEWARK 3, N.J. 

Torque Converters 
(Continued frmn Page 17) 

sions, the centrifugal force on the 
liquid in the pump is always greater 
than that in the turbine. This differ
ence between the two centrifugal forces 
causes the Jluid to circulate in the 
torus. 

During steady normal operation, the 
pump and turbine speeds are nearly 
equal and there is very little disturb
ance in the fluid flow as the fluid 
passes from one element to the other; 
therefore, rather high efficiencies are 
possible. The losses occur as slip or 
differences in revolution between in
put and output members. The mini
mum losses under ordinary working 
conditions are about two percent. 

Torque Converters 

The principle of operation of the 
torque converter is similar to that of 
the fluid coupling except for two ma
jor factors. First, the blade design 
becomes critical if optimum perform
ance is to be obtained, and second, a 
stator must be added to obtain torque 
multiplication. These two factors cause 
frictional losses to be greater, and 
consequently the efficiency of a torque 
converter is lower than that of a fluid 
coupling. 

Since the end of W oriel War II the 
torque converter has made enormous 
progress for use with almost every 
type of vehicle application. Certainly, 
with more research we can look for 
improvements in performance and 
with increasing production and im
proved production processes the rela
tively high cost may be reduced. 

The torque converter wql continue 
to make progress in transmission of 
power applications since it will be 
used more under conditions where its 
advantages show up the most. High 
starting torque developed in torque 
converter drive enables heavy loads to 
be rapidly and smoothly accelerated 
under adverse conditions, while the 
lock-out feature provides full speed 
operation at maximum efficiency. For 
any machine that must operate under 
a variable load, the torque converter 
is the most promising and logical 
choice. 

It is for the vehicles that are the 
work-horses of the nation that the 
torque converter offers the most ad
vantages and where the most progress 
will be made. 

Why Vought Proj ts 
Bring Out The Best 

In An Engineer 
At Vought, the engineer doesn't often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it's no wonder. 

For here the engineer contributes to 
history-making projects- among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1 ,500-plus
mph fighter, details of which are still 
classified. 

The Vought engineer watches ·such 
weapons take shape. He supervises 
critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share 
these experiences. Today, for exam
ple, Vought is at work on important 
projects involving: 

electronics design and manufacture 

inertial navigation 

investigation of advanced propulsion 
methods 

Mach 5 configurations 

Vought's excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 

*** Would you like to know what men 
with your training are doing at 
Vought ... what you can expect of a 
Vought career? 

For full information, see our repre
sentative during his next campus visit. 

*** 
Or write directly to: 

C. A. Besio 
Supervisor, Engineering Personnel 

Dept. CM-5 

-~~~~~--------------------
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"Advise and assist on structural problems. 
Do what you can to keep the program moving ... " 
With this outline of his liaison duties, Stress Analyst 
Ed Clay accompanied Vought's Regulus II missile to 
its desert test site. 

On the desert, Ed found a dearth of structural 
problems. Regulus II reliability gave the flight test 
program tremendous momentum. In quick succession 
the missile notched 10 flights. When time came for a 
critical high-speed test, the program was three 
months ahead of schedule! 

Then, the very fact that things had moved so 
fast threatened to rob the program of the time it 
had gained. 

As Vought had planned, a wind tunnel flutter test 
had to precede the upcoming high-speed flight. 
But Vought's prearranged date at a government 
tunnel was over a month away. The facility was 
booked solidly up to the appointed day. And Vought's 
own Mach 5 tunnel was under construction. 

Then Ed revealed the scope of his liaison. It had 
ranged to the rocket test track at nearby Edwards Air 
Force Base. There, with the help of a cooperative 
track project engineer, Ed had spotted a rusting 
rocket sled, left behind from a radome test. Now, if 
the sled could be rigged to carry that spare Regu-
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Ius fin, Ed figured, they might get flutter data before 
the tunnel test. 

That changed Ed's state of liaison. All Vought 
was suddenly at his service. Shopmen reworked the 
sled to mount the fin. Instrumentation technicians 
fitted the fin with gages and transducers. Vought's top 
flutter men double-checked, raised their eyebrows, 
then endorsed the whole thing. 

At the track, moments before the rockets exploded, 
Ed had a twinge of doubt. His sled was a mon
ster, indeed. Air loads would be terrific ... 

Then the sled shot off on the first of two success
ful trips that revealed all the data required. 

At Chance Vought, there's liaison in spirit as well as 
in name. It allies engineers of many specialties and view
points against mutual problems. h builds channels 
instead of walls between diverse technical areas. 
It's another reason why top engineers are choosing 
Vought - to keep abreast of all fields while advancing 
in one. 

INCORPORATED • DALLA$, Tli'XA$ 
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in turn, are capable of producing new fissions. The sinall
est mass, under a given set of conditions, which limits the 
leakage of neutrons to a level consistent with fission re
quirements, is termed "Critical :Mass". At this point, the 
reactor produces the same number of neutrons as it loses 
by absorption and leakage. If the number produced is less 
than the number lost, the reactor is sub critical. If the 
number produced exceeds the number lost, the reactor is 
super critical. It is then called an atomic bomb! 

A description of the elements in Fig. 1 serves to point 
out how the elements of a reactor are arranged to fulfill 
the requirements for fission. Since each fission can release 
more than one neutron, and each of these, in turn, can 
lead to fissions which release more than one neutron, it 
is seen that it is possible to get a very large number of 
fissions in a very short time. The losses by absorption and 
leakage, without special arrangement of materials, prevent 
the reaction from proceeding in nature. Thus, nuclear 
reactor designers are concerned, for the most part, with 
matters of neutron economics. One of their main con
siderations concerns neutron speed or energy. Slow neu-
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trons, those having energies less than a few electron volts, 
are by far the most efficient for producing fission. 

The Moderator 

The moderator, (Fig. l, A) slows down the neutrons. 
Calculations of slow neutrons are treated as classic billiarcr 
ball collisions. The low atomic weight elements are the 
best moderation materials. However, the gases are ineffec
tive and beryllium is too great a neutron absorber. Car
bon and deuterium are effective moderators. 

The Reflector 

The reflector (Fig. 1, B) prevents the neutrons from 
escaping by scattering them back into the moderator. The 
requirements for the reflector are very similar to those for 
the moderator. Therefore, the same mateials that have 
optimum characteristics for the moderator have optimum 
characteristics for the reflector. In addition to carbon di
oxide and heavy water; light water, sodium hydroxide, 
and special hydrocarbons have found application in mod
erators and reflectors. 

Control Rods 

The control rods (Fig. 1, C) are comprised of materia' 
having large neutron absorption coefficients. They regulate 
the neutron density level to prevent the reactor from be
coming super critical. Cadmium, boron, hafnium, and 
gadolinium rods have proved satisfactory (III, 318). 

Cooling of Nuclear Readers 

The coolant must have a low affinity for neutrons. Satis
factory coolants include water, heavy water, liquid metals, 
gases, and hydrocarbons. Sodium, lead, potassium, and 
bismuth are among the successful liquid metals (III, 754). 
Satisfactory gaseous coolants include helium, air, nitrogen, 
and carbon dioxide. To date, the United States has care
fully explored the possibilities of every type of coolant 
except gases. The highly successful, British, Calder Hall 
Reactor, however, does use gaseous cooling. Recent Con
gressional action has directed U.S. scientists to begin 
development in this area also. 

Ordinary water, under pressure, carries the heat gen
erated in the reactors of theN autilus to the turbines, while 
the Sea TVolf utilizes liquid sodium in its reactor's cooling 
system. Of the two systems, that in the Nautilus has proved 
overwhelmingly superior. Theoretically, the sodium cooled 
reactor should be nwre efficient, but sodium has a higher 
absorption coefficient for gamma radiation. As a result 
of picking up considerable gamma radiation, the sodium 
coolant, in the reactors of the Sea Wolf, is restricted to 
supplying heat to the main boilers only. Bypassing of the 
superheaters makes the Sea TiVolf only about 80 per cent 
efficient. Even so, it greatly surpasses ordinary submarines. 

Fuels 

Natural uranium, enriched uranium, and plutonium 
239 are the basic available nuclear fuels. 

Uranium 238, U-233, and Pu-239 are the principal fissile 
fuels. They can be transmuted into U-235 by neutron 
bombardment. 

Uranium in its natural state, contains 0.7 per cent of 
the fissionable U -235, while enriched uranium is processed 
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fuel that contains larger concentrations of U-235. U. S. 
reactor philosophy, to date, has included emphasis on 
utilizing enriched fuels. The British, on the other hand, 
have dedicated their efforts towards the use of natural 
11ranium fuel. The first cost in each case is about the 
;ame. However, the use of enriched uranium requires 
~xtensive and frequent processing of the fuel. This re
quirement is a disadvantage frorn the standpoint of sale 
to underdeveloped countries which do not have large 
processing facilities. Congress has directed the Atomic 
Energy Commission to encourage the development of re
actors using natural fuel. 

Nuclear Reactor Classification 
One way in which nuclear reactors are classified is ac

cording to coolant, moderator phase, and neutron energy. 
For example: A homogenous, thermal, pressurized water 
reactor is one in. which fuel is in aqueous solution, and 
the energy of fission causing neutrons is less than one elec
tron-volt, and cooling is accomplished with circulating 
'Vater under pressure. An intermediate reactor uses neu-
rons with energies between 1 ev and 105 ev. A fast reactor 
ses neutrons with energies in excess of 105 ev. The N au
Ius and the Sea Wolf utilize thermal and intermediate 
:·utrons, respectively, in their reactors. 
To go into detail on various specific reactors built or 

in the planning stages, to date, would require several 
volumes of descriptive material alone. 

Safety Programs, Measures and Concepts 
The tick of the Geiger counter is, to every layman, a 

iymbol of either sudden riches or of imminent destruction. 
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The more esoteric forms of detection are, however, less 
known. The number of radiation badges and special de
vices for detecting dangerous amounts of the different 
kinds of radiation is increasing daily. They will undoubt
edly become more numerous as time goes on, and it is 
hoped they will also become more reliable. Until they 
become as reliable as the kitchen clock or the portable 
r<ldio there is much room for improvement. At present, 
many of them require too much human monitoring. In 
addition, many of the detection devices used today, are 
buried behind many feet of concrete shielding. This makes 
servicing, in some instances, difficult if not impossible. 

Sheilding constitutes one of the major safety measures 
in the nuclear reactor industry today. Even though the 
critical size of a homogeneous thermal reactor may be a 
sphere only 1 ft. in diameter, the volume of the concrete 
and lead shielding may be as much as 4,000 cu. ft. Even 
so, the shielding would offer little or no protection in case 
the reactor should go out of control and explode. 

A developing philosophy in the design of nuclear re
actors, especially near large population centers, is one of 
containment. A large steel dome, over a reactor, adding 
perhaps several million dollars to the total cost of an in
stallation, would serve to contain the radioactive gases 
and products should a reactor go out of control. 

Another factor under constant development is one of 
self control. A reactor can be designed so that it is ex
tremely stable and will always tend toward stability. Homo
genous water reactors have been especially successful in 
this regard. Most reactors are equipped for automatic 
shutdown by "scramming" of all control rods into the re-
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actor if activity exceeds a preset level. In addition, most 
contemplated reactors for power production are designed 
to be as foolproof as possible with respect to maintenance, 
coolant leaks, and other miscellaneous dangers. 

The safety record of the fondling nuclear reactor in
dustry is, to date, exceptionaL There has not yet been 
a single case of a berserk reactor! Perhaps it is due to the 
extreme care in design and construction. Perhaps it is just 
luck. Probably it is a combination of both. 

The Shape of Things to Come 
Present-day atomic power reactors, utilizing steam tur

bines for generation of electricity, are not able to take 
advantage of high temperatures to increase thermal ef
ficiency. Recent proposals have included the use of highly 
pressurized gases for cooling. The British, Calder hall 
reactors have neither high temperatures nor high pressures. 
Gases, for cooling, at very high temperatures, would not 
present corrosion problems that liquids encounter. The 
use of cements and ceramics in reactors, in conjunction 
with both fuel elements and moderating elements, would 
encourage the use of high temperature reactors. l\!Iinnesota 
Mining and Manufacturing Co. is among the firms pio
neering in the development of ceramics orientated factors. 
Dr. .J. R. Johnson, head of the 3-M Nuclear Research 
Section, has in numerous papers, proposed and tentatively 
outlined the development of high temperature nuclear 
reactors, involving gaseous cooling. 

The engineer's esthetic nature will not let him be col!
tent with the present state of affairs in the nuclear reactor 
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design field. Certainly the present methodof energy supply 
from reactors by heat transfer to coolants is just a brute 
force answer to the problem of generating electricity with 
atomic energy. A more elegant possibility is the production 
of electricity directly from the nuclear reaction. Methods 
of doing this have already suggested themselves. The lead
ing possibility seems to be the so called plasma reactor. 
The plasma (ionized U-235 gases) is highly radioactive and 
very nearly critical when placed in the reactor (Fig. 2). 
Compression of the nearly critical gases to one end of the 
reactor will cause it to become critical at the compressed 
end. The cmnpressed end (Fig. 2,A) responds with a shock 
wave to the opposite end as it becomes critical and releases 
energy. This causes the opposite end (Fig. 2,B) to become 
critical. Thus, the reaction, once started, perpetuates itself. 
The superheated gas, when ionized, acts as a conductor. 
The shock ions transfer their energy through the magnetic 
field, (Fig. 2,C) to the outside as electrical energy. 

The advent of controlled thermonuclear energy is at 
least as alluring as the possibility of direct generation of 
electricity. Laboratories the world over are today engaged 
in an international race to make available enough energy 
to supply all forseeable energy needs for the next billion 
years. The so-called "Pinch Effect" has already received 
considerable attention. A large current is induced in a 
toroid shaped discharge tube (Fig. 3,A). The current build
up causes a powerful encircling field. Plasma within the 
tube finds itself pinched into a center filament (Fig. 3,B) 
vvith a temperature of more than a million degrees centi
grade. This results in a fusion of atoms and the correspond
ing release of energy of fusion. 
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The Princeton Stellarator and various shock wave ex
periments, both in the United States and abroad, are 
other approaches to the problem of taming the energy of 
the Hydrogen Bomb. 

By 1966, the U.S. Navy plans to have an operational 
nuclear fleet of at least 21 different vessels ranging from 
submarines to aircraft carriers. 

Work on an atom driven turbo-jet engine for aircraft 
is moving into full swing. Current progress reports in the 
newspapers indicate crystalization toward the closed cycle 
nuclear reactor-turbine design. 

The last 10 years have seen one dramatic development 
after another. What the direction and magnitude of nu
clear development in the future will be, can be left only 
to the unbounded imagination. 

"May I kiss you?" the Ch.E. asked his date. 
"Ye gods," answered the sweet young thing, "another ama

teur!" 

Little Johnny came home from school crying, "Hey, Ma, all 
the boys are picking on me. They say I have a big head." 

"You don't have a big head, Johnny. Now run along and 
play." 

The same thing happened the next day, and the next and 
the next, and each time Johnny's mother comforted him. The 
fourth day Johnny came home with the same story. 

"For once and for all, Johnny, you don't have a big head. 
Now please go down town and get me ten pounds of potatoes." 

L 
By knowing about some of the projects underway at the 
Babcock & Wilcox Company, an engineer may see his 
personal avenues of growth and advancement. For today 
B&W stands poised at a new era of expansion and 
development. 
Here's an indication of what's going on at B&W, with 
the consequent opportunities that are opening up for 
engineers. The Boiler Division is building the world's 
largest steam generator. The Tubular Products Division 
recently introduced extruded seamless titanium tubing, 
one result of its metallurgical research. The Refractories 
Division developed the first refractory concrete that will 
withstand temperatures up to 3200 F. The Atomic Energy 
Division is under contract by the AEC to design and 
build the propulsion unit of the world's first nuclear
powered cargo vessel. 

These are but a few of the projects- not in the plan
ning stage, but in the actual design and manufacturing 
phases- upon which B&W engineers are now engaged. 
The continuing, integrated growth of the company offers 
engineers an assured furure of leadership. 
How is the company doing right now? Let's look at one 
line from the Annual Stockholders' Report. · 

CONSOLIDATED STATEMENT OF INCOME 
(Statistics Sec:tion) 

(in thousands of dollars) 

19.55 19.56-UNFIU.ED ORDERS 

$129,464 $213,456 $427,288 (backlog) 
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"O.K., Ma, give me a sack." 
"Sack? What do you need a sack for? Use your cap." 

Two wealthy industrialists fell into an argument about whether 
the Russians were really our friends or not. The one who main
tained that they were said, "Why, I'll bet I could ride a Russian 
ship to Russia, tour the country, and return, and nothing at all 
would happen to me." 

The other man called his bet and the sum was set at one 
million dollars. 

Two weeks later as the Russian ship left New York harbor, 
the ship's captain called the American from his cabin. "We 
hoff cable for you from New York, friend," he snarled, glaring 
at the fellow. "Read it." 

The American looked at the cable. "If you can't shoot Bul
ganin," it read, "try for Molotov." 

A thirsty gentleman wandered into a corner saloon and or
dered a dry Martini. He drank it with relish and allowed as 
how it was the best darn Martini he had ever tasted. The bar
keeper whipped up another one, and the customer declared it 
was even better than the first one. 

"Such genius deserves a reward," he said. He reached into 
his pocket and produced a live lobster. "Here! Take this with my 
compliments," he said. 

The bartender held the live crustacean at arm's length. 
"Thanks," he said dubiously. "I suppose I can take it home for 
dinner." 

"No, no," objected the customer. "He's already had dinner. 
Take him to a movie." 

B&W engineers discuss developments 
in the Universal Pressure Boiler. 

Ask your placement officer for a copy of ttOpportunides 
with Babcock & Wilcox" when you arrange your inter
view with B&W representatives on your campus. Or 
write, The Babcock & Wilcox Company, Student Train
ing Department, 161 East 42nd Street, New York 17, N.Y. 

N-220' 
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Left to right: Lou Bernardi, Notre Dame, '54; Norman Lorenson,· Mich . .)5t.,·'55; Ernest Schttrmann, M.l.T., '53; Dick Swenson, Purdue, '50. 

f I • FORT WORTH 
CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION 
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This could &e the most valuable reading you've ever done! 

JUST PUBLUIHIIiU)"""VOURS FREiiiU An interest
ing, comprehensive, 16-page brochure that will answer 
your questions about how to use your training and 
talents to your best advantage in the job you select. 
The story is too big, too diverse and too detailed to tell 
here-that's why we ask you to let us send it to you. 

Get this preview of a whole range of exceptionally 
promising futures for the price of a postage stamp. 
Find out how a fast-growing company encourages 
engineers and scientists to develop their potentialities 
to the fullest. 

HDGHLmGHTS FROM THIS HELPFUL BOOK: 

Raytheon's Record- review of pace-setting activities in 
electronics that widen horizons for you. 
Research Program-suggestions for your future in either 
"pure" or applied research. 
Development and Design Program- prospects for you in 
the practical application of :research to the manufac
ture of new electronic products and components. 
Manufacturing Techniques Program-latest production 
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Application and Sales Program - advantages to you in 
world-wide field engineering activities; rewarding 
opportunities in electronic sales. 
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vidualized training, your advancement opportunities, 
chances for advanced study; company policies and bene
fits; plant locations; living and recreational prospects. 
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If you want to draft a more 

successful engineering career ••• 

MANY DOUGLAS ASSIGNMENTS LET YOU 

FOLLOW THROUGH FROM DESIGN TO DELIVERY 

Frequently, it's important that you have the chance to 
apply theories you've helped to develop. Douglas is anxious that engineers 

expand their knowledge of a problem in practical ways. This is 
accomplished by keeping your assignments varied ... by often 

letting you follow the job through to completion. There are 
many exceptional opportunities to start your career at Douglas. 

For important career opportunities 
in your field, write: 

C. C. La.VENE 
DOUGLAS AIRCRAFT COMPANY 
BOX 6102-K 

SANTA MONICA, CALIFORNIA 

FUi!RST mN AYRATWON 
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The earth is round and small, and 
there is little that man does not know 
about it, but around the earth lies 
the ocean of space, a highway to other 
worlds. What is necessary for man to 
escape his mother planet? 

This question of escape, in en
gineering terms, is basically a prob
lem in dynamics. At the very core of 
the problem is the attractional pull 
the earth exerts on all its inhabitants, 
and the whirpool suction it applies 
to any object that comes near its field 
of authority. Newton's Law of Uni
versal Gravitation applies directly. 
Newton said, in effect, that each par
ticle of matter attracts every other 
particle with a force which is directly 
proportional to the product of their 
masses and inversely proportional to 
the square of the distance between 
them. Expressed mathematically, the 
law states that the attractive force 
between two particles is: 

F= G (Mmjr2) 
where M and m are the masses of the 
particles, r is the distance between 
them, F is the force with which either 
particle attracts the other, and G is 
known as the gravitational constant. 

This universal gravitational law 
can be applied to our problems of 
escape from the earth. Let the earth's 
mass be represented by the big M J 

and let any object such as a rocket, 
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be represented by little m. Then the 
force, F) in the equation, gives the 
force which the rocket, m) will have 
to overcome in order to escape the 
earth. 

A more meaningful numerical fig
ure of escape can be obtained by em
ploying the princi pies of work and 
energy. By combining these principles 
with the universal gravitational law 
we can obtain the exact numerical 
value for the velocity that a rocket 
must achieve to escape the gravita
tional field. 

The concept of work is, in general 
terms when an agent exerts a steady 
force F upon a body, and exerts this 
force through a distance r along its 
own direction, then the amount of 
work done by the agent is 

W=Fr 
The symbol W is used to represent 
work. The work required to move a 
mass through an infinitesimally small 
distance, given in differential form is 

d W=Fdr 
We have seen that F= GNI mjr2 from 
Newton's law. Now substituting this 
value ofF in the above equation gives 

d W= GMmjr2 dr 
The total work required to move a 
rocket, represented by m, from the 
earth to infinity is obtained by inte
grating the above equation 

W=G Mmjr2 dr=G Mmjr 

by JAMES ISCA 

The energy that a body has by virtue 
of its motion is kinetic energy, and is 
expressed by 

VV=mv2j2 
where v is velocity of a body of mass 
m. 

Now if we equate the expression for 
kinetic energy to the total work found 
by the integral, we get 

m v2j2 = GM mjr 
Solving this for the velocity v gives 

v=2GMjr 
The constant value G = 3.31 X- 10 
slugs ft. 2jlbs.2, LVI= 1.32 X 102 lb., and 
r = 2.09 X 107 ft. Substituting these 
values into the velocity equation and 
converting to miles per hour gives 

v = 25,000 miles per hour 
This is the velocity that a rocket must 
attain to escape the earth's gravita
tional field. 

Now we know how fast a rocket 
must travel to escape, the next ques
tion is how to accelerate a vehicle to 
such a speed? Twenty-five thousand 
miles per hour is ten times as fast as 
a riLle bullet travels and about thirty
five times as fast as a jet fighter. On 
the astronomical scale, 25,000 miles 
per hour is 110t so fast, however, for 
some meteors hit the earth's atmos
phere at 140,000 miles per hour, and 
the earth itself swings around its orbit 
at 66,000 miles per hour. Besides this 
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orbital speed, the earth has a rota
tional speed that is very important to 
any possible space flight. All ob
jects on the earth's surface near the 
equator are carried toward the east 
by the earth's revolution at 1,000 
miles per hour. This revolution speed 
can profitably be used to help launch 
a vehicle into space. If a rocket were 
to take off to the west from a point 
nearer one of the poles, it would re
quire much more fuel to make the 
escape. 

Thus we have the velocity required 
to escape, which is 25,000 miles per 
hour and the natural help afforded 
by the earth's rotation, 1,000 miles 
per hour, leaving a balance of about 
24,000 miles per hour. This balance 
must be supplied by some sort of pro
pellant converted into thrust. For any 
vehicle leaving the earth's atmosphere 
an air-breathing engine, such as a 
piston, turbo-jet, or rampjet, is not 
satisfactory. Because outer space above 
the atmosphere contains no air, the 
engine must be provided with an oxi
dizer. Rocket type engines can be 
adapted to this kind of work for they 
do carry their own oxidizer and do 
not rely on outside air. 

A rocket derives its thrust from a 
differential of forces. A toy balloon, 
tightly inflated and allowed to flutter 
from the fingers, works on the rocket 
principle. It has a chamber filled with 
compressed air, and this is analogous 
to the rocket's combustion chamber, 
which is filled with hot gases under 
high compression. When the balloon's 
neck is closed, the air presses equally 
against all sides of the chamber. The 
forces that the air exerts can be visual
ized as small arrows pointing outward. 
The arrows of force counteract one 
another, so the balloon does not 
move. When the neck of the balloon 
is opened, the air rushes out through 
it. The arrow of force at that point has 
nothing restraining it and the arrow 
of force at the other end is no long
er balanced. The unbalanced force 
against the side of the balloon, 1nove 
it in that direction. Similarly, the 
hot compressed gases fonned by burn
ing fuel in the rocket's combustion 
chamber rush out of one end and 
press against the other, forcing the 
rocket forward. 

The oldest rocket, which has been 
tried and tested dawn through the 
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centuries, is the solid propellant rock
et. The solid propellant rocket, al
though nice for fireworks and short 
range military weapons, is extremely 
inefficient. The inefficiencies of the 
power plant are due to the solid pro
pellant stored in the engine, which 
must be packed in large, thick walled 
combustion chambers. This m a k e s 
solid propellant rockets too heavy. 

A rocket carrying liquid propel
Ian ts, on the other hand, can remain 
relatively light. The liquids are car
ried in thin walled tanks and pumped 
as needed into a small combustion 
chamber to get the same or more 
thrust as the solid propellant rocket. 
Dr. R. H. Goddard was the first tq tty 
liquid propelled rockets, in 192~1 He 
used alcohol as the fuel and liquid 
oxygen as the oxidizer. Goddard's fun" 
damental dictum was that high .ve
locity, and also provided that most of 
the rocket weight consisted of fli'¢f 

Still another propellant possibility 
is atomic power. For the artificial dis
integration to become a useful source 
of power it is necessary that the proc
ess be self-propagating. The transmu
tation of individual atoms must pro
duce particles which are capable of 
causing neig-hboring atoms to split. 
This can take place under a high 
velocity neutron bombardment. En
ergy of fission will be transferred to 
a working fluid, such as hydrogen, 
which expands through the exhaust 
nozzle at high speeds, imparting tons 
of thrust to the rocket. High combus
tion chamber temperature caused by 
heat transfer from the atomic piles 
to the working fluid is a major com
plication of this power plant. Conse
quently, the atomic engine has not 
been perfected as yet. The calculated 
thrust that an atomic engine could 
provide is far in excess of that neces
sary to escape the gravitational field. 
Bombarding a nucleus of lithium by 
a proton would yield energy sufficient 
for a jet velocity of 12,200 miles per 
second. · 

The problem then, regardless of 
which type of power plant is chosen, 
is that to escape from the gravita
tional field of the earth the final 
velocity of the rocket, when all its 
fuel is consumed, must be equal to the 
velocity of escape. 

In order for any rocket to leave the 
earth's gravitational field, assuming 
the power is available, the problem 
of steering the right course is vital. 

We know we want to leave in an 
easterly direction; now how do we 
make the rocket follow a course? A 
steering system is required that will 
resist and correct all motions of pitch, 
yaw, and roll. These motions are 
called errors, and in order to correct 
an error one must know that it exists. 
In an airplane, the pilot watches his 
aut<:>matic horizon for pitch and roll, 
and his compass for yaw. When he 
sees an error, the pilot moves rud
der, elevator, or ailerons as necessary. 
Some planes have an automatic pilot 
which both senses the errors and 
moves the control surfaces. In a rock
et an autopilot is a n'ecessity, for no 
human being could respond with 
enough speed and precision to m.an
age the controls. A human pilot could 
not help flying a wild course. 

The basic instrument of most auto
pilots is a gyroscope, which has the 
property, like a spinning top, of al
ways pointing in the same direction. 
Using the gyroscope for the "brain" 
of the roc~et guidance system means 
that the rocket will fly the constant 
direction indicated by the gyroscope. 
When the rocket departs from this 
direction, the gyroscope detects the 
error and sends orders to the motor to 
return the rocket to the correct head
ing. 

The motor can correct the rocket's 
heading if it is allowed to swing in 
a doughnut shaped member, called a 
gimbal. The motor is attached to the 
gimbal through two bearings and the 
gimbal, in turn, to the rocket's shell 
by two more bearings. Two piston 
type actuators can be used, one be
tween the gimbal and the motor, the 
other between the gimbal and the 
shell, these provide the forces that 
push the motor in either or both of 
the two directions to correct pitch 
and yaw. This elaborate system is nec
essary to contend with winds and 
gusts in the early part of the flight. 

If a rocket is 1noving along the gyro 
direction then the motor will be cen
tered. The rocket can be assumed 
to rotate around an imaginary point 
known as its center of gravity. If now 
a gust of wind should strike the tail 
and start the nose rotating to the 
right, then the gyro detects this mo
tion immediately and tells the motor 
to start correcting. The motor comes 
hard over to the left by means of 
the gimbal mounting. This procedure 

(Continued on Next Page) 

MINNESOTA TECHNOLOG 



Engineering + 
Special Feature 

Levitation 
AN's NEWEST "wonder" metals are now being investi
gated by heating them thousands of degrees above 

white heat, while they float, freely suspended in space. 
Called levitation melting, this unique and versatile tech
nique was invented by research scientists and brought to 
its present state of development recently. 

Levitation melting is used to prepare highly purified 
laboratory-scale ingots of niobium, zirconium, titanium, 
molybdenum and dozens of alloys. Because they melt at 
very high temperatures, and are extremely active chemi
cally at such temperatures, these metals and alloys are dif
ficult to prepare with equal purity by any conventional 
method. 

In levitation melting, compressed metal powder is placed 
inside a copper coil which carries a high-frequency current 
of electricity. Reversing its direction nearly a million times 
a second, the electric current generates a field of force 
which floats the metal charge inside the coil. At the same 
time, it converts the metal into a white-hot molten mass 
in a matter of seconds. Temperatures of 4500 to 5000 de
grees Fahrenheit are achieved in half a minute or less, 
melting all but the most stubborn metals. 

At high temperatures, metals such as niobium and 

? ? ? ? 
will correct for the impulse imparted 
by the gust and keeps the rocket on 
course. 

A rocket has been proposed as the 
vehicle to free man from the planet 
earth. The propulsive forces neces
sary have been calculated in terms of 
velocity. The propellant systems pos
sible to delivering the needed thrust 
have been discussed. A guidance sys
tem to steer the rocket has been pro
posed. The last step is provisions for 
the crew that will man the rocket. 

But what will this crew have to do 
on this automatically piloted rocket? 
They must counter, by appropriate 
action, all errors that have accumu
lated during the automatic ascent. By 
use of instruments and astronomical 
observations, they must check the po
sition, course, and speed of the rocket. 
Then by giving corrections to the 
gyroscope, they will point the rocket 
nose in the desired direction. Man's 
most important function on the rock
et will be to return it safely to the 
earth. 
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elting 
titanium are among the most active chemicals known. 
They react chemically with any known vessel in which 
they are melted. The traces of impurities they pick up 
cannot be tolerated in research on the pure metal. 

Levitation melting eliminates this problem entirely, the 
Westinghouse scientists point out. No containing vessel 
is required, since the molt~n metal floats freely in space, 
confined only within itself. The whole process is carried 
out inside a sealed vessel containing an inert gas such as 
helium of argon, thereby protecting the pure metal from 
contamination by the air. 

Simplicity of apparatus, speed of melting and ease of 
handling a wide assortment of metals and alloys are other 
advantages of levitation melting. The scientists report that 
the molten metal even stirs itself, yielding unusually uni
form alloys from mixtures of different metals. 

Although not yet "graduated" from the laboratory, the 
scientists suggest that niobium- the latest "wonder" metal 
-may soon become an outstanding high-temperature, high
strength structural metal. Levitation melting is one of the 
few methods known for the preparation of niobium and 
niobium-base alloys in the purity required for fundamental 
research on the metal. 

Molten Metal Defies Gravity 
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I·R automatic assembly ma· 
chine for automotive engine 
blocks. Proceeding from left to 
right, bearing halves, previ
ously assembled for a machin
ing operation, are automatic
ally disassembled, bearing 
liners and crankshafts are in
serted manually and bearing 
caps are automatically tight
ened to the correct torque. 

If you are interested in automation ...... 
Here's what Air -Tool Engineering at Ingersoll- Rand 
can mean to you 

UTOMATION, today, is the magic word 
that is opening new horizons for cost

saving economy in practically every industry. 
Things that used to be done by hand are now 
being done automatically. Here is a rapidly 
growing field which offers fine opportunities 
for you as a mechanically minded engineer. 

Many interesting engineering problems 
arise in the design, development and experi
mental work on such machinery, and creative 
engineering is necessary to solve them. Prac
tical engineering ability is also needed for 
installation and initial operation of such 
equipment. The early studies of customers' 
needs and automation equipment sales are 
also challenging jobs. 

Ingersoll-Rand is a recognized leader in 
designing and building these labor-saving air 
and electric tools, and is also one of the 

country's leading manufacturers of air com
pressors, pumps, rock drills, gas and diesel 
engines, vacuum equipment. All of these 
products depend heavily on advanced engi
neering in their design, manufacture and field 
application. 

Then there are the advantages of living in 
Athens, Pa., where Ingersoll-Rand builds auto
mation equipment. The picturesque Pennsyl
vania hills provide many recreational advan
tages that are particularly appealing to the 
outdoor man. 

If you are looking for a leadership career 
with long-range job security and excellent 
opportunities for advancement, you'll find it 
at Ingersoll-Rand. 

For further details, contact your Place
ment Office, or write to Ingersoll-Rand. 11 
Broadway, New York 4. 

OPPORTUNITIES FOR ENGINEERS NOW AVAILABLE: 

e Sales Engineering • Production Engineering 

e Design Engineering • Business Engineering 

also means 
LEADERSHIP 

in 

Compressors and Blowers 

Centrifugal Pumps 

Steam Condensers 

Diesel & Gas Engipes 
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AMMONIA ., II ., 

(Continued f'r01n Page 19) 

the gases produce steam in a heat exchanger and then go 
on to drive a turbine producing 4,000 hp. The steam from 
the heat exchang·er drives a 2,000 hp. turbine. Power from 
the shafts of both these turbines runs the compressor. 

The second ammonia stream reacts with the nitric acid 
to produce the basic ammonium nitrate solutions. Twenty 
different strength solutions are produced by adding water 
or ammonia to these basic solutions. These final solu.tions 
are produced in balance tanks in batch operation. As the 
name implies these tanks are on a large beam balance 
enabling the operator to weigh the amount of liquid in 

CAMPUS RESEARCH 

avy ponsors 

by PROFESSOR B. V. HAXLY 

The oxide coated cathode is used in virtually all receiv
ing type electron tubes, as well as in many industrial and 
special purpose tubes. The cathode usually consists of a 
mixture of barium, strontium and calcium oxides on a 
nickel base. Although oxide coated cathodes were in mass 
production before the end of World War I, the mecha
nism leading to their favorable emitting properties is still 
not completely understood. 

The presence of excess alkaline earth metal seems to be 
essential for high emissiOii, and is believed to result from 
reduction of the oxide by impurities in the base nickel. 
The diffusion rates of these reducing agents, their reaction 
rates with the coating, and the nature of compounds 
formed at the metal-oxide interface are being studied in a 
research project at the Physical Electronics Laboratory of 
the Electrical Eng·ineering Department. This work is car
ried on under the sponsorship of the Navy's Bureau of 
Ships. The following· describes very briefly one phase of 
the investigation. 

The evaporation rate of free metal from the coating has 
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them. In this manner the components of a solution are 
weighed out and then mixed. · 

An interesting point noted throughout this plant is a 
versatility of operation. Besides the provisions to switch 
the Texaco Converters from natural gas to #6 fuel oil men
tioned earlier, economies of winter operation are also 
obtained in other ways. In the summer both the boilers 
which produce the process steam for the plant and the 
compressors which are so essential to plant operation are 
run on natural gas. In the winter the boilers are fired with 
#6 fuel oil while the ·compressors go on propane. 

Our thanks to Mr. Knutson who guided us through the 
plant and Mr. Knox who so patiently answered our ques
tions. 

s r h 

been found to be an indication of the reduction rate and 
can be measured to a remarkable degree of accuracy by 
radioactive tracer techniques. Strontium 89, a beta emitter, 
is incorporated in the cathode coatings as the tracer ele
ment. The cathodes are mounted in diodes built in the 
laboratory. Since the operating temperature of the cath
odes is approximately 1000 degrees Kelvin, some of the 
cathode coating material is evolved. At intervals during 
life tests, the amount of radioactive material deposited on 
a movable anode is counted through a 2 mil metal win
dow in the tube envelope. The diode structures have 
planar cathodes, 3jl6 inch in diameter, and are tested 
by application of 3000 volt triangular pulses of 3 micro
second rise time, with resulting peak currents of about 
four amperes. Emission characteristics of a cathode are de
tennined from the current versus voltage waveform, which 
is displayed on a long persistence oscilloscope screen. 
Using these methods, a correlation between the reduction 
rate and the emission capability has been shown to exist. 
Progress. has been made in developing a base material 
which provides for a controllable reduction rate and re
sulting prolonged tube life. 
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Tear out this page for UR STEEL NOTEBOOK m a a 

Steel nest that hatched a sinoother transinission 
""\JOU'RE looking at a ring 
I gear "nesting" three small

er gears. It's part of one of the 
smoothest shifting transmis
sions ever put in a car. But it was 
almost too expensive to build. 

Getting this extra smoothness 
called for squeezing more gears 
into the same size transmission 
case. Nesting was necessary to 
save space. And the big ring 
gear had to be extra tough. The 
problem was to make it eco
nomically. 

0 

The manufacturer turned to 
Timken Company metallurgists 
-acknowledged experts in fine 
alloy steels. They showed how 
to save the cost of boring out 
each gear-by starting with 
Timken® seamless steel tubing. 
The hole's already there. And 
the Timken steel has all 
the toughness a transmission 
needs. It's another example 
of how Timken Company 
metallurgists solve tough steel 
problems. 

Fine 
Alloy 

TR~DE-MAR~ REG. U.S. PAT. OFF. 

WANT TO LEARN MORE ABOUT 
STEEL OR JOB OPPORTUNITIES? 
For information about fine 
steel, send for "The Story 
of Timken Alloy Steel Qual
ity". And for help in plan
ning your future, write for 
.. Better-ness andY our Career 
at the Timken Company". 
Just drop a 
card to The 
Timken Roll
er Bearing 
Company, 
Canton 6, 0. 

SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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TESLA 
(Continued from Page 21) 

at least these outstanding· discoveries: cosmic rays, electron 
microscope, and x-rays. In addition he also discussed dis
integrating beams of electrified particles- a forerunner of 
the modern atom smasher, and the creation of artificial 
radioactivity. 

In spite of Tesla's concentration on electricity, he also 
made contributions to the field of mechanical engineering. 
In 1911 after many tests, he had developed a turbine about 
10 inches in diameter and about two inches thick which 
developed IIO horse power at 9,000 rpm. Tesla's turbine 
was quite unusual in that it consisted of a series of. disks 
on a common shaft: there were no buckets such as other 
types of turbines have. The friction of the moving gas on 
the disks dragged them around and imparted to them a 
rotary motion. Although his turbine would run on air or 
steam, experiments showed that it worked best with ex
haust gasses from gasoline or fuel oil. It was Tesla's idea 

U OF M RESEARCH 

eventually to use oil as a fuel, burning it in a nozzle and 
using the tremendous increase in volume to turn the rotor. 
Next a larger turbine was developed with 18 inch rotors. 
\1\Tith a supply pressure of 125 psi it developed 200 horse
power at 1,000 rpm with an efficiency of 38 per cent. 

The Allis Chalmers Manufacturing Company of Mil
waukee undertook commercial development of the Tesla 
turbine. Unfortunately the metals of that day were not 
good enough to withstand the high rotary velocities neces
sary in the Tesla turbine, and the project was dropped. 
Today, rotary speeds of 20,000 rpm are not uncommon, 
thanks to metalurgical developments of the last 40 years. 

The above account does not by any means list all of 
Tesla's contributions to science. In spite of his genius for 
the physical sciences, he could never seem to make his 
inventions pay off economically. He was offered the Nobel 
prize- to share with Edison. His contemptious reply was 
that if Edison were to get it too, it wasn't worthy of him, 
Tesla. Tesla was a scientist and engineer, Edison was a 
pidcller. Nicola Tesla died in debt on January 7, 1943, at 
the age of 84. 

FAT REACTIO 
by PROFESSOR LIVINGSTON 

HE STUDY of the speed of chemical reactions and how 
that speed is related to the concentrations of the re
actants is an important part of chemistry. Students 

beginning the study of reaction kinetics are commonly 
disappointed to learn that the differential equations which 
represent the rates of reactions cannot be predicted from 
the stoichiometric or "chemical" equations. For example, 
the stoichiometric equation for the decomposition of 
N 20 5 is 

2N20 5 = 2N20 4 + 0 2 

but its rate is a first, not a second, order function of the 
concentration of N 20 5• Results of this kind force use to 
assume that the reactions go by way of short-lived, un
stable intermediate substances. It is a fascinating game to 

guess what these intermediates are and how they react with 
the molecules present in the reaction mixture. Such a 
system of intermediates and of the reaction steps by which 
they are formed and disappear is called a reaction mecha
nism. Unfortunately, the fact that a mechanism is con
sistent with an empirical rate equation does not prove that 
the mechanism is correct. One way of getting further in
formation is to detect the presence of the postulated inter
mediate and to study its reactions. This is difficult, since 
the concentrations of unstable intermediates is always very 
small. 

Some intermediates, notably free radicals and electron
ically excited molecules, are formed directly when the 
parent molecule absorbs a photon. However, even the light 
from the brightest of steady sources is insufficient to con
vert (in liquid or gaseous media) an appreciable fraction 
of the stable molecules into their labile intermediate forms. 
Much greater intensities can be obtained by the use of very 
short flashes of light. High energy electric flash lamps are 
now available v.rhich dissipate 90% or more of their energy 
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in ten millionths of a second. The concentration of the 
intermediate can be determined photmnetrically by pass
ing a monochromatic beam of light of constant incident 
intensity through the sample and into a photo multiplier. 
The output of the photomultiplier is fed to a fast-scanning 
oscilloscope. By photographing the trace of the oscillo
scope, it is possible to follow the entire course of a reac
tion, the half time of which is as short as fifty millionths 
of a second. This is a new technique and it is currently 
yielding results which would have been scarcely dreamed 
of ten years ago. Such studies are being actively pursued 
in about ten laboratories throughout the world. At the 
University of Minnesota this flash-photolytic method is 
being psed to study the intermediates formed when solu
tions of certain polyatomic molecules (such as chloro
phyll, porphyrins, anthracene, etc.) are illuminated. 

Professor livingston with flash photographic equipment. 
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YOUR INTERESTS, SPECIAL BILITIES RE I PORTA T 
HEN DU PO T AKES YOUR FIRST JOB ASSIGN ENT 

R T GR 
There's plenty of room to grow 
at DuPont. One reason is that 
the very diversity of our products 
and processes requires specialists 
in almost every area of science 
and engineering. Another reason 
is that DuPont continues to ex
pand in many new directions. 

For example, in 1957 sales 
reached 1t2 billion. Four new 
plants were being built. New re
search projects were launched, 
new products marketed. 

In 1957, too, new technical 
men joined DuPont in chemical, 
civil, mechanical, metallurgical, 
electrical, industrial, petroleum 

by 
C. M. Forbes 
DuPont 
Representative 

and mmmg engineering; in 
atomic energy, instrumentation, 
chemistry, physics, mathematics 
and many other fields. 

All this activity points to as 
bright a future today as ever be
fore in our long history. There's 
a place for the good graduate in 
this picture. If you would like 
more specific information on op
portu~ities at Dn Pont, we invite 
you to sign up for a Du Pont 
interview with your placement 
director. 

L-----------------------------------~ 

DU PONT SUMMER JOB 
GIVES YOU A CHANCE 
TO EARN AND LEARN 
DuPont offers college juniors and 
qualified sophomores in technical . 
fields the opportunity to earn college 
expense money this summer while 
they learn more about the kind of 
work that will be open to them when 
they graduate. 

The Company has 75 plants and 98 
laboratories located across 26 states 
-a spread that often gives the student 
a chance to work in or near his own 
section of the country. Some of these 
locations have openings for summer 
employment in 1958. 
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Students work side by side with 
practicing engineers and scientists. In 
this way they gain valuable experience 
to supplement classroom theory. 

Last year, 407 students from 113 
colleges took advantage of this pro
gram. DuPont pays round-trip trans
portation expenses from home or 
school to place of employment. Stu
dents are not obligated to continue 
with the Company after graduation. 

For complete details on this pro
gram, check with your college place
ment director. 

SEND FOR INFORMATION BOOKLET 
Booklets on jobs at Du Pont are yours 
for the asking. Subjects include: me
chanical, civil, metallurgical, chemical, 
electrical, instrumentation and indus
trial engineers; atomic energy, technical 
sales, business administration, research 
and development. Name the sub.iect that 
interests you in letter to DuPont, 2494-E 
Nemours Building, Wilmington 98, Del. 

Personalized Training 
Relates to Policy of 
Promotion from Within 
Where do your interests lie? What 
courses have you taken? What are 
your special abilities? DuPont tries 
to match these factors with available 
jobs to determine your first job as
signment within the Company. 

Once the assignment is made, the 
Company helps you apply your knowl
edge to a problem right away. You 
learn by doing- in consultation with 
your supervisor and others working 
on various phases of the same project. 
Your performance on the job is evalu
ated periodically, so you always know 
where you stand in the eyes of your 
management. 

As you might guess, DuPont's per
sonalized training is closely related 
to its promotion policy. Almost all 
advancement is made from within the 
Company, so if your supervision has 
indicated that you are ready for pro
motion, and an opening occurs for 
which your training has prepared 
you, you are sure to be considered. 

Although Du Pont employs about 
90,000 people, management authority 
is decentralized through many depart
ments into small groups-small enough 
so that the new man's capabilities can 
be recognized quickly. This type of 
organization, plus the Company's 
steady growth, produces many oppor
tunities for the new man. 

* * * 
Du Pont, over the past 25 years,, has 
spent $1 on research for every $3 on 
production facilities. 
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New House 

Theta Tau, professional engineering fraternity has 
moved into a completely new $110,000.00 house at 515 
lOth Ave. Southeast. The house is of modern split-level 
design, ideally sited for the home of a student group. It has 
a large and well lighted living room, dining room and li
brary, as well as almost soundproof house men's rooms 
for study and sleeping. The house is equipped to sleep 
twenty-five permanent residents, as well as six town men 
at any one time. 

The new residence of Theta Tau is a significant indi
cation of the increasing value of this institution to its 
members and the engineering profession. Handsome in 
design and stategically located amidst the sororities, it 
symbolizes the role of its members as enlightened mem-
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T ET T '5 
bers of the university society as well as of the scientific 
and technological profession. The large capacity of the 
house permits another expansion in the growth of this 
founding chapter of Theta Tau, augmented already by 
the initiation of nine new members, Ray Allard, Penn 
Peters, AI Simon, Tom "Fischer, Larry Espelien, Dave Vox
lund, Wally Nebel, John Heggstead, and Rill Viebahn. 

Theta Tau fosters valuable friendships and associations, 
and helps scientists and technologists throughout their 
academic and professional careers. Through the sponsor
ing of weekly speakers and discussion among its members, 
Theta Tau develops the people necessary in this atomic 
age- engineers who are humanitarians as well. 

Modern Interior 
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IT ILL BE 

"Out of 

Powell Hall nurses' residence will again sponsor a 
carnival for the fifth consecutive year to raise funds for 
financial aid to student nurses and to provide travel 
scholarships to send student nurses to state, national, and 
international nursing conventions. 

Ardyce Gustafson, ·Miss l\Iinnesota, will participate in 
the main show, contributing her vocal ability. 

The Powell Hall nurses will match their wits with the 
scientists of the day as they travel "Out of This World"!! 

Main show: See "Red Hot .Mamma" and her Luscious Lov
lies, and "Statues of Venus Come to Life." Display your 
skill as "Shoot for the l\1Ioon or Pocket your Rocket" for 
prizes at the game concession. ""\Vish on a Star" as you 
keep your "Date with the Angels" at the backrub booth. 
Tired, weary, hungry on your travels to the planets? Relax 
under the stars as you enjoy home-baked Saturn Rings, 
Pluto Pups, Neptune Sands, and other goodies. 

Engineers, can your scientific knowledge compete with 
student nurses' imagination? Curious??? 

his World" 

POWEll HAll 

7-12 P.M. 
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ho Gets the 
If you passed this junction next 
Sunday, looking for a likely stop
ping place, which advertiser would 
get your business? 

A toss-up? Yes, probably. 

Maybe you feel the same way, 
too, about the printed advertising 
that bombards you daily. 

But how about your printed ad
vertising? Does it win your pros
pect's attention, move him to single 
out your product? 

* * * In toclay's competitive markets, 
your advertising's influence on sales 

Business? 
depends more than ever on print
ing that faithfully reproduces every 
pictorial detail. Faithful reproduc
tion is a mechanical thing, and a 
means to an end: more sales. 

'Who gets the business? Jones 
Press is interested in seeing that 
you get the business. You'll like· 
Jones Press! 

JONES ~ PRESS 
FIFTH & FIFTH SOUTH e MININIEAPOD.IS 1 



Absorbs Destructive Vibrations in 
Flexibly Supported Piping Systems .... 

Grinnell fRICTION-DAMPED hangers aboard the S. S. CITIES SERVICE BALTIMORE 

' ED 

u 
HOW IT WORKS! Dampening of ship· 
board vibration is obtained by the addition 
of a brass alloy friction ring in 360° pres
sure contact with the hanger case to dis
sipate the energy of vibration. The proper 
beveling of the friction ring assures the 
optimum frictional resistance with the casing 
in relation to the suspended load. frictional 
resistance operates throughout the full 
range of spring deflection. 

L 

n II 

Grinnell now offers a friction
damped variable spring hanger to 
meet the special need of shipboard 
piping installations subject to dan
gerous vibrations. This brand new 
Grinnell Hanger has been devel
oped to correct vibration condi
tions which are not controlled by 
hangers of conventional design. 

Shown above are three of the 
new Grinnell friction-damped 
spring hangers installed on flexibly 
supported auxiliary steam lines 
aboard the super-tanker, S. S. 
CITIES SERVICE BALTIMORE. 
These hangers damp vibration in 
all positions of the piping. 

Other features of Grinnell Vari
able Spring Hangers include: 

• Maximum variation in support
ing force per Y2" of deflection is 
10Y2clo of rated capacity in all 
standard sizes. 

AMERICA'S # 1 SUPPLIER Of PIPE HANGERS AND SUPPORTS 

r 

o Precompression •:• assures opera· 
tion of spring within its proper 
working range, and saves valu
able erection time. Reduced over· 
all height saves space. 

• 18 sizes available from stock for 
load ranges from 53 pounds to 
4800 pounds. 

• Available in 3 spring lengths 
for travel ranges of 1~, 2Y2, 
and 5 inches. 

• Installation is simplified by inte· 
gral load scale and travel 
indicators. 

•:• Precompression is a patented feature. 
Grinnell designs, manufactures 

and distributes a complete line of 
pipe hangers and supports for 
every piping requirement. Grin
nell maintains an experienced staff 
of engineers - ready to assist you 
on the job with your piping prob· 
lems. Call on Grinnell. 

Grinnell Company, Unc., 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 

industriq! supplies Grinnell automatic sprinkler fire protection systems Amco air conditioning systems 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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Overheard in ME Labe5 

''Cooperation eans Graduation~~ 

"I 'oven't 'ad a bite for three days/' said the tramp to the 
landlady of on English inn, George and the Dragon. "Do you 
think you could spore me one?" 

"Certainly not," replied the landlady, slamming the door in 
his face. 

A few minutes later there was a knock on the door. She 
opened it and the same tromp was there. "What do you want 
now?" she asked. 

"Could I please speak to George?" said the tromp. 

LAMENT 

They hove blind-doted me with 

oil cons, worn my shirts more 

than I hove, used my tooth paste, 

broken my razor, read my letters, 

ruined my golf clubs, borrowed 

money and never paid it bock, 

gone to sleep in my bed when 

they got drunk, paddled me when I was 

a pledge, and the only reason I om 

sticking around is that I om 

curious to know what the hell they 

ore going to do next. 

"Darling," she whispered, "will you still love me after we 

ore married?" 

The engineer considered this for a moment and then replied, 

"I think so. I've always been especially fond of married women." 

Did you hear about the Russian bopster dog, Loiko? Man, 

she's way, way out there. 

The new patient was atnng his woes to an understanding 
doctor: "After the first, I'm tired doc. After the second my chest 
aches and I start getting pains in my legs. After the third, I 
feel like fainting and it tokes half on hour for my heart and 
respiration to get bock to normal." 

"Why don't you quit after the first?" asked the doctor. 

"How con I do that doc?" the patient asked. "I live on the 
third." 
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We wonder if you've seen the bulletin put out by the En
gineering Schools that contains the following passage: 

"The five year course in Engineering con be easily completed 
in seven years if the student faithfully attends night !ichool and 
goes to summer school for three summers." 

Breathes there a man with soul so dead, 
Who's never to his playmate said: 
"To hell with breakfast, 
Come bock to bed!" 

Returning from the funeral of his beautiful wife, the widower 
was disconsolate. 

"I know how deeply grieved you ore," his best friend said, 
"but you're young and in time you will forget. You'll meet 
someone else with whom you will share real happiness." 

"I know, I know," said the husband, "but what about to
night?" 

The young man said to his father: "I don't think I'd like to 
marry a woman that's smarter than me." 

Father (with a twinkle in his eye) "Don't worry, you will." 

"All right lady," said the bill collector, "how about the 
next installment on that couch?" 

The lady shrugged. "Better than having to give you the 
money, I guess." 

"You want to know why I've come home half loaded?" said 
the soused engineer to his wife. "Because I ron out of money, 
that's why." 

These Are Jokes? 

The husband come strolling in the front door to discover his 
wife in the passionate embrace of his best friend. 

"I love him John," she said to her surprised spouse. 
"See here," said the friend, "we're all too sophisticated to 

let a situation like this get out of hand. Tell you what let's do
we're both sportsmen- I'll ploy you a game of gin rummy for 
her." 

The husband thought about that for a moment. 
"All right," he agreed, "but let's plpy for a penny-a-point 

on the side, just to keep it interesting." 
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Marquardt Means Opportunity 
Every day, young engineers are finding opportunity at Mar
quardt-and for good reason! Marquardt grew and still grows 
on a foundation of engineering skill-guided by an engineer
management with an engineer-philosophy. Engineers are key 
men at Marquardt. And because engineers are key men, their 
work and accomplishments are readily recognized and rewarded. 

If you are an engineer, physicist, or mathematician with 
ability to meet and conquer supersonic and hypersonic propul
sion and controls projects, you'll want to investigate the oppor
tunities at Marquardt, the leader in ramjets-"Powerplant of 
the Future". 

Meet the Marquardt representatives when they visit your 
campus. See your placement director for further information 
and exact dates, or write to Dock Black, Professional Personnel, 
Marquardt Aircraft, 16555 Saticoy Street, Van Nuys, Calif. 
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NUMBER TWO IN A SERIES 
ON MARQUARDT MANAGEMENT 

Don Walter, B.S.M.S., achieved 
an outstanding academic record at 
Cal Tech, Class of '40, while earn
ing seven varsity letters. Today as 
Vice President in charge of Engi
neering and Van Nuys Operations, 
Don utilizes his technical and 
teamwork background to lead Mar
quardt's engineering and develop
ment manufacturing. 

marquar ~T co. 
)2 ·-·~ 

Van Nuys, California 
Ogden, Utah 

FIRST IN RAMJETS 
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Letters to the EDITOR 
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'To the Editor: 

vVe were very disturbed to read the editorial in the December issue of the 
Technolog. It seems as if there must have been some misunderstanding as to who 
was contacted to write a report of Congress' activities. \!Vas it the Technical 
Commission's representative or the I.T. representatives? Neither of us was con
tacted in regard to writing this article. Both of us think of the 'Log as an excellent 
place to reach a majority of IT students to explain ·what Congress does and how 
it works. If the 'Log is published regulary (sic) and on time, we would be very 
willing to supply a monthly article about All-University Congress. 

In the editorial, the question was asked, "\!Vhat does the All-University Con
gress do for the IT student." It would be of more value to us if the student 
would tell us what he wants Congress to do for him. \!Ve hope that any and all 
IT students will take this opportunity to state their desires along this line in 
the letters to the editor column. 

vVe hope that this letter will dear up any rnisnnderstanding. 

Sincerely yours, 

.Jim Lewis 
Tom Hagenstad 

Institute of Technology 
representatives to the 
All-University Congress 

Editors Note: It was the Tech Commission Representative. 
The fine efforts of an industrious and dedicated staff have resulted in this year's 

'Log coming out Regularly and on schedule. \!Ve look forward to your articles. 

EDITORIAL • • • 
(Continued from Page 11) 

LT. Students contribute as much to the Daily via Fee statements as any 
other group. Granted, the Technolog can cover events in the Institute and 
does so to the best of its ability. However since we are a monthly publica
tion, coverage of daily news in the Institute would be extremely dated. lf1 

however, the 'log had the fee statement contributions that are now con
tributed by engineers, to the Daily, the 'log could expand its services to 
include a daily or weekly newsletter to the students of the Institute of Tech
nology. 

To be fair, the Daily should be congratulated for its coverage of the 
Tech commission registration survey and the A.S.M.E. membership drive. 
This type of coverage should be extended to the point where it is adequate. 

If Tech Commission, as a body, as well as the members separately, would 
exert pressure on the Daily for parity in news coverage, it is possible that 
much could be achieved. I firmly believe that many of the Societies' speakers 
have much more to offer to the students of the University in general, than, 
for example/ some doubting Thomas addressing the Young Socialist Club. 
Daily reporters should attend at least some of the meetings of technical 
societies. They should attend all Tech Commission meetings as they do S.l.A. 
Board Meetings. 

At a suggestion from this office, the Daily has appointed a reporter to 
cover I.T. news. It is hoped that this will help extend coverage. By extending 
coverage, the Daily would be better read by more students and could in 
time add to their slogan "The World's largest College Circulation," the 
phrase, "The World's largest College Readership/' 

MINNESOTA TECHNOLOG 
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Hieroglyphics are no more 

Because hieroglyphs _were such a bore 

The modern way to live things over 

Is by thumbing through your '58 GOPHER 
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SPECIAL FEATURE 

NEARING completion at the atomic equipment department 
plant of Westinghouse Electric Corporation, are these 

five "canned" motor pumps to be installed in the land
based prototype atomic engine for a nuclear-powered naval 
surface vessel. The prototype ship is now under construc
tion at the Naval Reactors Facility of the Atomic Energy 
Commission. The nuclear propulsion plant for this proto
type is being designed under contract with the AEC, and 
will be suitable for powering one shaft of a large naval 
surface vessel.~ It will be a pressurized water-reactor type 
of advanced design. George Bollibon, pump engineer for 
the surface vessel pro~ect, is seen examining the cooling 
coils of one of the pumps. In this type of pump, these 
stationary electrical windings- part of which can be seen 
projecting from the pump on the extreme left- are com
pletely encased or "canned" in metal. The rotating motor 
part, called a "rotor," is similarly "canned" and the plant 
water flows through the space between these. The pump 
in the background, which is on a testing stand, and the 
two units on the right, have had cooling jackets assembled 
about the heat-exchanger tubes which are visible on the 
units to the left. Each of these pumps weighs more than 
25,000 pounds, stands more than six feet high and is two 
and one-half feet in diameter. Each has a rating of ap-

proximately 850 horsepower. Materials used in these 
pmnps are stainless steel; Inconel (a nickel alloy) used 
as a "can" material; and praphitar, a carbon graphiu~ 
compound used for bearings. 

assure 

NEW 

HIGHS 

in 

QUALITY 
for 

INSTRUMENT 
In this inspection area of the new Fafnir instrument bearing facilities, BEARINGS 
dust particles larger than 0.2 of a micron are filtered out by special 
air conditioning. 

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. 

F F I 
BALl BEARINGS 
IAOJT COMfUU Ullllllll AMUICJ\ 
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The development and appli-
cation of fafnir instrument 
bearings call for a knowl
edge of the design and op
eration of widely diversified 
types of equipment, ranging 
from automatic pilots, com
puters, and guided missile 
instruments, to laboratory 
equipment. Perhaps the 
challenging and varied field 
of bearing engineering or 
engineering sales offers you 
the opportunities you want. 

I We'd be glad to hear from ~ 
I you. I 
I I 
IL-a!II&BtBII!miiii!DSIJ!ii8!UIIDIIDIID-ssm&samaiSSII:III_.IIIIIIR!Ia 

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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e want engineers who like to 

We have plenty of it to be done. We have problems to be licked, and questions 
to be answered. 

Want to roll up your sleeves and tackle the fascinating world of petrochemicals? 
Union Carbide makes almost 500 of them-it's a world leader. 

Want to grab the atom by t.he tail and put it to useful work? Union Carbide's 
been in nuclear energy since the earliest days of the Manhattan Project. It 
operates three AEC plants plus Oak Ridge National Laboratory, and is building 
a private nuclear research center near New York. 

Want to dig in and really get down to the basics? Union Carbide is as basic 
as an industry can get. It's been called "chemist to the chemicals industry and 
metallurgist to the metals industry." 

Representatives of Divisions of Union Carbide Corporation, listed below, 
will be interviewing on many campuses. Check your placement director, or 
write to the Division representative. For general information, write to V. 0. 
Davis, 30 East 42nd Street, New York 17, New York. 

BAKELITE COMPANY Plastics, including 
polyethylene, epoxy, fluorothene, vinyl, phenolic, 
and polystyrene. J. C. Older, River Road, Bound 
Brook, N.J. 

ELECTRO METAU.IJRGICAl COMPANY 
Over 100 ferro-alloys and alloying metals; titanium, 
calcium carbide, acetylene. C. R. Keeney, 137-
47th St., Niagara Falls, N. Y. 

HAYNES STHUTE COMPANY Special 
alloys to resist heat, abrasion, and corrosion; cast 
and wrought. L. E. Denny, 725 South Lindsay Street, 
Kokomo, Ind. 

LINDE COMPANY Industrial gases, metal
working and treating equipment, synthetic gems, 
molecular sieve adsorbents. P. I. Emch, 30 East 
42nd Street, New York 17, N.Y. 

NATIONAl CARBON COMPANY Indus
trial carbon and graphite products. PRESTONE 
anti-freeze, EvEREADY flashlights and batteries. 
S. W. Orne, P. 0. Box 6087, Cleveland, Ohio. 
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SBH.ICONES DIVISION Silicones for elec
trical insulation, release agents, water repellents, 
etc.; silicone rubber. P. I. Emch, 30 East 42nd 
Street, New York 17. N.Y. -UNION CARBIDE CHEMICALS COMPANY 
Synthetic organic chemicals, resins, and fibers 
from natural gas, petroleum, and coal. W. C. 
Heidenreich, 30 East 42nd St., New York 17, N.Y. 

UNION CARBIDE INTIERNATIONAl COM
PANY Markets UNION CARBIDE products and 
operates plants overseas. C. C. Scharf, 30 East 42nd 
Street, New York 17, N.Y. 

UNBON CARBIDE NUClEAR COMPANY 
Operates Atomic Energy Commission facilities at 
Oak Ridge, Tenn., and Paducah, Ky. W. V. Hamilton, 
P. 0. Box "P", Oak Ridge, Tenn. 

VIS KING COMPANY A pioneer in packaging 
-producer of synthetic food casings and poly
ethylene film. Dr. A. L. Strand, 6733 West 65th 
Street, Chicago, Ill. 

GENERAl OfFICES- NEW YORK 
Accounting, Electronic Data Processing, Operations 
Research, Industrial Engineering, Purchasing E. R. 
Brown, 30 East 42nd Street, New York 17, N.Y. 
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Looking for a solid, satisfying career 
with a vigorous company in a grow
ing industry? American Air Filter 
Company, Louisville, Kentucky
world's largest manufacturer of air 
filters, dust control and heating and 
ventilating equipment-needs gradud 
ate engineers to fill responsible jobs in 
sales, engineering and production in 
its 125 field offices and nine manu
facturing plants located in six cities. 

In July of 1958, AAF will inaugurate 
its next five-month technical training 

course for a select group of engineer
ing graduates. This full-time program 
combines classroom work, under the 
direction of competent instructors, with 

field trips to both company plants and 
large industrial users of AAF products. 

An American Air Filter representa
tive will be on your campus at an 
early date to interview interested sen
iors. For the exact date and time, 
contact your Placement Office, now. 

American Air Filter 
Com ny, Inc. 
Louisville, Kentucky 

JO E 

IF YOU WANT BETTER ONES/ 

COME ON OVER AND SEE THOSE 

THE EDITOR WOULDN'T PRINT 

The pretty young thing was trying 

desperately to hold on to the bus strap. 

An old man, taking pity on her, invited 

her to sit in his lap, explaining that 

because of the differences in their ages, 

it wouldn't make any difference. 

They rode along thusly for a few 

blocks, when he touched her arm and 

said. "I guess you had better get up. 

It appears that I am not as old as I 

thought." 

Then there was the coed who got en

gaged, married and had a bouncing baby 

boy. Unfortunately, it wasn't in that order. 

"She finally paid her landlord for the 

back rent she owed him." 

"She did?" 

"Yes. She gave him ten dollars and 

something." 

How did mothers ever learn all the 

things they warn their daughters not to 

do? 

Then there was the old Indian who 

couldn 1t tell from Shinola, and boy were 

his shoes a mess! 

Wife: "So you saw Mable downtown 

this afternoon? What kind of a hat was 

B 
GE ERAL 

KBINDI 
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 

GRA Y1S DRUGSTORE 
1326 4th St. S.E. GE. 5765 

The scene was the typical fathers wait

ing room, in a maternity hospital. One 

old fellow was calmly reading a pa

per, while a second expectant, somewhat 

younger, nervously paced the floor. Event

ually, he approached the older man and 

asked him: "Excuse me sir, but I have 

been wondering. How soon can you, that 

is, after the baby is born, how soon can 

you .. er .. 'indulge' with ''your wife?'/ 

Without even looking up, the old man 

answered, "Well, son, that all depends 

on whether your wife is in a ward or a 

private room." 

The young couple came into the dining 

room on the fifth day of their honeymoon. 

The waiter approached them for their 

order. 

"You know what I like, honey, don't 

she wearing?" you?" queried the bride. 

Husband: "Don
1
t know. Didn 1t notice- "Yes, I know," stammered the husband, 

too windy." "but they don't have it on the menu." 
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Pump-turbine design is now the work . , , 
hydraulics, the field •.. of John Jandovitz, 
BSME graduate of College of City of New 
York, '52. 

Water conditioning chemical, service, and 
equipment specialist in Houston is new 
assignment of Arthur Brunn, BS Chern. E.4 

University of Tennessee, '56. 

Recent 
Field sales engineering of America's 
widest range of industrial products is choice 
of Roy Goodwill, BSME, Michigan State 
College, '54. 

Trainin Course Gra~uates 
select wide choice of 

careers at Allls~~~Chalmers 

THERE'S variety at Allis-Chalmers. Whether 
you're thinking in terms of types of industries, 

kinds of equipment, types of jobs, or fields of work, 
the diversification of Allis-Chalmers provides un
surpassed variety. For example: 

Types of iobs 
Research 
Design 
Manufacturing 
Application 
Sales 

Industries 

Agriculture 
Cement 
Chemical 
Construction 
Electric Power 
Mining 
Nuclear Power 
Paper 
Petroleum 

Equipment 

Tractors 
Kilns 
Screens 
Earth Movers 
Transformers 
Crushers 
Reactors 
Control 
Pumps 
Motors 
Steam Turbines 

Fields 

Metallurgy 

Starting up a cement plant in Mexico 
after coordinating all work on it is latest 
job of John Gibson, BS Met. E., University 
of California, '54. 

Nucleonics is chosen field of R. A. Hart· 
field, BME, Rensselaer Polytechnic Institute, 
'53. Currently he is working on design and 
development of new nuclear power plant. 

Process Engineering 
Mechanical Design 
High Voltage Phenomenon 
Stress Analysis 
Nucleonics 
Electronics 
Hydraulics 
Acoustics 
Thermodynamics 

An outstanding training program, started in 1904, 
is designed to help you find the activity within 
these groupings for which you are best suited. Up 
to two years of theoretical and practical training 
are offered. Direct employment at Allis-Chalmers 

is available for those with sufficient background. 

FEBRUARY 1958 

Learn more about Allis-Chalmers and its train
ing program. Ask the A-C district office manager in 
your area or write Allis-Chalmers, Graduate Train
ing Section, Milwaukee 1, Wisconsin. 

I 
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here young men work on big jobs 
It takes a lot more than electronic calculators 
and push buttons to run a big refinery like ours 

at Whiting. It takes scientifically trained and 

skilled men. Take, for example, Bill Nemec, who 
shares in the responsibilities of our Refinery 
Economics Division Technical Service group. 

A chemical engineer, Bill came to us from 
the University of Michigan. He and his associ

ates work on problems involving chemical 
engineering, economics, cost control and sound 

advance planning. Facing new situations daily, 
they work with many people in the Research 

Center and in the refinery. As a: result, they 

gain an ever-widening knowledge of refinery 
operations. 

Sound interesting? Bill Nemec is one of hun
dreds of young men with widely varied back
grounds, talents and responsibilities building 

careers at Standard Oil's progressive Whiting, 
Indiana, laboratories. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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PHOTOGRAPHY AT WORK-No. 25 in a Kodak Series 

Nuclear reactor vessel for 
Shippingport, Pa. power plant 
designed by \Vestinghouse 
Electric Co. under contract with 
the A.E.C. for operation by 
Duquesne Light Company. 

Where atoms 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
he-done" reactor vessel for America'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% 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. 

ee eo o o eGo a o o e e e ee e oooe e e ooooeeeeeooeeeGGG&ooooeeeeee 

CAREERS WITH KODAK 
\Vith 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 informaticm about careers with Kodak. Address: Business 
and Technical Personnel Dept., Eastman Kodak Company, 
Rochester 4, N.Y. 

oooe eo oe oe a eocoeee ••• e ooeeeoee o oooee eee 

EASTMAN KODAK COMPANY, Rochester 4, N.Y .. 



Although mpny surveys show that salary 
is not the prime fader contributing to job 
satisfaction, it is of great importance to 
students weighing career opportunities. 
Here, Mr. Gouldthorpe answers some 
questions frequently asked by college 
engineering students. 

Q. Mr. Gouldthorpe, how do you deter
mine the starting salaries you offer 
graduating engineers? 

A. Well, we try to evaluate the 
man's potential worth to General 
Electric. This depends on his quali
fications and our need for those 
qualifications. 

Q. How do you evaluate this potential? 

A. We do it on the basis of demon
strated scholarship and extra-curric
ular performance, work experience, 
and personal qualities as appraised 
by interviewers, faculty, and other 
references. 

Of course, we're not the only com
pany looking for highly qualified 
men. We're alert to competition and 
pay competitive salaries to get the 
promising engineers we need. 

Q, When could I expect my first raise 
at General Electric? 

A. Our primary training programs 
for engineers, the Engineering Pro
gram, Manufacturing Program, and 
Technical Marketing Program, gen
erally grant raises after you've been 
with the Company about a year. 

Q. Is it an automatic: raise? 

A. It's automatic only in the sense 
that your salary is reviewed at that 
time. Its amount, however, is not 
the same for everyone. This depends 
first and foremost on how well you 
have performed your assignments, 
but pay changes do reflect trends in 
over-all salary structure brought on 
by changes in the cost of living or 
other factors. 
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One of a series 
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Interview with General Electric's 

Hubert W .. Gouldthorpe 

Manager- Engineering Personnel 
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Q. How much is your benefit program 
worth, as an addition to salary? 

A. A great deal. Company benefits 
can be a surprisingly large part of 
employee compensation. We figure 
our total benefit program can be 
worth as much as 1/6 of your 
salary, depending on the extent to 
which you participate in the many 
programs available at G .E. 

Q. Participation in the programs, then, 
is voluntary? 

A. Oh, yes. The medical and life 
insurance plan, pension plan, and 
savings and stock bonus plan are all 
operated on a mutual contribution 
basis, and you're not obligated to 
join any of them. But they are such 
good values that most of our people 
do participate. They're an excellent 
way to save and provide personal 
and family protection. 

Q. After you've been with a company 
like G.E. for a few years, who decides 
when a raise is given and how much it 
will be? How high up does this decision 
have to go? 

A. We review professional salaries 
at least once a year. Under our 
philosophy of delegating such re
sponsibilities, the decision regarding 
your raise will be made by one man 
-the man you report to; subject to 
the approval of only one other man 
-his manager. 

Q. At present, what salaries do engi
neers with ten years' experience make? 

A. According to a 1956 Survey of 
the Engineers Joint Council*, engi
neers with 10 years in the electrical 
machinery manufacturing industry 
were earning a median salary of 
$8100, with salaries ranging up to 
and beyond $15,000. At General 
Electric more than two thirds of our 
10-year, technical college graduates 
are earning above this industry 

ER L ELE T 

median. This is because we provide 
opportunity for the competent man 
to develop rapidly toward the bigger 
job that fits his interests and makes 
full use of his capabilities. As a 
natural consequence, more men have 
reached the higher salaried positions 
faster, and they are there because of 
the high value of their contribution. 

I hope this answers the question 
you asked, but I want to emphasize 
again that the salary you will be 
earning depends on the value of 
your contribution. The effect of such 
considerations as years of service, 
industry median salaries, etc., will be 
insignificant by comparison. It is 
most important for you to pick a job 
that will let you make the most of 
your capabilities. 

Q. Do you have one salary plan for 
professional people in engineering and 
a different one for those in managerial 
work? 

A. No, we don't make such a 
distinction between these two im
portant kinds of work. We have an 
integrated salary structure which 
covers both kinds of jobs, all the way 
up to the President's. It assures pay 
in accordance with actual individual 
contribution, whichever avenue a 
man may choose to follow. 

* We have a limited number of copies of 
the Engineers Joint Council report en
titled "Professional Income of Engi
neers-1956." If you would like a 
copy, write to Engineering Personnel, 
Bldg. 36, 5th floor, General Electric 
Company, Schenectady 5, N.Y. 959-7 

LOOK FOR other interviews dis
cussing: ED Advancement in Large 
Companies ED Qualities We Look for 
in Young Engineers • Personal De
velopment. 

IC 





of 2 
More than 1900 chemicals have 
been found in coal, and over 200,000 
different products are made from 
them-products like plastics, syn
thetic rubber, synthetic fibers, and 
resins. There's still more to come. 
Only a fraction of the 1900 chemicals 
in coal are currently used commer
cially. 

Today, United States Steel and 
other producers of coal chemicals 
continue to study coal, its structure, 
and its future potential as a source 
of basic chemicals. 

Why, you may ask, are we so in
terested in chemicals when our prin
cipal business is steel? The reason is 
that it's just good business. In pro
ducing coke for our steel-making 

a mater 

0 successful grads 
operations, we also produce chemi
cals. Thus we are always interested 
in anything, and anybody, that will 
help to advance the technology of 
these related products, improve their 
quality, and in general reduce the 
over-all cost of manufacture and pro
vide better products and better serv
ice for our customers. 

It's a big job and we need a lot of 
good people to do it-physicists, 
chemists, geologists, all kinds of en-

nited 

gineers-people with your training. 
If you want to explore the earth's 
surface for ore, delve into the com
mercial use of coal chemicals, help 
rocket designers solve new problems 
with new steels, there might well be 
a place for you at United States 
Steel. Write for our booklet, "Paths 
of Opportunity"-United States 
Steel, Personnel Division, Room 
2801, 525 William Penn Place, Pitts
burgh 30, Pa. 
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Pictured above is our new Research and Development Center 
now under construction in Wilmington, Massachusetts. Scheduled 
for completion this year, the ultramodern laboratory will house 
the scientific and technical staff of the A vco Research and 
Advanced Development Division. 

A vco's new research division now offers unusual and exciting 
career opportunities for exceptionally qualified and forward· 
looking scientists and engineers. 

Write to Dr. R. W. Johnston, Scientific and Technical Relations, 
Avco Research and Advanced Development Division, 
20 South Union Street, Lawrence, Massachusetts. 

IDE L A 

PR CTIC LIT 
"Science and Philosophy mutually criticize each other and provide 
imaginative material for each other." . .. Alfred North Whitehead. 

In the increasing preoccupation of science with material things 
and progress, the truth of this statement by one of our greatest 
philosophers is often overlooked and forgotten. The scientific 
philosopher is a rare being and is becoming rarer still, nor can 
he be adequately replaced by the group technique or the 

'brainstorm' session. 

It should be one of the noblest aspirations of all our sciences 
to provide for the true contemplation of the inner meaning of 
facts and to stimulate that interplay of mind on mind by 

which alone we may progress. 

In all these things, however, we cannot forget the problems 
peculiar to research and development in private industry. The 
obligation to work to otherwise-determined time-scales poses 
a nice problem in balancing ideals against the practicalities 

of everyday life. 

It is in this field that the test of management comes. Its success 
at meeting such continuously conflicting requirements deter
mines the character and ultimate success of the organization. 

With such thoughts as these in mind, we here at Research and 
Advanced Development Division of A VCO are seeking unique 
people. We wish to foster the creative minds and fundamental 
thinkers, while preserving an atmosphere of self-discipline, 
free from a rigid hierarchy of command and organization. 

Dennis W. Holdsworth, 

Manager, Computer and Electronic Systems Department 



Chemical progress is autoclaves, test tubes, distillation towers 

. . . hydrocarbons, heterocyclic compounds . . . processes, 
polymerizations, products. 

But mostly, chemical progress is thinking ... men think-

ing. Little men, big men, medium size men ... in lab coats, 

business suits, overalls ... all of them, always, thinking. 

Thinking up new products ... new ways to make chem

icals and new ways to use them. Thinking up more comfort, 

more convenience, better health, for everyone. 

Always, the old things have to be improved, and the new 
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things have to be proved. It takes more thinking. The think

ing never stops. And so chemical progress never stops. It's 
that way at Koppers. 

You can be one of these men, think

ing. You can create some of the chem

ical progress that's made at Koppers. 

The products are many ... the oppor

tunities myriad. Consider a career 

with Koppers; send the coupon today. 

---------------------------
Koppers Company, Inc. 
Industrial Relations Manager 
Dept. C-38, Koppers Building 
Pittsburgh 19, Pennsylvania 

Please send the 24-page brochure entitled "Your Career at Koppers!' 

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

School ....••••••••••••••.•.•••••••••••••••••••••••••••••••• 

Address •••••••••••••••••••••••••••••••• • •• • •• • •• • • • • • • • • • • 

City •..•.....•......••.............. State ..•..•............ 
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Henri Bergson ..... on mal~ing gods 

Humanity is groaning, half-crushed under the 

weight of the progress it has made. Men do not 

sufficiently realize that their future depends on 

themselves. They must first decide whether they 

wish to continue to live. They must then ask 

whether they want merely to live, or to make the 

further effort necessary to fulfill, even on our 

unmanageable planet, the essential function of 

the universe, which is a machine for making gods. 

Les deux sources de la morale et de la mligion, 1932 

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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PHOTOS l!llliTIM4Hil ARCHIVE 

ENGINEERS and SCIENTISTS 

... as in advancement opportunities 
at Sylvania 

It remained for Nicholas Lobachevsky to solve a riddle that bothered mathe· 
maticians for the better part of twenty-two centuries.* He was able to construct 
a rational geometry by denying Euclid's fifth postulate- by maintaining that 
parallels do meet. 

Here at Sylvania Electric we have a noneuclidean geometry of our own, in 
which parallels also meet. It's a geometry of professional development; though, 
and not just of points, lines, and planes. 

111---
WHAT DO WE MEAN? 

111--............... 
THIS: At Sylvania a man advances by one of two parallel paths. 

ewm: MEAN NO DISCREDIT TO BOLVAI 

OR GAUSS. I..OBAC::HEVSKV MUST TAKE 

CHRONOI..OOIC::AI.. PRIOFUTV, HOWEVER. 

If his interests and talents lie in the areas of engineering and scientific 
specialization, he advances as a specialist. 

If his forte is in the areas of organization and administration, he advances 
through management. 

These parallel paths meet in a common point: At Sylvania a man knows that 
he is given the fullest opportunity to develop and exercise his talents. He knows 
that a man goes as far and as fast as he is able in the path of his choice. Whether he 
chooses management or specialization, he finds equal rewards and compensation. 

Graduates and men with advanced degrees in science and engineering will discover 
Research~ Development, Manufacturing and Marketing careers at Sylvania-in 
specialization or management- in: 

LIGHTING, RADIO, TV, HI·FI, ED..ECTRONBCS, SEMICONDUCTORS, PHOTOGRAPHY, 

COMMUNICATIONS & NAVIGATION SYSTEMS, AiRBORNE DEFENSE, RADAR, ECM, 

MISSILIES, COMPUTERS, CHEMICALS, PHOSPHORS, PLASTICS, METALS & WIRIE. 

Contact your college placement officer for an interview, or write us and ask for a 
copy of "Today & Tomorrow with Sylvania". 

y A I 
SVL.VANIA ELECTRIC PRODUCTS INC. 

1740 Broadway, New York 19, N.Y. 
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Modem chemistry is creating exciting new 
horizons that challenge the inventive 
minds of both scientist and student. Prod
uct synthesis, by bold adaptation of natural 
resources to our w:ay of life, has pushed 
the frontiers of chemistry far beyond its 
early promises. 

As the chemical industry forges ahead, 
inventing new processes and producing 
new materials which assure the progress 
and comfort of our society, research and 
development soar to new heights. Imagina
tive exploration advances under chemists 
and chemical engineers. New and greater 
production facilities are created. Many 
more engineers of all kinds tackle the com
plex tasks of building new plants or de-

signing new processes to expand and per
fect the many operations of this ever
growing industry. 

Yes, today's chemistry is a fascinating 
world. Filled with exciting accomplish
ments and possibilities, it attracts young 
men and women of vision who will give 
the industry the inspiring leadership of 
tomorrow. 

Write our Director of College Relations 
for a copy of our new booklet "Opportuni
ties For College Trained People With The 
Dow Chemical Company". And consult 
with your Placement Director as to when 
a Dow Representative will visit your 
campus. 

The Dow Chemical Company, NIIJianJ, Michigan 

II 
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makes big things ha en . 
zn 
exciting products 

Paints, chemicals, glass, plastics, fiber glass ... all these products 
have exciting family trees. And at Pittsburgh Plate Glass Com
pany, tomorrow's offspring promise to be even more intriguing. 

Look around you ... at paint, for example. It's much more 
than mere color. Paint protects. It must be thoroughly researched 
and carefully compounded to withstand infinite variations of 
atmosphere, heat, stress and other conditions. Or look at chem
icals ... their roles in the creation and development of textiles, 
metals, paper, agriculture, missiles, medicine. You name it; 
chemicals are there, making important contributions. Glass? 
These days, it can be made to remain rigid at blast furnace 
temperatures, withstand supersonic speeds, have the tensile 
strength of bronze. And it's much the same story for plastics 
and fiber glass. Everywhere you look-in architecture, industry, 
the home, everywhere-PPG products find new, exciting applica
tions with fascinating and challenging potentialities. 

Are you seeking a career that requires creative thinking, 
utilizes all your skills and know-how, offers a chance to learn the 
latest techniques? Then look into your enticing career possibili
ties with the Pittsburgh Plate Glass Company. Contact your 
Placement Officer now, or write to the Manager of College 
Relations, Pittsburgh Plate Glass Company, One GatewayCenter, 
Pittsburgh 22, Pennsylvania. 

345 PLANTS, MERCHANDISING BRANCHES, AND SALES OFFICES LOCATED IN 250 CITIES 
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E1~gi1teers, Scie1~tists, Matl~ematicians .. ~ 

wo iinportant reasons for starting your career 

with Lockheed Missile ysteins 

Ill Better Advanceme:n. t Opportunities 

Ill Higher Degree Educational Program 

As greater emphasis is put on missile's role in U.S. 
defense, our own missile projects will continue to expand. 
This growth potential- coupled with our youth as a 
division- means better opportunities for you to move 
rapidly ahead in a career with Lockheed Missile Systems. 

Under the Advanced Study Program, the Lockheed 
Graduate Study Council offers qualified students the 
opportunity to earn advanced degrees while employed 
in their chosen fields at Lockheed Missile Systems. 

Eligible students must be U.S. citizens holding B.S. or 
M.S. degrees in engineering, mathematics, or science 
applicable to missile systems research and development. 

Extensive laboratory facilities at Palo Alto and 
Sunnyvale, near Stanford University, provide an 
atmosphere to satisfy the most inquisitive scientific mind, 
yet pique the desire for further knowledge and 
achievement. Both locations are less than an hour's 
drive from San Francisco. 

For further information, contact your Placement Officer, 
or write College Relations Office, Lockheed Missile 
Systems, 3251 Hanover Street, Palo Alto, California. 

~~MISSILE SYSTJ<JMS 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

PALO ALTO e SUNNYVALE 41 VAN NUYS 

O.ALIFORNI.A 

Advanced Study Program jJhysics students Wayland 
Marlow lll, right, and ferry Kennedy examine new 
44-foot shock tube being used for advanced design 
work on Polaris missile. Both are employed at the 
Lockheed research and development laboratory, 
Palo Alto, while earning advanced degrees. 
Kennedy, Oklahoma '56, is earning his master's 
degree at the University of California, 
Berkeley, while Marlow, Miami '55, will 
attend Stanford University 
for his doctorate. 
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Another Engineering society has made its appearance here on cam

pus. It is the student branch of the National Society of Professional Engi

neers. Suggested by the senior chapter of the N.S.P.E. and nurtured by the 

member societies of Technical Commission, it has as its goal, as does the 

parent society, the furthering of technology and the interests of engineers 

and scientists. like the senior chapter, it emulates professionalism and pro

fessional behavior on the part of its members. It will also promote the cause 

of professional registration. 

The student chapter can also be the stepping point to greater and 

more dramatic accomplishments. It can be the organization from which will 

come the leaders that are .needed to speak out, and more important, obtain 

results in the solution of problems common to all engineering fields. For 

example, ultimately, the bandwagoneering pseudists must be restricted to 

permit engineering and science to achieve full and complete professional 

status. On the one hand we have the "tooting" and operating engineers 

and on the other the political and social science fictionalists. One eminent 

teacher here at the University summed up the situation with regard to this 

latter group quite cogently when he said that "They are not scientists; in 

fact, they aren't even social." They serve, however, to confuse terms and in 

that way act as a lodestone to the technical professions receiving their right

ful professional recognition by the general public. There is a crying need 

for a concerted movement on the part of all technical disciplines to unite un

der one symbol with the intent of furthering technology's prestige and status. 

The larger the number of future engineers that join an all-inclusive group 

like N.S.P.E. the greater is the potential of the senior branch a decade or 

more hence for furthering the interests of the engineering profession. The 

N.S.P.E. student chapter can be a beginning from which will come the 

eventual influence that will obtain the laws designed to eliminate the hitch 

hikers that at present prevent the technological bandwagon from being a 

limousine and the slide rule from rivaling the stethoscope in prestige value. 

MISS MARCH --JEAN OLANDER is a senior in Washburn High School. 

One of the finalists in the 11Miss Minneapolis" contest. 
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WORKING WITH A MASTER-Young Metallurgical Engineer James Hornaday, Jr.-B.S. '54, 
M.S. '56-develops new high-temperature coatings under guidance of Dr. Robert E Thomson. 
Head of Metallurgical Engineering Department of GM's Research Staff, Dr. Thomson is recog
nized as one of the nation's leading metallurgists-has pioneered many advancements in his field. 

isap natGM-
stature grows year by year 

HERE's something of serious importance to you as a 
young graduate engineer: 

Are you taking just a job-or are you going out to really 
practice the respected profession for which you have been 
so fully trained? 

Here at General Motors we long ago recognized that engi
neering is a profession-and began treating our engineers 
who work on our hundreds ofproducts as professional men. 

For example our engineer~ . are used on assignments that 
give them an opportunity to use their training and educa
tion as they were meant to be used. To let them practice 
engineering. 

Or take the fact that GM encourages its engineers to gain 
professional recognition by presenting technical papers to 
engineering societies. 

Take, too, the encouragement our engineers receive in 
working for advanced degrees, in doing original research. 
The fact that over 179 of our engineers and scientists 
received over 164 patents for such work in a recent four
month period is one indication of the opportunity for 
creative work here at GM. 

And these are but a few examples of the fact that engineer
ing is a profession at General Motors. 

Why do we place engineering in this special category? 

12 

Because we know that from the work of our engineers at 
our 35 divisions and 126 plants in 71 cities and 19 states
and at our huge Technical Center near Detroit-will come 
the products that will keep General Motors on its progres
sive path. 

Naturally, you get more than professional recognition. 
Your salary reflects your ability and progress. 

And, of course, there is opportunity without limit. For 14 
of the 33 GM Vice-Presidents are engineers, as are 23 of 
the 42 Division General Managers. 

Today we are looking for young men who may fill tomor
row's GM executive positions. Should you wish to join us 
and practice your profession as you build your career, let 
us hear from you. It could be the most important letter 
of your life. • lliD • 

GM positions now available in these fields: 

MECHANICAL ENGINEERING • ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING • METALLURGICAL ENGINEERING 

AERONAUTICAL ENGINEERING • CERAMIC ENGINE;ERING 

MATHEMATICS • INDUSTRIAL DESIGN 

PHYSICS • CHEMISTRY 

G RAL MOToRS CoRPORATION 
Personnel Staff, Detroit 2, Michigan 
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''I'm in the business 
and I know@*$'' 

"Not too long ago l was in the same situation you 
fellows are in now. Senior year and the big de
cisions. What am I going to do with my education? 
What am I going to do for a living? 

~~well, I talked to a number of people and did as 
much letter writing and looking around as I could . . 
The way I figured it,Iwanted opportunity ... a fair 
chance to put my capabilities to work and to be 
recognized for what I could do. Of course, I wanted 
to be well paid, too. It all seemed to add up to the 
aircraft industry ... and to me it still does. 

"In the space of just a few years I've worked on 
quite a few projects, important projects that some 
day rnay mean a great deal to this country. 
sure meant a lot to me. And I wasn't standing 
either. My salary and my responsibilities 
creased with each promotion. That means 
challenges, new and tough problems that ......... ., ... ~·~ 
solve, but that's the way I like it. So, if '\II'MiL'·.,JauJ""'·" 

some advice from this 11old grad," choose 
industry. It's the wisest choice, I'm in the 
and I know." 

Probably no other industry in America has 
so fast and advanced so far in a short time as has 

the aircraft industry. And yet there is no limit to . 
how far man's inventiveness and imagination can i 
push the boundaries. Radical new concepts T""'''·--~ 
would have been unthought of just a few years ago 
are the drawing-board problems of today. 

Truly aviation is still in the pioneering stage, and 
one of the leaders is Northrop Aircraft, which has 
been making successful contributions to our 
nation's defense for over 18 years. Projects such as 
the Snark SM-62, world's first intercontinental 
guided missile, have identified Northrop as a suc-
cessful pioneer. And new aircraft such as the ""-"IU' .............. , .. . 

sonic, twin-jet T-38 advanced trainer are maintain
ing this reputation. 

Let us tell you more about what Northrop can 
offer you. Write now, regardless of your class, to 
Manager of Engineering Industrial Relations 
Northrop Division, Northrop Aircraft, Inc., 1 
East Broadway, Hawthorne, California. 

ORTHR p 
A Division of Northrop Aircraft, Inc. 
:BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE 
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NY STUDENT of engineering today i's cognizant of the 
tremendous advances in engineering in the last several 
decades. If you were a student and were asked to name 

the fields of outstanding development in engineering, you 
would probably include on your list rockets, supersonic 
aircraft, television and computors. Now, if you were to 
analyze your list, and if you were an average student, you 
would probably find your list was composed entirely of end 
items. Seldom does one think of process developments or 
of the developments in materials and particularly metals. 
Yet, frequently these developments have been the critical 
ones which made developments in the end products pos
sible. 

.Metallurgists are generally the people who develop 
new metals and alloys. Since most student engineers think 
of careers in terms of end items, generally the work of 
metallurgists is almost unknown to them. As an engineer 

fig. 1 

develops in his career, he is frequently confronted with the 
selection of proper materials, and sometimes even the 
problem of what causes metal failures. In this capacity he 
becomes aware of the role of the metallurgist in industry. 
Sometimes he becomes interested enough in metallurgy to 
actually become a metallurgist. 

14 
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by MORRIS E. NICHOLSON 

During the last decade, the metallurgist has developed 
many new alloys to meet current engineering demands. 
Even more important, his understanding of the structure 
of metals and the behavior of metals has grown enor
mously. 

This is due to the increased basic research in metallurgy, 
to the improved resolving power of his research tools and 
the interaction between metallurgy and other sciences. 

Historically, science has always played an important part 
in the development ofmetallurgy. In antiquity, metallurgy 
(which comes from the Greek, "Metallon" meaning metal, 
and "Ergos" meaning work) was the art of working metals. 
As our basic sciences have developed, metallurgy has be
come more of a science and less an art. To illustrate what 
modern metallurgy is, let us look at the history of metal
lurgy and how science has exerted its influence upon it. 

One of the earliest metallurgical arts was that of sword 
making. The art flourished in several different forms, in 
Europe, Persia and Japan. Basically all of the smiths were 
adept in developing intricate decorative patterns in the 
surface of the steel blade by skillful forging. In Europe 
from about the second century, the German metalsmiths 
forged together a practically pure iron and an easily forge
able steel. These metals react differently to acids. There
fore, if they are etched carefully after they have been 
twisted and forged, the resulting bar develops an attractive 
"grain" somewhat like wood. The steel which the Damas
cus smiths used in the fifth centQry, was considerably dif
ferent from that used by the Europ~an smiths. It was dif
ficult to forge because of its high carbon content. Yet, they 
were able to forge the steel to produce such intricate pat
terns as that shown in Figure I. The pattern did not result 
from forging two different metals together, but instead 
came from a pattern which appeared in the "steel cake" 
or ingot upon solidification. Some regions of the cake were 
very high in carbon and would not etch readily, while 
others were low in carbon and etched very readily. By 
adept forging, these regions retained their character and 
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the pattern developed. The Persian technique was not re
produced in Europe until 1823. In Japan, the artisans of 
the twelfth century not only knew how to forge intricate 
patterns into steel, but also how to control the patterns by 
heat treatment. The Japanese artisan forged two metals, 
which would etch differently after heat treatment, into a 
bar. The bar was then folded and reforged as many as 
twenty times. This operation would produce as many as 
220 laminations. Afterward, the sword was heat treated in 
a very carefully ·controlled way that would develop the 
desired pattern. This was probably the first heat treatment 
performed to control the structure of metal. 

The beginning· of science in metallurgy probably origi
nated at the end of the Dark Ages. This occurred in the 
scholarly recording of metallurgical observations and a 
scientific classification of the metallurgical art. In 1540, 
Vannoccio Biringuccio published his work on metallurgy, 
Pirot.echnia. * This included chapters on ores, smelting, 
alloys that are formed between metals, casting and the 
working of metals. In 1560, Georgius Agricola, published 
his well-known work on metals, De Re Metallica. * About 
two-thirds of De Re M.etallica, which was one of twelve 
scholarly works written by Agricola, was devoted to min
ing practice, and the rest to smelting of ores and the part
ing of metals. Although Pirotechnia is not as well known 
as De Re Metallica, it is unquestionably the outstanding 
volume on metallurgy of the Renaissance. 

Concurrent with the beginnings of modern chemistry, 
significant developments were made in metallurgy, for ex
ample, Reaumur. in 1722 set forth ideas concerning the 
making of steel which, in remarkable anticipation of mod
ern knowledge, amounted to pre-science. Reaumur as
sumed that, "when steel is heated sulphur and salts are 
driven out of the molecules into the interstices between 
them. On quenching, the sulphur and salts are prevented 
by rapid cooling from entering into the molecules again." 

* Pirotechnia has been translated by C. S. Smith and M. T. Gnudi 
and De Re M etallica by Herbert C. Hoover. Copies of these transla
tions are available in the School of Mines and Metallurgy Library. 
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fig. 2 

If we substitute "carbon" for the words "sulphur and 
salts," "iron carbide" for "molecules" and "lattice inter
stices" for "interstices," we wind up with an essentially 
modern concept of the heat treatment of steel. 

The middle of the nineteenth century saw great ad
vancements in the steel making· process. These occurred 
after the chemical nature of the steel making process had 
at last been recognized. These developments led to the first 
manufacture of great tonnages of cheap steel. William 
Kelly, in 1846 in this country, discovered that molten iron, 
when heated in a blast of air in the absence of charcoal, 
took on the properties of "malleable metal" (steel). This 
was essentially the same process as that which Henry Bes-

Fig. 3 

semer patented in England in 1856. It was also in 1856 that 
the modern open-hearth process was developed. Although 
the rapid growth in the mid-nineteenth century was dearly 
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METALLURGY 
(Continued from Page 15) 

the result of the impact of chemistry on metallurgy, in a 
broader sense the whole period from the beginning of the 
eighteenth century until the middle of the nineteenth cen
tury was one in which chemistry contributed in a domi
nant way to the scientific development of metallurgy. 

Fig. 4 

The next great development in the science of metallurgy 
came about as a result of the application of the microscope 
to metal structures. In 1865, Sorby, in England, first re
vealed the structure of metals by polishing and etching 
and examining them under the microscope. Although he 
did this in 1865, his accomplishment did not exert any 
significant influence upon metallurgy until he published 
his findings in the British Iron and Steel Institute in 1886 
and 1887. In his early articles he published photographs of 
metal structures enlarg·ed as much as 650 times. Sorby first 
correctly identified the microconstituents of steel. He 
named these as, "iron, essentially free from carbon, and 
another constituent which is an intensely hard substance." 
With the application of the microscope to the study of 
metals it became clear that metals were made up of poly
hedral grains. One of Sorby's early photographs was repro
duced in Figure 2. This shows that the grain structure of 
metals is very much as Reaumur had suggested more than 
a century before. Sorby noticed the change occurring in the 
microstructure of metals on the tempering of steel and 
recognized that cold working of metals produced an un
stable condition which altered upon heating. He also rec
ognized the fact that fatigue does not crystallize a metal, 
in fact, metals were crystalline before (and no more crystal
line after) fatigue occurs. 

The next great advancement in metallurgy occurred at 
the turn of the century, when the work of Willard Gibbs 
on heterogeneous equilibria exerted its influence on sci
ence. The importance of the phase rule to the study of 
alloys was pointed out by Ji.iptner and Le Chatelier and 
applied first by Roozeboom, an eminent German metal
lurgist. After the exposition of the phase rule, there fol-
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lowed a twenty year period of intensive investigation on 
the constitution of alloys. That is, a study of the tempera
ture at which various alloy compositions melt and at which 
the structural make-up of the alloy changes. It was, at 
once, recognized that there was a similarity among alloy 
systems. It was recognized that the copper-zinc system 
would be similar to the copper-tin system, and also similar 
to the copper-cadmium system. Thus, it was evident that 
the study of alloys systems could be orderly and much 
simpler than had been previously believed possible. 

A later understanding of metal alloy phase diagrams 
came as a result of the investigations of Hume-Rothery, an 
English metallurgist, and his colleagues. This work was 
still imperical, but some of the behaviors studied by the 
investigators near the turn of the century were quantized, 
so that a better understanding of the theory of metals and 
alloys was developed. This quantizing of the influence of 
certain alloying elements did not develop until the middle 
thirties. 

One of the greatest advances in metal science occurred 
when X-·ray diffraction was applied to metal systems. In 
1917, Dr. Hull in this country and Drs. Debye and Scherrer 
in Germany devised a useful technique in studying the 
crystal structure in metals. This technique has been avidly 
applied by many metallurgists from that time on. All of 
the alloys which had been studied and examined under 
the microscope in the previous twenty years, were restudied 
by X-ray analysis. As a result, a mu::ch clearer and more 
detailed understanding of phase equilibria in metal alloy 
systems was developed. Furthermore, new concepts were 
introduced into the field of atomic structure of alloys. 

The twentieth century also saw the beginning of the 
understanding of the mechanical properties, and particu
larly the plastic properties of metals. As the understanding 
of these properties improved, one question in particular 

Fig. 5 

seemed to demand an answer. "Why are metals weak?" 
Based on the forces which bond metal atoms together, 
metals should have ten times the strength normally ob
served. During the 1930's a new concept of metals was in
troduced. That concept was that metals are not really per
fect crystals, but instead they contain many imperfections. 
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These metal imperfections were considered to be discon
tinuities or dislocations in the perfection of crystal lattice. 
It was suggested that these dislocations weakened metals. 
Although the hypothesis was appealing, it was without ex
perimental verification. No techniques were available to 
reveal the detailed atomic structure of crystals. As a clever 
and stimulating substitute for being able to see an actual 
arrangement of atoms, Sir W. Lawrence Bragg and Dr. Nye 
in England in 1940, studied the behavior of a raft of ex
tremely small soap bubbles floating on a soap solution. 
They concluded that this soap bubble raft behaved in the 
same way the physicists had predicted a metal would be
have. A soap bubble raft showing a 2-dimensional repre
sentation of a metal crystal appears in Figure 3. The re
gion of the irregular arrangement of bubbles corresponds 
to a boundary between metal grains in real crystals. In 
addition, a narrow region from the middle of the photo
graph toward the lower left contains seven crystalline im
perfections or dislocations. It is because of the movement 
of the crystalline dislocations that metals are truly weak. 
In fact, one of the modern metal scientists had said, the 
question is no longer asked, "Why are metals weak?" But 
instead, the question is asked, "Why are they as strong as · 
they are?" 

Since the development of the Bragg Bubble Model, 
rnetal scientists have actually revealed the presence of dis
locations in metals. 

The history of metallurgy repeatedly shows how the 
field is becoming more a science and less an art. The metal
lurgist has built his own science of metals upon those laws 
of nature forming the foundation of physics and chemistry. 
The structure of metals is particularly important to metal
lurgists because many of the properties of metals are struc
ture sensitive. That is, the properties change greatly with 
slight changes in structure. For this reason the metallurgist 
has particular interest in such subjects as the topology of 
metal g-rains, the factors which control the shape and size 
of these grains, migration of Inetal atoms in solids and the 
structural nature and rates of reactions which occur in 
solids.* Because of the pronounced dependence of many 
properties on the structure of metals, metallurgists have 
constantly endeavored to develop a more detailed and 
more correct model of metals and crystals in general. 

But, an understanding of metals is only half of the · 
metallurgist's job, he must also be able to predict the be
havior of metals to such an extent that he can "tailor
make" alloys and control their behavior. This area of a 
metallurgist's competence has expanded rapidly for two 
reasons. The first, obviously, is his greater understanding 
of the nature of metals. The second is the greatly improved 
metal technology available to the modern metallurgist. 
The improved technology is making more metals useful. 
In 1920 about twenty metals were in industrial use. Today 
more than fifty are in daily use in industry. Titanium is 
an example of metal which has become of commercial im
portance because of recent technological advances. It has 
been known for a long time that titanium is abundant, but 
its usefulness has been limited by the fact that the metal 

* Four excellent articles on the science of metals have appeared 
recently in the Scientific American. They are: 

The Shape of Things- Cyril Stanley Smith. (Jan. 1954) 
Dislocations in Metals- Frank B. Cuff and L. Me. D. Schetky; 

(July 1955) 
Diffusion in Metals- B. D. Cullity. (May 1957) 
The Growth in Crystals- Robert L. Fullman. (March 1955) 
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is reactive, brittle and lacks desirable mechanical proper
ties. With the development of modern technology, it is 
possible to arc melt titanium in ·oacuo. Such a technique 
reduces the possibility of contamination from oxygen and 
nitrogen, which make the metal brittle. A further tech
nique for eliminating the possibility of contamination of 
metals from the usual crucible is by the levitation tech
nique, in which a sphere of metal is supported in an inert 
atmosphere by a magnetic field. Figure 4 shows a metal 
sample suspended in such a magnetic field. For example, 
in order to press an automobile fender out of sheet stock 
requires a steel that will stretch uniformly to considerable 
extent. Steels which are used to form the exotic contours 
of today's car were not available 20 years ago. Tlie desira
ble properties have been obtained by carefully controlling 
the grain size of these steels. Another example of improved 
properties through metallurgical control is in the improve
ment of the magnetic properties in transformer steel. Iron 
crystals have greater magnetic strength in certain direc
tions than in others. Therefore, by proper control of grain 
orientation in the sheet steel, better magnetic properties 
can be obtained. As a result, smaller transformers can carry 
the load of their bigger, older brothers. The degree to 
which a metallurgist can control the size and shape of 
grains in metal is shown in the sheet of steel in Figure 5. 
This sheet has been carefully worked and heat treated to 
develop a few large grains in the configuration of G.E. 
These larger' grains stand out clearly in the background of 
fine uniform grains. 

To be a modern metallurgist one must be a metal sci
entist. He must have a thorough understanding of physics 
and chemistry and a facility with advanced mathematics. 
He must have a detailed knowledge of the structure of 
metal crystals. Hut, he must be more, for he must be able 
to develop new alloys having particular properties and 
control the behavior of the metals in order to manufacture 
useful products to 1neet the ever increasing demands of our 
society. 

Dr. Nicolson, Head of Dept. of Metollvrgy in School of Chemistry. 



The ull I the 

PERSON WHO OWNS A BOATING OUTFIT is usually inter
ested in its performance. There are several things that 
have a direct bearing on performance in any boat; 

hull design, method of manufacture, bottom condition 
and weight distribution. With an outboard powered boat 
there are also, besides the engine itself, transom height, 
tilt of the motor in relation to the surface of the water, 
and the propeller. 

There are several types of hull designs used in boats 
today although most of them are derived from designs 
that were used 100 or more years ago. Generally speaking 
there are two types of hull design: displacement and 
planing. Of course there are variations of each, the basic 
ones being round bottom, Hat bottom, and V-bottom. A 
pure displacement hull moves through, rather than over 

Fig. 1 
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the water, displacing an amount of water equal to the 
volume of the boat in the water, hence the name. A true 
planing hull rides on the surface of the water with little 
or no displacement ·effect. 

Probably the best way to explain the difference between 
displacement and planing type of hulls is to use the 
analogy of skimming stones across the surface of the water. 
Regardless of how big the stone is, it has to have enough 
power to enable it to skim the water's surface without 
sinking into the water. A Hat stone will skim the surface 
for quite a distance before it loses momentum and finally 
sinks. A stone that is more round, if thrown hard enough, 
will also skim the surface but not as well nor for as great 
a distance as the Hat stone. Analogous to this, a boat with 
a round hull (poor planing design) will sink into the 
water while a hull designed to plane will, with the same 
amount of power, ride essentially on the surface of the 
water. A heavy, jagged rock will usually sink without 
skimming at all, regardless of how hard it is thrown. This 
is similar to the displacement hull's inability to plane, or 
skim the surface of the water. A narrow deep-keeled design 
can be compared to the jagged rock. The very flat stone 
is analogous to a planing design. The only true planing 
hull is the hydroplane which has a single flat, or some
times multiple flat, surfaces which skim over the water 
when adequately powered. Like the flat stone, it sinks 
down into the water when speed decreases. 

It must be remembered that at rest all boats are of the 
displacement type. They float only after they have dis
placed an amount of water equal in weight to the weight 
of the complete boat, motor, and load. A displacement 
hull, when moving through the water, pushes the water 
away from the bow and away from the sides of the boat. 
Some reasoning at this point would bring to mind the fact 
that a large amount of power developed by the engine 
is used to do this pushing. Since the early boats were 
practically all of the displacement· design, the only way 
to increase performance was to narrow the beam of the 
boat. Naturally, this also limited the load carrying capacity 
of the craft. lVfodern hulls designed to be powered with 
outboard motors are of a semi-planing design. It has a 
relatively broad beam with the after section of the bottom 
nearly Hat. The broad beam enables a g-ood load to be 
carried and the nearly flat bottom allows the boat to ride 
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to Perforinance 

almost entirely on the surface of the water, giving· good 
performance. 

Naturally, each desig·n has its advantages and disad
vantages. There are people who will swear at a particular 
type and other people would have no other. Each type 
is in its own way, unique, and is better suited for a par
tricular type of use than another type of boat would be 
for that use. Some of the features of each type of boat 
will be described in the paragraphs that follow. 

The round bottom is an old design, dating back to the 
time of the Vikings. It is nicely curved and possibly for 
this reason, boats are often referred to with the feminine 
pronouns. 

This was once the most common design, suitable for 
a variety of uses: sailing, rough water, and efficient opera
tion with low power. It is also good for high speed if the 
stern is broad and fiat to give a good planing surface. 
Round bottom boats are generally the most costly of the 
three basic types and can be divided up into three styles: 
U-shape, modified V, and wineglass or Y-section. 

Of the three types of the comparatively expensive round 
bottom boats, the U-shaped is the least expensive. This 
U-shape is mostly found on dinghies or auxiliary craft, 
canoes and other small or light boats. Occasionally it will 
be used on a power boat. One advantage of this design is 
its very slight draft. 

The modified V-bottom is a more complex version of 
the U-shape, and is characteristic of some power and many 
sail boats. It is a displacement type rather than a planing 
type. 

The Y-section or wineglass type is designed with a very 
deep keel and is usually found on sail boats or auxiliary 
types. Often an outside ballast is used in the keel which 
contributes to the fact that this is the most difficult and ex
pensive boat to build. 

The round bottom designs can be made the most sea
worthy and will not pound the surface when traveling at 
higher speeds in rough water if properly designed and 
loaded. By referring back to Fig. 1, it is readily noticeable 
that they could be made with either shallow or deep draft, 
depending on how they are going to be used. 

Probably the oldest type, originating with a raft, is the 
flat bottom design. This design as a rule is not completely 
flat but has a slight rocker lengthwise (fore and aft) but 
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by EDWARD l. SMITH 

not crosswise (athwartship). A boat with a really flat bot
tom is a rarity and a boat with a fiat bottom, sides, and 
ends is impressive by how much it does not seem to even 
resemble a boat. Foot for foot, a fiat bottomed boat is 
probably the best boating buy. 

Whereas the round bottom boat can be very seaworthy, 
the Hat bottom design is more suitable for sheltered waters 
rather than open seas. Also in contrast to the round bot
tom is the fact that the Hat bottom has a tendency to 
pound in rough water. This type can be designed with very 
little draft. 

The V-bottom is actually a variation of the flat bottom, 
or in some designs a combination of flat and round bottom. 
The V-bottom as generally used is commonly referred to as 

fig. 2 
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HULLS 

(continued fTom Page 19) 

a semi-V or modified-V design. :Most outboard boats made 
today, in addition to those with other sources of pmver, 
have a semi-V design. This design has developed from a 
modification of the fiat bottom to a design all its own. This 
is a much faster type of hull than all other types, except 
the hydroplane. 

This type of boat is generally more seaworthy than the 
fiat bottom type and many small craft with this design 
have long ocean voyages to their credit. While these boats 
have less of a tendency to pound they may still do so, 
depending on conditions. 

Semi-V bottomed boats come in a variety of styles and 
sizes as well as methods of construction. Some boats have 
a pronounced V at the bow, flattening to a very shallow 
V or almost fiat surface at the stern, while others have 
a medium shallow V full length of the hull. 

\t\Tith this type of ,design, as speed increases the amount 
of water displaced decreases. However, the complete re
verse of this is true with the displacement hull. On the 
displacement hull, as speed increases, the water displaced 
also increases so that a terminal or limiting velocity is 
reached rather quickly. This is the reason that doubling 
the horsepower on a boat does not double the speed and 
also the reason that too much power on a poorly designed 
hull will not give it satisfactory performance but will just 
serve to swamp the boat. 

It has been stated that good boats are solid boats. Re
gardless of the material from which they are made or how 
they are made, they must be strong. Since this is a report 
dealing mostly with performance factors, I will just touch 
briefly on the different methods and materials used in 
boat manufacturing. This will be broken down into three 
categories: wood boats, metal boats, and plastic or fiber
glass boats. 

Wood is probably the best boat material because it is 
light, strong, elastic, and an important characteristic for 
a boat, it floats. There are about six different ways of 
building a boat with wood. They are carvel planked, lap
strake, strip planking, composite, sheet plywood, and 
molded plywood. 

The carvel planked boat is the smooth, solid wood 
planking of the traditional boat. This type of construction 
opens up at the seams between the planks when stored 
for long periods of time. Fastenings are usually either 
bronze or some other non-corroding screws. This type of 
planking is suitable for almost any hull but is very hard 
to use on small boats that would have to have very thin 
planks. 

Lapstrake or clinker built type of construction is be
coming more popular all the time. It has planks that are 
overlapped like the siding on a house. This lapping adds 
strength and in turn decreases the number of frames that 
are usually needed for strength. Fastenings are generally 
copper rivets or nails, clinched on the inside. Lapstrake 
planking is suitable for round bottom hulls and is very 
good for small boats. 
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Strip planking is smooth, similar to the carvel planking, 
using a narrow strip instead of a wide plank. This design 
is less complicated to make than the carvel planking but 
requires more fastenings. Like the carvel planked hull, 
strip construction is also subject to drying out during 
storage. Strip planking is adaptable to a wide variety of 
designs and sizes. 

Composite construction is similar to strip planking ex
cept the strips are quite thin and are covered with canvas, 
or recently, fiberglass. Generally used in canoes, car-top, 
and other small boats, it is a very light type of -construction. 

Sheet plywood requires a skeleton or frame similar to 
that used in the carvel planked boat. Sheet plywood is a 
light, strong type of construction and being easy to work 
with, is very popular with the do-it-yourself boat builder. 
1\llost plywood used is exterior or marine grade fir plywood, 
although mahogany is sometimes used. 

·Molded plywood construction combines the advantages 
of carvel planked and sheet plywood boat building. It is 
lighter in weight than either one because the one piece 
hull lis very strong and eliminates the need for interior 
framing. They are made up with several thin layers of 
veneer (generally mahogany) laid in crisscross fashion on 
a form and then glued and cured under heat and pressure. 

Metal boats are contrary to the laws of nature; a heavier 
than water material that floats on the water. The metal 
most used in small boats is aluminum, although there are 
a few small steel boats, Steel is g-enerally used in boats 
over twenty-five feet in length. Most of the metal boats 
have styrofoam blocks and/or air chambers for added 
f-lotation if they should swamp. Two disadvantages of 
metal boats are their ability to transmit sound and vibra
tion and the difficulty of repair if it should become dam
aged. 

Plastic or actually reinforced fiberglass has only come 
into its own as a boat material in the past few years. 
Several layers of glass cloth and a resin mixture are com
bined in a mold and are cured under heat and pressure. 
Very sharp, compound curves can be made with this type 
of construction. In addition, the coloring can be mixed 
right into the resin, giving a permanent color and thus 
eliminating a maintenance problem. Fiberglass hulls are 
not affected by termites or· other organisms, rust, rot (wet 
or dry) or mildew and are essentially leakproof since there 
are no seams. If a hole or leak sho~ld appear due to hitting
something it is easily repairable with a fiberglass kit. 

Although the physical condition of the bottom of the 
boat may sound relatively unimportant, it means a great 
deal in the over-all performance of the outfit. Probably 
the best way to emphasize this point is with examples of 
various conditions. 

Homemade boats offer an excellent chance to make or 
break a boat. Since most homemade boats are of sheet ply
wood construction they require a frame to which the ply
wood is fastened. Often times, when covering the frame, 
a builder will raise it up to a convenient working height 
by supporting it with two saw horses or similar stands. 
This is an excellent chance, as can be seen by Fig. 2 to 
build a hook into the boat. A hook is present when a 
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straight edge placed on the outside bottom of the boat 
will touch only on the ends and not in the middle. 

It is possible to put a hook in a metal boat by using 
a motor that is too larg·e for the boat. This excess weight 
on the transom actually pulls it down. Any boa~ that is 
stored improperly (not evenly supported) has a possibility 
of acquiring a hook. It is obvious at this point that this 
condition would make the stern ride unnecessarily deep 
in the water. 

A bellied boat is just the opposite of the hook. A straight 
edge placed on the outside bottom of the boat will touch 
at the belly but not at the ends. This is generally caused 
by poor construction or improper storage and can be sus
pected when the boat porpoises at any motor tilt (when 
on plane). 

Smoothness is of great importance as it can mean as 
much as 20 per cent loss or gain in mph. Any imperfec
tion (dent, hole, splinter) will create a wall for the water 
to build up against and acts almost as a brake. Several 
people, to g·et the utmost, regularly wax the bottom of 
their boats. This often means the difference in perfonnance 
(mph) between two otherwise identical outfits. At very 
high speeds the pitot tube for the speedometer reduces the 
speed as much as five miles-per-hour. 

The depth to which an outboard motor is in the water 
might sound like an unimportant factor. Actually, it is 
one of the most important things to be considered if a 
person is seeking performance. For example, notice the 
drag on a paddle if it is put into the water to a depth 
of about two inches, in a fairly fast boat (25-30 mph), and 
then notice the increase in drag if it is pushed down an
other fraction of an inch. 

The proper height for a motor is when the water is 
just even with the top of the anti-cavitation plate, at full 
throttle. Greater depth than this will create unnecessary 
drag and less depth will cause the propeller to cavitate or 
bite into air instead of water. Height can be adjusted by 
placing narrow strips of Y4 inch plywood or lath between 
the top of the transom and the boat brackets. 

Checking for proper height can be done by starting 
with a good general rule and working from there with 
the lath adjustments. When the outfit is on a trailer or 
out of the water, sight along the anti-cavitation plate and 
shim with the lath until it is even with the bottom of the 
boat, not the bottom of the keel. At this time it is wise 
to check and see if the boat will make a medium turn 
without cavitation. If it does not cavitate, shim it up once 
more and try it again. This is largely a trial and error 
procedure. 

According to the Outboard Boating Club, boat and 
motor manufacturers are supposed to make standard 
heights of 15 and 20 inches. However, it should not be 
taken for granted that each particular combination will 
be made to these specifications. 

A person who owns an outboard boat should be in
terested in proper weight distribution if he is at all in
terested in efficiency, because of the pronounced effect it 
does have. I will deal with a semi-planing hull in giving 
examples of proper weight distribution. 

Probably the first thing to be considered is the mounting 
of the remote controls and steering wheel. A good general 
rule to follow is to mount the steering wheel and controls 
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on the same side of the boat as the propeller rotates. This 
means that on an outfit that has a motor with left hand 
rotation, the steering and controls should be on the port 
side of the boat. Similarly, when the motor has right hand 
rotation, the steering and controls should be on the star
board side of the boat. This places the weight, if only one 
person is in the boat, in a position to counteract the torque 
of the motor. This torque, if the motor has left hand 
rotation, will tend to lift the port side of the boat. 

H there is more than one person in the boat, they should 
be seated as evenly as possible in order to get a level ride. 
Too much weight in the stern of a boat will cause the stern 
to ride too deep in the water and will often keep a boat 
from getting on plane. In contrast, too much weight in the 
bow will cause the bow to dig in and plow the water, 
resulting in displacement rather than planing action. 

Weight distribution is probably one of the most im
portant and most neglected factors in boat performance. 

The proper tilt adjustment for best efficiency and per
formance generally is the same. Proper adjustment of 
the tilt is obtained when the motor is perpendicular to 
the surface of the water, at full throttle. This places the 
anti-cavitation plate parallel to the water's surface. Tilt 
will change with each different boat loading, and for best 
performance, should be changed each time a load different 
from the previous one is encountered. 

After all other factors have been adjusted properly, 
then it is time to experiment with the propeller. A propel
ler has three basic dimensions which come in a definite 
order when describing a certain propeller. They are di
ameter, pitch, and blade area (number of blades). 

The diameter of a propeller is the distance across a 
circle that could be drawn touching the outermost point 
of each blade. 

The pitch of a propeller is defined as the distance a 
propeller will travel when turned one complete revolution 
without slipping. This is analogous to the pitch of a 
screw. It can now be seen that a 10 x 14 propeller will 
make a 10 inch circle and will travel 14 inches if it is 
turned through one complete revolution without slipping. 

The blade area of a propeller is generally given by the 
number of blades, either two, three, or four when on an 
outboard motor. 

Full dimensions of a propeller would be 10 x 14-·3, 
meaning a 10 inch diameter, 14 inch pitch, with three 
blades. 

The reason for changing propellers is to keep the rpm 
of the engine in the proper range. Most outboard motors 
on the market today develop peak horsepower between 
4500 and 5000 rpm and operating speed should be kept 
in this range. A good general rule is: For high speed and 
light loads use a small blade area and a high pitch; for 
more speed with heavier loads use larger blade area and 
a lower pitch. 

:From this we can deduce that for racing or high speed 
work use a two blade, fairly high pitch propeller and for 
water skiing use possibly a three blade with slightly lower 
pitch. (Assuming it is the same boat and motor.) For a 
cruiser in the eighteen foot and larger range, a four blade, 
low pitch propeller is almost a necessity. 

G.E.B. 
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A New Field ... 

Power Semiconductors 

F
oR MANY YEARS, solid-state semiconductors have of
fered many advantages as rectifying materials. In the 
early days of radio one of the common semiconductors, 

lead sulfide, was used as a radio frequency rectifier. Radio 
circuits no longer employ the "catwhisker" and "galena," 
semiconductors have found more refined uses. Industry 
now recognizes the attractive features of germanium and 
silicon for ac to de power conversion. Direct current sup
plies for hoists, elevator motors, electroplating, battery 
charging and other uses are available at low cost. Smaller 
diodes are used in ultra high frequency mixing circuits, 
voltage regulation and other applications. 

The semiconductor diode is slowly replacing the vacuum 
diode in electronic equipment. Small usage of the power 
semiconductor in this field is due partly to the high 
initial cost and partly to the discouragement offered by 
the vacuum tube manufacturers. However, most mili
tary equipment utilizes semiconductor power rectification. 
Prime factors in this choice are the high reliability, ef
ficiency and small size of the semiconductor in compari
son with the vacuum tube rectifier. 

A semiconductor is an element with an unusual property. 
At low temperatures, it is an insulator and at higher 
temperatures, a conductor. To use a semiconductor in 
power diodes, the impurities in the element must be 
carefully controlled. The element is first ptirified, then 
a precise amount of the desired impurity is added. Semi
conductor material which has been treated in this way 
is called "doped." 

22 

by A. J. JENSEN 

A very pure, single crystal of silicon or germanium will 
act as an intrinsic {inherent) semiconductor. Figure 1 shows 
the energy level diagram for an intrinsic crystal. As the 
temperature of the material rises, the electrons gain energy, 
and rise from the valence band to the conduction band. 
At very low temperatures, all the electrons are bound in 
the valence band. As the temperature increases, electrons 
move from the valence band to the conduction band. At 
very high temperatures the valence electrons are free to 
move throughout the crystal. 

THE "HOLE" concept plays an important role in semicon
duction. When a valence electron acquires energy which 

moves it to another energy state, there is an electron va
cancy created in the valence shell of the atom. Other elec
trons of equal or higher energy states will move into these 

fig. 1 - Energy diagram for an intrinsic semiconductor. 
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vacancies. This creates an electron vacancy near the orig
inal "hole." Under an electromotive force these "holes" 
will appear to move in the opposite direction of the elec
tron flow. Thus a "hole" can be mobile and treated as a 
positive charge equal to an electron. Conduction in intrin
sic semiconductors is by both "holes" and electrons. For 
practical purposes, it would be better to have either "hole" 
or electron conduction. 

Adding a small amount of "doping" element alters the 
crystal structure of the semiconductor. When the proper 
"doping" elements are used, the conduction of the crystal 
may be controlled. As the "doping" element is added, the 
conduction drops. By measuring the conduction of a 
"pure" semiconductor, the amount of unwanted impurities 
can be found. One arsenic atom in 108 germanium atoms 
will reduce the resistance from 50 to 10 ohms per ems. 

By adding a small amount of an element from group five 
(As, Sb), the semiconductor crystal becomes an electron 
carrier conductor which is called "n" type. A small section 
of a crystal in which a silicon atom has been replaced by 
arsenic is shown in Fig. 2. Co-valent bonds supply the 
binding energy of the crystal. (Each atom shares two elec
trons with its neighbors.) The arsenic atom supplies an 
extra electron which is free to move through the crystal. 
Under an applied voltage, these electrons constitute the 
current flow. These "free" electrons are at energy levels 
near the~onduct,ion bail.~. Very little energy is required to 
move an:·electrori .from its ·"donor" level to the conduction 
band. At very high temperatures, the donor levels are all 
empty and electrons from the valence band will move into 
this conduction level. Once this happens, the crystal will 
act as an intrinsic semiconductor and the current flow 
increases. This creates heat which will destroy the crystal 
structure. 

When a semiconductor is "doped" with an element from 
the group three series (In, AI,) the crystal structure formed 

Fig. 2 - Characteri;tics of an ' 1n11 doped semiconductor. 
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Fig. 3 - Characteristics of a 11p'' doped semiconductor. 

has electron vacancies. As shown before, these holes are 
mobile. Fig. 3 shows a crystal of germanium which has 
been doped with indium. When the germanium atom is 
replaced with indium, the electron sharing is not complete. 
These electron vacancies act as acceptor energy levels. 
Electrons from the valence band rise to these empty ac
ceptor levels. This creates "holes" in the valence band. 
Once a crystal has been constructed from the individual 
atoms, it is impossible to assign any electron to a certain 
atom. All that can be said is that there exist in the crystal, 
electron vacancies or "holes." Conduction in this manner 
is by the holes which are treated as positive charges. Semi
conductors which are doped in this way are called "p" 
type. At high temperatures, the acceptor levels all contain 
electrons and valence electrons rise directly to the ·con
duction band. Both electrons and holes will then be cur
rent carriers. The current flow increases and the crystal 
structure will be destroyed. 

Unwanted impurities and crystal defects act as traps for 
the moving current carriers. Displaced acceptor levels near 
the conduction band and donor levels near the valence 
band will remove carriers from the current flow. Electrons 
in the conduction band will be trapped by acceptor levels 
and electrons from donor levels will fill holes in the val
ence band. Boron, an impurity that is hard to remove from 
silicon, is a group three element. The holes created by 
boron atoms in "n" type silicon crystals will trap moving 
electrons. 

No semiconductor device should be exposed to radia
tion. Hard radiation destroys the perfect diamond crystal 
lattice and will create electron and "hole" traps in the 
crystal structure. Such exposure will destroy or change 
the device. The University of Minnesota's balloon project 
used transistor circuits in some of their balloon instru
ments. During flight, amplifiers were damaged by cosmic 
radiation. Data on these flights were invalid because there 
was no way to tell when the change occurred. 

(Continued on Page 46) 
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by GlENN DAMEREll 

Y THE YEAR 1870, the importance of gold and silver 
deposits in the mountainous areas of Colorado had 
begun to stream into the ravines and gulches of the 

:Front Range ever since the discovery of gold in 1859 near 
Pikes Peak. 

Boom towns sprang up over-n'ight. Clapboard and 
shingle dwellings, for the most part, were hurriedly con
structed and these were occupied by a particularly adven
turous brand of Americans. The "Law West of Denver" 
became a mere joke as boisterous prospectors literally 
fought to the finish over a mining claim. 

Ore·-mining and processing quickly developed into a 
heavy industry~" As such, however, it was severely handi
capped by lack of adequate transportation from mine to 
mill. As late as 1860, only a thin network of stage roads 
existed in the more accessible reaches of the Rocky 11oun
tains. Moreover, many of these were toll roads and were 
well-nigh impassable during the winter months. 

Forward-thinking industrialists and businessmen in the 
foothill cities of Denver and Pueblo had watched eagerly 
as prosperity spread across the Great Plains with the com
ing of the railroads. "Why not extend the railroads into 
the mountains," they reasoned, "and reap some of the 
benefits of dependable all-weather transportation?" Now, 
railroads are expensive to build and expensive to operate, 
and in mountainous terrain the costs are multiplied many 
times. But why not build a railway with smaller all-around 
proportions; identical in characteristics with its standard
size brothers, to be sure, but with smaller equipment and 
a narrower track gauge? These smaller trains could be 
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made to climb steeper hills and go around sharper curves 
while yet serving the original transportation function for 
which they were intended. The savings in construction 
costs were estimated at about 50%. Thus the narrow-gauge 
idea was born. 

The track gauge finally decided upon was 3'-0" between 
rail centers. This was some 20Y2" less than the usual gauge 
for standard "flat-land" systems. Railroad companies were 
quickly formed and they stretched their thin lines of 
steel westward from the terminal cities of Denver and 
Pueblo in quest of the lucrative mines. Towns and ham
lets in the mountains vied with each other for a location 
on the route, for the railroads brought with them a new 
kind of permanency and solidarity frequently lacking. In 
fact, instances are recorded in which whole towns have 
moved -lock, stock and barrel; (often for a considerable 
distance) just to be located on a rail line. With the com
ing of the trains, rnany towns assumed a more peaceable 
atmosphere. Others, however, did not. Some of the blood
iest gun battles in the annals of the old west were fought 
between mounted desperadoes and deputies in the ambling 
narrow gauge trains. 

Prosperity continued high during the 1880's and 1890's. 
Silver and gold mining became fabulously profitable 
thanks to the railroads and these companies, too, shared 
in the profit. 

Foremost among the founders of the narrow-gauge em
pire was General William Jackson Palmer, founder of the 
fabled and far-flung Denver & Rio Grande System. Palmer 
was an engineer and a financier extraordinary, a most 
remarkable man. Almost single-handedly, he pushed the 
main line of the Rio Grande from Pueblo all the way to 
Salt Lake City. This line was indeed an engineering mas
terpiece. The route was fairly easy from Pueblo up the 
Arkansas Valley, through the Royal Gorge, and on to 
Salida. From there the line turned abruptly west and 
challenged the massive ramparts of the Collegiate Range 
and the Continental Divide. For thirty-two miles the line 
pushed steadily upward around spine-tingling curves and 
4% grades until, at an altitude of 10,156 feet, the summit 
of Marshall Pass was reached. Palmer surveyed much of 
the trackwork himself, and the ascent of the pass was ac
complished with surprisingly few trestles and no tunnels 
whatsoever! From Marshall Pass the route descended to 
the fertile sheep-raising country around Gunnison and 
thence thru the weird and grotesque Black Canyon on to 
Montrose and Grand Junction. From here westward, the 
route was again fairly easy across the ariel plateaus to 
Salt Lake. 

Many feeder lines were built to supplement this main 
artery. One of the better-known of these was undertaken 
by Otto Mears who had operated a stage road from Mont
rose south to Durango and the San Juan country. This 
rail line was incorporated in 1888 and construction was 
started immediately from both ends of the line. However, 
when the two ends were only eight miles apart, the topog
raphy became so difficult that completion was virtually 
impossible. Undaunted, Otto l\lears built an alternate 
route more than 260 miles long just to bypass those last 
eight miles! This latter line developed into the Rio Grande 
Southern and remained until the very end one of the most 
scenic lines in Colorado. 

The rock strata in the San Juan country is a geologist's 
paradise; huge outcroppings and irregularities appear in 
a most random fashion. For this reason, many high, spidery 
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trestles were necessary on the railroad. These were con
structed principally of wood and were subject to frequent 
destruction by fire. Many old enginemen around Durango 
relate tales of near-disaster as they brought their diminu
tive iron steeds to a shuddering halt just short of a smolder
ing brink. 

The southern end of the original Otto Mears railroad 
was subsequently taken over by the Denver & Rio Grande 
interests when their system reached Durango from the 
east via Cumbres Pass. This line traverses the beautiful 
Canyon of Lost Souls and at one point the rails are located 
on a spectacular high rock shelf 800 feet above the river 
below. This canyon was so named because a party of 
Spanish explorers lost their lives trying to explore the 
region in the 17th century. Legend persists that during 
certain seasons of the year their screams can still be heard 
in the river far below. 

One of the earliest narrow-gauge ventures was con
structed southwest from Denver in the late 1870's into the 
beautiful Platte Canyon. Not conceived as an eventual 
link in a transcontinental network, the Denver, South 
Park, & Pacific, as it was first known, was primarily con
cerned with reaching the mining camps of Leadville, Fair
play and Gunnison. 

The line followed the gentle grassy Platte Canyon all 
the way to its headwaters near Kenosha and then ascended 
to the rim of the South Park. From this northern rim can 
be seen nearly the whole expanse of the South Park
broad mountain meadowlands surrounded by snow-capped 
ranges, an area large enough to swallow New Jersey. The 
railroad descended on a long spiral into the Park and 
reached Como, which, in its hey-day, was a bustling rail
road division point. 

Here the line branched; one leg going west across Boreas 
Pass to Leadville, the other continuing south and west to 
cross the southern rim of the South Park at Trout Creek 
Pass and to continue ultimately on to the Gunnison coun
try across the most dreaded and formidable of all mountain 
passes- Alpine Pass. 

The Denver, South Park, & Pacific and the Denver & 
Rio Grande were arch rivals- both desired a line into the 
rich Gunnison area. The Rio Grande, having arrived first, 
had chosen J\llarshall Pass, the easier of the two passes; and 
the South Park was left with Alpine, across which many 
surveyors claimed a railroad could never be built. How
ever, a railroad was built, and by 1890 Gunnison boasted 
two railroads. 

The South Park's line across the continental divide at 
Alpine Pass was the most spectacular narrow-gauge rail
road ever built in Colorado. Its torturous curves and back
breaking grades were barely negotiable even by the most 
powerful engines of the day. The grade on both sides 
approached nearly 7 percent, considered to be the maxi
mum for an adhesion railroad. Sherrod Curve was located 
ncar the summit on the east side and was constructed 
partly on a trestle over-hanging nearly a thousand feet of 
nothing. The final assault on the pass was made by a 
curved tunnel, at an altitude of about 12,000 feet, under 
the topmost ridge. 

Train operation on this portion consisted of one pas
senger train a day each way, and one or two freight trains. 
N onnal procedure allowed each engine only 3 or 4 cars 
and trains longer than 8 or 1 0 cars were rarely run be
cause of the possibility of literally pulling the train right 
off the track on the sharp curves. 
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RAILROADING 
This tiny railroad which flirted with the douds had 

changed hands twice by 1900 and was now known as the 
Colorado & Southern Ry., a subsidiary of the present Bur
lington Route. Prior to this, it had been operated by the 
Denver, Leadville & Gunnison Ry. 

Winter in the high country was especially cruel, and 
frequently the line was choked off with snow for months 
on end. The spring thaw brought additional headaches, 
frequently in the form of flash floods which swept both 
track and train to destruction. 

The snows were especially heavy during the winter of 
1910 and the spring soon followed with a warm, rainy 
season. 

This situation was more than the railroad could bear; 
the normally placid Cottonwood Creek on the east side 
was transformed over-night into a seething torrent, and 
conditions were just as bad op the west side. When the 
damage was finally assessed, it was found that nearly 
half the track had been destroyed; some tangled bits of 
rails and ties were found dear down in the Arkansas Val
ley! 

Shortly thereafter, it was decided to abandon the entire 
line from Gunnison as far back as Como. This was signifi
cant, for it represented the first abandonment of a narrow
gauge line in Colorado. The Alpine route had never lived 
up to the hopes of its builders anyway, for the neighbor
ing Rio Grande carried the lion's share of the Gunnison 
traffic. Thus the first line succumbed to the brooding 
altitudes and the inexhaustible forces of nature. 

The diminutive trains with their red enameled coaches 
and brightly polished engines ran over Alpine Pass for a 
brief span of only twenty years, scarcely a generation. But 
in the hearts of those who remember the trains; those who 
remember the sound and smell of tortured steel as they 
descended slowly with brake shoes glowing cherry red, 
those who remember the mingled odor of pine and kero
sene smoke, those who still faintly remember the rever
berating thunder of the exhaust as the engines struggled 
valiantly up past Hancock, Romley, Sherrod, and finally 
into the tunnel, in the hearts of those fortunate few the 
trains will run forever. 

So complete was the destruction wreaked by the 1910 
flood that the upper portions of the line in the pass itself 
were never salvaged. The rail still lies spiked to the ties 
just as it did in 1910, after nearly fifty years of disuse. The 
wooden station on the west side of the tunnel has collapsed 
in a jumbled mass of kindling and the tunnel itself is 
shrouded in perpetual ice both summer and winter. It is 
understandable why the rail was never reclaimed, as it 
took the writer and party nearly three hours to hike to the 
sunllllit on foot after leaving a jeep several miles down the 
slope. 

After the Panic of 1907, the handwriting was on the wall 
for most of the narrow-gauge lines in Colorado. The de
monitization of silver in '93 caused many of the marginal 
mines to close down with resulting loss of traffic. Also, auto
mobiles began to be improved, and many more roads were 
built, often right on the grades of abandoned railroads. 

The giant Rio Grande System began to snip off its more 
unfruitful branches. Passenger trains were run more in
frequently and many lines were relegated to a freight
only status. Then the narrow-gauge was dealt its greatest 
blow; the mountains were being penetrated by standard-
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gauge lines. Indeed, the Rio Grande itself had soon com
pleted its own standard-gauge line from Pueblo to Salt 
Lake via a longer (and much easier) route over Tennessee 
Pass. }"'rom this day on the original line over Marshall Pass 
which had caused such a furor in the 1890's became a 
thing of the past. In 1934: a standard-gauge line was com
pleted between Denver and Salt Lake via the Moffat Tun
nel. The savings in intercharge costs between gauges at 
Denver and Pueblo were enormous. Trains carrying thru 
cars from New York City soon rolled over Tennessee Pass. 

Never was a pattern more clearly defined. Abandon
ments continued piece-meal until today only 3 lines are 
left. The great stone round-house at Como in the South 
Park stands gaunt and naked; the turn-table pit has caved 
in and doors and window frames are non-existent. The 
town died in 1930 when the railroad stopped running. A 
mere handful of older folk remain to inhabit the proud 
city of Como. But out in the hills you can still see the 
old grade where the "steamcars" once ran. Memories wist
fully return to the Golden Years when Leadville was young 
and the trains ran day and night. 

The Marshall Pass line from Salida to the Gunnison 
area finally went in 1954 and the rails were removed in 
1955. This was the last remaining segment of the original 
Rio Grande main line. 

Today there are approximately 200 miles of narrow
gauge railroad left in southern Colorado. The longest line 
extends westward from Alamosa via the Continental Di
vide and Cumbres Pass to the quaint old town of Durango. 
This line is operated most of the year with one freight 
train each way every other day. Durango has successfully 
resisted most of the changes of the modern day, and the 
true atmosphere of the Old West is preserved here to a 
remarkable degree. 

From Durango one branch extends in a southwesterly 
direction through the desert to Farmington, N. J\II.; a dis
tance of about 20 miles. The other branch heads north 
from Durango to Silverton and is the original Otto J\IIears 
line through the Lost Canyon described earlier. 

The latter is the most interesting of the three and is the 
only branch on which a narrow-gauge passenger train is 
still run. This little train is indeed a sight to behold as it 
blasts its way up the canyon under a towering column of 
coal smoke. Business on the Silverton line has been in
creas£ng over the past several years, surprisingly enough. 
The great increase in popularity began in 1953, when the 
Paramount Studios undertook to film a full-length color 
feature about the line called "Ticket to Tomahawk". 
Shortly thereafter, historians and railroad fans from all 
over the United States began streaming into Durango to 
ride the little train. Since then, two more pictures have 
been released: "Denver & Rio Grande" in 1956, and "Night 
Passage" in 1958. The passenger traffic on the Silverton 
line has now progressed to such a degree that the narrow
gauge train now earns a higher net profit than the road's 
plush transcontinental streamliner, the California Zephyr. 

Over a span of 70 years, the narrow-gauge empires of 
Colorado have risen and fallen. Probably no other single 
device created by man lent such sparkle and color to a 
golden age. Now they are all gone but one. The Silverton 
train is more than a mere tourist attraction; it is the last 
remaining vestige of a free and easy era. 

L.R. 
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Pushing bacl~ the frontiers~$® in che~nistry 

Exploring new frontiers is still a pretty excit
ing business, especially in the great scientific 
and research centers like the Whiting Labora
tories of Standard Oil Company. Here men 
like Dr. Omar Juveland are engaged in impor
tant exploratory work such as the search for 
new and improved catalysts for use in high 
polymer chemistry. In the photograph, Dr. 
Juveland is recording data on a polymerization 
process taking place in this research area. 

Dr. Juveland is one of the group of young 
scientists in Standard's Hydrocarbon and 
Chemicals Research Division. Born in Lake 

Mills, Iowa, he did his graduate work in or
ganic chemistry at the University of Chicago. 
He received his BS in chemistry from St. Olaf 
College, Northfield, Minnesota, in 1950. He 
is a member of Phi Beta Kappa, Sigma Xi, 
and the American Chemical Society. 

Busy young men like Dr. Juveland have 
found opportunity and work to their liking in 
the Standard Oil Laboratories at Whiting, 
Indiana. They share in the progress and ac
complishment which contribute so much to 
the technical advancement and improvement 
required by America's expanding economy. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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Education is the springboard for 
your future. Couple it with the 
proper engineering experience, such 
as you receive at Garrett, and you 
have the ingredients for a successful 
career in engineering fields which 
will he expanding for years. 

At Garrett, specific opportunities 
in aircraft, missile and technological 
fields include: system electronics; 
computers and flight instruments; 
gas turbine engines and turbine 

r II 
li 

In the field of cryogenics, where temperatures approach absolute zero, 
design problems multiply. Garrett mechanical, chemical and metal
lurgical engineers worked together to produce this fan which rotates 
at 10,000 rpm at -420°F ... without lubrication! 

motors; prime engine development; 
cryogenic and nuclear systems; 
pneumatic valves; servo control units 
and air motors; industrial turbo
chargers; air conditioning and pres
surization and heat transfer. 

In addition to direct assignments, 
a 9-month orientation program is 
available to aid you in selecting your 
field of interest. This permits you to 
s u r v e y p r o j e c t, l abo rat or y an d 
administrative aspects of engineer-

ing at Garrett. With company finan
cial assistance you can continue your 
education at outstanding universities 
located nearby. 

Project work is conducted by 
small groups where the effort of each 
individual is more quickly recog
nized and where opportunities for 
learning and advancement are 
greatly enhanced. For complete 
information, write to Mr. G. D. 
Bradley. 

THE CORPORATION 

9851 S. SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 

DIVISIONS: A/RESEARCH MANUFACTURING, LOS ANGELES o A/RESEARCH MANUFACTURING, PHOENIX o AIRSUPPLY 

A/RESEARCH INDUSTRIAL o REX 1111 AERO ENGINEERING e AIR CRUISERS o A/RESEARCH AVIATION SERVICE 
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ploration of the oon 

MOON A·= 55 x 108c.m or 34,175 mi. 
B= 196.43 x 109 c.m or 122,056 mi. 

The expedition to the Moon originates on a 
space platform circling the Earth. The first 
stage of the mission is an 'Around the Moon 
flight/ During this fli , possible landing 
areas will be observed and photographs will 
be made of the opposite side of the Moon .. 
Since the Moon makes one revolution for 
every rotation, this will be the first observa .. 
tion of the other side of the Moon. 

s THE SHIPS travel with the station in the orbit they 
wait until the moon requires just as many seconds to 
reach the line of perigee as the out-bound trip will 

take. Then, when they are at the point, 34° to the line of 
departure, they start the power flight and after they have 
traveled 124°, they cut-off their power and "fall" all the 
way to the moon. This gain in speed has sent them into an 
elliptic path that will be predetermined by an electronic 
brain. 

As they reach the point where the earth's gravity exactly 
equals the moon's they stop losing speed and start gain-
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ing. As they near the moon their speed increases as the 
square of the distance to the moon. 

During the first 30 minutes of flight, the ships lose 70% 
of their total weight due to consumption of propellants. 
When the fuel tanks are empty, they are jettisoned off into 
space to get rid of the excess weight for the landing opera
tion on the moon. 

Each rocket will resemble two hour-glasses inside a steel 
framework. The cargo ship will have a tube through the 
center about the size of a silo. Each ship will be 160 ft. 
tall and have a 110 ft. base. E::t·ch will have at its base a 
battery of thirty rocket motors with a thrust of 13.56 tons 
each, or a combined thrust of 407 tons. 

The cargo space of the cargo ship is built vertically with 
floors and partitions to separate each load. vVhen the ships 
land on the moon the cargo ship will be dismantled and 
set up as a quonset hut type of house which will be the 
headquarters of all operations on the moon. Since the 
buildings must be air-tight, the floors will be built as parti
tions and the vertical partitions win be built as walls and 
floors. 

Each of the three ships has a personnel sphere located 
at the top of each rocket. In this all the scientists, techni
cians, and astronomers will ride. These spheres are smaller 
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MOON. 
(Continued from Page 30) 

than the fuel tanks (about 30ft. in diameter) but will carry 
enough equipment for a five week stay on the moon. 

The personnel spheres have astrodomes (canopies) on 
the top and side. In the large one at the top, there will be 
a huge telescope of about 30 inches, attached to a chair 
that rolls back and forth to change the scope's angle of 
elevation and turns on a revolving turret to change its 
peripheral view. An astronomer sits in the chair and just 
pushes a button for electrical rotation of the assembly to 
any desired position. This teles·cope will be fitted with 
binocular eyepieces so that the observer can see everything 
in three dimensions. The scope, along with all its instru
ments, gages, and controls, is located on the fifth floor of 
the sphere. 

On the fourth floor is the side astrodome. The smaller 
one is fitted with an electric space sextant and a small 
telescope. There is a table in the center with a map roller 
so the navigator can plot the course to report on the path 
of flight. Instead of standing next to the table the men lie 
on contour beds suspended from vertical posts so that they 
may swing themselves out over the maps. Since there is no 
gravity, it takes relatively light metals for support. For the 
same reason, everything must be secured to the chassis or 
magnetically attached to something stable. When sleeping, 
the men must wear'foam-rubber collars and belts attached 
to their beds so that they don't float around. 

The third floor has beds and cooking appliances. These 
appliances use electronics instead of gas to save oxygen. 
The second floor is encircled with compartments for space 
suits. On the first floor is all the machinery for converting 
solar energy. Below the first floor is the air-lock chamber 
for the men to get in and out. This is a double air-lock 
to prevent as much air loss as possible. 

Below the sphere are four fuel tanks, each 33.2 ft. in 
diameter, weighing four lbs. per square yard, carrying 
580,000 gals. or 3136 tons of propellants. All their fuel is 
consumed in 31.1 seconds or 2,860 ~bs. per second. Since 
the cargo ship has to make only the one-way trip, it car
ries four more fuel tanks containing 162,000 gals. (in 
cylindrical tanks). The other ships must carry an equal 
amount for the return trip. · 

Each ship will carry 2.8 lbs. per man per day of oxygen, 
4.4 lbs. per man per day of water, and 2.65 lbs. per man 
per day of food. The two passenger ships will carry 20 men 
each and the cargo ship, ten. The cargo ship will not re
turn so the passenger ships will ·Carry 25 men on the way 
back. Both ships will be equipped to handle 50 men in case 
of an emergency. The path of return to the space station 
is exactly opposite to the path of the trip to the moon. 

The taking off of the ships is simple~ The captains will 
have at their disposal, several magnetic tapes that they 
can insert into their automatic pilots which will completely 
guide the ships all the way to the moon. If at any time, 
the navigator dis·covers that they are off course, he need 
only select a tape to correct their defect.. These tapes will 
have been prepared beforehand by an electronic brain. 
These brains have decided where each of the ships should 
be at thousands of time intervals during the trip. Only a 
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machine could be trusted to do the job and time every
thing with safety. 

At 550 miles above the moon's surface, the rockets begin 
firing. At the same instant gravity returns and everything 
that is not tied down and is floating around will fall to the 
floor. The ten minutes of descent will be very tense. In
struments above the captain's head indicate the altitude 
and rate of descent. These values are fed to a device which 
changes the thrust of the rockets by ·controlling the rpm's 
of the turbo-pumps feeding fuel to the rocket motors. This 
device sees to it that the altitude and rate of descent be
come zero at the same time; meaning that the ships will 
set down with the smoothness of a helicopter. 

The broad round shoe of the ship's telescopic landing 
leg hits the ground. H it strikes too hard, a mechanism 
inside it automatically calls upon the rockets for more 
thrust to cushion the blow. 

The ship will balance briefly on this central leg. Then 
the four outrigger legs slide down to help support the 
weight. Each of these is equipped with a pump feeding 
hydraulic oil into its extension cylinder. All four of the 
pumps are controlled by,. the ship's gyroscopes, which by 
now are lined up with tlie moon's surface. In this manner, 
the legs are stretched out no matter what resistance the 
soil may offer until the ship settles in an exactly vertical 
position. 

The ships arrive at the beginning of the lunar day 
which lasts for two weeks. The men enter the air-lock in 
threes, after having put on space suits. The engineers im
mediately start lowering the men and on the ·cargo ship 
they start unloading men and supplies. The cargo ship 
will be dismantled and set up as a quonset hut for housing 
and one for a laboratory. 

Although the space suits are cumbersome, the men feel 
light because the gravity on the moon is about one-sixth 
of that on earth; a 180 lb. man on earth would weigh 
about 30 lbs. on the moon. The first equipment to be 
lowered will be the surface vehicles; tank-like cars, 20 ft. 
long, equipped with caterpillar treads. 

The tank's power plant will be designed to operate in 
any atmosphere. The power plant will be located between 
the tracks and above it will be a pressurized chamber for 
the men to ride in. The cabin will have two large port
holes for the driver and several along the side for pas
sengers. It carries two-way radio equipment, radar for 
measuring distances and depths, and a twelve hour supply 
of oxygen, food, water, and fuel. 

These caterpillar crews go off to find a crevice where 
they can set up a camp. This camp will have to be at the 
bottom of a 100 to 120 ft. crevice. The two sections of the 
cargo ship will be set up at the proposed site and trans
ported to the camp. After all the gear is assembled, they 
will decide which predetermined operation to put into 
action. All operations will start from this point. 

In the living quarters building the men will eat, sleep, 
and generally live except when they are doing their specific 
jobs. As soon as the huts are assembled, the electricity, 
water, sewage, and air-conditioning installations will be 
connected up and a power unit from the cargo ship will be 
brought over and set up on the rim of the crevice to pro
vide power for the two buildings. Each of the two build
ings will have its own water recovery, air-conditioning, 
and oxygen systems. 
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In the laboratory all materials will be chemically ana
lyzed for discoveries as to whether the moon is different 
from the earth in that it has other atoms. The physicists 
will check the composition of the moon by using an in
strument called the mass spectrograph. At the far side of 
the room will be a physical laboratory to determine 
whether the moon has any sort of atmosphere or not. Ma
terials will be tested for magnetic qualities, radioactivity, 
etc. The laboratory will have a projection room to study 
all the hundreds of pictures taken to see if anything new 
has been discovered. 

One-fourth of each building will be for entering and 
leaving. These rooms are equipped with space suit and 
pressure pumps. To get in and out, the men will have to 
crawl into the air-lock, wait for the chamber to fill and 
then open the door overhead. The outer hatch will have 
a spring on it so that it will automatically shut. An air
tight pipe will connect the two huts and in case of an 
emergency, it can carry either water or air from one to 
the other. The living quarters won't be just like home, but 
there will be as many if not more comforts. One section 
will contain nothing but beds and bedding. This part will 
have around twenty beds and enough bedding for the five
week stay. In the next section there will be a kitchen. All 
the equipment will be electronic to spare oxygen. Above 
the kitchen will be the store-room with a dumb-waiter for 
lowering the food down to the cook. The table-bench 
units can be raised to the ceiling when not in use. Against 
the opposite wall of this section are washing machines, 
hot-air drying rooms, and shower closets. 

The moon's temperature will have to be taken-this will 
not be easy. The moon's temperature varies from place to 
place and even during the day in the blazing sun, a few 
inches under the surface, the temperature is far below 
that of the actual surface. The reason for this is that the 
moon is ·covered by a thin layer of insulating dust. Or
dinary thermometers will be useless because they will ab
sorb the radiation from everything around them. For 
accurate work they will use many sensitive devices such as 
the radio thermometer, the only type that is accurate 
enough, and the bolometer, a device used to measure small 
quantities of heat. On the moon's surface at noon, temper
atures only a few inches apart might be different due to 
the differences in depth of the insulating dust layer. 

We have determined very much about the earth's com
position by tracing earth-quake waves. On the moon, 
quakes aren't expected except at rare intervals, but if there 
are none, we will be ready to make our own. Using small 
dynamite charges attached to small rockets, they will set 
off small quakes at distant places to be recorded on deli
cate seismographs. By placing these at strategic points they 
can tell whether the moon has a solid, liquid, or gas center. 
By using the seismograph they will be able to tell just 
how well the lunar surface carries the shock of the explo
sions. These moon-quakes will be valuable in locating 
mineral deposits. 

They will use highly sensitive gravitometers to check 
gravitational intensity. These delicate instruments will de
tect gravitational increases as they move from place to 
place. For example, if a vein of heavy minerals increases 
the pull in a certain area, the gravitometer will instantly 
record this. 

Television transmission from the moon can be accom
plished with the power available, But when pictures have 
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to be in fine detail, they will use a radio photograph sys
tem. 

Throughout the five-week stay on the moon, a special 
panel of scientific experts will be in ·constant session on the 
earth. The panels will include selected specia.lists from the 
fields of astronomy, astrophysics, geophysics, mineralogy, 
geology and medicine. They will follow every move by 
radio and telephoto, keeping careful track of the findings 
and difficulties. 

At the end of each day, upon receipt of the team re
ports, the scientific group leaders on the moon will talk 
with the panel on the earth. In this way, almost every 
branch of science can take advantage of the exploration. 

During the first two weeks, the men will eat and sleep 
in shifts to keep up the research and use as much as pos
sible of the two-week-long lunar day. During the second 
two weeks, the research teams will do all their work under 
the light of the earth and from powerful search lights 
mounted on the tanks. 

During the first night, the earth will be almost always 
visible. It will appear about 60 times as bright as the moon 
does now. 

The photographic department will be the busiest. Be
sides the many ordinary pictures, there will be thousands 
of feet of 35mm film that must be processed and stored. 
Also there will be large cameras to shoot extreme pano
ramic details of distant objects. One of these cameras will 
be equipped to use infrared film. 

One of the most important jobs will now be almost 
done; the setting up of an unmanned station on the moon. 
This station will be automatic in every detail because they 
won't leave someone behind just to run it. These robots 
will be no larger than office desks and will be run by the 
same solar mirror that powered the units during the stay 
on the moon. These instruments will send back to the 
space station all the data they can pick up and the station 
in turn will send the material back to the earth. 

The day before take-off all the specimens will be brought 
aboard. At the same time the air-locks of the laboratory 
and living quarters will be opened and the perfect vacuum 
of space will preserve the ·cargo ship and exploration equip
ment. 

All instruments will be checked and rechecked just be
fore the ships leave. As soon as all the men and material 
are loaded on, the expedition will be approaching the 
point of take-off. 

The captain of each ship will select the proper magnetic 
tape to insert into the automatic pilot and the maneuver 
will be under way. 

R.G.H. 

A newly married engineer was taking his young wife out 
walking one afternoon when a pretty girl smiled and bowed 
to him. 

Wife: "Who's the lady, dear?" 

Engineer: "Oh, just a girl I've met professionally once or 
twice." 

Wife: "No doubt, but whose profession- yours or hers?" 
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A 432-page picture album of campus life. A book broken down into sec

tions which represent every college within the University, but a section which 

should be of especial interest to IT students is the large spread with many 

pictures of your own particular college. 

Don't wait until the last moment, stop in at the Gopher office and reserve 

your copy soon. 

I ur h II 
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LIBERAL E PLOYEE BE EFIT PROGRA AT DU PO T 
INCLUDES I SURA CE, SAVINGS A 0 STOCK PL NS 

WHAT'S YOUR LINE? 
DU PONT NEEDS ALL 
KINDS OF ENGINEERS 
DuPont has always needed chem
ists and chemical engineers, and 
still does. But today, there's critical 
need for engineers in almost every 
other field- civil, mechanical, elec
trical, instrumental and industrial 
engineering, to name a few. 

Expansion is the major reason. 
In 1957, for example, sales at 
DuPont were nearly two billion 
dollars. Four new plants were being 
built. New research programs were 
being launched. New products were 
moving into the production and 
marketing stages. Engineers and 
scientists of all kinds work in 75 
DuPont plants and 98 laboratories 
in 26 s~ates, All of this tends to 
broaden opportunities for the young 
scientist and engineer at DuPont. 

If you're interested in finding 
full scope for your ability, and this 
includes a great many special fields, 
DuPont offers you plenty of oppor
tunity to move ahead. 

SEND FOR INFORMATION BOOKLET 
ON JOB OPPORTUNITIES AT DUPONT 
Booklets on jobs at Du Pont are yours 
for the asking. Subjects covered in
dude: mechanical, civil, metallurgical, 
chemical, electrical, instrumentation 
and industrial engineers; atomic en
ergy, technical sales, business adminis
tration, research and development. 
Name the subject that interests you in 
a letter to DuPont, 2494-F Nemours 
Building, Wilmington 98, Del. 
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r----------------, 
I 

PERS NALIZED 
TRAINING 

by 
C. M. Forbes 

DuPont 
Representative 

When you join DuPont as a 
scientist or engineer, you're 
given an actual project assign
ment almost at once and begin 
to learn your job by doing it. 
That's the essence of our train
ing philosophy at DuPont. 

Our objective is to give you 
responsibility at the outset and 
qualify you quickly for more, 
because the more we grow, the 
more we need trained leaders. 

Although there is no one 
training program at DuPont 
(each of our many depart
ments runs its own), all have 
several basic features in com
mon. All are personalized
tailored to the new man's back
ground and interests. All in
volve close supervision on an 
informal, day-to-day basis. 
And all permit periodic evalu
ation of the new man. 

This flexible system helps 
the new man to move ahead 
according to his abilities. He 
gets to know DuPont and his 
job quickly. He gets a head
start on future responsibility. 

You probably have questions 
about this program and how 
you'd fit into it. I'll be glad to 
try to answer them when I visit 
your campus. Why not sign 
up for a DuPont interview at 
your placement office now? 

L----------------~ 

Means More Security, 
Greater Real Income 
To Young Graduates 
Du Pont believes that the employee 
builds his own job security by the 
way he does his work, by his contri
butions to the progress of the Com
pany and by his readiness to accept 
responsibility. 

But DuPont meets the employee 
more than halfway with a program 
of benefits designed to help him as 
he advances. 

Your employee benefits go to work 
the day you join the Company. They 
grow and build equity for you as the 
years go by. Vacations, life insurance, 
group hospital and surgical coverage, 
accident and health insurance, pen
sion and bonus plans are all part of 
the program. 

Let's look at a special example, the 
Thrift Plan. You become eligible for 
it after one year with the Company. 
For each dollar you invest in U. S. 
Savings Bonds, the Company contrib
utes twenty-five cents toward the pur
chase of Du Pont common stock in 
your name. Roughly 65 per cent of 
the Company's 90,000 employees are 
now participating in the plan. 

When you're deciding on a career, 
security is only one consideration. 
But it's an important one to you and 
your family. At Du Pont, security is 
a bright part of the future awaiting 
the college graduate. 

* * * 
More than 700 of the some 1100 
degree-granting colleges and universi
ties in the U. S. are represented at 
DuPont. Of these 700, more than half 
are the smaller liberal arts collegeS. 
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Vacuum melting has opened up new horizons for development 
of alloys. Here, a Pratt & Whitney Aircraft metallurgist is 
shown as he supervises preparation ·Of an experimental high
strength nickel-base alloy, melted and cast under high vacuum. 

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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hitney ir raft 
in th fiel f at rials 
The development of more advanced, 
far more powerful aircraft engines 
depends to a high degree on the de· 
velopment of new and improved 
rna terials 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. 

Pratt & Whitney Aircraft operates a 
completely self-contained engineering fa
cility in East Hartford, Connecticut, and 
is now building a similar facility in Palm 
Beach County, Florida. For further in
formation about engineering careers at 
Pratt & Whitney Aircraft, write to Mr. 
F. W. Powers, Engineering Department. 

& HITNEY AIRCRA 
Division of United Aircraft Corporation 

EAST HARTFORD 8, CONNECTICUT 
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ho e the Business? 
If you passed this junction next 
Sunday, looking for a likely stop
ping place, which advertiser would 
get your business? 

A toss-up? Yes, probably. 

Maybe you feel the same way, 
too, about the printed advertising 
that bombards you daily. 

But how about your printed ad
vertising? Does it win your pros
pect's attention, move him to single 
out your producG 

* * * In today's competitive markets, 
your advertising's influence on sales 

depends more than ever on print
ing that faithfully reproduces every 
pictorial detail. Faithful reproduc
tion is a mechanical thing, and a 
means to an end: more sales. 

Who gets the business? Jones 
Press is interested in seeing that 
you get the business. You'll like 
Jones Press! 

JONES r PRIESS 
!FIFTH & IFBFTH SOUTH $ MINNEAPOLIS 
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about the future .... 

AT DOUGLASs YOUR 

ASSIGNMENTS HAVE 

THE SCOPE THAT LETS 

YOU PROGRESS AT 

YOUR OWN PACE! 

Going around in circles? Chances are you're 
wondering what your future holds. At Douglas, longG 

range projects of tremendous scope assure 
a constant variety of assignments ... and the opportunity 

to expand your responsibilities. Douglas is headed 
by engineers who believe that promotion must come 

from within. They'll stimulate you to build a 
rewarding future in your field. 

For important career opportunities, write: 
C. C. l.a.VENE 
DOUGLAS AIRCRAFT COMPANY, BOX 6102-K 
SANTA MONICA, CALIFORNIA 

I 

FURST UN AVMATWON 
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"For Adults Only" 

"Do you know the difference between a popular girl and an 
unpopular one?" 

"Yes and No." 

Said Moe to Joe: "She criticized my apartment, so I knocked 
her flat." 

Two fellows were strolling across the campus. The tower bells 
were ringing. 

"Beautiful, aren't they?" remarked the student. 

"Pardon?" inquired the guest. 

"I soy, they're beautiful, aren't they?" 

"I'm sorry," roared the guest, "but I can't hear a word for 
those damned chimes." 

And then there was the guy who had a hobby of collecting 
stones and putting them in his bathroom. He had rocks in his 
head. 

"Mom, do you know how to get the cubic contents of a barrel?" 

"No, ask your father. He was a fraternity man." 

We know one co-ed who was cured of that cute little habit of 
coyly injecting on "r" sound into each word. 

Mole (over phone): "Hello, cutie." 

Co-ed: "Why, Phillurp, when did you get back?" 

Male: "Just a while ago. Soy, how about a date tonight, kid? 
What ore you doing?" 

Co-ed (coyly): "Nurthin'." 

Male: "Gosh, excuse me. I didn't know." 

"Darling," he breathed, "after loving you I doubt if I'll ever 
be able to get over you- so would you mind answering the 
phone?" 

You've heard "Allegheny Moon" now how about "Stalin
grad Sputnik." 
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Then there was the case of the young army doctor in the South 
Pacific who had diagnosed the ailment of a sergeant, but 
knowing he could do little with his limited facilities wired the 
base hospital: "Have a 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 any
thing." 

Frosh: "What do you do around here all day?" 

Wise Seni.or: "Hunt and drink." 

Frosh: "What do you hunt?" 

Wise Senior: "Drink." 

The liner had just sunk and one of the lifeboats was filled 
beyond capacity. The captain gravely announced the fact and 
jumped overboard himself. Another passenger got up, said 
"Vive Ia France," and jumped. A third said "God save the 
queen/' and repeated the deed. At that a burly Texan got 
slowly to his feet, exclaimed "Remember the Alamo," and 
threw a Mexican overboard. 

Little Willie wrote on the blackboard: "Willie is a passionate 
devil." 

The teacher was disturbed and made him stay after school. 
When Willie got out of school that night his friends swarmed all 
over him to hear what punishment he'd received from the 
teacher. 

"I ain't saying nothin'," Willie said," 'cept that it sure pays to 
advertise!" 

"Mr. Jones, I'm afraid your son is spoiled." 

"He is not, Mr. Smith, and I resent your saying such a thing." 

"Well, have it your own way, but come and see what the steam 
roller did to him." 

A customer sat down at a table in a smart restaurant and tied 
a napkin around his neck. The manager called the waiter and 
said, "Try to make that man understand as tactfully as possible 
that that's not done here." 

The waiter approached the customer and said, "Shave or 
haircut, sir?" 

MINNESOTA TECHNOlOG 



John Lawlor, B.S. in E. E., Brown, '52, answers some questions about 

An engineering career ith the Bell Telephone Companies 
John Lawlor is a Transmission Engineer with New 
England Telephone and Telegraph Company in 
Boston. His answers reflect his experiences during 
five years in the telephone business. 

0 How did you begin as an engineer 
in the Bell Telephone Companies? 

A My first fifteen months were spent in "on-the
job" training-changing assignments every three 
months or so. These assignments gave me a 
broad, over-all background in telephone engi
neering. And they were accompanied by plenty 
of responsibility. They progressed in importance 
with my ability to handle them. 

0 What is the attitude of older engineers 
and supervisors toward young men? 

A I've found a strong team spirit in the telephone 
company. You're encouraged to contribute your 
ideas, and they're received with an open mind. 
Young men and new ideas are regarded as vital 
to the continuing growth of the company. 

0 How about opportunities for advancement? 

A I'd say they depend on the man. Opportunities 
to demonstrate your ability come with each new 

BELL TELEPHONE 
COMPANIES 
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job you'r{; given. The size and importance of 
your assignments grow with your ability to handle 
them. All promotions are made from within, and 
the growth of the business is creating new open
ings all the time. One more thing. Most tele
phone engineering locations are convenient to 
colleges. You can aid your advancement by keep
ing on with your studies. 

0 How does the telephone company 
stack up where pay is concerned? 

A Starting salaries are competitive with those of
fered by most large companies. Raises are based 
on merit, with several increases during your first 
two years with the company. What's more, your 
performance is reviewed regularly to make sure 
that your pay keeps up with your progress. All 
things considered, I think a Bell Telephone career 
is second to none in rewards and opportunities. 

Find out about career opportunities for you 
in the Bell Telephone Companies. Talk with 
the Bell interviewer when he visits your cam .. 
pus. And read the Bell Telephone hooklet 
on file in your Placement Office, or write for 
"Challenge and Opportunity'' to: College 
Employment Supervisor, American Telephone 
and Telegraph Company, 195 Broadway., 
New York 7, N.Y. 
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S.A .. M. 
At the January 15th meeting, the .Minnesota Student 

Chapter of the Society for Advancement of J\!Ianagement 
presented as their guest speaker, J\!Ir. Edward Schleh, of 
Ed Schleh and associates. 

J\!Ir. Schleh stressed the importance of setting up objec
tives as goals for the various levels of management to work 
toward. He also emphasized the benefits gained by knmv
ing the limitations of your position in a company. 
. The January 30th meeting of the Society featured l\!Ir. 

John J\IIcKenzie, Director of J\!Ianufacturing Engineering for 
the Toro l\!Ianufacturing Company, as the main speaker. 

J\!Ir. McKenzie, speaking on "Budgets and How To Use 
One," illustrated the benefits and savings that may be 
gained by a company that operates on a budget. He also 
gave an example of how large scale budgeting is carried 
out, and concluded his speech by answering questions 
from the students. 

Mr. ·Frank Schiel, personnel director of Super Valu 
Food Stores, is scheduled to speak on the topic, "Growth 
Depends on Men," at the February 20th meeting. The last 
meeting of the spring quarter has been set for J\!Iarch 4th 
and will feature :Mr. Ho·ward ]\fold, Training Director at 
J\!Iinneapolis-Honeywell Regulator Company as the speak
er. 

A.S.C .. E .. 
At the January 30th meeting, a panel discussion was 

presented by some of the members on the advantages and 
disadvantages of private employment and civil service em
ployment. Bob Adams and AI Slingo were in charge of the 
program. 

Plans were completed for the sleighride party which was 
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beld on l'ebruary 1 I th at Shady Valley. A dance was held 
in the clubhouse after the sleighride. 

Plans were also started for a stttdent-faculty smoker. 
Fred l\fase and Burt }~orsberg were appointed co-chairmen 
of the planning committee. The date has been tentatively 
set for J\!Iarch 4th. 

The next meeting was held on February 13th at which 
a film on t.he Tacoma Bridge failure was shown. 

Tech Commission 
I. T. registration is one of the problems the Tech Com

mission is working on now. Starting with winter quarter 
registration a questionnaire was given to a cross section of 
I. T. students. The commission hoped to get a general idea 
of what the students wanted. Although the response was 
small it did give a rough idea of what the students wanted. 

The possibilities being studied are seniority, a more 
adequate registration staff, a correction of the advisor sys
tem, or IBJ\II registration. 

Registration systems at other universities are being 
studied. When the problem has been thoroughly studied, 
a panel discussion with students and faculty will be held 
and be open to all students. 

Plans for ;=t better freshmen orientation coffee hour are 
being made with more emphasis on society participation 
by freshmen and sophomores. 

Members of the Tech Commission were dinner guests of 
the J\!Iinneapolis and Minnesota Society of Professional 
Engineers Thursday, January 23, 1958. The purpose of 
this meeting was to discuss the role of the Professional 
Engineer and how it will help us to become profession
alized. It was decided to have one joint society meeting per 
quarter devoted to "Engineering as a Profession." 

MINNESOTA TECHNOLOG 



A.S .. M .. E .. 
"The Engineer in Large Scale Organizations" was the 

title of the talk given before the A.S.M.E. student chapter 
meeting January 22nd. The speaker was a sociologist, Mr. 
Gregory P. Stone, who had studied the Engineer-Union 
dispute which developed at Honeywell recently. He was 
able to give a brief forecast of the results of that study. 
l\1r. Stone indicated that a major problem which faces 
Professional Engineers today is their professional employee 
status. This status, he pointed out, may not lead to a 
strong professional feeling and resulting strong organiza
tion among engineers. 

The meeting was the final action of a two-day member
ship drive. 'This drive, organized by Charles Hansing, en
listed some 70 new members. Anyone who was not con
tacted during the drive can still join by coming to Room 
15 in the Mechanical Engineering building. 

A .. R .. S .. 
A.R.S.- The newly formed student chapter of the Amer

ican Rocket Society- has launched plans for education 
and research with rockets. The emphasis is on educating 
the mem hers on the principles involved in rockets, space
flight, etc. This includes basic safety techniques for ex
perimentation. The faculty, particularly in the Mechanical 
Engineering Department, has cooperated to a maximum 
extent. For their kind considerations we wish to extend 
our gratitude. 

Society members are now experimenting with a two stage 
rocket that has an altitude range of around one mile. The 
amazing part of the rocket is that it weighs only three and 
one half ounces. Construction details are classified pending 
patents. 
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Edited by DON WHEATCRAFT 

.At the last meeting, Dr. Irvine spoke to a group of about 
fi.fty m.embers. J:Iis talk explained some of the basic prin
Ciples Involved m rocket design, showing how to calculate 
thrust, impulse, specific impulse, velocity, altitude and fuel 
characteristics. Those who heard him agree that it's easy 
if you know how. 

Anyone interested in rockets or space-flight is urged to 
attend the meetings and join the A.R.S. New members are 
welcome. Once members are security cleared they will be 
given access to the society's (Minnesota Student Chapter) 
classified rocket data. 

I.Ae .. S .. 
'I'he January meeting featured Mr. Rose from Northwest 

Airlines as guest speaker. The air transport industry got its 
start with the passage of the air commerce act in 1926. To
day the industry is young and dynamic, i.e., 42 million pas
sengers in 1956. The rapid growth has necessitated borrow
ing money to finance it, while passenger fares have de
creased. Though a public utility, it has rugged competi
tion. There are also many problems within each company 
such as purchasing aircraft which cost several million dol
lars, planning routes, extensive and complex communica
tion systems, and the variety of services they must provide 
which calls for many different labor contracts. 

Airlines need engineers for weight and balance, power 
plant, air frame and performance problems. 

I.Ae.S. advisor, Dr. Heinrich, was awarded the Aeronaut 
Leo Stevens Parachute medal of national Wings ~lub in 
New York, for his "outstanding contributions to the sci
ence of aerodynamic retardation, and for developing a new 
type of parachute." 
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Gold Lettering - Stamping 

Tooling 
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Chemical 
Magazines 
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Pamphlets 
Text-Books 

Law Reviews 

COVERS - ALBUMS - BLANKBOOKS 
Made to your specifications 

ERICKSON 
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downstairs 

GRA Y1S DRUGSTORE 
1326 4th St. S. E. GE. 57 65 
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MINNEAPOLIS 
BLUE PRINTING CO. 

612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KUEFFEL & ESSER CO. 

"How would you punctuate this sentence: 
'Mary went swimming and lost her bath
ing suit.'" 

"I'd make a dash after Mary." 

A publisher was dandling his pretty sec
retary on his lap one afternoon when the 
wife barged in unexpectedly. The pub
lisher, with magnificent presence of mind, 
said, "And take this wire, Miss Forbes: 
'Atlas Furniture Company. Gents: I don't 
want to hear any more about critical 
shortages. I simply cannot continue to 
maintain my office with only one chair.' " 

The day after finals, a disheveled Ch.E. 
walked into a psychiatrist's office, tore 
open a cigarette, and stuffed the tobacco 
up his nose. 

"I see that you need some help/' re
marked the startled doctor. 

"Yeah/' agreed the student, "Do you 
have a match?" 

A certain country minister posted on the 
church door: 

"Brother Smith departed for heaven at 
0430 hours." 

The next day he found written below: 
"Heaven, 2400 hours. Smith not in yet. 
Great anxiety." 

Soon after the fraternity house opened 
for the term the brothers received a note 
from the sorority house across the street: 

"Dear Sirs: Please procure curtains for 
your windows. We do not care for a 
study in anatomy." 

The boys' note of reply was: "Dear 
Girls: The course is optional." 

He: "The first time you contradict me, I'm 
going to kiss you." 

She: "You are not." 

The department of taxation received an 
income tax return from a bachelor, listing 
one dependent son. The examiner re
turned the report with the comment: "This 
must be a stenographer's error." To which 
the bachelor replied, "I'll say it was." 

Why Vought Projects 
Bring Out The Best 

In An Engineer 
At Vought, the engineer doesn't often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it's no wonder. 

For here the engineer contributes to 
history-making projects- among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1 ,500-plus
mph fighter, details of which are still 
classified. 

The Vought engineer watches such 
weapons take shape. He supervises 
critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share 
these experiences. Today, for exam
ple, Vought is at work on important 
projects involving: 

electronics design and manufacture 

inertial navigation 

investigation of advanced propulsion 
methods 

Mach 5 configurations 

Vought's excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 

*** Would you like to know what men 
with your training are doing at 
Vought ... what you can expect of a 
Vought career? 

For full information, see our repre
sentative during his next campus visit. 

*** Or write directly to: 

C. A. Besio 
Supervisor, Engineering Personnel 

Dept. CM-6 
--------------------------
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A 
Vought 

Vignette 
ONE OF A SERIES 

I mn r 
• w er z 

When it comes to end products, Bill Crowder 
never finishes what he starts. 

While Bill's colleagues were bringing to comple
tion a missile that he initiated, Bill helped launch 
eight other major projects and some minor studies. 
A restless record. But that's his privilege in Chance 
Vought's Development Section. 

Bill's department analyzes requirements for new 
weapons. Specs come from the military, or from 
Vought's own Advanced Development Planning 
Group. They outline an approaching void or short
coming in our defense structure. It's up to Bill and 
from three to thirty project teammates to produce 
an idea that will fill the vacancy. 

From Development's desks and bull sessions 
come new configurations. Some are radically dif
ferent; others, close to conventional. The best are 
projected, electronically, into the environments they 
must dominate. 

For example, Bill can forecast a proposed mis
sile's flight behavior by studying analog traces and 
columns of IBM tabulations. Electronically, he can 
observe minute performance details such as gust 
effects on a recoverable missile's landing approach. 

Tests like these refine from Bill's own offerings 
and those of others the configuration that best 
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• zon 
answers the problem. Once this pattern is "ball
parked" for approximate actual size, it's ready for 
detail design ... likely to become a full-scale project. 

Time now for Bill to exercise an option all 
Vought development engineers enjoy. He may fol
low the project he's begun the full route to comple .. 
tion. Or he may remain in Development and accept 
a new assignment. 

To himself, Bill justifies his choice something like 
this: "Changing assignments gives me a chance to 
shift gears ... to change my approach ... to broaden 
myself." 

To project engineers, anxious for him to follow 
a promising project out of Development, Bill's "no 
thank you" is practically a matter of course. 

They know he's already cleared his desk for the 
next new challenge. 

At Chance Vought the Development Engineer explores 
a unique variety of configurations and operational 
environments. He may limit his analyses of land- and 
sea-based weapons to preliminary design studies, or he 
may accompany his project through the complete 
development cycle. 
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A NEW FIELD 
(Continued from Page 23) 

THE P-N JUNCTION, as its name implies, is a junction be
tween a "p" and "n" type semiconductor material. This 

junction offers high resistance against current flow when 
the voltage is applied in one direction and a very low 
resistance when the voltage is reversed. The physical junc
tion consists of three parts: (1) "n" type material; (2) "p" 
type material; (3) a transition region acts as a barrier 
through which CUlTen t carriers diffuse. VVhen the "p" type 
material is positive and the "n" type material negative, 
current carriers are drawn through the barrier. Under 
reverse bias, carriers are driven away from the barrier and 
no current flows. These junctions are made in 1nany ways. 
·Most manufacturers use one of two processes to produce 
p-n junctions. 

Small, low current junctions a.re usually made by the 
growth rate process. Small junctions are cut from a large 
crystal which is made by pulling a small "seed" crystal 
from material. By controlling the rate of pulling, bands 
of "p" and "n" material are formed in the growing single 
crystal. After the crystal has cooled it is cut into small 
sections, each containing a p-n junction. This method IS 

used to manufacture small diodes and transistors. 

Large area p-n junctions with good properties are very 
hard to manufacture using the growth rate process. In
dustrial applications requiring high current densities and 
operating voltages need a junction with high heat resist
ance, low forward voltage drop and uniformity. l\1ost high 
power semiconductors are made by the diffusion process. 

Fig. 4 

ANODE LEAD AND 
SEAL 

~,LASS 
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A suitable wafer of "n" or "p" semiconductor is placed 
in a metal heat sink. A similar wafer of opposite doping 
element is placed on the semiconductor. This rectifier cell 
is heated and the doping· element diffuses into the semi
conductor creating a p-n junction. If the temperature and 
time are closely controlled, it is possible to produce junc
tion cells that are uniform and have the desired character
istics. Fig. 4 gives an example of the internal structure of a 
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silicon rectifier unit. Soldering the se1niconductor to the 
copper heat sink and making a connection to the doping 
element provide electrical connections to the cell. The dop
ing element used for the larger cells is usually indium. 
Aluminum would be desirable, it provides firm mechanical 
support for the semiconductor and has a higher melting 
point than indium. Unfortunately, aluminum will break 
a large wafer when it cools, it has a different expansion 
coefficient. Srnall cells are made ·with aluminum but they 
are very carefully 1nanufactured. 

Heat dissipation is one serious problem in adapting· the 
serniconductors to high power rectifier service. To realize 
the full current handling abilities of the rectifier cell, a 
way to renwve the heat generated in the rectifier junction 
must be provided. Treatment of the heat problem is sim
plified by using a version of Oh1n's Law. The "heat" cir
cuit in Fig. 5 shows the various elen1ents that must be 
considered. A high ten1perature at the rectifier junction 
will destroy it. Therefore T.i can't exceed a practical limit. 

W D ----li!IP-
,--------=----------------"'!!!Tiunction 

THERMAL 
GENERATOR 

Fig. 5 

Rinternal 

Rmounting 

Rheat sink 

The heat generated at the junction is small, much small
er than mercury arc tubes or other devices for power -con
version, but must be ·considered. The internal heat resist
ance is minimized by decreasing the distance from the 
junction to the heat sink. In designing equipment the heat 
resistance of the mounting and heat sink should be in
finitesimal. l\!Iost cells either have cooling fins or a large 
area screw mounting. 

Heat conduction from the junction heat sink to the 
external mounting too, is important. The low thermal 
capacity of the cell is one of the problems facing the design 
engineer. Under overload, short circuit conditions, or 
junction failure, the cells must be protected. Fig. 6 shows 
the allowable surge current for a silicon 4JA 60 rectifier 
(GE). This cell can take an overload current of 10 times 
its rated value for five cycles. A circuit breaker would 
only begin to trip in this time. Special current limiting 
fuses may be used but absolute protection is still a problem. 

Germanium rectifiers have filled the gap between the 
low voltage copper oxide cells and the higher devices. The 
range of operating voltages (6-65v) is low, but the current 
carrying capacities of germanium are very good. Cells are 
now sold that will deliver 300 to 500 amperes. The ger
manium power supply finds many uses in aluminum 
production and electroplating. Its small physical size, 
high efficiency (94 per cent) and reliability are good sell
ing points. 
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Silicon, supplying high voltage and low current power, 
can replace most mercury arc supplies in existence. Power 

and voltage control are problenls when using the silicon 
rectifiers. The mercury arc tube has a control grid that 
allows control of the power output. Power input control 
is the only way to control the output of a high power 
semiconductor rectifier. Low loss saturable reactors and 
variable inductors placed in the input circuit provide a 
fairly efficient system of output control. Since the recti
fication efficiency of the semiconductor cell is about 99.9 
per cent, the efficiencies of the supply transformer and 
control devices control the overall efficiency of the unit. 
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The geranium or silicon rectifier unit is new in the 
field of power conversion, still, millions of dollars are 
spent each year on semiconductor power supplies. The 
"package" unit is rapidly gaining recognition. It offers 
95 per cent efficiency, low initial cost of seven to ten dol
lars per kilowatt, and small volume (less than one cubic 

foot per kilowatt). 

In the future, semic01?~~,~or rectifiers will replace most 
power conversion units. Power 'foi~":the future? Yes, but 

just one of the many applications of Solid State Semicon

ductors. 

• • • 

Log Log Vector 
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log log Trig 

Versa log 
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PICKETT & ECKEL 
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6 CAREER 

ABOVE: This huge 1-R Turbo-Blower is the largest cat
cracking air blower ever built. It delivers 161, 500 cfm 
of 30 psi air at Tidewater Oil Company's new Delaware 
refinery, and is driven by an 11,250 hp 1-R steam turbine. 

LEFT: Engineering trainees at Ingersoll-Rand's Phillips
burg, N. J., plant check final performance tests on 
another blower of smaller size and higher pressure. 

Here's What Blower Engineer-ing at lngersoiJ ... Rand 

can mean to you ...... 

WHEREVER industry needs large volumes 
of compressed air or gases - for steel 

mill blast furnaces, refinery catalytic crack
ing units and other petroleum and chemical 
processes-you'll find Ingersoll-Rand centrif
ugal blowers on the job. These huge units, 
delivering thousands of cubic feet per min
ute, 24 hours a day, are the very heart of 
our vital process industries. 

This means that blower engineering offers 
you challenging opportunities in a field of 
major importance. There is a need for every 
type of creative engineering ability in the 

design, development and application of such 
specialized industrial machinery. 

Ingersoll-Rand also manufactures the in
dustrial equipment shown at the right. All 
require a high order of engineering in their 
design, manufacture and sale. 

If you are looking for a leadership career 
with excellent opportunities for advance
ment, you'll find it at Ingersoll-Rand. For 
further details, contact your Placement 
Office, or write to Ingersoll-Rand, 11 Broad
way, New York 4A 

OPPORTUNITIES FOR ENGINEERS 

8 Sales Engineering • Production Engineering 

• Design Engineering • Business Engineering 

also means 
LEADERSHIP 

in 

Centrifugal Pumps 

Air & Electric Tools 

Steam Condensers 

Diesel & Gas Engines 
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RCA ELECTRONICS KEEPS A RADAR 
"WEATHER EYE" ON YOUR COMFORT ON 
THE GREAT AIRLINES 

Flying into a starless night, the pilot's vision 
may reach a mere 50 yards. Yet he sees a 
storm brewing 150 miles ahead. 

Within minutes he plots a slight change 
in course and flies a smooth, safe corridor 
through the weather. His passengers com
plete their trip in comfort and on schedule. 

Credit RCA Electronics for the "Weather 
Eye" radar that makes all this possible. And 
United Air Lines' all-radar Beet for being 
the first (among 24 leading airlines) to use 

this important development. 
RCA pioneering also produced radar that 

guides ships at sea and tracks man-made 
satellites through space. HCA pioneered 
color television, produced the world's larg
est electronic computer, peanut-sized tran
sistors and much, much more. 

Progress like this helps explain why HCA 
means electronics- and why electronics 
means a happier, healthier, more secure 
future for you. 

RADIO CORPORATION OF AMERICA 
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WHERE TO, 

MR. ENGINEER? 

RCA offers careers in TV and 
allied fields- in research, de
velopment, design and manu
facturing-for engineers with 
Bachelor or advanced degrees 
in E.E., M.E. or Physics. Join 
the RCA family. 

For full information write 
to: Mr. Hobert Haklisch, 
Manager, College Relations, 
Hadio Corporation of Amer
ica, Camden 2, New Jersey. 
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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 
mountainso Covering an 80 
acre area and employing 
2000 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. 

JOB OPPORTUNITIES 
• ". 8.". 6 ........ ~ •••••• 0 ••••• 

IN THESE FIELDS NOW 
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1 IMPORTANT DEVELOPMENTS AT JPL 

Weapons Systems Responsibility 
In the development of guided missile 

systems, the Jet Propulsion Laboratory 
maintains a complete and broad respon· 
sibility. From the earliest conception to 
production engineering-from research 
and development in electronics, guidance, 
aerodynamics, structures and propulsion, 
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. 

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 J PL is the exceptional oppor· 
tunity provided tor 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. 

SYSTEMS ANALYSIS • INERTIAl GUIDANCE " COMPUTER EQUIPMENT 
INSTRUMENTATION • TELEMETERING " fLUID MECHANICS 

HEAT TRANSFER • AERODYNAMICS • APPLIED PHYSICS • PROPELlANTS 
MATERIALS RESEARCH 

JET PROPULSION LABORATORY 
A DIVISION Of CALIFORNIA INSTITUTE Of TECHNOLOGY 

PASADENA " CALifORNIA 
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Robert A. Pike tells what it's 

like to be •.• and why he likes 

being ... a Research Physicist 

with BBM. 

*SOLUTDON 

Let the multiplicand be 
D 1 CBA. Since the units 
digit in the answer is 7, 
the only value possible 
for A is 1. This also fixes 
one of the dots in the 
hundreds column as a 1; 
to get a 5 in the answer, 
the other dot must be a 
4. Hence B can only be 
a 2. Similar reasoning 
will determine C as 9 
and D as 2. Answer = 
21921. 
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Selecting a career can be puzzling, too. 
Here's how Bob Pike found the solution to 
his career problem- at IBM: 

"I became interested in computers and 
transistors at college," Bob Pike recalls. 
"Upon graduation, I naturally turned to the 
computer field. IBM, as a leader in the 
field, looked like a good place for me." After 
a training period, he joined the Semi
Conductor Device Development Group in 
Research. Promoted to Associate Physicist 
soon afterward, his present assignment is 
leading a group of technicians in fabricating 
high-frequency, high-power PNP drift 
transistors. "These will be used as core 

drivers in a high-speed memory array," he 
says. His future? At the rate IBM and the 
electronic computer field are expanding, 
Bob Pike foresees excellent opportunity for 
advancement in the area of his choice. 

* * * * 
There are many excellent opportunities for 
well-qualified engineers, physicists and 
mathematicians in IBM Research, Develop
ment and Manufacturing Engineering. Why 
not ask your College Placement Director 
when IBM will next interview on your cam
pus? Or, for information about how your 
degree will fit you for an IBM career, 

JUST WRITE TO: 

Mr. R. A. Whitehorne 
IBM Corp., Dept. 854 
590 Madison Avenue 
New York 22, N.Y. 

DATA PROCESSINt 

ElECTRIC TYPEWRITERS 

MiliTARY PRODUCTS 
INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 

SPECIAl ENGINEERING PRODUCTS 

SUPPliES 
TIME EQUIPMENT 
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HE ENGINEERING PROFESSION today is one of the dis
tinct pillars of twentieth century American civilization, 
a tremendous bulwark of world peace, a main prop of 

the highest level of living kncnvn in the history of man
kind; one of the greatest assets of the strongest and richest 
nation that ever existed. 

As we look at the turbulent situation of our world to
day, one ~f the foremost stabilizing influences is the work 
of the professional engineer. The importance of the engi
neer in this age of rockets and guided missiles has as yet 
only begun to be realized. The future strength and wel
fare; yes, the very existence of our nation, rests on the shoul
ders of the young men and women who are graduating from 
our engineering colleges and universities today, and those 
who will graduate in the months and years to come. They 
will be the professional engineers of tomorrow, in whose 
hands fate has placed the security of our country and of 
the entire free world. It is precisely because of the pre
eminent place and responsibilities that the young engi
neer will occupy and assume tomorrow, that extraordinary 
efforts are required to maintain the necessary standards 
which will provide the quality of individuals in the en
gineering profession, to me:-:.:t the ever growing demands 
of society and the nation. 

As young graduates, you are about to enter into the 
work of your chosen profession; to put into use the tools, 
which society has 1:>laced in your hands. By completing a 
college or university education, you have acquired them. 

I n I r 
by E. S. RANKIN 

Soon you will receive, or may have already received, a de
gree in engineering. You have earned the same as a reward 
for the efforts put forth during the months and years of 
diligent study and loyal determination to achieve this 
goal. However, regardless of what you have attained, highly 
commendable as it is, each of you still has a long road to 
travel before bec01ning a true professional engineer. Hav
ing built the foundation well, you now have the tools to 
complete the professional structure. It will take time, 
work, and effort on your part to accomplish this. 

"How can I biiild this professional structure?" you may 
ask. "vVhat further tasks lie ahead and before me in order 
that this professional building can be completed?" The 
plans and specifications you need to follow are partially 
revealed in the following paragraphs. 

Society and the profession, through legal channels of 
our state, have provided the ways and the means to ex
pedite and accomplish your progress. This is by registra
tion through a lawfully created and constituted board of 
registration, known as "The Minnesota State Board of 
Registration for Architects, Engineers and Land Surveyors. 

When the individual applicant has acquired the neces
sary minimum amount of qualifying education and exper
ience, passed certain written examinations prescribed by 
law, and met other requirements of the Board, there may 
be issued to him or her, a certificate of registration as a 
professional engineer. This will be in whatever branch of 
engineering the individual may be so qualified. 

ABOUT THE AUTHOR 

Mr. E. S. Rankin has been engaged in engineering practice for nearly forty-four years. 
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Most of this time was spent in public works such as in drainage and highways. Experience 
in drainage dates back to the years 1910 to 1917, and in highways from 1919 to 1956; 
He has assisted in drawing up and securing passage of the pre,sent registration law in 1933 
and again amended in 1945; has served on the Minnesota State Board of Registration for 
Architects, Engineers and Land Surveyors from April 1943 to November 1957, a period of 
about fourteen years and eight months; was a member of the National Council of the 
State Board of Engineering Examiners for the same period of time; is a charter member of 
MSPE since May 31, 1939, and was a part of the original organization committee for the 

same. 
We, in the past, have been crusaders for an ideal -a greater and more glorious 

engineering profession for those who came after us. We have dedicated our lives to that 
ideal. The writer has devoted years of his life to the cause of registration and the advance
ment of the engineering profession. The time has come for him to pass the trust on to others. 
May they continue the good flght for the ideals of Registration and for the strength and 
advancement of the engineering profession, that our nation may remain ever strong and 
unbending to the will of any foreign or domestic tyrant. 
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MAGNETOHVDRODVNAMICS 
and SPACE TECHNOLOGY 

Magnetic fields, acting as a double piston, 
drive luminous ionized shock waves through 
transparent tube. One-tenth microsecond ex· 
posure in STL's Physical Research Laboratory. 

Magneto hydrodynamics provides one of the most promis
ing approaches for attaining the velocities and specific 
impulses that will be required for manned space flight to 
a planet, landing, and returning. 

The critical problem in attaining velocities of hundreds 
of thousands of miles per hour is the containment of tem
peratures comparable to those in the interior of stars. 
Because the temperature of the driving reaction will have 
to rise as the square of the exhaust velocity, temperatures 
greater than one million degrees will be encountered in 
reaction chambers. Magnetohydrodynamics offers a 
unique solution to the basic problem of containing the 
reaction without contact with the chamber walls. 

Briefly, the physical principles of magnetohydrody
namics are these. Since gas at such temperatures is com
pletely ionized and is an effective conductor of electricity, 
the introduction of currents in the gas (in this state 
called a plasma) creates an electromagnetic field. This 
field makes it possible to control the plasma by applying 
an external opposing magnetic field which creates a mag
netic bottle to contain the charged gas particles. Similarly, 

a magnetic-field piston can be used to accelerate the par .. 
tides. Such magnetohydrodynamic reactions are expected 
to develop exhaust velocities that are an order of magni· 
tude greater than those generated by present chemical 
rockets. 

At Space Technology Laboratories, both analytical and 
laboratory work are proceeding in the field of mag
netohydrodynamics. This work illustrates the advanced 
research in STL's Physical Research Laboratory, which 
emphasizes the application of basic physical principles to 
the requirements of space technology. 

In support of its over-all systems engineering respon
sibility for the Air Force Ballistic Missile programs, and 
in anticipation of future system requirements, STL is 
engaged in a wide variety of research and experimental 
development activity. Projects are in progress in elec .. 
tronics, aerodynamics, propulsion, and structures. 

The scope of work at Space Technology Laboratories 
requires a staff of unusual technical breadth and compe
tence. Inquiries regarding the many opportunities on the 
Technical Staff are invited. 

PACE ECHNOLOGV ABORATORIES 
A Division of The Ramo- Wooldridge Corporation 

6730 AREIOR VITAE STREET o LOS ANGELES 46, CALIFORNIA 
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Jack of all trades? 
Yes, it's the 

N ELECTRONIC ORGAN, voltmeter, a stroboscope, a porta
ble blinker, a pilot light that doesn't burn out- all 
these and many other devices can be built with the 

help of an item available at any radio supply shop for a 
few cents - the glow lamp. 

A glow lamp is made up of two electrodes surrounded 
by an inert gas, usually neon. When the electrodes are 
connected to a sufficiently high voltage, about 90 volts for 
neon bulbs, light is produced at the negative electrode. 

The unusual thing about glow lamps that makes them 
so versatile is that they act as sort of a dam to electricity; 
when the pressure (voltage) is below the critical point no 
current can flow. But when the pressure gets above the 
critical point the dam breaks and the bulb offers almost 
no resistance. In more concrete terms here is what happens. 

When the voltage is below the critical point, the gas in 
the bulb is not ionized and no current can flow. \!\Then the 
voltage is increased to the critical point, the inert gas is 
quickly ionized and becomes a very good conductor. Cur-

rent passes through the bulb generating light, and if there 
isn't a series resistor in the circuit the bulb will conduct 
so much current that it will explode. 

Glow lamps come in sizes from 1 j25 watt to 3 watts. The 
small ones have a life of about 25,000 hours, and the larger 
ones are good for 3,000 hours. Even then the glow lamp 
doesn't burn out; it merely gets dimmer gradually. This 
makes them ideal for pilot lights. 

Here are some typical circuits in which glow lamps are 
used. A useful fact to remember is that lamps with screw 
bases have protective resistors for 110 volts built into the 
base, while all others must be supplied with resistors so 
that they do not exceed their wattage rating. 

Voltmeter 
If you connect the device shown in Figure 1 to a source 

of voltage over 90 volts, you will notice that the lamp 
always stops glowing at a definite place on the potentiom
eter dial. By proper calibration, then, this circuit can be 
used as a voltmeter. If this voltmeter is used on both AC 

fig. 1 
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and DC it is important to remember that the neon lamp 
will respond to the peak AC voltage, and the average volt
age is thus divided by 1.414. 

Blinking Light 
A few years ago a student on campus had a small box 

with a face painted on it, and glow lamps for eyes. Each 
eye winked once a second, giving a curious life-like appear
ance to the box. The basic circuit is given in Figure 2 and 
of course any number of the circuits rnay be put in paral
lel. A more practical use for this blinking light is the flash
ing beacon used to mark road repairs, boat landings, or 
tank columns during war time. This is also used for a sec
onds timer in photographic darkrooms. The current drain 
is so low that the batteries have the same life as they would 
on the shelf. 

Music from a Glow Lamp 
By modifying the circuit above, the rate of blinking can 

be brought into the audio range, and if the signal is fed 
through an amplifier a tone may be heard. The way in 

Fig. 2 

400,000 n.. 
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by GEORGE CHAMPINE 

which flashing is produced depends on the on-off charac
teristics of the glow lamp. When the voltage is applied to 
the circuit, the condenser charges up at a rate dependent 
on the size of the series resistor, r, and the size of the con
denser. When the voltage reaches the critical point the 
lamp conducts and partially discharges the condenser. 
Then the cycle repeats. By varying the size of the resistor 
and condenser different frequencies may be obtained. 

The sound from this tone generator is somewhat like 
that of a flute. The choice of resistor and condensers may 
be varied to extend the range. Also a heavy pencil line 
may be used for the variable resistor. 

If the voltage across the condenser is examined on an 
oscilloscope, we see that this circuit may also be used as a 
portable sawtooth generator. 

Naturally this tone generator can sound only one note 
at a time. To play chords it would be necessary to use one 
lamp and associated circuit for each tone. One could then 
watch as well as listen to music from this instrument. 

Fig. 3 
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Every quarter some character spouts off, telling everyone 
else what a bum he is for not taking part in extra-curricu
lar activities. 'Vhen an engineer hears this propaganda 
spiel he says "Yah sure, maybe later on," and privately 
marks the guy spouting off as someone who obviously is in 
SLA or who doesn't have too much else to do. He certainly 
doesn't have any EE labs to finish by tomorrow. I'll have 
to ag-ree that I feel this way myself and peg most of the 
"yeh rah rah college clowns" right in zero alley. 

In the first place we are engineers, fighting· for survival 
in what is acknowledged as one of the toughest courses on 
campus, and it doesn't leave us much time for the "three 
T's." Our main object is to finish this course and graduate 
with the highest marks possible. Our problems do not re
volve around the social complexes of Joe College living in 
the Sigma Upa Treea social fraternity. When little Joe gets 
up on his soap box and starts yapping about student apa
thy, or lounges around in his easy chair discussing the basic 
philosophies of Student Government, he sure won't get his 
Thermo problems done. It may be great stuff to fool with, 
but if you don't pass that test on Friday you won't have to 
worry about it. 

How does industry view this? Again every quarter some 
one is telling you that extra-curricular activities are great 
things to put down on your interview form. I wonder if 
they thought how that long list of extra-curricular activi
ties with a 1.0 h.p.r. looks along side a 2.2 h.p.r. that has a 
moderate number of outside activities. Dollars and cents 
wise, which every eng·ineer should appreciate, it may mean 
five or ten dollars extra for that long list of activities; but 
that 2.2 with a moderate list might pull fifty dollars a 
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FOR BOO ORM 

0 LY. 

by RON RODRIGUE 

month more. vVhen a company hires you, they want a pro
ducer, not a wall decoration. 

By now one may ask why he should participate in any 
extra curricular activities? There are a few g-ood reasons. 
Let's look back a little: That 2.2 h.p.r. was coupled with 
a few outside activities. The fact that you did participate 
does carry weight. That's dollars and cents value to you. 

:Many of the problems you face in extra curricular activi
ties have a direct counterpart in industry or in your social 
life after graduation. The majority of the problems are 
communications and organizational difficulties. Here is a 
good practice ground where mistakes aren't quite so costly. 
You may not g·et credit for this, but what you learn is just 
as important as those one-credit labs and quite often not 
as ridiculous or as outdated. 

As an educated engineer and a product of one of the 
most rigorous and intensive training courses in the United 
States today, you are expected to take an active part in the 
leadership and guidance of your community. Leadership, 
like Physics, is something that has to be learned. In my 
last glance through the LT. Bulletin, I didn't notice any 
courses labeled Leadership and Diplomacy I & II! Then 
where are you going to pick them up? 

One of my arguments in favor of some extra-curricular 
activities boils down to having a good time. Did anyone 
ever point out that those people who participate might be 
having fun? It actually is interesting at times. Try to figure 
out the best way to get something accomplished, especially 
if the answer you come up with involves a minimum 
amount of work for you. 
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There are two typical groups of people who have age old 
arguments against my plea for outside activities. The vet
erans are the stubbornest group. I'm part of the P.L. 550 
starvation brigade myself. They will say, "Why should I 
fool around with junk like that? I've been around and 
I know how to get along with people." Others will quip, 
"I haven't got time, besides when I work on something 
it's got to be worth while. I can't see sitting around play
ing games with the kiddies." Gentlemen, you may have 
been around, but I might add the people you have been 
around with in the service just might not have been a 
group of mental giants, not meaning to cast any aspersions 
on our beloved military services! However, let's suppose 
that the average group of engineers on campus is liable to 
be a little different than a similar random group of serv
iceman. Perhaps, then, it would be to your advantage to 
examine more closely just how they may function as a unit. 
After all, when you graduate, let's hope you will be work
ing with a group of engineers instead of a group of service
men! When it comes to the subject of time and only doing 
things worthwhile- nuts, don't hand me that line! I'm as 
busy as the next guy, and I still just plain goof off, plenty. 
Now about this playing games with the kiddies bit; they 
may be games to you, but the problems are real and they 
have to be solved. Perhaps if they had a veteran or two 
around to supply a little stability, it would help keep the 
train on the right track. Use your opportunity for leader
ship. 

The second group that seems to be against extra-curri
cular activities are the old high school gangs. Their argu
ment says, "We've been together all through high school 
and we want to stay together in college. If I start messing 
around in outside activities I won't be with the old gang." 

PROFESSIONAL ENGINEERING 
(Continued from Page 52) 

The prime purpose of any law governing the licensing 
or registration of an individual as a professional engineer 
must always be in the public interest. Its effectiveness must 
depend on public understanding, sympathy and support. 
The fundamental reason for the existence of any engineer
ing registration law is to protect public health and safety; 
to limit the practice of engineering to men and women 
who are ·competent and ethical; and to protect the public 
from those who are incompetent and unethical. It should 
also provide for the raising and maintaining of standards 
of engineering education, qualification, and achievement; 
instill professional pride and zeal in engineers individually 
and collectively, all to the public benefit. Other profes
sions, such as the medical, legal, and the like are and have 
been, governed by these guiding principals for some time. 

The first step to be taken by the young graduate who 
wishes to complete his final registration is to embark upon 
the engineer-in-training (E.I.T.) phase of the program. 
This is done by applying for, and taking the E.I.T. ex
aminations given by the State Board. These examinations 
are in two parts of four hours each, and given twice yearly. 
One examination is given the last part of April, and the 
other in the Fall. 

Information regarding the application to be submitted, 
and the exact dates and place of the examinations can be 
secured from the office of the Board. The address is, "The 
State Board of Registration for Architects, Engineers and 
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Everyone has a universal problem when they decide to 
take part in extra-curricular activities. They don't know 
anyone in these organizations, so they wonder how to get 
started. That problem is not insurmountable. All you 
have to do is walk into the place and mention the fact 
that you are interested. Someone will immediately sign 
you up and try to help you get started. Then it will take 
a minimum of effort on your part to follow this up. 

We are still faced with the classic problem; how are we 
going to get all our class work done and still find time for 
all the extra-curricular activities? You're going to have to 
limit your activities if you plan on mantaining that h.p.r. 
Engineer's Day is probably the best activity you can par
ticipate in, obtain the full value of participation, and still 
not over-extend yourselves. E-Day is strictly for fun; but it 
still has some very definite things to accomplish. This year 
E-Day is being directed by Jerry Gruenhagen and the pro
grams he has outlined are very interesting but still have 
many challenging problems to be solved. The people who 
work on E-Day are all engineers; they have the same prob
lems you do, and many of them are in your classes. The 
time and effort you would put in on E-Day will hardly 
interfere with your class work. 

E-Day is a very broad activities effort, encompassing 
projects and programs for almost every conceivable interest 
an engineer might have. It is quite often an ideal step
pingstone into other activities you've heard about but 
never got around to investigating. E-Day also has some 
pretty fair parties where everyone really has a good time, 
which should interest every engineer. For any engineer 
who may possibly be interested in some. form of extra
curricular activity, E-Day provides the best opportunity 
and will still fit into your schedule instead of wrecking it. 

Land Surveyors, 316 New York Building, St. Paul, Minn
esota." 

Part one of the E.I.T. examination deals with funda
mentals in mathematics and the physical sciences, and 
part two deals with problems relative to the branch of 
engineering rna jored in, such as civil, electrical, mining, 
etc. 

Upon taking and passing the E.I.T. examinations, the 
applicant is given an Engineering-in-Training certificate 
by the Board. He, or she, then must serve out a training 
period in engineering work. This is usually about four 
years. After completing the training period, the applicant 
should again make application to the State Board for per
mission to take parts three and four of the professional 
examination. By successfully passing these two parts, which 
are also of four hours each, the applicant will be issued 
a Certificate of Final Registration as a professional engi
neer. 

Some of the major results accruing to the young engi
neer who has embarked on the engineer-in-training pro
gram with his ultimate goal as a registered professional 
engineer, are to be recognized accordingly. It makes the 
young engineer more conscious of his obligations as a 
member of the engineering profession and acquaints him 
with the procedures, requirements and purposes of regis
tration. It permits him to take the first step towards regis
tration by passing a written examination on fundamental 
engineering theory while the subject matter is fresh in his 
mind, and also assists the young engineer in obtaining im
mediate professional affiliation, guidance, and protection. 
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Dr. Strathmore R. B. Cooke 

by GORDON 0. PRICKETT 

I F YOU ASK Dr. Cooke a question, be sure it's an important 
one ... and be prepared to answer his questions. This 
you learn studying under Dr. Strathmore R. B. Cooke. 

Last year Dr. Cooke was appointed Head of the 
School of Mines and Metallurgy. Coming to the univer
sity in 1946, he has pioneered in his major field of mineral 
dressing and has earned the esteem of students and faculty 
alike for his teaching and research. 

Students of Dr. Cooke are frequently surprised at the 
breadth of his knowledge. Ever since browsing· through 
astronomy books as a boy in his native New Zealand, his 
interests have led him into many fields of science. 

Astronomy was one of his earliest interests. Had the op
portunity come, Dr. Cooke says he probably would have 
majored in astronomy. But he grew up in a gold mining 
district in New Zealand and during high school became 
interested in courses offered by a nearby school of mines. 
He attended classes on evenings and Saturdays ... for 
four shillings (about one dollar) a quarter. He took exami
nations for Otags University at Dunedin, New Zealand, 
and won a four year scholarship. There he earned a 
bachelor degree in metallurgical engineering and chem
istry. With one more course in geology he would have 
received that degree, too. 

After graduating from Otags, Dr. Cooke applied for, 
and received, a U.S. Bureau of Mines Fellowship at the 
:Missouri School of Mines. When he came to this country, 
he didn't intend to stay. But he is now an American 
citizen and has stayed nearly 30 years. At Missouri he 
earned his M.S. (1930) and his Ph.D. (1933) in metallurgy. 
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With his degrees won, Dr. Cooke went to work for the 
State of Nlissouri at the Mines Experiment Station as a 
research metallurgist. About this time he was married. 
On this subject Dr. Cooke offers the advice -If at all pos
sible) avoid marriage while in school. It was "in school" 
in a German class, that he found himself seated alpha
betically, alongside Helen Cahill, now Mrs. Cooke. 

The years that followed brought Dr. Cooke appoint
ments- to the teaching staff of the Missouri School of 
Mines in 1936, the Montana School of Mines in 1939, and 
the University of Minnesota in 1946. Though he hadn't 
planned to teach when he did his graduate work, teaching 
has occupied a large part of his life ever since. During 
World War II while at Nlontana, Dr. Cooke even taught 
the Navy midshipmen celestial navigation. 

This brings us back to his favorite avocation, astronomy. 
Dr. Cooke has had a telescope ever since he was ten. His 
specialty over the past 40 years has been mapping the 
surface of the moon. He is the discoverer of many lunar 
domes- remnants of true volcanoes. At his home in Rob
binsdale, he has an observatory with a 12y2 inch reflect
ing telescope and a six inch Schmidt camera. The lenses 
for his equipment are made by ·Dr. Cooke himself. Un
fortunately, he finds little time for his observatory now, 
with his new position and added duties. 

What does a department head do? Dr. Cooke's answer 
.. was quite lengthy. He is the administrator of the school 
and must do a lot of "paper pushing." Additional duties 
include teaching, seminars, and controlling graduate re
search. He tries to keep the faculty happy by supplying 
needed equipment and keeping within the budget. He 
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attends committee meetings and studies the curriculum 
with the faculty to keep it up-to-date. Finally he tries to 
write papers embodying his research. In this, Dr. Cooke 
said he was five papers behind. 

Dr. Cooke's graduate research and much of his work at 
l\1innesota has dealt with mineralogical and concentration 
studies of iron ore. He has made major contributions in 
the flotation of non-sulphide minerals and in the under
standing of the colloidal phenomenon in flotation. Some 
of his most interesting work is in the application of spec
trography to ore dressing. 

When he finds time for a vacation, Dr. Cooke enjoys 
hiking and mountain climbing in the Montana Rockies 
with his wife and son Bruce, 17. He would like to do 

SPECIAL FEATURE ••• 

more prospecting but says that this suffers from too much 
mountain climbing. 

In his years of teaching, Dr. Cooke says he hasn't seen 
any appreciable change in the quality of students in his 
classes. He thinks that a professor can both teach and 
conduct research effectively, because one augments the 
other. 

On the future of the mineral sciences, Dr. Cooke says, 
"They are all important to our present day civilization. 
They are the primary producers of the elements we need 
. .. we should have more students in this field. vVe should 
have improvements in the quality and scope of scientific 
instruction." 

G.P. 

w il nt our of Power 
ARMA, OHIO, SEPT. 20- The direct conversion of the 
chemical energy of gases into electricity -long a dream 
of scientists and for years a laboratory curiosity- has 

been accomplished here with the development of the first 
fuel cell capable of economically producing thousands of 
watts of power. Using hydrogen and oxygen as fuel, the 
new silent source of power has been developed by scien
tists at the Research Laboratories of National Carbon 
Company, Division of Union Carbide Corporation. 

First significant application of the new fuel cells is in 
providing silent electrical power for the U. S. Army Signal 
Corps' new "Silent Sentry," which is being demonstrated 
this week at the associations of the U. S. Army's Com
munications and Electronics Symposium in Arizona. The 
world's smallest known radar set, the lightweight, porta
ble unit provides mobile Army forces with local combat 
surveillance of enemy movements despite smoke, darkness, 
or fog. A battery of National Carbon Company fuel cells 
provides power to operate the radar set at the U. S. Army 
Electronic Proving Ground at Fort Huachuca, Arizona. 
Leading communications and electronics authorities from 
both military and industrial organizations are attending 
the three-day technical meeting. 

The production of electricity directly from hydrogen 
and oxygen in a fuel cell is i!1herently more efficient than 
its production in a conventional steam system in which 
the heat is supplied by burning these same gases. Prac
tical limitations in utilizing all of the heat produced reduce 
the overall efficiency of a steam system to approximately 
30 or 35 per cent, while a fuel cell, which eliminates the 
intermediate heat step and converts directly from chem
ical to electric energy, has a top efficiency of about twice 
that figure. 

"Unlike conventional batteries, fuel cells remain essen
tially unchanged during their operating life, and produce 
electrical energy from chemical fuels supplied as needed," 
said Dr. Karl Kordesch, who has been responsible for the 
research work. "A primary battery, such as used in a 
flashlight, produces electrical energy by the consumption 
of its chemical elements. When the chemicals are used up, 
the battery is 'dead.' A secondary battery, such as used 1n 
an automobile, can be recharged during its life by passing 
electricity back into it, where it is stored for future use. 
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"This new fuel cell," Dr. Kordesch explained, "is merely 
a sealed jar into which are fed hydrogen and oxygen 
through the special hollow electrodes. The electrochemical 
reaction of the gases at these electrodes produces an electric 
current, with only water as a by-product. With the water 
disposed of by evaporation, the life of the fuel cell is 
theoretically unlimited. Cells have been operating here 
at Parma 8 hours a day, 5 days a week for the past year, 
with no signs of deterioration. This type of operation was 
purposely chosen for testing because the repeated starts 
and stops are much harder on the cell than would be con
tinuous, around-the-clock operation." 

No power plant is 100 per cent efficient, Dr. Kordesch 
went on, and some of the energy produced is wasted as 
heat. Operation of the new fuel cell at ambient tempera
tures results in high efficiency. The new cell's normal oper
ating temperature ranges from 120 to 140 degrees Fahren
heit. 

"The efficiency of operation of the new fuel cell de
pends on how it is used, but the general efficiency range 
is from 65 to 80 per cent when operated at normal tem
peratures and pressures," Dr. Kordesch said. "Just as an 
automobile gives better mileage at moderate speeds than 
when it is 'gunned,' so does a fuel cell operate most ef
ficiently when no attempt is made to draw the maximum 
power from a minimum volume. Efficiency is affected by 
power density-that is, at lower currents, a greater percent
age of the chemical energy is converted to electrical en
ergy. Research and development to date indicate that the 
optimum fuel cell design will be one which will produce 
approximately one kilowatt of power from a packaged 
unit one cubic foot in volume. 

The voltage across the electrodes of the new fuel cell is 
approximately one volt, and it is simply a matter of con
necting a number of cells in a circuit to get any voltage 
desired. The amount of electrical current produced by the 
cell depends on its physical size, so by varying the number 
and size of cells, many combinations of voltages and cur
rents can be obtained. Basically, the fuel cell is most de
sirable for high current, low voltage use. 

Although pure oxygen is required for higher current 
densities, the new fuel cell can be operated with hydrogen 
and air for producing smaller amounts of power. 
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ROPER CURING OF CONCRETE will increase strength and 
water tightness, resistance to freezing, thawing and 
weathering. 

vVith proper curing, the compressive strength increases 
rapidly for the first few days and then goes up slowly. The 
standard test used is the 28 day test for strength. From this 
it can be seen that it is important to protect the concrete 
from losing water so that the hydration of the concrete 
will be promoted. 

Concrete strength will increase with age as long as suffi
cient water is provided to prevent drying of the surface 
and the temperature is kept at a reasonable level. It is just 
as important to have good curing· in concrete as it is to 
have the proper proportions in the mix, if a maximum 
strength is to be obtained. The importance of keeping the 
concrete wet after setting cannot be over-emphasized. A 
good rule to follow is to use as small an amount of mixing 
water as possible to produce a workable mixture and then 
keep the surface wet at all times during the curing period. 
.A concrete allowed to dry will reach only 50% of the 
strength of one allowed to cure in the proper way. 

Methods of Curing 

Various methods may be used to obtain the required 
amount of water for curing. In building construction wet 
burlap has been found to be effective. The burlap is kept 
wet at all times and in contact with the concrete. For form 
work soil soaker hose works well because it allows the 
water to seep between the forms and the concrete. Sprin-
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kling has also been used. For highway construction of. 
foundations that are similar to this, many methods have· 
been used. Some of these methods are the following: 

I. Sealing compounds can be applied to the surface. 
This prevents water from escaping. The concrete, 
when mixed, contains enough water for adequate hy
dration so this" is a good method. 

2. Ponding has also been tried in conjunction with well 
moistened backfill. The backfill keeps the sides wet 
and at the same time provides a dike in which water 
may be allowed to stand. 

All of these methods have the same purpose in mind, to 
provide enough water for complete curing and hydration 
of the concrete. 

In tests run by one investigator, it was found that evapo
ration is actually. beneficial during the period that the 
concrete is plastic. The same tests were run using metal 
cans instead of membranes and the results were relatively 
the same. These tests indicate that there is an optimum 
point beyond which further evaporation is detrimental, 
therefore it is suggested that intentional curing be started 
immediately after the water sheen has disappeared from 
the surface. 

As hydration of concrete proceeds (if water is supplied 
as necessary) gel development reduces the size of voids 
thereby increasing water tightness of the concrete. When 
using· form work, therefore, the forms should be removed 
as soon as possible to permit adequate curing of the con
crete. Curing enhances the resistance of concrete to sulfate 
attack, probably because of carbonation. 
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Temperature of Curing 

·he curing temperature is also important. The higher 
temperature is during curing the higher the ultimate 

•1gth because temperature controls the rate of hydra
til. 

In warm weather there is constant danger of the rapid 
~vaporation of moisture from surface of the concrete. This 
nay result in cracking of the surface, so frequent sprinkling 
. r:omes irnperative. If the concrete becomes too hot dur

·,.~he initial state it may suffer from a rapid setting ef
which reduces the compressive strength. Cooling the 
'pg water helps prevent this problem. 

,·ing freezing weather the amount of water used in 
··should be limited as much as possible. When plac
~,:rete it should be protected from freezing immedi

ttfter placing in the forms at a heat of at least 50°F. 
1 minimum of 72 hours, 120 hours being much better. 
~ concrete does freeze it delays the hardening of the 

.:nt and prevents it from obtaining the ultimate 
strength that would be possible at higher temperatures by 
destroying the cohesive forces between the particles of the 
green concrete. Protection from drying for at least one 
week should be provided if the concrete is placed in freez
ing weather. 

In small n1e1nbers protection is especially important be
cause a large percentage of strength may be lost. Salt or 
other chemicals should never be mixed with the concrete 
to prevent freezing unless approval is granted by the en
~-ineer (these additives tend to lower compressive strength). 

In recent years developments aimed at faster curing are 
also helpful to prevent freezing. These methods also have 
the advantage of faster production for small precast pipe 
and similar items. The following methods have been used 
mccessfully: 

1. Electrical heating. 
2. Passing of hot saturated air. 
3. High pressure saturated steam, atmospheric steam, or 

very hot water. 

Electrical Heating 

The theory is to place two plates parallel to each other 
and then pass an electric current between them. This raises 
the temperature at a uniform rate and gives uniform cur
ing throughout. This is not true of a steam cured ·concrete. 

Passing Hot Saturated Air 

This method has been used for some time and has been 
used effectively in most cases. A steam at atmospheric 
pressure is simply passed over the concrete and because 
of the high temperature and saturated conditions it accel
erates the curing process. 

High Pressure Steam Curing 

Of the three 1nethods of accelerated curing this 1nethod 
was found to be the best. It was economical to produce and 
easy to handle. Some of the advantages that steam curing 
had over the other methods are the following: 

I. Rapid increase in early strength. 
2. Reduction in final drying shrinkage. 
3. Increased resistance to attack by sulphate solution. 
4. In some cases greater final strength. 
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Conclusions 

All of the methods mentioned give a high early strength 
concrete. Rapid curing of concrete may be started immedi
ately after casting and continued for short durations of 
time from one to four hours to produce a high early 
strength suitable for high grade work. The rate of tempera
ture rise should be controlled carefully to prevent crack
ing. 

Aluminum cements are not suitable for steam curing 
because the chemical reaction breaks down above certain 
temperatures. Steam curing also breaks down the bond 
strength between concrete and steel and so should be used 
with caution. 

From the above discussion it can be seen that curing is 
important in order to obtain maximum concrete strength. 
The temperature and amount of water present during cur
ing have a definite effect on the resulting strength. If 
proper curing of concrete is obtained the particular struc
ture or foundation you are building will have a better 
safety factor and will increase the usefulness of the struc
ture in years to come by cutting down on weathering ef-
fects. ~ 

Shown above is a scale model nuclear power plant, one of a series 
of models designed recently, to be used as an aid to field represen
tatives. This unit is designed to produce 20,000 kw of heat and 5,000 
kw of electrical power. Recent development in these models, which 
have been in use for the past 19 years have greatly increased the 
usefulness of them. This model, measuring slightly more than five feet 
in length, and varying in circumference from 36.2 inches (near each 
end) to a minimum of 19.1 inches at the middle, weighs only 109 
pounds. 
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Now on many supertankers, ductile iron is a new material widely used by today's engineers in designing heavy-duty equipment. 

Ductile Iron ... another I nco Research first 

ver five miles of ductile iron pipe 
going into many· of today's supe ankers 

A deep sea tanker takes many a heavy 
beating when waves are rough. 

With each pitch and roll, she has to 
weave. And her five or more miles of 
piping have to weave with her. 

If it is ductile iron piping, every pipe 
length gives without break or leak. 

Bends without breaking 
Ductile iron is not only ductile, but also 
tough. And resistant to the corrosive 
action of sea water and sulfur laden 
crude oil. 

In some tankers, gray cast iron pipe 
resists corrosion for ten years or more. 
Sometimes, though, it's cracked and 
broken by the pounding of heavy seas 
that overtax its strength. 

In other tankers, steel pipe outrides 
such storms without damage. But it cor
rodes so badly it may have to be replaced 

every three or four years when han
dling sour crudes. 

Ductile iron pipe, tanker owners find, 
combines the low cost and demonstrated 
corrosion resistance of cast iron with 
the tough strength of carbon steel. 

So today, many of the newest tankers 
carry pipe and fittings of ductile iron. 

Ductile Iron also under city streets 

The properties that prove ductile iron 
pipe suitable for tankers also commend 
it to municipal and utility engineers. So 
this shock-and-corrosion resisting pipe 

is used for water and gas mains. It may 
soon be under the streets in your town. 

Ductile iron has many uses- from 
plowshares to jet plane parts. And cost
conscious industry is constantly finding 
new ways to use this versatile money
saving, !nco-developed material. 

For free booklet, "Engineering Prop
erties and Applications of Ductile 
Irons," write: Dept. 232G, Educational 
Service, Development and Research Div., 

The International Nickel Company, Inc. 
New York 5, N. Y. ©1958, T. 1. N. co., Inc. 

<~~~> International Nickel 
The International Nickel Company, Inc., is the U. S. affiliate of The International Nickel Company of 
Canada, Limited (I nco-Canada)- producer of I nco Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium 

and Platinum, Palladium and Other Precious Metals 
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INDIANAPOLIS, IND.: (Special) Lockheed Aircraft Corporation and the Allison 
Division of General Motors Corporation have teamed up to produce a commercial 
passenger transport that promises to revolutionize air transportation on the 
medium-and-short-range flights. Cruising at more than 400-mph the Allison 
Prop-jet Lockheed Electra will bring jet-age speed and comfort to passengers 
and set new standards of operating economy for air lines of the world. 

Teamwork within Allison, just like the Lockheed-Allison team, is highly prized 
by newly graduated engineers. If you would like to know more about the Allison 
team, write Personnel Department, College Relations, Allison Division of General 
Motors Corporation, Indianapolis, Indiana. 
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There are a number of things I would like to discuss by way of reply to the 

editorial in the December 'Log and the recent Daily article "Log Editor Blasts 
AUC for Indifference." · 

The often heard question "What is. All-University Congress doing for the 
I. T. student?" will serve as my takeoff point. What does Congress do for the I. T. 
student? What does Congress do for the Business student? The SLA student? the 
Dentistry student? It is my firm belief that Congress has no business doing any
thing whatsoever for the I. T. student. Let me qualify this. Congress is an all
university organization. Its purpose is to cross college lines and serve those needs 
of students which are common to all students. If Congress purports to be a service 
organization, then it should serve. It, is not my purpose here to describe what 
Congress does or doesn't do. After working in and around Congress prog-rams 
for more than three years it is my finn belief that Congress serves a useful pur
pose on this campus. I would not have to give my reasons to anyone who has paid 
any attention to the workings of Congress. I would be wasting my breath on those 
who are convinced that Congress is an association for would-be wheels and noth
ing more. I do feel that, taken as a whole, Congress spends a fantastic amount of 
time and energy for what it accomplishes, although there is no disputing the fact 
that many of its members contribute very constructively and effectively. In en
gineering terms, its overall efficiency is low. I am, however, convinced that 
Congress does accomplish unique good. 

All of this is neither here nor there as far as I am concerned. I have a specific 
gripe to direct at the student engineering world. Very bluntly, you are too pro
vincial. I have been asked to give reports in Tech Commission meetings on the 
activities of Congress. I did so on at least three occasions, at some length. Gen
erally I was rebuffed with a comment like "What we'd like to hear is what Con
gress is doing for the 1. T. student." What could I say? What kind of animals do 
I. T. students consider themselves? Too different from the rest of college society 
to acknowledge the fact that what somebody does in representation of students 
per se does not affect them? 

If Congress does anything for students, it makes no college distinctions (sic). 
That is the business of the college boards. What is Tech Commission doing for 
the I. T. student? Think about that one awhile. How important is E-Day to the 
average student? Do you really know? Is E-Day as important to the I. T. student 
as Homecoming is to just "a student"? Besides E-Day, which in my mind has a 
pretty dubious value except for the learning experience of those who work on it, 
what else does Tech Commission do for the non-society I. T. student? Undoubt
edly members could list a dozen or so items, but seriously now, who could they 
convince? Let's look around our own yard before we complain about the garbage 
in others'. 

In an age of Sputniks we can't afford to sit in our slide-rule cage and pre
tend what doesn't affect us personally has no bearing on our lives. How can peo
ple who consider themselves student leaders refuse to acknowledge the fact that 
they share a position on the student scene no more important or esteemed than 
anyone else? How can they sit there and say in effect "We're not interested in 
Berlin scholarships or Foreign Student Leadership Projects or Icelandic Exchanges 
or any of that stuff. What we want to know is: What is Congress doing for the I. T. 
student?" Congress is carrying out those projects FOR the I. T. student) along 
with many others. It's a good thing they are, whatever their reasons for doing it 
may be. We sit over here in our grubby castle sleeping too soundly to think about 
doing them ourselves. 

(Continued on Page 65) 
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(Continued from Page 64) 

While on the subject of motivation and reasons for doing things, I would 
suggest that it may not be a good idea to make sweeping generalizations and 
scornfully label the Peripheral World as would-be wheels until we see what we 
are really saying. 

Do you really think that people who are in student activities do things by 
and large because of a strong, never-say-die sense of duty to serve humanity? A 
few- darn few. They are there because of the kind of people they find there) be
cause of the prestige ·oahte) because they like to feel they are making a worthwhile 
contribution, andjor because they recognize it as a valuable learning experience. 
Those who achieve leadership stature are those who realize one doesn't receive 
without giving in kind, and the time they put in and the service they render is 
their pay for the privilege of the experience. What makes you a TECHNOLOG 
editor? I wouldn't call you a would-be wheel, except if your definition of that 
term includes your extra-!. T. peer group, and then I guess I'd have to. 

In closing there is one more item I'd like to mention just to set the record 
straight. It's just this: I have never been approached officially or unofficially, 
formally or informally, by anyone on the TECHNOLOG staff to write any articles 
on Congress activities in the 'Log. Although 1 received messages of two or three 
telephone calls from someone from the TECHNOLOG, I have never received any 
information about what the caller had in mind, what he wanted, or further, 
what he did and whether or not I should contact him. 1\!Iight cross-examine your 
Societies editor on this one. Further, I have at no time indicated that I did not 
want to be bothered with such a project, as the 'Log readers were led to believe. 
I offer this article as evidence of my interest in I. T. students. If the things I have 
to contribute are not the sort of things I. T. leaders wish to hear; if they are so 
provincial and tunnel-visioned as to request that I report that Congress is doing 
things which it was not constitutionally designed to do and ignore what it was 
so designed to do, then perhaps I should have held my silence. 

Perhaps I should hold my silence even now, but always there lingers the hope 
that somewhere, somehow, other minds with the technical training this culture 
demands will let tentacles of their minds spread across the campus; begin to dis
cover how they resemble the rest of the student population; and lose some of their 
technical regionalism to recognize that whatever any service organization does 
well for undifferentiated studentdom will affect them far more profoundly than 
any possible effects that group might have on penetrating their computer king
dom. 

Charles E. Nelson 
(Architecture senior) 

(Editor's Note: Looks like he should check with B-1, 2, 3, 4, 5, in Professor 
Guthrie's Factual Communications.) 

1955 CHEV V-8 HARDTOP- Yellow and White; Radio and Heater. Straight 
Stick and 4-barrel carburetor and duals. Back-up lights, White-wall tires. $1150. 
Call SU 4-8234- Ask for Rog. 

1954 OLDS SUPER 88- 4-door. Rebuilt hydramatic transmission. Power brakes, 
radio, heater, tinted glass. Back-up lights, White sidewall tires. Price $1195 or 
make offer. Call SU 8-5444. 

PEARL-HANDLED SHOTGUN for formal weddings; also layette and trousseau. 
Call ''Lucky" Lature, Sanford Hall. 

WANTED a Mercury Outboard. Model Mark 25 from year 54-56. Call CA. 6-0624 
and ask for George. Daily after 6 P.M. 

If you have any ads write them up and bring them to Log office. 
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NEWS FROM KAPPA lETA· KAPPA 

TOBOGGAN PARTY 

Four new members were formally initiated into the Beta 
Chapter of Kappa Eta Kappa at a banquet held in Coff
man Memorial Union on 1\!Ionday, January 20. The new 
actives are: Don Blount, Pete Campbell, Bob Muronaka, 
and Wilbur Nelson. Dr. M.A. Graubard, Associate Profes
sor of Interdisciplinary Studies, spoke after the dinner ex
pounding on the Russian educational system under the 
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Czarist regime, and compared it to the system now in use 
which has caused Russia to equal the U. S. in so many sci
entific fields. 

Our first smoker of the new year was held on Monday, 
January 13, and featured Professor T. L. Lambert of the 
Electrical Engineering Staff at the University of 1\!Iinne
sota as the guest speaker. He spoke on the revised five year 
curriculum installed at the University during the late 
1940's and stated reasons for the change. The honor section 
program, now just gaining recognition in the EE Depart
ment, was discussed in detail when an informal question 
and answer period was opened after Professor Lambert's 
talk. 

Kappa Eta Kappa also welcomed five new pledges into 
its Chapter at a pledging ceremony at the house on 1\!Ion
day, January 27. These winter quarter pledges are: Jack 
Iasching, Clayton Kjeer, Dave Mlekoday, Ed Rippie, and 
Marv Thompson. After the pledging ceremony, the elec
tion of new Chapter Officers was held. The new officers are: 
President: Earl DeJonge; Vice President: Jack Weihe; 
Treasurer: Jim Anderson; and Secretary: Keith Flemming. 

A busy month was ended with a tobogganing party held 
on Friday, January 31 at the Columbia Heights Golf 
Course. To some, this was a brand-new experience, for 
others, it was old hat, but everyone agreed that it was a 
lot of fl1n. The unanimous comment was, "That was 
great! Let's do this again, soon!" And we will! 

MINNESOTA TECHNOLOG 



Tou h rotec ·on 
olved by 

A Grinnell ProtectoSpray on upper part 
of unit cools equipment and washes 
burning oil and solvent into area pro• 
fected by foam bl<mket below. 

A Grinnell Protectofoam safeguards the lower section of 
hexane solvent extraction unit with a blanket of foam, to 
prevent formation of explosive mixtures. 

At Canadian Vegetable Oil 
Processing ltd., Hamilton, 
Ontario, hexane solvent is used 
in extracting vegetable oil 
from soybeans. Because of the 
highly flammable nature of 

the solvent, Grinnell designed a special system for this 
unit, consisting of 162 ProtectoSpray nozzles - to 
drench the superstructure with fine water spray; and 
24 ProtectoFoam spray heads - to blanket the diked 
area with foam. This water-foam combination protects 
the lives of personnel, as well as shielding equipment 
from costly damage. 

Solving tough fire problems like this with installations 
engineered to the hazard, tailored to the need, built 
of highest quality materials is something Grinnell has 
been doing successfully for more than 85 years. 

Grinnell Fire Protection Systems inc::lude: 
<CII Automatic spray sprinklers -wet pipe, dry 'pipe, Simplex, 

and deluge systems 

<® Emulsion and vapor dilution extinguishment with water 
sprays - Mulsifyre and ProtectoSpray systems 

o Cooling, insulation and controlled burning with water 
sprays - ProtectoSpray systems 

• Mechanical foam blanket - Protectofoam systems 

• Carbon dioxide systems 

• Dry chemical systems 

Manufacturing, Engineering and Installation 

of Fire Protection Systems since 1870 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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of a ollar etective story 
Men, vehicles and instrurnents bound for the rniddle east 

The cast of this story may include a part for you. GSI is a leader in 

the worldwide search for new petroleum reserves. Emphasis is shifting 

to foreign areas and there is a world of opportunity awaiting those who 

can qualify for a career in geophysical exploration. 

GSI has openings for college graduates trained in geophysics, 

physics, engineering, math and geology. 

For a rewarding career, which may take you from California to 

Calcutta, join the cast ... join GSI. 

Write for our booklet, frWitb GSI Tbe World Is Your Office." 

EOPHYSICAL ERVICE INc. 
D e p a r t m e n t 13 -Box 35084 

Airlawn Station, Dallas 35, Texas 

MINNESOTA TECHNOLOG 



Tear out this page for YOUR BEARING NOTEBOOK 
0 

0 

0 

MARCH 1958 

How to malie a 

good grade with 
a scraper 

Huge 518 hp. scrapers like this 
often have to maneuvet· giant 
loads on hills-up, down and 
sideways. Engineers who de
sign these mammoth earth 
movers have to provide for the 
terrific, combination radial and 
thrust loads, plus shock loads. 
To take the loads and assure 
dependable scraper perform
ance engineers mount wheels, 
pinions and differentials on 
Timken® tapered roller bearings. 

Tapered design lets Timken® bearings 

take both radial and thrust loads 

Not all bearings can take loads from the sides, as well as from above. 
The tapered design of Timken bearings lets them take both radial 
and thrust loads in any combination. And because Timken bearings 
roll the load on a full line of contact between their rollers and races, 
they have extra load-carrying capacity. 

Want to learn more about ness. Why not find out more about Better· 
ness and how you can help create it. Write 
for: "BETTER-ness and Your Career at the 
Timken Co.mpany". The Timken Roller 
Bearing Company, Canton 6, Ohio. 

lob opportunities? 
Timken bearings help make better machines. 
And better machines make our lives richer, 
give us mot·e leisure time. We call it Better-

ROLL 
TRADE-MARK REG. U.S. PAT. OFF. 

PERED 
8 RINGS 

' "!,I" 
NOT JUST A BALL Q NOT JUST A ROLLER (C) THE TIMKEN TAPERED ROLLER o:::> BEARING TAKES RADIAL @) AND THRUST -@D- LOADS OR ANY COMBINATION -@1),:-t ..... t ... 
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Joint e In us try 

tion's ixt r est 

The Gas industry-the sixth largest in the nation-has a total 
investment of over $5 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 over-hire. You won't be 
regimented. There's always room for advancement. With utility 
companies and with manufacturers of Gas equipment, there's 
always 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. 

70 

JOHN A. CORDANO,-JR. 
Mechanical Engineering, 1948 
University of California 

John Cordano started with the Southern 
Counties Gas Company as an assistant tech
nician and moved up through the jobs of as
sistant engineer and distribution design en
gineer to his present post. As Office Engineer, 
Corda no has been responsible for the installa
tion of a cost center program, a survey of 
practices and procedures in the construction 
and gas distribution field, and other special 
assignments throughout Southern Counties' 
8 far-flung divisions. 

STANLEY BLACHMAN 
B.S. in Electrical Engineering, 1946 
Case Institute of Technology 

When Stan Blachman left the service in 1947, 
he joined the A.G.A. laboratories as an appli
ance testing engineer. His college training, 
along with on-the-job experience with gas 
engineering design problems, enabled him to 
become an expert in the application of elec
trical components to gas equipment and to 
obtain a broad background in gas utilization. 
In 1956 he was assigned to handle special 
projects and engineering liaison between the 
Standards, Methods, and Testing Depart
ments of the A.G.A. laboratories. 

MINNESOTA TECHNOLOG 
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ea in', 

Synthane plastic laminated bush
ings and breaker arms for auto
motive ignition. 

ilin', an 

Dependable operation of a school 
bus, a truck, or your own car involves 
the functioning of many parts. One 
breakdown can wipe out the memory 
of ten thousand trouble-free miles. 

Some of these parts are made of 
laminated plastics. They're usually 
unseen, unsung, small in size yet effi
ciently performing their job. 

Their cost is relatively insignificant 
when compared with the cost of 
equipment in which they work, but 
it should be sufficient to insure de
pendability. 

Actually, what you pay for Syn
thane laminated plastics is little or 
no more than you'd pay for any 

eli a ilil 

other plastic laminate. But the Syn
thane price includes top quality rna~ 
terials, product control, excellent 
facilities and, workmanship, an as
surance of continuous supply, and 
a long reputation for fair dealing. 

If you are interested in a reliable 
source of laminated plastics-sheets, 
rods, tubes, or completely fabricated 
parts, write for an interesting catalog 
or call our representative nearest you. 

SYNTHANE CORPOATION, 13 RIVER RD., OAKS, M. 

MINNESOTA TECHNOLOG 



PHOTOGRAPHY AT WORK 
No. 30 in a Kodak Series 

Pepsi-Cola International Panor3ma, 
a magazine of places and people, 
reaches people around the world, 
builds recognition for Pepsi-Cola as a 
product associated with the better, 
happier side of life. 

Photo raphy 
sp a s 
1n every 
Ian ua e 

This picture leaves no doubt that Netherlanders 
are neighborly. 

What better way to say people take naturally to 
"Pepsi" whether in Leopold ville or Lichtenstein? 

To tell its story in 75 coun~ 
tries, Pepsi-Cola puts pictures 
to work to add mean:ng to the 
product's global billing as ~~the 
refreshment of friendship.'' 

To build up an atmosphere of 
friendliness and understanding 
in markets around the world, 
Pepsi-Cola International pub
lishes "Panorama" -and gives the 
brunt of the job to photography. 

Photography knows no lan
guage barrier. It is clear to young 
and old alike-appeals to every-

one. With photography, people 
are real; situations authentic, 
convincing. This is what makes 
photography such a powerful 
salesman. 

Large businesses and small can 
use this powerful salesmanship
can also use photography to cut 
costs and save time in many other 
ways. It can help with problems 
of product design-can watch 
quality in production. It trains. 
It cuts office routine. You'll find 
that it can work for you, too. 

EASTMAN KODAK COMPANY, Rochester 4, N. Y. 

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 oppor
tunity, write for information about careers with 
Kodak. Address: Business and Technical 
Personnel Dept., Eastman Kodak Company, 
Rochester 4, N.Y. 



Q. Mr. Hill, what can I do to get the 
most out of my job interviews? 

A. You know, we have the same 
question. I would recommend that 
you have some information on what 
the company does and why you be
lieve you have a contribution to 
make. Looking over company in
formation in your placement office 
is helpful. Have in mind some of the 
things you would like to ask and try 
to anticipate questions that may 
refer to your specific interests. 

Q. Whc:t information do you try to get 
during your interviews? 

A. This is where we must fill in be
tween the lines of the personnel 
forms. I try to find out why partic
ular study programs have been fol
lowed, in order to learn basic motiva
tions. I also try to find particular 
abilities in fields of science, or math
ematics, or alternatively in the more 
practical courses, since these might 
not be apparent from personnel rec
ords. Throughout the interview we 
try to judge clarity of thinking since 
this also gives us some indication of 
ability and ultimate progress. One 
good way to judge a person, I find, 
is to ask myself: Would he be easy 
to work with and would I like to 
have him as my close associate? 

Q. What part do first impressions play 
in your evaluation of people? 

A. I think we all form a first im
pression when we meet anyone. 
Therefore, if a generally neat ap
pearance is presented, I think it 
helps. It would indicate that you 
considered this important to your
self and had some pride in the way 
the interviewer might size you up. 

Q. With only academic training as a 
background, how long will it be before 
I'll be handling responsible work? 

GE 
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One of a series* 

Interview with General Electric's 

W., Scott Hill 

Manager ......... Engineering Recruiting 

ualities I Loo 

hen 
II ·~ 

ecru1t1n 

A. Not long at all. If a man joins a 
training program, or is placed direct
ly on an operating job, he gets 
assignments which let him work up 
to more responsible jobs. We are 
hiring people with definite consider
ation for their potential in either 
technical work or the management 
field, but their initial jobs will be 
important and responsible. 

Q. How will the fad tha~ I've had llo 
work hard in my engineering studies, 
with no time for a lot of outside activi
ties, affect my employment possibilities? 

A. You're concerned, I'd guess, with 
all the talk of the quest for "well
rounded men." We do look for this 
characteristic, but being president 
of the student council isn't the only 
indication of this trait. Through 
talking with your professors, for 
example, we can determine who 
takes the active role in group proj
ects and gets along well with other 
students in the class. This can be 
equally important in our judgment. 

Q. How important are hugh scholastic: 
grades in your decision to hire a man? 

A. At G.E. we must have men who 
are technically competent. Your 
grades give us a pretty good indica
tion of this and are also a measure 
of the way you have applied your
self. When we find someone whose 
grades are lower than might be ex
pected from his other characteristics, 
we look into it to find out if there 
are circumstances which may have 
contributed. 

Q. What consideration do you give work 
experience gained prior to graduation? 

A. Often a man with summer work 
experience in his chosen academic 
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field has a much better idea of wh 
he wants to do. This helps us decid .... 
where he would be most likely tc 
succeed or where he should start hi& 
career. Many students have had to 
work hard during college or sum
mers, to support themselves. These 
men obviously have a motivating 
desire to become engineers that we 
find highly desirable. 

Q. Do you feel that a man must know 
exactly what he wants to do when he is 
being interviewed? 

A. No, I don't. It is helpful if he 
has thought enough about his in
terests to be able to discuss some 
general directions he is considering. 
For example, he might know whether 
he wants product engineering work, 
or the marketing of technical prod
ucts, or the engineering associated 
with manufacturing. On G-E train
ing programs, rotating assignments 
are designed to help men find out 
more about their true interests be
fore they make their final choice. 

Q. How do military commitments affect 
your recruiting? 

A. Many young men today have 
military commitments when they 
graduate. We feel it is to their ad
vantage and ours to accept employ
ment after graduatiort and then ful
fill their obligations. We have a 
limited number of copies of a De
partment of Defense booklet de
scribing, in detail, the many ways in 
which the latter can be done. Just 
write to Engineering Personnel, 
Bldg. 36, 5th Floor, General Electric 
Company, Schenectady 5, N. Y. 959-B 

*LOOK FOR other interviews dis
cussing: ® Advancement in large 
Companies ® Salary 11 Personal 
Development. 

RIC 





Picture of a an 
trying to 

reck a train 

Railroad trains have been clocked at speeds as high as 111 
miles an hour. Most trains on open stretches run on a schedule 
that exceeds 60 miles per hour. Isn't it remarkable, when you 
think of it, that nobody ever wonders whether the wheels will 
hold up? For many years we have made this our concern so that 
it would never have to be yours. 

To make sure that fast trains will also be safe trains, U. S. 
Steel research teams carry on a continuing study of railroad 
wheels at the U. S. Steel Research Center at Monroeville, Pa. 
Wheels of the type used in high-speed service are subjected to 
the toughest trials which can be administered on the world's 
largest inertia dynamometer. Here wheels are driven at speeds 
equivalent to 160 mph, with the dynamometer generating 68 1;2 
million foot-pounds of energy-enough to lift a 34,000-ton ocean 
liner one foot in the air. These tests show us the minor revisions 
in design which enable us to maintain the wide safety margin 
for the ever-increasing speed of operation. Today's wheels would 
provide complete safety at train speeds which are, as of now, 
impossible to attain. 

This is only one of hundreds of research projects at U. S. 
Steel directed toward tomorrow's super products. And research 
is only part of the job of making, shaping, treating steel. It's 
a big job and we need good people to help us-people with your 
kind of training. 

More of our story is told in the booklet, "Paths of Oppor
tunity," which you can obtain by writing to United States Steel, 
Personnel Division, Room 1662, 525 William Penn Place, Pitts
burgh 30, Pennsylvania. 

USS is a registered trademark 

United States Steel 
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Thomas Henry Huxley .... on pure and applied science 

.. I often wish that this phrase, • applied science,' 

had never been invented. For it suggests that there 

is a sort of scientific knowledge of direct practical 

use. which can be studied apart from another 

sort of scientific knowledge, which is of no practi

cal utility, and which is termed 'pure science.' 

But there is no more complete fallacy than this. 

What people call applied science is nothing 

but the application of pure science to particular 

classes of problems. It consists of deductions from 

those general principles, established by reasoning 

and observation, which constitut~ pure science. No 

one can safely make these deductions until he has 

a firm grasp of the principles." .-Science and Culture 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization engaged in research on prolJicms relatctl to national security and the puLlic interest 
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0 TH MIND 

The world we live in is in large part the product of the 

scientific thought and accomplishment of the past, trans

lated into engineering achievements. Whether we continue 

to go forward depends on whether the scientific curiosity, 

the imagination, the careful thought, and the logical 
analysis of the past, upon which today' s technical achieve

ments were built, can exist and flourish in the environment 

of the new world. 

At A vco Research and Advanced Development Division, 

and at other places in the free world, an atmosphere exists 

in which the inquiring mind may live and create. We have 
the technical assistance and the facilities by which ideas 

are converted into concrete accomplishments. Many things 

have been done, and infinitely more remain to be done
the world of scientific thought is unlimited and promising. 

From the products of the mind will come the technical 

world of tomorrow. 
.. 

t. ~ J ~ Dr. Sidney L. Simon 
Assistant to the President 

Pictured above is our new Research and Development Center 
now under construction in Wilmington, Massachusetts. Scheduled 
for completion this year, the ultramodern laboratory will house 
the scientific and technical staff of the A vco Research and 
Advanced Develooment Division, 

A vco Research and Advanced Development Division now 
offers unusual and exciting career opportunities for exception
ally qualified and forward-looking scientists and engineers. 

Write to Dr. R. W. Johnston, Scientific and Technical Relations, 
Avco Research and Advanced Development Division, 
20 South Union Street, Lawrence, Massachusetts. 
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IMAGINATION AT WORK-Young GM Research Engineer Bill Ahrens, B.S. '52, M.S. '56, and Worth 
Percival (r.), Assistant Head of Mechanical Development at GM Research, working on the free-piston
powered XP-500 automobile. Bill is on the team studying the future applications of the free-piston engine. 

Because e 
we give your im 

COMMENCEMENT is just around the corner-you've 
probably decided what specialty you wish to follow 

in your chosen branch of engineering-possibly picked 
the company you'll join. 

But if you haven't committed yourself and have received 
an offer from General Motors-or get one in the next 
few days or weeks-you might bear this in mind: 

Engineering is a profession at GM. And the engi
neers who work on our hundreds of products-which 
involve the entire spectrum of the engineering art
are respected as professional men. 

To a young engineer just joining us, this means the 
freedom to pursue paths of professional inquiry
following the lead of his imagination. 

It means an opportunity to associate with some of the 
most respected and distinguished engineers in the 
country. 

And it means playing a part in developing the products 
which will keep GM on its progressive path-products 

is a ~sion at GM-
ination free rein 
produced by 35 Divisions and 126 plants in 71 cities 
and 19 states. 

GM has 33 Vice-Presidents-14 are engineers. We have 
42 Division General Managers-23 are engineers. 

Professional recognition, opportunity without limit, 
salaries and working conditions to please young engi
neers-these are what GM offers you. 

Better think seriously of this when laying the founda
tion for your future. 

GM positions now available in these fields: 

MECHANICAL ENGINEERING • ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING " METALLURGICAL ENGINEERING 

AERONAUTICAL ENGINEERING • CERAMIC ENGINEERING 

MATHEMATICS " INDUSTRIAL DESIGN • PHYSICS • CHEMISTRY 

GENERAL Morons CoRPOBATION 
Personnel Staff, Detroit 2, Michigan 

MINNESOTA TECHNOLOG 



Put your creative ability to work at 

I 

Where engineerin talent is recognized 

AIMS TORPEDOES. C. H. Jones (Northwestern-EE) 
is Ass.istant Department Manager of electronics and 
nuclear physics department. He recently invented 
a new device for underwater acoustics applica
tions. While at Westinghouse he has supervised 
varied research projects on color TV, antennas, micro 
waves, radar and sonar. 

BATTLEFIElD RADAR. J. W. Currie (U.S. Naval Academy-EE) 
and C. J. Miller (Virginia Polytech-EE) check fabric of the 
huge Westinghouse paraballoon, which they developed with 
the help of Cornell Aeronautical Laboratories. This lollypop
shaped device, more than 30 feet high when inflated, makes 
possible for the first time a lightweight, mobile radar antenna 
which can be set up near the front lines to support ground 
troops in battle. 

ATOMIC FlEET ENGINEER. P. N. Ross (Harvard 
-EE) is assistant manager of Large Ship Reactor 
Project for Westinghouse. He joined the com
pany as a graduate student, rose rapidly in 
nuclear work. Mr. Ross played a key role in 
development of USS Nautilus, the first atomic 
submarine. 

HEADED NEMA. J. H. Jewell (Pratt 
Institute-ME) headed National 
Electrica I Manufacturers Associa
tion in 1954-55. He is Westing
house vice president in charge 
of marketing. 

TURBINE EXPERT. C. C. Franck Sr. (Johns 
Hopkins-MME) is consulting engineer 
in Westinghouse Steam Division. His 
research helped develop the Normandy 
invasion fleet. He is an internationally
known authority on steam turbines. 

UTILITY "DOCTOR." As head of the Westinghouse 
Electric Utility Engineering Section, J. K. Dillard 
(Georgia Tech.-EE) helps diagnose ills and treat 
problems of 220 electric utilities across the nation. 
AC calculating board in background is largest com
puter of its kind in industry. 

AlEE PRESIDENT. A. C. Montieth 
(Queen's University, Kingston, 
Ontario) was 1954-55 president 
of AlEE. He is vice president in 
charge of all Westinghouse ap
paratus products divisions .. 

WINS LAMME MEDAL OF AlEE. The Lamme Medal, 
one of the nation's top honors in electrical engineer
ing. was won in 1955 by Dr. Clinton R. Hanna, 
(Purdue-EE) associate director of Westinghouse 
Research laboratories. left to right: Dr. John A. 
Hutcheson, (North Dakota-EE), Westinghouse vice 
president in charge of engineering; Dr. Hanna; 
and M. D. Hooven, AlEE head. Seven other West
inghouse engineers have won the Lamme Medal 
and 11 others the AlEE's Edison Medal. 

MOST EFFICIENT POWER STATION, J. W. Batchelor (Purdue-EE), 
head of Westinghouse Turbine Generator Engineering Dept., 
looks over the equipment which he helped to develop at Kyger 
Creek (Ohio) power station. The federal Power Commission 
labelled this the most efficient station in the nation for 1955. 
four Westinghouse turbine generators, each ,rated at 217,260 
kilowatts, are there. 

s 
FIRST WITH THE FUTURE 

MODERN-DAY PIONEER. Dr. R. A. Ramey, Jr. 
(U. of Cincinnati-EEl, is a pioneer in magnetic 
amplifiers. Joining Westinghouse in 1952 as a 
section engineering manager, he is now mana
ger, new products department. He also had 
an important part in guiding the development 
of Cypak, the Westinghouse industrial control 
unit that thinks, decides and remembers. 
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MAGNETOHVDRODVNAMICS 
and SPACE TECHNOLOGY 

Magnetic fields, acting as a double piston, 
drive luminous ionized shock waves through 
transparent tube. One·tenth microsecond ex· 
posure in STL's Physical Research Laboratory. 

Magnetohydrodynamics provides one of the most promis
ing approaches for attaining the velocities and specific 
impulses that will be required for manned space flight to 
a planet, landing, and returning. 

The critical problem in attaining velocities of hundreds 
of thousands of miles per hour is the containment of tem
peratures comparable to those in the interior of stars. 
Because the temperature of the driving reaction will have 
to rise as the square of the exhaust velocity, temperatures 
greater than one million degrees will be encountered in 
reaction chambers. Magnetohydrodynamics offers a 
unique solution to the basic problem of containing the 
reaction without contact with the chamber walls. 

Briefly, the physical principles of magnetohydrody
:namics are these. Since gas at such temperatures is com
pletely ionized and is an effective conductor of electricity, 
the introduction of currents in the gas (in this state 
called a plasma) creates an electromagnetic field. This 
field makes it possible to control the plasma by applying 
an external opposing magnetic field which creates a mag
netic bottle to contain the charged gas particles. Similarly, 

a magnetic-field piston can be used to accelerate the par .. 
tides. Such magnetohydrodynamic reactions are expected 
to develop exhaust velocities that are an order of magni· 
tude greater than those generated by ·present chemical 
rockets. 

At Space Technology Laboratories, both analytical and 
laboratory work are proceeding in the field of mag
netohydrodynamics. This work illustrates the advanced 
research in STL's Physical Research Laboratory, which 
emphasizes the application of basic physical principles to 
the requirements of space technology. 

In support of its over-all systems engineering respon .. 
sibility for the Air Force Ballistic Missile programs, and 
in anticipation of future system requirements, STL is 
engaged in a wide variety of research and experimental 
development activity. Projects are in progress in elec .. 
tronics, aerodynamics, propulsion, and structures. 

The scope of work at Space Technology Laboratories 
requires a staff of unusual technical breadth and compe
tence. Inquiries regarding the many opportunities on the 
Technical Staff are invited. 

PACE IECHNOLOGV ABORATORIES 
A Division of The Ramo- Wooldridge Corporation 

§730 ARBOR VITAE STREET e LOS ANGELES 415, CALIFORNIA 
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Chemical progress is autoclaves, test tubes, distiHation towers 

... hydrocarbons, heterocyclic compounds ... processes, 

polymerizations, products. 

But mostly, chemical progress is thinking ... men think-

ing. Little men, big men, medium size men ... in lab coats, 

business suits, overalls ... all of them, always, thinking. 

Thinking up new products ... new ways to make chem

icals and new ways to use them. Thinking up more comfort, 

more convenience, better health, for everyone. 

Always, the old things have to be improved, and the new 

I 
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things have to be proved. It takes more thinking. The think

ing never stops. And so chemical progress never stops. It's 

that way at Koppers. 

You can be one of these men, think

ing. You can create some of the chem

ical progress that's made at Koppers. 

The products are many ... the oppor

tunities myriad. Consider a career 

with Koppers; send the coupon today. 

,---------------------------
1 Koppers Company, Inc. 
I Industrial Relations Manager 
I Dept. C-48, Koppers Building 
I Pittsburgh 19, Pennsylvania 

I Please send the 24-page brochure entitled "Your Career at Koppers.•• 
I 1 Name ......• , •••.•.•••••••..........••.•••••••.••••••••••• 

I I School ..••••••••••••••••••• , •••••••• , • , ••••• o • o • , •••••••••• 

I Address ••••••••••••••••••••••••••• , •• , •••••••••••••••••••• 
I 1 City •••• , , , • , , , •• , , , ~ • , , • , , , , •••••• , Stcuh~ ••••••• , • , •••••••• 
I 
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How far can you go? The answer is all-important 
when it comes time for you to select the beginning 
point of your career. 

Naturally, your potential is directly related to 
your abilities, training and interest. Some jobs, 
however, offer you no chance for realizing your po
tential because there is no clear-cut path of oppor
tunity leading to the top. 

That's why so many engineers choose to begin 
their careers at Wisconsin Electric Power Company. 
Right from the very beginning, your work pattern 
is designed to prepare you for promotion to posi
tions of greater responsibility. Such a policy has 
resulted in the development of an outstanding body 
of executives. All of them are products of our reg
ular promotional system. 

There's no "standing still" at Wisconsin Elec-

? 
Ill 

tric Power Company. In 1957, our expansion pro
gram resulted in expenditures of approximately 
$35,000,000. Another $40,000,000 is budgeted for 
expansion in 1958. Wisconsin Electric Power Com
pany has always been a leader in the field of tech
nological development. For example, it is here that 
pulverized fuel was first used to operate a major 
power plant- an achievement that some historians 
rank with Edison's lamp and multiple distribution 
system. Right now we are one of America's atomic 
power pioneers, engaged with a group of other com
panies in the construction of an experimental 
atomic power plant. 

We invite you to begin a career that places no 
individual or industry-wide limits on your chances 
for advancement. How far will you go? You can 
go very far indeed - at Wisconsin Electric Power 
Company! 

When our representatives visit your campus, consult them about opportunities available both 
in our Milwaukee metropolitan area and in many of the smaller communities of our System 
which extends from the Wisconsin state line on the south into upper Michigan on the north. 

ISCONSIN ELECTRIC PO ER co PANY SYSTE 
Wisconsin Electric Power Co. Wisconsin Michigan Power Co. Wisconsin Natural Gas Co. 

Milwaukee, Wis. Appleton, Wis. Racine, Wis. 

MINNESOTA TECHNOlOG 



REPORT FROM RYAN 

Ryan's Diversification 
@ 

1neers Creates ide Opportunity for En 

X-13 Vertiiet Adds New Punch to Airpower 
Washington- Unveiled in an unpre

cedented flight at the Pentagon, the 
Ryan X-13 Vertijet gave military 
officials a glimpse of the future of air
power. Like a huge bat, the Vertijet 
unhooked itself from its nose cable, 
hovered vertically, then whipped over 
into horizontal flight and roared out of 
sight. 

World's first jet VTOL aircraft, the 
Vertijet combines the flashing perform
ance of jet power with the mobility of 
missile launching. It frees supersonic 
airpower from runways and airports. 
Without landing gear, flaps, actuators, 
the X-13 concept means less weight
more performance in speed and climb. 

In the words of a top Air Force 
General, "The Vertijet has provided 
military planners with a new capability 
for manned aircraft of the future." 

Achieved in close cooperation with 
the Air Force and Navy, the Vertijet is 
based upon Ryan's unsurpassed 2%. 

APRIL 1958 

million manhours of research, develop
ment, and test in VTOL aircraft. 

avy, Army 
to Use New Ryan 
Navigator 

San Diego-Navy aircraft-piston 
engine, jets and helicopters will soon be 
equipped with Ryan lightweight auto
matic navigators and ground velocity 
indicators. Lightest, simplest, most 
reliable, most compact of their type, 
these systems are self-contained and 
based on continuous-wave radar. 

The navigators provide pilots with 
required data such as latitude, longi
tude, ground speed and track, drift 
angle, wind speed and direction, ground 
miles covered and course and distance 
to destination. Ryan is also developing 
guidance systems for supersonic missiles. 

ore rders for 
Ryan Firebees 

San Diego-Nearly $20 million worth 
of Ryan Firebee jet drone missiles have 
been ordered by the Air Force and Navy 
in 1957. In operational use, the Firebee 
is the nation's most realistic "enemy" 
target for evaluating the performance of 
air-to-air and ground-to-air missiles. It 
possesses the high speed, altitude, 
maneuverability and extended duration 
needed to simulate "enemy" intercept 
problems. 

America's number-one jet drone, the 
Firebee is another example of Ryan's 
skill in blending aerodynamic, jet pro
pulsion and electronics knowledge to 
meet a challenging problem ... answer a 
vital military need. 

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
airframes, engines and electronic systems. 

SEND FOR RYAN'S BROCHURE, "ENGINEERING 
OPPORTUNITIES." MAIL THIS COUPON TO: 

Mr. James Kerns, Engineering Personnel 
Ryan Aeronautical Company 
Lindbergh Field, 2736 Harbor Drive 
San Diego 12, California 

NAME 

ADDRESS 

PHONE NO. 

DEGREE SCHOOL 

FIEI..D OF EXPERIENCE OR PREFERENCE 
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EAGLE PENCIL COMPANY NEW YORK LONDON TORONTO MEXICO SYDNEY BOGOTA 
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Engineers CD Scientists CD Mathematicians .... CD 

TWO IMPORTANT REASONS FOR STARTING YOUR CAREER 

WITH LOCKHEED MISSILE SYSTEMS 

Ill Better Advancement Opportunities 
11!1 Higher Degree Educational Program 

As greater emphasis is put on missile's role in U.S. defense, our own 
missile projects will continue to expand. This growth potential-coupled with 
our youth as a division- means better opportunities for you to move 
rapidly ahead in a career with Lockheed Missile Systems. 

Under the Advanced Study Program, the Lockheed Graduate Study Council 
offers qualified students the opportunity to earn advanced degrees while employed 
in their chosen fields at Lockheed Missile Systems. Eligible students must be 
U.S. citizens holding B.S. or M.S. degrees in engineering, mathematics, or science 
applicable to missile systems research and development. 

Extensive laboratory facilities at Palo Alto and Sunnyvale, 
near Stanford University, provide an atmosphere to satisfy the most inquisitive 
scientific mind, yet pique the desire for further knowledge and achievement. 
Both locations are less than an hour's drive from San Francisco. 

For further information, contact your Placement Officer, or write College Relations 
Office, Lockheed Missile Systems, 3251 Hanover St., Palo Alto, Calif. 

L~ MISSILE SYSTEMS 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 

SUNNYVALE" PALO ALTO • VAN NUYS "SANTA CRUZ • CALIFORNIA 

Advanced Study Program physics student J. T. N afJ charges up the condenser of a 
high velocity shock tube preparatory to firing. Nafj, a graduate of Louisiana Polytechnic 
Institute, is working on his Master's Degree at the University of California, 
while employed at Lockheed's Palo A Ito Research and Development Laboratory. 
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AN ODE TO CHEMISE: 

0 amorphous, sagging sack, 
With curveless front, and likewise back, 
Precursor of the drap'ry look, 
Design of some blind Paris schnook: 
Your limp and baggyish profile 
Is surely not confused with style? 

You hang upon your wearer so, 
Men cease to care what lies below. 
The vertical style no doubt is fine, 
For those of linear design, 
But cast not thyself upon those curves 
Of woman, who better things deserves. 

You limply, unceremoniously drape, 
Destroying, annulling, concealing all shape. 
Is woman ashamed of her age-old contour? 
Has she given up hope in her built-in allure? 
She thinks men prefer to guess what's beneath 
A shapeless sack, before a fitted sheath? 

Smitty 

MISS APRIL: ENGINEER'S DELIGHT. The 'log staff has been trying all year 

to find a suitable ideal to conform with the likes of the I.T. student but 

finally decided this was impossible, so we present artist Dick Bobnick's por

trayal. Dimensional analysis available on demand. 
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CIVIL ENGINEERS HAVE UNLIMITED OPPORTUNITIES IN OUR 

E p DI 

America's engineering spotlight today is focused on its 
civil engineers- the men who plan, design, build, and 
maintain the nation's great and growing highway system. 

Never before in world history and no where else as in 
America have highways become so much a major part of 
our way of life. And "Today is only the beginning." 

For America, traditionally a nation of pioneers- of trail 
blazers- has committed itself to an unprecedented pro
gram of new, high standard highways to meet the needs 
of an unprecedented motor vehicle traffic. Already the 
world's greatest, it is growing by leaps and bounds. 

Nucleus and standard bearer for the new program is the 
41,000-mile Interstate Highway network authorized by the 
United States Congress in 1956 to link the nation's major 
cities and national defense installations in every state. The 
network highways are planned to meet the needs both of 
national defense and peacetime pursuits of business and 
pleasure. 

To be of "high standard" design and construction, these 
broad, sweeping network freeways are scheduled for com
pletion within 13 years. They will incorporate as "stand
ard procedure" design ideas and augmented facilities which 
heretofore have been nothing more than highway dreams 
of the future in the minds of the most imaginative en
gineers. 

To transform dreams to reality, the new type highways, 
interstate and otherwise, will occupy the full talents o[ 
thousands of professional engineers, at least for more than 
a decade. 

Minnesota will have more than 830 miles of the new 
Interstate network within its borders and under design 
and construction jurisdiction of its state highway depart
ment. Including two routes transversing the state east-west 
and one north-south, Minnesota's network mileage will 
cost approximately $750 million, running from_ about one
half million to about two million dollars per mile, for 
design, construction and right of way. 

Nationally, the right of way, design and construction 
program is already picking up speed with Minnesota rated 
as among the first three states in the forefront of those 
which are moving rapidly and actively to get work under 
contract and in the production stage. 

Work is well on its way on several of the Interstate High
ways adjoining the Twin City area. -Most of the earthwork 
and grading· has been completed and much of the bridge 
work is nearing completion on that part of the new Inter-

14 

G HIG 

state Highway 394 which parallels Highway 65 between 
Minneapolis and the Minnesota River. 

This advanced position is a tipoff that the Minnesota 
Highway Department must, to sustain its excellent begin
ning, rapidly recruit scores of qualified civil engineers to 
handle the many planning, surveying, designing and con
struction problems which lie ahead- not for the summer 
construction season, or for a year, but for a good many 
years to come, without any foreseeable interruption. 

Setting a new standard for highway design, the network 
routes will consist generally of four-lane divided highways 
with all access limited to designated interchanges and with 
separation of all intersecting grade levels. Interchanges will 
be spaced from approximately a half-mile apart in urban 
sections to from one to five miles apart in rural areas, de
pending on population and the number of intersecting 
roads. This will mean about 1,200 grade separation bridges 
on Minnesota's interstate links. 

Many miles of the interstate freeways in heavily settled 
areas will be landscaped and fenced, many interchanges 
and urban sections will be lighted at night. Urban inter
changes will have two or three traffic levels with a maze of 
diarnond, cloverleaf and directional connecting patterns. 

In well settled neighborhoods through which they pass, 
the freeway lanes will be paralleled by so-called service 
roads which will add to the magnitude of the over-all 
construction. 

But beyond its own bulk in the highway engineering 
picture, the interstate network has become an example and 
incentive for each state to expand its own highway pro
gram- to build hundreds of miles of other new ·roads to 
meet the increased traffic demands within its own borders. 

Minnesota, a state of great travel 'distances and with a 
state trunk highway system already in excess of 11,000 
n1iles, is in the forefront of the new highway era. It is con
servatively estimated that the state requires a billion dol
lars of highway construction to give it the number and 
kind of streets and hig-hways warranted by its growing 
population and increasing volumes of motor vehicle traffic. 

Other states are in a similar situation. 
The civil engineer is "coming into his own" in JVIinne

sota and in every other state of the Union. He has a chal
lenge for accomplishment unmatched in the entire history 
of his profession. 

Thus, a record-breaking $96 million road program- in
cluding work on trunk highways, interstate routes and 

MINNESOTA TECHNOLOG 
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by G. GAMOT A & l. BREIMHURST 

county and municipal state aid systems- has been adopted 
by the State of :Minnesota for the 1959 fiscal year, begin
ning July I of this year. 

A program of this magnitude to be put under contract 
within a single year patently will require a monumental 
amount of engineering- in planning, location, design and 
construction. 

For trunk highway improvements, work will be placed 
under con tract by June 30, 1959, on almost 700 miles of 
regular trunk highways, plus 47 bridges. The road work 
will be of high standard design and many of the bridges 
will be large grade separation interchange structures of 
intricate design. 

For instance, the '59 fiscal year program contemplates 
on the state trunk highway system alone, 336 miles of grad
ing and related work, 419 miles of gravel and gravel base, 
112 miles of bituminous base, 388 miles of asphaltic and 
bituminous surfacing, 63 miles of concrete base and sur
facing, and 10 miles of soil cement base. 

Interstate network projects are to include 53 miles of 
grading and related work, 67 miles of gravel and gravel 
base, 38 miles of bituminous base, 15 miles of asphaltic and 
bituminous surfacing and 19 miles of concrete base and 
surfacing. 

When one realizes that this big program for a single 

year is to be approximated each year for more than a dec
ade to come, it is apparent that the civil engineer in Min
nesota will be a stout fellow in the engineering fraternity 
to be viewed with a new respect by his brethren in the 
chemical, mechanical, and electrical engineering fields 
where giant strides in industry in recent years put them in 
the spotlight. 

The size and length of time required for this national 
highway program puts the accent on youth, on new engi
neers who have expectancy of staying with the job for a 
considerable time, who can, in fact, grow with the job. 

Given this greatly expanded field of opportunity in civil 
engineering, what are the specific highway engineering 
jobs to which one may turn to perform worthwhile con
tributions and to win the rewards of important work well 
done. 

There are a variety of important, interesting fields of 
highway engineering offering greatly expanded opportuni
ties for new civil engineers according to Minnesota's state 
highway commissioner, L. P. Zimmerman. 

In surveying, the expanding highway program includes 
preliminary and location surveys, highway and bridge con
struction layout, and right of way procurement. Literally, 
hundreds of miles of new locations in Minnesota now 
await survey work. 

Highway design calls for engineers qualified at project
ing lines and gradients, determining size and types of drain
age structures, designing typical roadbeds, intersections and 
medians, and estimating required qualities. 

Delay in design work may present a crucial bottleneck 
for initiating and carrying forward construction if a suffi
cient number of design engineers are not available for this 
important engineering task. 

To help its design engineers to give maximum time to 
work at the professional level, the Minnesota Highway de
partment has a Univac 120 electronic computer and a 
trained operating crew. Use of this fast and accurate equip
ment alleviates the tedium of routine computation en
countered in highway engineering design problems. 

The department's computer unit has an over-all inte-

(Continued on Next Page) 

Here is the first traffic interchange completed in Minnesota on the new Interstate highway network. 

It is at the intersection of Interstate Routes 393 and 394. 
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EXPANDING HIGHWAY SYSTEM 
(Continued from Page 15) 

grated earthwork program for computation of earthwork 
quantities from rod readings to cubic yard station haul. 
It also handles traverse computations and errors of closure 
and adjustment. Application to bridge design computa
tions is now in the process of development. 

It is estimated that the Univac computations present 
about one-tenth the volume of work required for conven
tional methods. 

In the construction area, there is enormous work to be 
done in the preparatory study of plans and specifications, 
layout of work and materials, supervision of projects, of
fice work, including monthly estimates; and final estimates 
and progress reports. 

Right of way· work, noted the commissioner, includes 
preparation of right of way plans, description writing, title 
checks, appraisals, purchase negotiations, condemnation 
procedure, and building removal procedure. 

"Right of way activity, alone, for the Minnesota trunk 
highway program for the next few years will be a tremen
dous job," Zimmerman noted. "Not a mile of highway can 
be designed until its location has been determined," he 
said. 

In the highway planning field are engineering activities 
such as traffic counts, loadometer operations, origin and 
destination surveys, urban traffic, road-life and sufficiency 
surveys, data analysis, and development of principles to be 
used in highway location and design. 

"Development of the new high standard freeways with 
their strict limitation of access puts the grade separation 
bridge in the forefront of today's and tomorrow's highway 
design," said Zimmerman. Frequency of interchanges along 
the freewa.ys will range from a half-mile in urban centers 
to from a mile to two or three miles in the sparsely settled 
rural areas. 

In Minnesota, alone, this will call for design and con
struction of hundreds of bridges over the next 15 years to 
separate the grade levels of the freeways and intersecting 
roads, both at the point of interchanges, and where the 
highways do not connect. In the case of the interchanges, 
especially in the heavy traffic centers, these interchanges 
will be comparatively elaborate structures, requiring ex
tensive planning and design. 

Then, of course, the construction of hundreds of miles 
of new freeway and general highways in a state with its 
full share of lakes, rivers and streams and railroads, will 
require the designing and building of a multitude of such 
types of bridges. With the widening of the highways to 
today's and tomorrow's high standards, the bridges, indi-

vidually, will be bigger engineering projects than in past 
years. 

Introduction of pre-stressed concrete bridge construction 
in Minnesota, as well as other states, offers interesting prob
lems for the bridge engineer. 

Bridge engineers are concerned with the design, fabri
cation and field construction of all types of bridges, from 
culvert structures up to the three-level full and modified 
interchanges planned for certain highway intersections in 
the urban areas. 

Bridge engineers study drawings, prepare specifications, 
survey reports and cost estimates and inspect steel work at 
fabrication shops and bridges under construction. 

More or less "behind the scenes" in the highway engi
neering field, but playing a vital role in assuring construc
tion of highways that will stand up under Minnesota's 
heavy traffic and particular weather and soils conditions 
are the materials and research engineers. 

The 20 such engineers in the Minnesota Highway de
partment are responsible for the preparation of the highly 
important specifications which set the standards for ma
terials and processes to be used in construction of the trunk 
highways. These specifications are the result of extensive 
study, research and testing. 

They employ processes and machines to evaluate such 
varied ~terns as the wearing resistance of bricks, stone and 
gravel,. ability of asphalt mixtures to conform to weather 
and wear requirements as joint fillers, tensile strength of 
steel and compressive strength of concrete, wearing quali
ties of bituminous pavement and paints, efficiency of vari
ous oil treatments to eliminate salt damage to the high
ways, degree of distortion of bituminous highways under 
heavy traffic pressure, and the effect of alternate freezing 
and thawing on concrete pavement. 

Engineers of this division also are responsible for test
ing the soils for highway route locations to determine re
quired types of construction required for varying ground 
conditions, and also to locate suitable sources of aggregate 
materials for use in highway construction. 

Beyond these important functions in the determination 
of the location and construction standards for highways, 
the materials and research engineers have the vital role of 
research to discover and develop new and improved ma
terials and methods for the building of better and safer 
highways. 

For example, research engineers of the Highway depart
ment have been engaged for some time in the development 
of an i1nproved formula for rubber asphalt to be used as 
a joint filler. Success of this effort may contribute ma
terially to eliminating those bothersome bumps often oc-

(Continued on Page 30) 

Shown above is a photogrammery design 
squad of the Minnesota Highway Department, 
developing highway plans from aerial photos. 

This surveying crew was at work on Trunk 
Highway 65, north of Minneapolis. 

Equipment tests made by the Minnesota High
way Department's materials and research lab
oratory. 

16 MINNESOTA TECHNOLOG 



ICTURE YOURSELF As having just finished your evening 
m~al. You walk into the living room, pick up the 
evening paper and sit down. You glance at the head-

lines and then look farther down the front page. -CHILD 
HIT BY CAR WHILE PLAYING IN THE STREET
Thirteen year old Johnny ... was struck and fatally in
jured today by an automobile while he and his playmates 
were playing ball in the street. The story follows. A little 
farther down the page you read- BOY DROWNS
James ... died this afternoon after unsuccessful attempts 
to revive him after he was brought from the water in an 
abandoned gravel pit. 

You put down the paper and begin to think. What is 
the cause of these tragic happenings? What can be done 
to prevent them from re-occurring? Are the children at 
fault or is it just that they have no safe place to carry on 
their recreation? 

The above is just one of the answers to the question
"Why Parks and Playgrounds?" There are many more an
swers to this question. It is not only the children that need 
parks and playgrounds, but also the adults. People that 
sit in an office, work in a factory or do any other type of 
work must have a place to get their recreation. 

They must have a place to relax out-of-doors, to have 
picnics and the like. Picnic grounds, swimming pools, golf 
courses and many other facilities are needed by all. 

In recent years there has been a rising trend toward 
more family picnics, family camping trips and the like. 
Places must be provided for people to carry out these 
things. 

There are actually two types of needs of parks. The 
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first is the social need and the second is the economic 
need. 

Many of the points that make up the social needs have 
been stated above, but there are also others. Our cities 
are now recognizing the necessity and moral obligations of 
providing places 'not only for recreation but also for rest 
and wholesome open-air amusement. One of the distinct 
social advantages that parks offer is that of improved 
health conditions. This is true, however, only if the parks 
are kept clean and sanitary. 

Besides the social needs there is, as already stated, a 
distinct economic need. 

It is a well known fact that by putting in a park addi
tion other land values of an area are increased. Parks can 
many times be built by devoloping swampy areas, by cover
ing old dumps, by making use of hills and rough terrain 
and the like that would otherwise be unsuitable for other 
uses. By utilizing such areas and developing them for 
parks a double service is rendered. Firstly, the construction 
of parks and secondly the elimination of nuisances that 
are in some instances of a dangerous character. By trans
forming a low, swampy area into a park we not only make 
a peaceful area for rest and play, but we also eliminate 
unsightly, foul smelling mosquito breeding areas. An 
example of this is the Weequakic Reservation in Essex 
County, New Jersey. There the almost worthless swamp
land was dredged and the water level was raised thus 
making a very picturesque lake that is surrounded by 
attractively planted hills. 

There is also the need, on a much larger scale, to pre-

(Continued on Next Page) 
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PARKS & PlAYGROUNDS 

(Contin·ued from Page 17) 

serve some of our country's natural wild beauty. This has 
been recognized by the national government and great 
reservations such as Yellowstone and Glacier Parks and 
Superior National Forest have been set aside for this pur
pose. 

Let us now look at how these places- Parks and Play
grounds- come about, how they are built and cared for 
and who controls them. 

Conception 
The idea of devoloping a park or a playground may 

come from many different places. As was shown earlier 
they may develop from social or economic need. A situa
tion such as that shown earlier may cause the general 
public to rise up and demand a place for their children 
to play. The idea may start with a single person. This 
person may convince his friends and the idea may snow
ball until it gets action from the responsible persons. It 
may start, as it has in many places, at a meeting such as 
the Junior Chamber of Commerce. This organization, 
made up of young men between the ages of twenty-one 
and thirty-five can easily see the need for playgrounds 
because this is the age group that has the young children. 
An organization such as this may form a committee to 
meet with the city officials, such as the council and the 
park board and make their wants known. From there it 
may be handled in a number of ways according to the 
governmental setup of the city. Most cities have either 
a Park Board or one of the council members may act as 
Park Commissioner. A little later it will be shown just 
how the governing body would establish a park or play
ground. 

Another way of a park coming about is that occasionally 
some landowner desires to give something to the public 
that will be a lasting memorial to himself or someone else. 
Many times this will be a grant of a piece of land for the 
purpose of establishing a park. 

As can be seen the idea of a park, like anything else, 
may come from the ideas of one person or from the work 
of an organization. 

Let us then go on and see how these ideas may material
ize to bring about the needed parks and playgrounds. Let 
us see just how this whole subject fits into Public Works 
Engineering. 

Realization 

After the ideas and needs for a park or playground 
arise, much work must be done to bring about the actual 
thing. 

As in city planning and planning for public utilities the 
general public must be sounded out to find what the gen
eral opinion of the idea is. This can be done in many 
ways. 

In the case of Lafayette, Louisiana, nearly two years 
work went into the campaign to get new parks. A large 
campaign based on the theme "Where Will They Play?" 
was carried on by publicity committees, speakers and poll 
workers. They also used a survey of the voters, a telephon
ing and visiting committee and an extensive poster, car 
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window sticker and lapel pin campaign. Architects and 
engineers drawings and estimates were shown and finally 
after two years the issue was brought to a vote by means of 
a special election. The campaign had been so successful 
that the recreation bond vote was overwhelmingly passed. 

Other ways of putting the idea before the public is 
through newspaper articles, radio and television.- Various 
organizations such as the Chamber of Conunerce, Rotary, 
Lions, Kiwanis, and many others may also help stage a 
campaign to show the need for such facilities. 

After obtaining the general consensus of opinion the 
matter should be brought to the city council or the park 
board. They would then hold an election/ as illustrated in 
the above example, to get the approval of the citizens to 
go ahead on such a project. After the council received the 
go ahead by means of an election they would turn the 
matter over to the park board if one existed or otherwise 
create a commission to handle the job. 

The next step, after an agency such as this is set up is to 
do the actual planning. Where should the park or play
ground be located? How can the land that is needed be 
acquired? These are some of the questions that must be 
answered by the agency or commission. 

First studies must be made of changes in population 
density, of location of centers of population within the 
city and types of recreational facilities needed and desired 
by the community. By such studies the size of park needed 
and location needed can be determined. Many opinions 
on size and location of parks and playgrounds have been 
made known. One superintendent of recreation states that 
"no child should be obligated to walk more than a quarter 
mile to reach the playground." This may vary with age 
group and desired facilities. 

Methods of obtaining the desired land are many and 
varied. Land can be obtained by direct purchase, by con
demnation proceedings and by gifts or grants by the land
owner. Robert Moses, New York City park commissioner, 
has discussed and suggested new park acquisition tech
niques in the large cities. He suggests that large estate 
owners be persuaded to sign agreements to turn the prop
erty over or to sell the property for parks in a specified 
time such as twenty years. He reasons that many of these 
large estates are no longer being used in the best possible 
way and also that many of them no longer can keep up the 
payments of ever increasing taxes. He also advocates taking 
over or buying from the owners golf courses and truck 
gardens that are being surrounded by an expanding com
munity. Where such landowners balk at these policies he 
says, "If the owners will not sell at fair prices or agree to 
a lease of say twenty years at frozen taxes or no taxes at 
all, I would have the country, city, town or village con
demn these big plots of land and rent them back to other 
tenants or operators. That's not socialism; it's just good 
sense." One may agree or not agree on this point. This is 
just one man's opinion. 

Other cities have various other techniques for acquir
ing land for parks. An interesting example is Midland, 
Texas. This is a city that grew from a population of 22,000 
in 1950 to a present population of 50,000. 

They now have a subdivision regulation that states that 
the owner of the subdivision must dedicate for park pur
poses 5% of the totaLarea that he plans to develop. In the 
case of very small subdivisions he 1nust set aside 5% of the 
value of the subdivision and pay this amount to the city. 

MINNESOTA TECHNOlOG 



The money thus collected is then used to purchase sites for 
park areas. 

After land is acquired plans must be carefully drawn up 
to provide the best utilization of the space for all age 
groups and interests. 

After preparation of plans the actual construction can 
begin. In some ·cases this may be done by contract aqd it 
may be dqne by day labor depending upon the preferences 
of the city. There are advantages and disadvantages to 
both methods, therefore the type used should be that 
which has been found to be most economical in the par
ticular area involved. 

Along with the planning and construction of the topo
graphic features must go the plans of the types of areas and 
facilities desired. For example, it would be very poor plan
ning to build a golf course in an area where it would be 
used by only a small minority of the residents. Park and 
playground equipment should be chosen for the age 
groups that will most use the facilities. Long range plan
ning is quite important in this case. 

The problem of care, maintenance and control now 
arises after the completion of the parks. Let us look briefly 
at the various aspects of this problem and show a few 
examples. 

Care, Maintenance and Control 
As stated earlier this (care, maintenance and control) 

usually falls on the Superintending Department of the 
Park Department. In most instances this is one of the sub
groups of the city park board and is generally called the 
maintenance section. Also there must be some system of 
policing the areas. In some cases this is handled by the city 
police force and in others there is a special park police 
force. 

Such things as issuing permits for special uses of the 
parks and playgrounds are taken care of by the clerical 
force. This group also handles the office duties such as 
payrolls, etc. 

After land has been donated and the city or private citi
zens have provided such recreational areas it is the obliga
tion of the ·city to care for and maintain them at the high
est standards possible. Equipment must constantly be in
inspected for safety. Parks must be kept clean for health 
reasons. It is up to the maintenance department to see that 
this is done. This can be done by keeping a constant crew 
of responsible workers on the job at all times. It must also 
be helped along however, by help from the public- those 
who use the facilities. By means of eye catching posters 
and signs, slogans and public announcements the public 
can be educated and taught to respect the park property. 
After all, it belongs to everyone that uses it. 

One such device is the eye-catching sign that hangs at 
the entrance to the John R. Cook park in Rochester, Min
nesota: 

JOHN R. COOK PARK 
"To Linger but not to litter, 
To Rest but not to molest, 
To Enjoy but not to destroy." 

Thank You 

This equid well be a national slogan for all parks. The 
park is for the citizen. Let him care for it when using it 
as he would care for his private property. 
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Let me now show that it makes no difference whether 
the city is large or small to have a good park. From these 
two examples it can be seen that a park can be kept dean 
and pleasant wheth~r it is in a large city or in a small 
town. 

One of the largest ,parks in Europe is in Germany. It 
is the Englischer Garten, one of the largest and most beau
tiful parks in Germany, in the city of Munich. One has to 
actually see a park of this magnitude, cleanliness and beau
ty to really appreciate it. This is a very good example of 
the way a park should be in a large city. By contrast in 
size the author recommends the very nice park in Gay
lord, Minnesota. The city has a population of only about 
1500, but during summer months averages about 300-400 
out-of-town park users every Sunday just because of the 
facilities, location and cleanliness. We are fortunate here 
in the Twin Cities and also all of Minnesota in having the 
number of parks that we have. 

3-

The world's first closed-circuit three-dimensional color 
TV system has been developed by GE for servicing reactors 
used in the development of a nuclear aircraft propulsion 
system. The system is also equipped with stereophonic 
sound but is "currently not feasible for the American 
living room." 

The tube operates on a time-saving basis, alternately 
transmitting 45 polarized pictures to each eye, thus omit
ting an objectional flicker. 

The tests were conducted on a closed-circuit system 
using 250 feet of cable, but engineers say the cable can 
be lengthened to any distance or replaced by a radio link 
without losing clarity, color, or 3D effect. 
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HE MUZZLE LOADER is the gun of the future. Sound im
possible? Not at all. Every year a few million nimwits1 

swarm out, ventilating the countryside and each other 
with high velocity bullets. And every year, as they come 
back carrying venison and punctured hunters, a cry goes up 
from the OLA2 and the Blue Cross to stop the ·carnage. 
The answer to the problem is the muzzle loader. It has 
several clear advantages. First, it is relatively short ranged 
which means that generally only one hunter can be bagged 
with each shot. Second, it is slow to reload which elimi
nates the law of averages hunter who closes his eyes and 
pulls the trigger ten times. Third, each shot produces a 
dense cloud of smoke. Thus, if the keen-eyed huntsman 
misses with the first shot the other hunter has a chance 
to escape in the fog. These factors will someday make the 
muzzle loader the official deer hunting arm of the United 
States. When that day comes it will be a fitting cap to a 
long and checkered career. 

20 

I 

Legend tells us that the first muzzle loader was conceived 
many centuries ago by an ingenious Chinese citizen whose 
experiments with a lead pipe, some charcoal, a pinch of 
sulfur, a bit of saltpeter and match resulted in the vapori
zation of all aforesaid materials including the ingenious 
Chinese citizen. 

This accident stunted the growth of firearms in China 
and it was not until the 14th ·century when the hand-can
non3 appeared in Europe that the muzzle loader really 
came to life. These early smooth bores used a wide variety 
of ignition methods. The basic idea was the application 
of a spark or live coal to a pilot charge which in turn set 
off the main charge. Some of the locks devised to do this 
job were: the wheel lock, the snaphance, the flintlock, 4 

and a constantly burning rope affair called the matchlock, 5 

though they were not developed in that order. 

The handcannon revolutionized the warfare of its time. 
l\1any knights6 were punctured before knighthood became 
unpopular; ·chivalry died with the knights and has not 
given us any trouble since. 

The most successful of the locks was the flintlQck which 
was used extensively by both sides in the American Revo
lution. The muzzle loader used in that war was primarily 
the smoothbore musket, an arm not noted for its accuracy. 
This led to the battle cry, ''Don't shoot until you see the 
whites of their eyes," which practice. brought the enemy 
close enough to be clubbed if the volley missed. 

In this era the old idea of making arms more accurate 
by putting spiral grooves7 (riflings) in the barrel finally 
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by GlEN BENNINGTON 

came to the fore. The concept spread to America where it 
resulted in the famed Kentucky Squirrel Rifle. The squir
rel rifles were Hintlocks of .32 to .38 caliber with rifled bar
rels three to four feet long. :Many of these rifles were beau
tifully made and are in much demand today. 

The next advance was the percussion cap8 about 1816. 
The cap was a small cup which contained a bit of shock 
sensitive powder. The cap was inverted over a nipple 
where it was hit by a hammer as in Fig. I. 

Percussion cap rifles soon reached a very high state of de
velopment. By the mid-1800's, Warner, Morgan James, 
and Perry were turning out target rifles of extreme accu
racy. In 1859, a Morgan James rifle was used to make the 
group shown in Fig. 2. 

Breech loaders did not surpass groups like this until 
after World War II when the very accurate .22 caliber 
rifles were deve1oped.9 

Damascus barreled muzzle loading shotguns advanced 
coincidentally with the target rifles. The 19th century 
market hunters,10 demanded and got, shotguns of 10, 8, 
6, 4, and 2 gauge. 11 The gauge was originally determined 
by the size of the largest lead sphere the barrel would ad
mit. A gun that would just admit a Y2 pound lead sphere 
was a two gauge and so on. Gauge diameters were soon.set 
in decimals and standardized. The early shotguns were 
loaded lighter than they are today. A ten gauge of yester
year fired only I Y-1_ ounces of shot, the standard 12 gauge 
load of today. 

The breech loaders ended the muzzle loaders long reign, 
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Glossary of terms and all like that. 

I. Nimwit- Nimrod. This is a spelling error. 
2. O.L.A.- Old Ladies Association- usually protects 

mice from nasty old rockets. 
3. Hand cannon- named after George Handcannon, 

its inventor. 

4. Flintlock- forerunner of the cigaret lighter. 
5. Matchlock- forerunner of the cigarette. 

6. Knight- a target used before the hunter became 
popular. 

7. Groove- stumbled upon in the 16th century by 
Adolph Groove, a Gunsmith-·Brewer who ·could not 
seem to drill a straight bore. 

8. Percussion Cap- invented by Herman "One Arm" 
Percussion. 

9. Developed- a lot of things developed when the 
boys got back from World War II but that is a 
different story. 

10. Market Hunter- not to be confused with the bar
gain hunter who is likely to demand most anything. 

11. 8 gauge- separate the men from the boys. 
6 gauge -separate the men from the teeth. 
4 gauge ·-Ace Life Insurance Co. Dial Fe. 2-7761. 

12. Note- not recommended by the American Medical 
Association. 

1 3. Half Cock- Capon 

14. Cock Hammer- second cousin to Cock Robin. 
15. Roberts, Ned H.- the Muzzle Loading Cap Lock 

Rifle. Military service publishing Co., Harrisburg, 
Penn. 

however, and old blasters went into attics and retirement. 
Today if you are lucky enough to own one of these 

relics, a few operations will probably put it in good firing 
order. First disassemble the entire gun and unscrew the 
breech plug from the barrel. Inspect the nipple, touchhole, 
and barrel for cracks, bad rust pits or other weak spots. 
If everything appears strong, reassemble and fire a test 
charge; take care to stand well out of shrapnel range while 
firing. If everything holds together the gun is probably safe 
for light loads. The size of charge should be fitted to the 
type and size of weapon. In no·case fire a heavy charge in an 
old gun designed for low pressures. Muzzle loaders were 
intended to use black powder and the use of any other 
kind can result in dangerously high pressures. 

(Shotguns are usually loaded with the coarse Fg pow
der and rifles with the finer Ffg.) 

Black powder is about the only limitation that need be 
put on the muzzle loading shooter, however. The quthors 
"pet load" for an old 1846 smoothbore musket is one 
finger of Fg, one sheet from Sears Roebuck (tamped down), 
followed by an assortment of nails, horse shoes, broken 
J)ottles, p~ach pits and. scrap iron~ topped off with a ·double 
ll.~mdful of old Dewey buttons.l2 This load is deadly on 
gophers at 20 feet. 

The lack of precision needed is part of the charm of the 
muzzle lo4d~r. But, whatever you are after, accuracy, a 
good time, or a broken arm, the muzzle loader is the 
answer. 

(Continued on Page 40) 
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NE OF THE MOST ·IMPORTANT probes that man has into 
the universe around him is the study of cosmic rays. 
Aside from meteorites, cosmic rays are the only ma-

terial evidence science has as to the nature of the universe 
outside the earth's atmosphere. But this field of study was 
f1rst noticed as a laboratory nuisance. 

In about 1900, C. T. R. Wilson and others noticed that 
no matter how carefully they constructed their electro
scopes, there was always a slow leakage of the charge. At 
first this was attributed to leakag·e over the insulators, but 
when it was found that surrounding the electroscope with 
lead reduced the leakage, it was decided that the discharge 
was due to small amounts of natural radioactivity in the 
soil. 

In 1910, Gockel made measurements of the discharge 
rate at higher altitudes and found that the rate of dis
charge increased; this indicated that the source of the dis
charge was extra terestrial, and the study of cosmic rays 
was begun. 

It is known today that cosmic rays are particles of very 
high energy which shower on the earth constantly from 
all directions. The intensity of this shower is almost inde
pendent of direction; even the Milky Way and the sun 
do not seem to emit any considerable amount of cosmic 
rays. 

Cosmic rays are divided into two classes: primary cos1nic 
rays are the particles which are incident on the top of the 
atmosphere, and secondary cosmic rays are the ones formed 
by collision of primary particles with air nuclei. 

The primary rays are composed of about 85 per cent 
protons, 13 per cent alpha particles (helium nuclei) and 
about two per cent nuclei of atoms of atomic number up 
to 26. The flux from outer space does not contain any ap
preciable amounts of high energy protons, electrons, or 
neutrons. 

The magnetic field of the earth causes a deflection of the 
cosmic rays and sets a lower limit on the energy of the 
particles that can reach the surface of the earth. This 
effect is greatest at the magnetic equator; the energies re
quired for vertical entry there are about 14 Bev for protons 
and seven Bev for alpha particles. (Bev means billion elec
tron volts, and o~e electron volt is the energy that an elec
tron acquires in passing through a potential difference of 
one volt; an electron volt equals 1.6 X 10-12 erg.) 

To a first approximation the magnetic field of the earth 
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acts like a dipole, whose strength decreases with the inverse 
third power of the distance, so that a large part of the 
bending of the incoming primaries must be accomplished 
within a few thousand miles of the earth's surface. Many 
years ago Stormer studied the paths of charged particles 
near the earth in order to explain the Aurora Borealis. In 
general the paths are complicated spirals, but it is easy 
to trace the general nature by considering simple cases. A 
proton coming straight into the earth's magnetic pole from 
the zenith will not be deflected because it does not cross 
any lines of flux, but one arriving in the plane of the 
equator will experience a large deflecting force and will 
not be able to reach the atmosphere unless its energy is 
above 14 Bev. For any latitude other than the equator, the 
effect is the same but the lower energy limit is smaller. 

The cut-off energy has been calculated for the earth's 
magnetic field, but recent experiments by Freier, Naugle, 
and Ney of the University of Minnesota in cooperation 
'i'Vith Waddington and Fowler of the University of Bristol, 
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England, show that the measured cut-off energy is not in 
good agreement with theoretical values. 

Another interesting experiment that has been done is 
to measure the secondary neutron flux that reaches the 
earth's surface. The loci of points where this is a minimum 
would be the magnetic equator since fewest primary cosmic 
rays are able to strike the atmosphere at the magnetic 
equator. However the magnetic equator as determined by 
this method does not agreewith either the equator derived 
by calculation on the measured earth's magnetic field or 
the equator as determined by primary cosmic ray cut-off 
energies. 

Two explanations have been advanced to explain these 
differences. 

Since we can only measure the earth's magnetic field on 
the surface, it is possible that circulating currents of 
charged particles outside the atmosphere may distort the 
earth's magnetic field as it appears to cosmic rays. However, 
lately it has been noticed that there is a correlation be-
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tween the local magnetic dip angle and the cosmic rays 
at the equator, so some investigators are examining the 
idea that the local variations in the field are much more 
important in determining the cut-off energy than was pre
viously considered. 

When the primary rays strike the atmosphere they loose 
energy in collisions with air nuclei. These collisions give 
rise to secondary cosmic rays which consist of debris of dis
rupted air molecules such as electrons, neutrons, protons, 
mesons, and photons. By measuring the strength of these 
secondary rays an approximate idea of the strength of the 
primary rays may be obtained. 
Here~ at the university, the secondary neutrons which 

strike the earth are constantly monitored. An effort is 
being made, in connection with the IGY program, to send 
up a balloon and measuring devices during a solar flare 
to observe the effect on cosmic rays. During a flare, the 
primary rays may increase by a factor of I 000 and the sec
ondaries by a factor of 20. 

A solar flare is a disturbance on the sun which is char
acterized by greatly increased activity and is thought to be 
accompanied by ejection of matter, and emission of strong 
ultraviolet light. '1'he flares which affect cosmic rays to a 
large extent occur about once every few years; the most 
recent one was on February 23, 1956. 

The monitor, located in the basement of the physics 
building is designed to give warning of solar flares by giv
ing an alarm in several places in the building when the 
neutron count increases by 50 per cent over normal. The 
monitor then dials a telephone operator and gives a pre
arrangtd signal. The operator in turn will call various peo
ple so that a balloon reaches 100,000 feet about two hours 
after it is launched where it is above 99 per cent of the a}t~ 
mosphere. . 

Other balloons are to be launched at intervals of a few 
hours so that the nuclear emulsions carried can record the 
charge in the cosmic ray intensity. 

The entire question of the origin of cosmic rays is still 

(Continued on Page .42) 
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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. 

Sl, 

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 
100-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 

' 
J 

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 ULTRAFORMIN G. 

During a year ofULTRAFORMING at Texas 
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 fromthe air_to 
make ammonia. 

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

tandard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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''They all agree ... "' 
((Since the day we decided to get married, I've been 
doing a lot of thinking about our future. It's time I 
made a choice on a career. I've talked to the Dean of 
Engineering, n~ost of my professors, and to some of the 
fellows who have graduated, and you know, they all 
said the same thing. 

"They all agree that the aircraft and missile industry 
holds the best opportunities and the brightest future for 
an engineer these days. What they said makes sense, 
too, because developments in this foeld today really give 
a fellow an opportunity to make important rn11.tr1'h11.-,., ... .il 

tions on vital projects. 
"Not only that, hut the aircraft industry is noted for 

its good salaries. Generous henefots, too. And advance-

ment in both salary and position is limited O!J:lyhy_:,,-, :,;:,,.,1ml·"'"';::::i~~:Z':~~:;;:;;::~::;;::~~
far I want to go." 

U nlimited opportunities, high salaries, company-paid 
_ benefits unheard of until a few years ago- these 

are only a few of the reasons why so many young engi
neers with a keen eye to the future are choosing the 
aircraft industry. 

It is only natural that many engineering graduates 
should consider joining Northrop Aircraft, Inc., be- . ,.-
cause the company shares its many successes with ev~rY'''".t'~"
member of its engineering and scientific team. Ad-
vanced projects at Northrop are now in production, and 
active top-priority projects mean rapid advancement 
and success for the individual engineer. 

Such projects include the famous Snark SM-62, 
world's first intercontinental guided missile, now being_ 
activated in the first United States Air Force missfle 
squadron; the USAF. T-38 supersonic twin-jet ad
vanced trainer; and other importan't missile and 
manned aircraft weapon systems and components. 

Engineers in more than thirty categories contribute 
to Northrop's successin an ideal environment with the 
latest tools of science, in its new Engineering Science 
Center. Here you will work with leading scientists and 
engineers who respect, acknowledge, and reward your 
individual ideas and abilities. · 

Why not write us now ... regardless of your class at 
college. Ask us how you might best gain a career with 
Northrop. Write to Manager of Engineering Industrial 
Relations, Northrop Division, Northrop Aircraft, Inc., 
1033 East Broadway, Hawthorne, California. 

ORTHROP 
A Division of Northrop Aircraft, Inc. 
BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE 
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En ineering in Private Practice 

The field of consulting has gained both in numbers and 
in recognition these last several years. This is not a new 
field by any means, but the utilization of consultants is 
increasing every year. One will find consultants in almost 
every field such as management, public relations, invest
ment and others. There are consultants in every branch of 
engineering and specialists within these branches. For ex
ample, one mechanical engineering consultant might spe
cialize in plumbing and heating; another in steam genera
tion and power plant work; another in refrigeration and 
air conditioning. Possibilities for prospective clients are 
unlimited if the consulting engineer uses his imagination 
in in projecting the experience of the office and adapting 
it to new fields. 

One of the reasons for the increasing utilization of the 
consulting engineer is his unbiased and broad viewpoint 
of the problem. He is not representing a supplier, but is 
representing the owner. When all factors are considered, 
this professional service invariably results in considerable 
monetary savings to the owner. 

The size of consulting offices varies fron1 one man to 
several hundred engineers. Some large offices specialize in 
two or three branches of engineering. A young engineer 
who wants to specialize in a certain field would have more 
chance to do so in a large office whereas one who would 
like to work on all phases would find more opportunities 
in a small office. 

There are laws in every state in the United States and 
its possessions stating that an engineer who practices or 
offers to practice engineering must be qualified by registra
tion. Registration was not created to restrict your work 
but to protect you both as a citizen and as an engineer. 
When an engineer becomes registered, the state registra
tion board has certified that he has met the necessary 
qualifications in both education and experience to safe
guard life, health and property and to promote public 
welfare. 

I would like to tell you of some of my experiences in 
a two-man consulting office. My employer is David R. 
Conkey, a registered 1\!Iechanical and Structural Engineer 
who had about 10 years experience in industry before 
starting his own consulting office in 1956. Working in a 
small office has not only given me experience in a variety 
of phases of engineering, but also a chance to see and dis
cuss the problems of operating a business, such as book
keeping, employee records, public relations and fees. 
-Because of our common background in the grain proces
sing industries, the major portion of our work has been 
in this field with occasional jobs for manufacturing and 
construction firms, hotels, foundries, bakeries and other 
consultants. 
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Some of these companies have large engineering 
partments while others have none at all. The nail 
the consulting engineer's business is an unbalanced u 

load. There are some periods with no work and, at tl 
other extreme, a rush job that requires evenings, Sat1 
clays and Sundays to meet the deadline. 

Our work can generally be broken down into th .. et 

classifications 

Some of our jobs involve investigations. An owner of aP 
old building is considering placing additional equipmen 
on the second floor and is wondering whether the existing 
flooring, beams and columns are strong enough to support 
the extra load. Another company has a problem of scale 
build-up inside a pneumatic conveying line carrying 
foundry shakeout sand to storage. The foundry wants to 
know what is causing the scale formation and what can be 
done to prevent it. 

Sometimes we are called on to assist an overloaded en
gineering department. In this case we would be given a 
portion of the project and work directly with their engi
neers, for example in designing all belt and screw convey
ors for a new terminal elevator; designing a warehouse 
heating and ventilating system; diesel electric generator 
layout with fuel, lubrication and exhaust piping; bulk 
flour layout; coal handling layout; or structural design of 
a truss and bents to support a conveyor. 

A third service is the complete job, from the initial sur
vey of a problem, developing a complete. set of drawings 
and specifications, to the final inspection and testing of the 
installed equipment, as in plant and process layout, ma
terials handling and dust collection. This might be for a 
new project or an existing system that neecl.;; revisions. 

Life in a small consulting office is never dull. vVith such 
a variety of work there is always something new and m
teresting to learn. Each job presents a challenge. 

About the Author 

John R. Bjoin is a resident of :Minneapolis and a gradu
ate of South High School. He attended the University of 
Minnesota; specialized in flour milling division of J\i[e
chanical Engineering; received a BME degree in June, 
1952. While at the University he was a member of ASJ\ilE, 
president of Alpha Mu and J\!Iilling Engineer's Club and 
served as Field Day chairman of E Day. 

He was employed by The Quaker Oats Company in 
Akron, Ohio, General Mills, Inc., in J\i[inneapolis, The 
E. T. Oakes Corp. in New York and is now employed by 
David R. Conkey. He is a Junior member of the National 
Society of Professional Engineers and is the Secretary of 
the State Young Engineers' Committee of MSPE. 
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Western Electric offers real opportunity. Some 55% of 
the college graduates in our upper levels of manage
ment have engineering degrees. And 7,000 management 
positions must be filled by newly promoted people in the 
next ten years. Many of these positions will be taken by 
Western Electric engineers. 

Opportunities spring from the work we do. As the Bell 
System's manufacturing unit, Western Electric is the 
world's largest maker of communications equipment. We 
are equipped to produce some 65,000 different parts 
which are assembled into a vast variety of apparatus and 
equipment. Add to this our steady, varied defense as
signments, and you see why engineering skill gets top 
priority here at Western Electric. 

Your professional advancement is accelerated by our 
company-sponsored self-development programs: our 
full-time, off-the-job Graduate Engineering Training 
Program and the Tuition Refund Plan for after-hours 
college study. Engineers are important to all phases 
of Western Electric's job as manufacturer, purchaser. 
distributor and installer for the Bell System. 

I t 

CHOOSING a company with which to spend 
your professional life is one of the mosi 

important decisions you have to make. Choose 
carefully, for your professional advancemeni 
and rewards depend to a large degree on the 
opportunities presented you. 

Be sure the company itself is growing on a 
solid foundation ... doing important work thai 
has a permanent part in the nation> s economy 
and future. Be sure the company offers chal
lenging work and opportunities in your chosen 
field ... for you will be happiest and develop 
faster doing what you like. Be sure the company 
you choose is €(engineering-minded» ... and has 
demonstrated an active interest in the develop
ment of its engineers. 

Before you decide, look around . . . ask ... 
compare. You will find all these opportunities 
at Western Electric. 

Opportunities exist for mechanical, electrical, chemical and civil engineers, 
and physical scientists. For more information pick up a copy of "Your 
Opportunity at Western Electric" from your Placement Officer. Or write 
College Relations, Room llllD, Western Electric Co., 195 Broadway, 
New York 7, N. Y. And be sure to sign up for a Western Electric interview 
when the Bell System recruiting team visits your campus. 

Principal manufacturing locations at Chicago and Decatur, Ill.; Kearny, N. J.; Baltimore, Md.; Indianapolis, lnd; Allentown and laureldale, Pa.; 
Burlington, Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.; North Andover, Ma,s.; Lincoln and Omaha, Neb.; St. Paul and Duluth, Minn.; 
Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla. and Teletype Corporation, Chicago 14, Ill. and little Rock, Ark. Also Western Electric 
tlil'tribution Centers in 32 cities and Installation headquarters In 16 cities. General headquarters: 195 Broadway, New York 7, N • 
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EXPANDING HIGHWAY SYSTEM 

(Continued {rom Page 16) 

casioned in driving over joint sealers along the highway. 
The materials and research engineers also must super

vise laboratory tests required by state law for safety appli
ances and equipment used on 1notor vehicles, such as lights, 
flares, reflectors, brake fluids, mufflers and trailer hitches. 

Besides their laboratory and survey functions, materials 
and research engineers frequently consult in the field with 
construction, bridge and maintenance engineering per
sonnel regarding· quality of material to be used or in use 
on the highways. 

In today's mounting toll of motor vehicle accidents, the 
traffic planning and control engineer has become a vital 
necessity and determining factor in the location, planning 
and building of highways. His is the science of determining 
which types of highway design, construction and control 
will have the highest safety factors without prohibitive 
cost, and with reasonable speed and driving convenience. 

What patterns of interchanges are least confusing to the 
driver? Where should control signs and signals be located? 
What maximum speeds are safe for varying· highway de
signs and traffic volumes? What highway surfaces give a 
minimum of light reflection in night driving, are most 
restful to the eyes in daytime driving? \!\That distance of 
visibility ahead, as in the case of hills and curves, is re
quired for safety at various travel speeds? 

All these questions are of vital concern in the design of 
modern highways for a miximum combination of safety, 
convenience, and speed in travel. They have developed a 
specialized field of highway engineering offering pioneer
ing· opportunities to the engineer of vision and training. 

The traffic and planning engineer works with speed 
studies, speed zone determinations, highway traffic control 
signs and signals and their location, accident spot map
ping and adaptation of safety factors to general highway 
design and construction. 

Any large highway department also has a considerable 
number of civil engineers in administrative posts dealing 
with engineering activity in its planning and design, right 
of way, construction, maintenance, traffic control, bridge 
design, and materials and research divisions. 

Their particular functions are to help determine and/ 
or administer policies and procedures, including· personnel 
operations, in the divisions or sections to which they are 
assig-ned. Their work is apt to bring- them in fairly close 
contact with the over-all department organization, objec
tives and activities, providing an improved understanding 
of the total highway program. 

America's greatly expanding hig-hway progTam certainly 
is providing the nev1rly qualified civil engineer an ample, 
yes, a pressing opportunity for constructive employment of 
outstanding value to his state and nation. 

Civil engineers by the thousands are urgently needed to 
plan, locate, design, and construct thousands of miles of 
new highways, as well as to redesign and rebuild other 
thousands of miles of obsolete highways. New traffic re
quirements, including greatly increasing urban and sub
urban community planning, are calling for new engineer
ing ideas to serve changing ways of life in America. 

The opportunity for service is unparalleled in highway 
engineering. 
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In Minnesota bridge engineering has always been an important phase 
of highway construction. This structure is being built at St. Cloud and 
is to carry Trunk Highway 23 over the Mississippi river. 

Fortunately, there are other important advantages in 
hig-hway engineering besides service, or work, as it is some
times unfeelingly described. 

:Most hig-hway engineering work is performed in the 
employment of state, county, and local governments. This 
rneans that most qualified highway engineers are protected 
in their employment by state, county, or municipal civil 
service departments. 

They may not be discharged or demoted without a show
ing of just cause. No dismissals are permitted for religious, 
racial, or political reasons. 

ln the 1\!Jinnesota state highway department, acceptance 
for employment of graduate civil engineers presently is 
based one-half on attaimnent of a B.S.C.E. degree and ex
perience and one-half on the results of a personal inter
view. Promotion is determined by competitive examina
tions. 

Salaries are in proportion to the newly increased im
portance of the hig·hway program and scaled according to 
civil service classifications. Generally, civil engineers join 
other employees in receiving merit increases dependent 
upon work performance. Cost of living· adjustments also 
may be provided. 

In the state highway department, there are eight civil 
service classications for civil engineering, with the bulk 
of the engineers being in the first four. 

In the case of newly g-raduated civil engineers entering 
the Minnesota state highway department, a rotation of as
signment program is available to engineers wishing it as a 
means of gaining a comprehensive view of the department's 
engineering operations. It also helps them to determine 
their greatest interests and aptitudes within the depart
ment. 

This is of material benefit to both them and the depart
ment in adjusting them to the most beneficial and enjoy
able task. 

In-service training also is available for the new engineer 
employees in mathematics, surveying and other engineer
ing tool subjects, to help the employee to achieve better 
performance in his present post and to prepare to move 
to higher positions. 
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"Where perjor1nance and long life are vital 
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Manufactured of extra-dean, vacuum melt, 440C 
stainless steel, Fafnir Miniature Ball Bearings were 
developed for precision instrument applications for 
missiles and industrial uses where performance and 
long life are vital. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

In bearing engineering or 
engineering sales, Fafnir 
offers you a field of work 
as wide and varied as in
dustry itself. 

Chances of pits or imperfections in the raceways 
are eliminated ... superior race finishes make super
sensitive bearings with low torque values. Bearings 
are made to ABEC-5 tolerances or better, and are 
equipped with separately designed retainers for cor
rect balance. 

You will find, too, that 
bearing research, devel
opment, and application 
keep you constantly at 
the forefronts of indus
trial and technological 

Development of this miniature series is another 
example of the key role Fafnir plays in meeting the 
increasingly complex needs of industry. The Fafnir 
Bearing Company, New Britain, Connecticut. 

progress. 

Investigate this excellent 
opportunity for a profes
sional career offering such 
diversity and challenge. 
Write The Fafnir Bear
ing Company, New Brit
ain, Connecticut. 

F I 
BALL BEARINGS 

MOST COMPLETE LINE IN AMERICA 

"Mommy, may I go outside and jump 
rope with the other kids?" 

"No dear, you know it makes your 
stumps bleed." 

"Would you care to contribute to In
dian reliet Mrs. Custer?" 

"Mommy/ what's a vampire?" 

"Shut up and drink your blood!" 

A small boy's head bobbed up over 
the garden wall and a meek little voice 
said/ "Please/ Miss Brown, may I have 
my arrow?" 

"Certainly, where is it?" 

"I think it's stvc:k in your cat." 
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Little boy: What do you repair shoes 
with? 

Cobbler: Hide. 

Little boy: Why should I hide? 

Cobbler: Hide. Hide. The cow's outside. 

Little boy: So what? Who the hell's 
afraid of a cow? 

An elderly man approached a small 
boy and asked: ' 1Tell me, young man, do 
you have a fairy godfather?" 

"No/' replied the little boy, "but I 
have an uncle we're all a little suspicious 
of." 

Drunk to friend: "What shall we drink 
to?" 

Friend: "To excess." 

WHAT THEY MEAN WHEN THEY 
SAY 

See me after class - It has slipped 
my mind. 

Pop Quiz- I forgot my lecture notes. 

I will derive- formula has slipped 
my mind. 

Closed book quiz- Memorize eve~y
thing including the footnotes. 

Open book quiz - Oil your sliderules 
and wind your watch. 

Honor system- alternate seats. 

Do odd numbered problems- the even 
numbered problems will be on test. 

Briefly explain -not less than 1000 
words. 

A group of R.O.T.C. midshipmen were 
gathered dismally by the rail their first 
day at sea. An old salt joined them and 
inquired sarcastically, "Whafs the mat
ter, Jones, got a weak stomach?" 

"Hell no/' gasped Jones, '/I'm throwing 
it as far as the others." 

OHM ON THE RANGE 

Opus 314 -In Three-Phase Time 

Oh give me an ohm 
Where the impedences roam, 
Where the fields are not fluxing all day/ 
Where you'll never see 
A field without phi, 
And the flux is not leaking away. 
Ohm, ohm on the range, 
Where the flux is not changing all day, 
Where never is seen 
A shunt field machine 
With the armature running away. 

Definition: 

Nylons: Sheer today and gone tomor
row. 

Ginger ale: A drink that tastes like 
your foot feels when it's 'gOne to sleep. 

Golddigger: A girl who breaks dates 
by going out with them. 

Alcoholic rheumatism: Getting stiff in 
every joint. 

Home: Where you can scratch any 
place it itches. 

Mixed company: What you are in when 
you think of a story you can't tell. 

Fraternity pin: An increase in privilege. 

MINNESOTA TECHNOLOG 



ne of innesofa's 
Newest firms 
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Control Data Corporation does not expect to compete 
in the production of standard large-scale computers with 
well established companies. The object instead is to com
plement major companies as a developer of selected com
ponents for computer and instrumentation systems. The 
company will undertake research and development in the 
fields of data processing, instrumentation, controls, and 
other areas related to automation. 

The present goal ol the Control Data Corporation is 
25 million in sales within the next five years. Consider the 
rapidly expanding field of electronic controls, exploited 

Norris (Left) Manning (Right) 
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by a progressive organization, and this goal seems quite 
realistic. 

The corporation plans to expand in a physical sense by 
mergers with similar organizations in related fields. This 
is exemplified by their first and recent merger with Cedar 
Engineering Inc. 

The Cedar Engineering Division of Control Data Cor
poration was formed in 1952 by division general manager 
E. J. Manning, an aeronautical engineer formerly with 
"Minneapolis Honeywell Regulator Company. The Cedar 
Division provides excellent manufacturing facilities for 

(Continued on Next Page) 

On August 14, 1957 William C. ~'Norris was elected to the office of 
president of the Control Data Corporation of Minneapolis. The firm, 
destined for expansion of output and capacity, appears to have a 
bright future in the electronics industry. 

Mr. Norris was graduated with a B.S.E.E. from the University of 
Nebraska. During World War II he was the director of a Naval com
munication section engaged in research and development of radio di
rection finders, receivers and multiplex communication equipment. In 
1946 Mr. Norris and associates left the Navy to form Engineering 
Research Associates, Inc. One of the better-known products of the com
pany was the ERA 1103 digital computer, now marketed in modified 
form as the Univac Scientific computer. Remington Rand, in 1953, pur
chased Engineering Research Associates, Inc., and Mr. Norris became a 
vice president of Remington Rand. Remington Rand lately merged 
with Sperry to become the Sperry Rand Corporation and Mr. Norris 
then became a vice president of that company and general manager 
of its Univac Division. 
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TYP£ A CIRCUIT 

OUTPUTS OUTPUTS 

INPUTS 

TYP[ 
CIRCUIT 

TYP£ C CIRCUIT 

INPUTS 
Fig. 1 

The Three Basic logic Block Circuit Types 

CONTROL DATA CORPORATION 
(Continued from Page 33) 

producing the computer components developed by Con
trol Data, and its activities include the production of gy
ros, accelerometers and other precision control instruments. 
Other assets are a complete laboratory and a "clean" as
sembly room employing precise temperature, humidity and 

Typical logic Building Block 
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Fig. 2 

Simplified Example of logic Equation 

dust controls. Approximately 20 per cent of the employees 
are engaged in inspection and quality control activities. 

The executive staff at Control Data Corporation con
sists of men associated with Williarn C. Norris during the 
development of the computer industry. The director of 
engineering is Frank C. Mullaney (I.T. '43). Willis K. 
Drake is director of marketing and a former management 
counselor Arnold J. Ryden is vice president and treasurer. 
Henry S. Forrest, formerly of Remington Rand is in charge 
at the company's Washington D. C. office. Director of Engi
neering, James G. J\!Iiles, has more than ten years in the 
electronic computer field, beginning with his joining ERA 
in 1942. 

The problem of quickly developing an effective team 
has been greatly reduced as many senior management and 
engineering positions at Control Data Corporation have 
been filled by persons having recent experience in similar 
jobs. Mr. Norris feels that the Twin Cities have become a 
center for design and production of the complex electronic 
devices. Also the area provides skilled and experienced 
personnel, combined with the stimulating effects of the 
study and research facilities of the University of Minne
sota. 

The executives and many of the senior engineers started 
their careers with Engineering Research Associates, Inc., 
then a pioneer in the electronic computer industry. vVil
liam R. Keys (l.T. '43), senior engineer at Control Data 
Corporation, was a co-inventor of the magnetic storage 
drum. This data storage system was developed for the 
ERA 1101 digital computer. The engineering :<:{~!flff is 

logic Blocks Assembled on Chasis 
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The C.D.C. 1604 Data Processing Digital Computor 

manned by similar personnel, personnel who have had all 
the background and experience that one could have in this 
young industry. This combination of experience, desire 
for success and the challenge offered by a growing business 
will certqinly blend to form a highly capable and com
petitive orgaqization. 

The physical plant of the Control Data Corporation 
consists of 10,000 square feet in the McGill Building, 501 
Park Avenue, Minneapolis, and 34,000 square feet in the 
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Cedar Engineering Division plant in St. Louis Patk. Plans 
call for the expinsion and a build up of personnel before 
mid-1958. 

The authorized capital of the corporation has been set 
at two million shares of common stock, par value 50 cents. 
The initial financing has been accomplished by private 
offering of 600,000· shares of the company's common stock 
at one dollar per share through the company's officers. 
The company policy favors national ownership. 

One of the prinicpal projects at Control Data is the de
velopment of new large· scale digital computer. The com
puter employs various bask circuits known as logical build
ing blocks. These logical blocks, the basic elements of 
the Control Data digital computer, perform all of the 
logical functions for the computer. Control Data Corpora
tion has developed a ·complete set of high-speed general
purpose digital' building blocks. The building block cir
cuits consist of a transistor amplifier and crystal diodes. 
The crystal diodes, controlling the input operations, per
forms the logical functions of "AND" and "OR". 

Meticulous attention has been given to such factors as 
extremely conservative component application and proper 
"noise threshold" to guard against errors from outside in
fluences. A balance was attained between high component 
utilization and the desired number of circuit types. 

Three basic circuits are used in the 18 standard logic 
block types. The circuit differences are illustrated by their 
functions which are: single inverter, flip flop, and the 
double inverter. These basic circuits are shown in block 
diagram form in Fig. 1. 

The 18 standard logic blocks are characterized by the 
functions performed and the respective number of inputs 
and outputs. The number inputs range from zero to four 
while the outputs range from two to eight. Each of the 
standard building blocks utilizes the same type of transis
tor amplifier but differs in the number and configuration 
of the crystal diodes. 

Control Data's large scale digital computer will be used 
by the Control Data staff as a design tool. Computer-aided 
techniques greatly reduce the number of engineering man
hours required to do the routine repetitive design asso
ciated with the use of these logic blocks. The Computer 

(Continued on Next Page) 
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(Continued from Page 35) 

output information provides actual component lists and 
wiring information. Similarly the individual building 
blocks are assigned to a specific chassis and located on the 
chassis. The design method not only saves time and ma
terials, but gives an opportunity to thoroughly check, and 
if necessary, redesign the first test model. Also an economic
ally feasible approach is made available to explore alter
nate circuit designs. 

Any computer design, regardless of its complexity, may 
be expressed in equation form. An algebraic notation 
known as Boolean algebra is employed to express the logic
al equations of the computer. The equations are based on 
simple truth statements and are a means of expressing the 
logical properties of the machine. Fig. 2 gives a simplified 
approach to the relation of Boolean algebra to the physical 
properties of the logic blocks. 

It is possible to light lamp A by operating switch D 
"OR" by operating switches B "AND" C. This illus
trates the "AND"j"OR" functions of the crystal diodes. 
In terms of the Boolean algebra the equation reads as 
follows: 

A204 = BH28 . C7tl7 

The superscripts denote a system for locating and iden
tifying the particular logic block. The 18 different types 
of logic blocks have input formats particular to a given 
Boolean equation. 

Having written the system-defining equations, the de
signer's next process is to file the equations into the inter
nal memory of the design computer. Equipped with a 
Flexowriter, a specialized electric typewriter, he produces 
a coded punched tape and a typewritten copy of the equa
tion. 

The punched tape contam1ng the coded equations is 
fed into the digital computer. Here the equations are 
checked to see if they conform with the basic ground rules 
of the logical building blocks. The rejected equations are 
returned by punch tape to the logical designer to be exam
ined and corrected. 

When a set of equations is correct, it is filed in the in
ternal memory of the computer. The logical designer now 
is assured that all of the equations are capable of being 
realized physically. 

Using outputs, based on the physically correct set of 
equations, the design computer to simulate the system un
der design, one can observe the logic and operation as 
described by the equation file. 

This observation is known as simulating. The simula
tion program allows the logic designer to determine if the 
computer design performs as desired. A simulated run 
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would allow the designer to view the not-yet built ma
chine as if it were running under actual operating condi
tions. 

The engineering effort entailed in the design of a large 
scale computer is substantial. This is particularly signifi
cant at Control Data where a principal area of business 
is the design of special purpose computers. The machine 
aided design technique offers an economical and efficient 
method of designing special purpose systems. 

The Control Data Corporation computer has many 
striking advantages over contemporary vacuum tube com
puters. The fully transistorized digital computer being de
signed and constructed by Control Data Corporation, re
quires a volume equivalent to a four drawer filing cabinet. 
Refrigeration and blower units, a necessity in a vacuum 
tube operation, are not a part of the transistor computer. 
Because the transistor is a temperature sensitive element, 
the temperature of the room housing the machine must be 
kept relatively constant, but because the power required 
for transistors is only a fraction of the power used in a 
vacuum tube operation, heat generated by the computer 
is negligible. A transistor circuit operates at three volts 
and Y2 amp compared to vacuum tube requiring 100 to 
300 volts and a plate current of 10 rna. to 25 ma. A gain of 
operating speed is obtained not in raising the transistor 
itself, but in the change of voltage and current require
ments. The circuit acts as a capacitator. Time is required 
for the charging of the circuit for an operational pulse and 
the discharge in readiness for the next operation. The 
charge and discharge time decreases with a decrease in 
voltage and an increase in current. The result is a com
puter which is not only more reliable, but functions at a 
higher speed. 

This is a rare but highly desirable situation. Size, power 
requirements, and cost have been reduced. The reductions 
are not compensated by a decrease in output, but instead, 
reliability, capacity and speed have been increased. At 
present, Control Data's computer is not a production 
model. It is to he used as a design tool for further research 
and development projects. 

Also under development at Control Data is a Produc
tion Data Recorder. This machine will be used to record 
factory production information to bridge the gap between 
the production points and data processing centers. The 
recorder, about the size of a desk ·calculator, is designed to 
reduce error and the time lag inherent in hand processing 
methods, for input to computing or tabulating machine 
processing of inventory control, production scheduling, 
payroll, and labor discrimination. 

Control Data Corporation has been selected to produce 
computer components for the Air Force Bomarc guided 
missile. The complex guidance system is to be 10 times as 
precise as present guidance systems. 

Supplementing their data proc~ssing equipment, Con
trol Data Corporation offers a flexible specialized engineer
ing service. The custom engineering program ensures the 
customers full utilization of computer capabilities for spe
cific engineering data processing or control problems. 
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Your first position after graduation 
will determine the direction in 
which you will grow in engineering 
knowledge and ability. 

Garrett offers engineering career 
opportunities which will expand for 
many years to come. 

They include thefollowing in the 
fields of aircraft, missiles and tech
nological industry: system elec
tronics; computers and flight 
instruments; gas turbine engines 
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This 91f2-pound AiResearch solid propellant power package energizes 
the auxiliary systems of a guided missile. It includes an electrical sys
tem generating 650 watts and a hydraulic system which activates the 
missile's aerodyn,amic controls. Participating in its development were 
electronic, hydraulic, mechanical and power plant engineers. 

and turbine motors; prime engine 
development; cryogenic and nuclear 
systems; pneumatic valves; servo 
control units and air motors; indus
trial turbochargers; air conditioning 
and pressurization and heat transfer. 

In addition to direct assignments, 
a 9-month orientation program is 
available to aid you in selecting your 
field of interest. This permits you 
to survey project, laboratory and 
administrative aspects of engineering 

at Garrett. With company financial 
assistance you can continue your edu
cation at outstanding universities 
within easy reach of your employ· 
ment. 

Project work is conducted by 
small groups where individual effort 
is more quickly recognized and 
opportunities for learning and 
advancement are enhanced. For full 
information write to Mr. G. D. 
Bradley. 

THE CORPORATI!lON 

9851 S. SEPULVEDA !SI..VD •• LOS ANGELES 45. CALIFORNIA 

DIVISIONS: AIRESEARCH MANUFACTURING, LOS ANGELES • A/RESEARCH MANUFACTURING. PHOENIX e AIRSUPPI..Y 

AIRESEARCH INDUSTRIAl.. • REX " AERO ENGINEERING e AIR CRUISERS '" A/RESEARCH AVIATION SERVICE 
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Imported CASTElL. 

''BL CK L '' 

adds skill to your hand 

Horizontal opportunities are 
plentiful for graduate engineers 
- but how about verti
cal opportunities? How 
high will you grow in 
5 years? 

That will depend on 
your native talent, hard 
work and such ]2rofes
sional habits as the use 
of imported A.W.FABER 
CASTELL. "black gold" 
graphite - the best na
tural graphite testing 
out at more than 99% 
pure carbon - makes 
Castell the world's 
finest drawing pencil. It 
will add skill to your 
hand as it does to sea
soned Pros the world 
over. Color-grad~d for 
instant identification in 
most of the 20 scienti
fically-accurate degrees, 
8B to lOH. 

If you prefer a 
Holder, try LOCKTITE 
Tel-A-Grade 9800 
which shows your de
gree in a flash - plus 
imported "black gold" 
CASTELL 9030 Lead. 
Shop in your college 
store and insist on 
CASTELL across the 
board. 

A.W.FABER~~~ SffLL 
PENCil CO., INC. NEWARK 3, N. J. 

APRILS FOOLS 

had sworn to be a bachelor; 

She had sworn to be a bride. 

You already know the answer; 

She had nature on her side. 

"Po, what is the interest of a kiss?" 

asked a sweet sixteen. 

"Well, really, I don't know. Why do 

you·ask?" 

"Because George borrowed a kiss last 

night and said he would pay it back with 

interest after we were married." 

There was a young lady named Carol 

Who liked to play poker for apparel; 

Her opponenfs straight flush 

Made this gamblin' gal blush 

And now Carol's apparrel's a barrel. 

A kiss is a peculiar proposition. Of no 

use to one, yet absolute bliss to two. The 

small boy gets it for nothing, the young 

man has to lie for it, and the old man 

has to buy it. The baby's right, the 

lover's privilege, and the hypocrite's mask. 

To a young girl, faith; to a married 

woman, hope; and to an old maid, 

charity. 

Susie: "Has your boy friend ever 

spoken about marriage?" 

Tootsie: "Well, indirectly." 

"Indirectly, how's that?" 

"Once he said he had never smoked 

a pipe because he never could try one 

before he bought it." 

A preacher walked into a tavern dur

ing the course of his w~lfare work and 

ordered a glass of milk. By mistake he 

was served a glass of eggnog. After drink

ing it to the last drop, he raised his eyes 

heavenward and was heard to say, Lord, 

what a cow." 

Why Vought Proj ts 
Bring Out The Best 

In An Engineer 
At Vought, the engineer doesn't often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it's no wonder. 

For here the engineer contributes to 
history-making projects- among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1 ,500-plus
mph fighter, details of which are still 
classified. 

The Vought engineer watches such 
weapons take shape. He supervises 
critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share 
these experiences. Today, for exam
ple, Vought is at work on important 
projects involving: 

electronics design and manufacture 

inertial navigation 

investigation of advanced propulsion 
methods 

Mach 5 configurations 

Vought's excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists agairist mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 

*** Would you like to know what men 
with your training are doing at 
Vought ... what you can expect of a 
Vought career? 

For full information, see our repre
sentative during his next campus visit. 

*** Or write directly to: 

C. A. Besio 
Supervisor, Engineering Person.n.el 

Dept. CM-7 

~~-----~------------------
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A 
Vought 
Vignette· 

ONE OF A SERIES 

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

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

The zssil e Engineer with undersea l e s 
Jack Welch felt honored when he was tossed, fully 
clothed, into the Navy's sub harbor at Port Hueneme, 
California. In their own rugged way, submariners were 
extending him their thanks. He'd been a big help in 
the introduction of Chance Vought's Regulus I missile 
to the Navy's Undersea Fleet. 

Months before his ceremonial splash, Jack had accom
panied the Regulus aboard the submarines Tunny and 
Barbero as a representative of Vought's Missile Oper
ations Engineering Group. A ·veteran of the Regulus 
flight test program and a collaborator on the con
version of the subs to missile carriers, Jack brought 
knowledge the Navy welcomed. Likewise, the Navy 
crews were to share with Jack some equally valuable 
experience. 

Jack, with the submarines Tunny and Barbero, cruised 
the East and West Coasts, performed over 200 dives, 
and once prowled far west of Hawaii. The missile man 
helped the undersea crews complete initial checkouts 
of Regulus support equipment - culminating in the 
first missile launch ever made from a submarine. Then 
they went about solving environmental and supply 
problems that arose during tests. Jack added to his 
mechanical engineering experience a valuable store of 
electrical; weapon systems and Navy knowledge. 

Back in home port, on the Tunny's quarter-deck, with 
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a full crew assembled, submarine officers reviewed 
Jack's contributions. He'd gone beyond his duty as a 
technical advisor, they concluded. He'd become an 
expert submariner as well. In fact, he'd qualified for 
the Silent Service's Gold Dolphin insignia ... and all 
hands would proceed at once with the traditional 
initiation. That's when Jack took his plunge. 

Today, Jack divides his time between Chance Vought 
and a half-dozen Navy shipyards. His job is to see 
that current missile and ship design is meeting the 
missile needs of the Fleet. Problems are many, but 
Jack maintains there's a solution for each. "That's a 
lesson I learned from the submarine forces," he said. 
"They gave me a real indoctrination in a can-do atti~ 
tude under actual operating conditions." 

At Chance Vought the missile engineer belongs to a 
team that already has experienced every conceivable 
missile problem, from development to operational 
readiness. Here, current assignments range from the
oretical work to the introduction of complete missile 
systems to the }~leet. 
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MUZZLE LOADERS 

(Continued frOJn Page 21) 

Fig. 1 

Muzzle loading Cap lock Rifle 

For those new to the game, we include a short course in 
loading the muzzle loading rifle. 

l. Put rifle on half-cock13 

2. :Measure powder and pour into muzzle 

3. Try to salvage remaining powder from ground 

4. Cut cloth patch 

5. Put iodine on thumb 

6. Place ball on patch 

7. Place patch and ball in muzzle 

8. Draw ramrod 

9. Ram 

10. Remove ramrod 

11. Remove ramrod 

12. Remove ramrod (Give up already) 

13. Place percussion cap 

14. Cock hammer14 

15. }'ire- on rising· make sure shoulder Is not really 
broken 

16. Search for ramrod 

17. Inspect pieces of ramrod 

18. Take tranquilizer tablet 

19. Go back to cribbage 

Nine shot group fired at 
11 0 yards with a Morgan 
James Rifle in 1859.25 

Group shown actual size. 

Fig. 2 
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SPECIAL FEATURE ••• 

NEW ALLOY DEVELOPMENT TO BOOST JET ENGINE 
EFFICIENCY 

Full-scale tests v,rill soon begin on a new combination 
of high-temperature alloys that may increase the efficien
cy of jet engines more than 15 per cent. 

Described as the possible key to a major advance in the 
field of jet engines and gas turbines, the development 
involves the "sandwiching" of one high-temperature 
alloy around another to take advantage of the heat re
sisting qualities of each. Research metallurgists worked 
more than five years on the new development that clads 
molybdenum with Inconel, a nickel-based high tempera
ture alloy. 

Current high-temperature alloys restrict maximum 
turbine inlet temperatures to about 1600 degrees Fahr
enheit. vVhile these alloys are somewhat better than those 
of 10 years ago, they are still essentially of the same corn
position. 

However, with the use of Inconel-clad molybdenum, 
inlet temperatures of bet\,veen 1800 and 1900 degrees will 
be possible. At the present stage of progress on jet en
gines and gas turbines, an increase in temperature boosts 
efficiency on an ahnost directly proportional basis. 

The qualities of the alloys were demonstrated by sub
jecting three specimens to stresses at high temperatures. 
Inconel alone broke when the temperature hit between 
1350 and 1450 degrees. Molybdenum did not break even 
at 1850 degrees, but did begin smoking at about 1300. 
This is due to oxidation which would rapidly burn up 
the metal if this were allowed to continue. 

However, when heat was applied to "clad moly," the 
specimen neither burned nor broke even at 1850 to 1950 
degrees, due to the oxidation resistance of the outer layer 
of lnconel and the strength of the molybdenum. The 
latter alloy was described as "by far the strongest mate
rial so far developed at temperatures above 1600 de
grees." 

Development of "clad n1oly" did not immediately an
swer the problem for a higher-temperature alloy. Metal
lurgists found that when Inconel was rolled on molyb
denum at high temperatures, a layer of hard, brittle ma
terial formed between the two alloys which made the 
cladding alloy tear away easily. It was discovered that 
this intermetallic compound could be eliminated by 
placing a barrier material such as palladium between the 
two alloys. 

A 15 per cent increase in efficiency may not sound like 
much, but in gas turbines and other types of heat en
gines, this is a major accomplishment. Furthermore, in 
certain applications, such as the high Mach number en
gines, high inlet temperatures are a necessity. Just as the 
conventional high-temperature alloy pioneered in the 
1930's aided the development of the gas turbine, so these 
new clad molybdenum alloys will aid in the development 
of greatly improved gas turbines within the next few 
years, both for military and industrial purposes. 
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Tear out this page for YOUR BEARING NOTEBOOK ... 

How to talie 
22% ton impacts 

on drum axle 
The designers who built this 
giant tamping roller had to 
contend with impacts as high 
as 1450 psi on the drum axle. 
To take these terrific loads, de
signers mounted the drum axle 
on Timken® tapered roller bear
ings. Timken bearings are case
carburized to produce hard, 
wear-resistant surfaces over 
tough, shock-resistant cores. 
Their full-line contact between 
rollers and races gives them 
extra load-carrying capacity. 
And because they practically 
eliminate friction, they help 
heavy construction machin
ery start and roll more easily. 

Slice a Timken bearing in half and see why it tokes shocks 

The picture at left shows what you'd see if you cut 
through a Timken bearing: hard, wear- resistant 
surfaces and tough, shock-resistant cores. 

Want to learn more about job 
opportunities? Timken bearings 
help make better machines-ma
chines that enrich our lives. It's 
what the Timken Company calls 
Better-ness. If you'd like a career 

helping to create the machines 
that create Better-ness, write for: 
(<BETTER-ness and your career 
at the Timken Company". The 
Timken Roller Bearing Company, 
Canton 6, Ohio. 

PERED 
ROLLER BEARINGS 

TRADE-MARK REG. U.S. PAT. OFF. 

• .. .,J / 
NOT JUST A BALL Q NOT JUST A ROLLER a:::::J THE TIMKEN TAPERED ROLLER a:::> BEARING TAKES RADIAL ([) AND THRUST -@}- LOADS OR ANY COMBINATION -@}-

t /t' 
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PARTICLES fROM OUTER. SPACE 
(Continued from Page 23) 

unsolved. The question of origin can be resolved into a 
pair of related questions: where do they come from, and, 
how do they get their energy? 

Many theories have been advanced, but all so far have 
failed in one respect or another. Those who assume that 
the sun is the origin have a large amount of energy avail
able, but are unable to explain the lack of daily variation 
rays. The stars have also been considered the source of the 
rays. An interesting fact is that the cosmic ray energy strik
ing the earth is about the same as the starlight energy. But 
if the stars give as much energy in cosmic rays as in light, 
the sun (a typical star) should do the same; this is not ob
served. The suggestion has been made that .cosmic rays 
come from supernovae (exploding stars) but this has not 
been proven satisfactory for quantitative reasons. 

In a study of the relatve abundances of elements in the 
universe, Hess and U rey found the relative abundances to 
be as follows: 

Element 
hydrogen (protons) 
helium (alpha particles) 
light nuclei 
medium nuclei 
heavy nuclei 
very heavy nuclei 

Atomic 
Number 

1 
2 
3-5 
6-9 

10-19 
20-26 

Relative 
Abundance 

93.00% 
6.9% 

I0-6 % 
.07% 
.02% 
. 02% 

SPECIAL FEATURE 

Research on 
. . 

o1se 1n 

Electronic Devices 
ALLEN MoREHEAD 

HERE ARE SEVERAL research projects being carried on in 
the Department of Electrical Engineering at present. 
One group of these projects has to do with the inves-

tigation of noise in electronic devices. 
Noise is the name given spontaneous fluctuations of all 

types. In some cases these fluctuations appear as audible 
noise, but the term is also used for inaudible fluctuations. 

The study of noise was not considered important in the 
early days of electronics, but since the improvement in 
modern scientific methods, noise has become a serious 
limitation in the accuracy of some measurements. Noise is 
also a problem in the operation of sensitive amplifiers 
designed to detect very small signals. The size of the small
est signal that may be detected is determined by the noise 
produced in the amplifier itself. 

One reason for studying noi~e is to find ways of elim
inating the noise itself. This would be desirable in the 
amplifier mentioned above. Another reason for studying 
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The lack of light elements 1uay be explained in that they 
need not be formed iu the production of heavy elements 
from helium and hydrogen, and that the light elements 
tend to break up at temperatures of about 1,000,000 de
grees C. which are not uncommon in stars. 

From this then we see that there is practically no 
naturally occurring light nuclei in the universe, so when 
cosmic rays begin, they presumably contain very little light 
nuclei. 

If cosmic rays travel great distances to reach the earth, 
collisions with the interstellar matter are likely, and the 
products of these collisions 1vould contain more light ele
ments than the average of the universe. On the other 
hand, if the cosmic rays are accelerated relatively close to 
the earth there would be little chance for collision and 
the primary beam at the top of the atmosphere would not 
contain any appreciable amount of light neuclei. 

Because the nuclei of atomic number greater than two 
constitute less than one per cent of the cosmic rays, even 
the one percent of the atmosphere remaining above cur
rent balloon flight is enough to hamper interpretation of 
results. For this reason and others, this important ques
tion has not yet been resolved. 

Until the present time, the difficulties in doing experi
ments has limited the amount· of data available on cosmic 
rays. The advent of the artificial satellites will make avail
able a tremendous amount of data on primary cosmic rays, 
and will not only record the variation of cosmic rays with 
position, but will also record changes in time during solar 
flares . 

noise is to learn more about the operation of the device 
producing the noise. 

One project in the "noise" group concerns the investi
gation of noise in gas discharge tubes. The interest here 
is not the elimination of noise, but rather locating the 
source of the noise. The question is, "Is the noise pro
duced generated in all three parts of the tube, anode, 
cathode, and plasma, or just in one part?" Also, the study 
of noise is being used to learn more about the transfer of 
energy from fast to slow moving electrons in the gas dis
charge. 

Another investigation being conducted is the determina
tion of the cause of flicker noise in vacuum tubes. Flicker 
noise or excess noise is described as the large amount of 
noise at low frequencies over and above shot noise*. In this 
study, one goal is to eliminate the noise, with a secondary 
goal of learning more about the operation of oxide coated 
cathodes. 

The third project of the group deals with noise in semi
conductor devices. One study is aimed at supporting a 
theory concerning the physical action that takes place 
when diode breakdown occurs in the reverse direction. 
Other studies in this project are concerned with supporting 
theories explaining the cause of noise in such things as 
transistors and crystal diodes. 

These projects are supported by funds from the Army 
and Air Force. The research work is conducted by gradu
ate students under the direction of Dr. A. van der Ziel, 
the project director. Undergraduate students are employed 
by the project to do the technical work. 

* Shot noise is caused by the corpuscular character of the 
current Hor in the tube. 
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NE CHICAGO SUN-Tl ES BUILDING 
equipped with long-lasting, 
dependable JENJ(JNS VALVES 

IN ADVANCED PLANNING, as in location and design, the new 
Sun-Times Building is front-page news. For this is the first 
project to be completed in a development which will trans· 
form the area north of Chicago's Loop into a city of the future. 

There can be only one basis for selecting physical equip
ment for such a plant: the ability to perform efficiently and 
economically for years. This is why Jenkins Valves are 
standard on all plumbing, heating and air conditioning lines 
in the block-long structure. 

The extra measure of performance and reliability built 
into Jenkins Valves has for generations assured long oper
ating life and low maintenance cost. That's well to remember 
when you specify valves ... especially since the valves that 
bear the famous Jenkins Diamond mark cost no more. 
Jenkins Bros., 100 Park Avenue, New York 17. 

Sold Through Leading Distributors Everywhere 

APRIL 1958 

Owner: FIELD ENTERPRISES, INC. 
Architects-Engineers: NAESS AND MURPHY 
General Contractor: GEORGE A. FULLER COMPANY 
Plumbing Contractors: G. F. CONNELLY Co. 
Heating Contractors: KROESCHELL ENGINEERING Co. 
Air Conditioning Contractors: WILLIAM A. POPE COMPANY 

10" Fig. 651-A Jenkins Iron Body Gate Valve, fitted with 
by-pass, on suction line of pump which supplies Chicago 
River Water as condenser water and process water for type 
foundry requirements. 
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MINNEAPOLIS 
BLUE PRINTING CO. 

612 Third Avenue South 
Minneapolis, Minn. 

FEderal 2-5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KUEFFEl & ESSER CO. 

I 

A man and a woman were talking. 

, "Tell me," the man said. "Would you 
sleep with a man for a million dollars?// 

"Why, yes, frankly," the woman said 
after some pause, "I think I would." 

"Well, would you sleep with a man for 
two dollars?" the man persisted. 

"What do you think I am?" 

"We've settled that," the man said. 

"Now we're only haggling about the 

price." 

A group of student nurses was creep
ing back to the hospital one night, and at 
the gate they met three internes. 

"Shh," said one of the nurses. "We've 
been out after hours." 

"Shh, yourself," said the internes. 
"We're going out after ours." 

Little Jackie entered first grade, where 
his teacher was a very well-proportioned 
young lady who enjoyed very loose-fit
ting blouses. One evening, several hours 
after school was over, she was having 
dinner in a restaurant when little Jackie 
and his parents came in. 

"Daddy," the kid yelled, and all the 
diners turned toward him, "There's Miss 
Smith. You shoulda' been in school to
day. She leaned over too far, and one of 
her lungs fell out." 

K&E 

POST 

• • • 

Log Log Vector 
Log Log Deci Trig 
Log Log Trig 

Versa log 
Manheim 

PICKETT & ECKEL 

Gold lettering - Stamping 

Tooling 

Medical 
Chemical 
Magazines 

WE BIND 
Theses 
Pamphlets 
Text-Books 

law Reviews 

COVERS - ALBUMS - BLANKBOOKS 
Made to your specifications 

BINDING 

ERICKSON 
BINDERY 

downstairs 

GRA Y1S DRUGSTORE 
1326 4th St. S.E. GE. 5765 

Also Pocket Rules & Circular Ru!es 

ENGINEERS B KST RE 
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Pump-turbine design is now the work ••• 
hydraulics, the field .•• of John Jandovitz, 
BSME graduate of College of City of New 
York, '52. 

Water conditioning chemical, service, and 
equipment specialist in Houston is new 
assignment of Arthur Brunn, BS Chern. E., 
University of Tennessee, '56. 

Recent 
field sales engineering of America's 
widest range of industrial products is choice 
of Roy Goodwill, BSME, Michigan State 
College, '54. 

Train in Course raduates 
select wide choice of 

ca·reers at AllismmChalmers 

THERE'S variety at Allis-Chalmers. Whether 
you're thinking in terms of types of industries, 

kinds of equipment, types of jobs, or fields of work, 
the diversification of Allis-Chalmers provides un
surpassed variety. For example: 

Types of iobs 
Research 
Design 
Manufacturing 
Application 
Sales 

Industries 

Agriculture 
Cement 
Chemical 
Construction 
Electric: Power 
Mining 
Nudear Power 
Paper 
Petroleum 

Equipment 

Tractors 
Kilns 
Screens 
Earth Movers 
Transformers 
Crushers 
Reactors 
Control 
Pumps 
Motors 
Steam Turbines 

Fields 

Metallurgy 

Starting up a cement plant in Mexico 
after coordinating all work on it is latest 
job of John Gibson, BS Met. E., University 
of California, '54. 

Nucleonics is chosen field of R. A. Hart· 
field, BME, Rensselaer Polytechnic Institute, 
'53. Currently he is working on design and 
development of new nuclear power plant. 

Process Engineering 
Mechanical Design 
High Voltage Phenomenon 
Stress Analysis 
Nucleonics 
Electronics 
Hydraulics 
Acoustics 
Thermodynamics 

An outstanding training program, started in 1904, 
is designed to help you find the activity within 
these groupings for which you are best suited. Up 
to two years of theoretical and practical training 
are offered. Direct employment at Allis-Chalmers 

is available for those with sufficient background. 
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Learn more about Allis-Chalmers and its train
ing program. Ask the A-C district office manager in 
your area or write Allis-Chalmers, Graduate Train
ing Section, Milwaukee 1, Wisconsin. 

I 
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FUEL I JE 

UTOMOTIVE DESIGN ENGINEERS are beginning to explore 
a component of the auton10bile engine that has gone 
unchanged since Henry Ford's :Model T. They are out 

to replace the carburetor and all its inherent deficiencies 
with a fuel injection system. Although the carburetor 
served us well for these many decades, its successor will 
greatly reduce or eliminate such things as vapor lock, car
buretor icing, poor fuel economy during starting, wann-up 
and wide open throttle, and inefficient vapor distribution 
by the manifold. 

The use of fuel injection systems for internal combus
tion engines is not new. Fuel injection has been incor
porated in the Diesel engines, and during World War II 
they ·were a part of the Wright 3350 engine used on the 
B-29 Bomber. 

Until now, the fuel injection system's biggest drawback 
has been its prohibitive cc.c:~, but modern engineering has 
reduced this factor so that now fuel injection is offered as 
regular or optional equipn1ent on almost all makes of 
cars. 

The basic requirements of the fuel system of a modern 
gasoline engine are: 

Optimum air to fuel ratio under varying loads and 
speeds. 

Starting e)wichment which tapers off during warm-up for 
good cold weather operation. 

Idling enrichment to compensate for exhaust gas dilu
tion. 

Full throttle or load enrichment for maximum power. 
Acceleration enrichment to avoid momentary lean out 

during that transient period. 
Fast idle during the warm-up period to prevent engine 
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stalling because of the added friction load during this 
period. 

In addition to these requirements, there are several de
sirable features which should be incorporated if pos

sible. 
Fuel cutoff during deceleration to save gas and reduce 

the smog problem. 
Altitude compensation. 
Temperature compensation. 
With this list of desirable factors in mind, there are 

three main types of fuel injection systems to investigate: 
Time-metered injection- mechanical 
Time-metered injection- electrical 
Continuous flow- mechanical 

These are the systems of American Bosch Arma Corpora
tion, Bendix Aviation Corporation, and General Motors 
Corporation, respectively. 

Mechanically-Timed lniedion 

American Bosch undertook the development of timed 
injection only after clue consideration of the factors re
lating to all three types of systems. They foresaw that fu
ture engines would be designed around fuel injection and 
that nozzles would be integral to the combustion area. At 
present the nozzle is mounted in the manifold and aimed 
at the intake valve causing the atomized fuel to be drawn 
directly into the combustion area. 

\!Ve will first trace the path of the fuel through the sys
tem and then explain the functioning of each component 
part. 

An electric supply pump draws the fuel from the tank 
and forces it through a 1nicronic filter to the injection 
pump. The injection pump, driven at half engine speed, 
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by JAMES DOUGHER 

meters and delivers the fuel through eight outlets located 
on the pump periphery. Each outlet is connected to a 
nozzle which injects the fuel into the air stream of the 
manifold at the beginning of the intake stroke. An injec
tion pump control, and a mixture control augment the 
system. 

The fuel supply pump is an electric motor-driven gear 
pump, equipped with a discharge check valve to retard 
the decay of supply pressure in the system during tem
porary shutdowns. A pressure regulating valve built in the 
injection pump holds the system pressure to 20 p.s.i., which 
is well over the service vapor pressure of the fuel. 

The fuel filter consists of a steel enclosure and a filter 
element. The element is built up of alternative layers of 
resin, impregnated filter paper and fiber spacers to provide 
five micron filtration of the fuel. 

The injection pump consists of an integral eight-lobe 
face-cam and plunger which reciprocates and rotates with
in its housing. A metering sleeve, adjusted for metering 
position by the eccentric shaft, is fitted to the plunger to 
control the fuel spill point. The sleeve is keyed to prevent 
rotation and it can only move axially. 

Now we will trace the operation of the pump through 
one cycle. During the intake or suction stroke, flooding of 
the internal volume of the plunger occurs through fill 
ports. The pump control has positioned the metering 
sleeve with respect to the spill ports. As the plunger ro
tates, the fill ports close and a distributing slot starts to 
register with one of the discharge ports to the nozzle line. 
The pumping stroke then starts and the fuel trapped in 
the plunger is forced out of the spill ports into the pump. 
As the plunger continues its pump stroke, the sleeve covers 
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the spill ports and the remaining fuel is forced through 
the delivery valve, out through the distributing slot to the 
nozzle line. Injection continues to the end of the stroke. 

The pump control, mounted directly on the injection 
pump, receives control pressure from the mixture control 
unit through a connecting tube, and translates it into 
angular movement at the metering shaft of the pump. The 
pmnp control consists of a piston operating in a housing 
and biased by an inner and outer spring. 

The force required to operate the pump control sha[t 
is very low, consequently altitude compensation is easily 
obtained by inserting a capsule in the links between the 
control piston and the shaft. A bi-metal temperature-sensi
tive element, which couples the control lever to the control 
shaft, provides temperature compensation where required. 

The fuel cut-off device is a simple mechanism composed 
of a double piston and springs arranged in a cylinder, in 
which the control pressure and the manifold pressure 
interact on one another and two springs. The final result 
is the longitudinal movement of pump metering lever and 
the positioning of the metering sleeve. 

To run the pump at the required half-engine speed it 
was found convenient to mount the injection pump on a 
bracket, similar to a generator mounting, and drive the 
pump from a crankshaft pulley with a timing belt. 

The mixture control is a rather complicated network of 
oriftces and valves located at the manifold intake to sense 
the engine's need for a richer mixture by means of various 
pressure differentials. By means of this component the 
system as a whole can accommodate the engine's needs 
during starting, warm-up, idle, and acceleration. During 
acceleration, a pressure differential device opens a valve 
and permits fuel, under pressure from the fuel supply 
pump, to be sprayed into the manifold, through a jet lo
cated in each barrel of the throttle body. Passage of air 
through a restricted orifice soon reduces the differential 
and the valve closes. 

The spray nozzle in a simple outwardly opening pop
pet type consisting of a seat rolled into a holder. Opening 
pressure is 75 p.s.i. and, due to the floating and self-align-
ing pintle, atomization is very good. -

Electrically-Timed In jedion 

Bendix Aviation Corporation engineers have developed 
a fuel injection system which is adaptable to existing en-· 
gines and rates high in regard to efficiency, styling and mass 
production. The system is electronically controlled and 
electrically actuated. It has timed intake port injection, 
20 p.s.i., common rail fuel system, and employs controls 
that are responsive to intake manifold pressure, engine 
speed, air pressure, and temperature. Keeping in mind the 
requirements of good fuel injection, we will proceed to ex
amine this system. 

The basic fuel supply system consists of a non-metering 
electrically-driven fuel supply pump, a fuel filter, the elec
trically activated [uel injector or nozzle, and a fuel return 
line. 

The pump establishes a 20 p.s.i. pressure in the system 
which is maintained by a restriction in the fuel return 
line. Because the system does not have close fitting me
chanically operating units, the filtration requirements of 
the filter is a rather lenient 20 microns. The fuel return 
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line is incorporated to continually purge any air or fuel 
vapor from the system. 

The primary component of the fuel system is the fuel 
injector. It consists of the solenoid winding, the valve 
spring, the injector valve, and discharge nozzle. Fuel en
ters at the top of the unit, passes through the center core 
of the valve, and discharges through the nozzle at the 
lower and when the injector valve is off its seat or open. 
The valve opens when the solenoid, activated by the elec
tronic modulator, pulls the valve against the pressure of 
the valve spring. 

Monitoring the fuel injection of each nozzle is the elec
tronic modulator and all its auxiliary components. The 
electronic modulator receives a "spike signal" from the 
triggering selector unit, instantaneously modifies it accord
ing to the engine's needs, and distributes it to the proper 
nozzle solenoid. 

The fuel injecti()n triggering unit is comprised of a set 
of breaker points and a distributing commutator with a 
section of the commutator for each solenoid injection 
valve. This unit is inserted as a sandwich between the base 
of the distributor and the standard distributor cap. Each 
time the fuel injector breaker points make contact, a trig
gering impulseis transmitted to the electronic modulator. 
The modified signal is returned to the selector portion of 
the assembly and the impulse is distributed to the correct 
fuel injector valve. Through this unit, engine speed, and 
fuel injection timing are sensed and the electrical impulse 
is correctly distributed to the individual fuel injectors. 

The manifold pressure sensor, mounted near the throttle 
valves, transmits the action of the manifold pressure 
against a spring-mounted piston to a variable resistor in 
the electronic modulator circuit. Basically, this and all of 
the other external sensing units, introduce added resist
ances into the fundamental circuit to modulate the pulse 
width of the electrical impulse that is transmitted to the 
solenoid injector valve. As the sensing circuits' resistances 
increase, the pulse width increase. Consequently the length 
of time that the injector valve is held off its seat increases, 
and more fuel flows. 

The acceleration sensor consists of a diaphragm sur
rounded by a housing com'lected to the manifold. During 
normal operation the pressure is held constant on both 
sides of the diaphragm by a small bleed hold. A spring 
holds the diaphragm against the contact points of a short 
circuit. A rapid change in manifold pressure will cause the 
points to separate and introduce additional resistance in 
the control system for the length of time necessary to equal
ize the pressure in the chambers on both sides of the dia
phragm in the unit. 

In order to meet the slight variations in the fuel re
quirements between engines of the same make and model, 
a separate idle enrichment control is incorporated in the 
system. A rheostat is connected to the throttle shaft to 
interject a variable resistance in the control circuit when 
the throttle is in the idle position. The idle adjustment is 
obtained by varying this resistance instead of the conven
tional idle mixture-control needle. 

To supply more fuel to the engine during the starting 
period and warm-up, a solenoid operating through a ther-
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mostat positions a rheostat in the control circuit. During 
starting the solenoid is activated and maximum resistance 
is introduced to the circuit. During warm-up the thermo
stat senses the engine temperature and acts to vary the 
resistance in the circuit. 

Devices similar to those described above may be added 
to the system to compensate for air temperature, altitude, 
and fuel cut off. Again the principle is simple- put more 
resistance in the control circuit if you want more fuel. 

The modulator is a transistorized circuit designed to 
transform the spike signals received from the triggering 

· unit into an electrical pulse of a given standard width. The 
unit also receives external sensing signals indicating engine 
operating conditions, and integrates them into the stand
ard pulse width to obtain the correct pulse to send to the 
nozzles. 

To review, as the engine rotates, the injector breaker 
points send out spike signals in time with the opening of 
each intake valve to the electronic modulator unit. The 
multi-vibrator circuit in the electronic control box is trig
gered by the spike signals and this sets up a series of pulse 
currents tuned to a standard pulse width. The standard 
pulse segments are then subject to modifi·cation by the 
various modulating or sensing circuits: the inlet manifold 
pressure sensor, deceleration cutoff sensor, starting enrich
ment control, idle tnixture enrichment control, altitude 
compensator, and acceleration enrichment control. This 
modified impulse is then transferred to an amplifier where 
the pulse current is amplified to the power needed to ener
gize and to actuate the solenoid injector valves. This ampli
fied electrical pulse is then directed to the selector where 
it is distributd to the proper fuel injectors just as an igni
tion current is distributed to the various spark plugs. The 
injectors then react to the power impulse causing the valve 
to lift from its seat and permit the required fuel to flow to 
the cy Iinder. 

Mechanical Continuous Flow 

During General lVIotors' preliminary work they estab
lished that, from their own viewpoint, continuous injec
tion directed toward the intake valve gave the best econ
omy, the fastest warm-up, and the best acceleration re
sponse. 

The General Motors' system is comprised of a diaphragm 
pump, a primary filter, an intricate fuel meter, an air 
meter, and the nozzles. 

A conventional 6 p.s.i. diaphragm pump forces the fuel 
through a 10 micron primary filter to the fuel meter. The 
fuel is admitted through a float valve- similar to its 
counterpart in a carburetor- into the float chamber where 
any vapors which have formed due to temperature rise are 
vented. A small gear pump located in the bottom of the 
float chamber delivers the fuel through a second inlet 
filter and a fuel valve to the metering cavity. The fuel 
valve contains an antipercolation ball check to keep the 
fuel between the valve and the pump at a sufficiently high 
pressure to eliminate vapor pockets. Some of the fuel de
livered to the metering cavity flows directly to the eight 
continuous spray nozzles; the remainder of the fuel flows 
through the spill ports back to the float chamber. The 
amount of fuel spill is regulated by the spill plunger. 

The air ertters the air meter thnmgh an annular venturi 
section and flows past the throttle blade to the manifold 
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header and then to the individual intake ports. The air 
velocity through the venturi causes a depression signal 
related to the mass air flow. This venturi signal acts on a 
control diaphragm to create a force which is transmitted 
to the spill plunger by means of a diaphragm link and con
trol arm, the latter being pivoted on a ratio lever. 

An increase in air flow through the venturi causes a rela
tive increase in venturi signal which, acting on the control 
diaphragm, results in an increase in the force acting on 
the top of the spill plunger. The spill plunger then moves 
to a new balanced position to obtain a fuel pressure in
crease proportional to the venturi signal increase. Since 
the increased fuel pressure results in a fuel flow propor
tional to the increase in air flow as indicated by the ven
turi signal, a constant air-fuel ratio will be maintained as 
long as the linkage ratio is not changed. The air-fuel ratio 
can be varied by changing the linkage lever between the 
control diaphragm and the spill plunger. 

Mounted at the entrance of each intake port is an ac
curately calibrated nozzle. The nozzle has a fuel orifice 
of slightly less than lj64 in., below which is a small air 
chamber. Filtered air flows through four .1 0 in. diameter 
air holes into this air chamber and then into the manifold 
through a .04 in. diameter air orifice. This air supply that 
the nozzle discharges, is at all times near atmospheric pres
sure. 

During idle operation about Y4 of the air requirement 
is supplied through the individual nozzle air chambers. 
The rest, retulated by an idle air bypass screw, flows 
through a passage around the closed throttle blade. The 

SPECIAL FEATURE ••• 
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No hold-up- just a demonstration of how a sensitive 
industrial instrument helps to improve medical detection 
of carbon tetrachloride poisoning. Dr. ]. W. Blevins, plant 
physician at General Electric's Instrument Department, 
shows how the company's Halogen leak detector is used 
to detect carbontetrachloride in the human system more 
than an hour after exposure to relatively small amounts 
of "carbon-tet" vapors. Developed by instrument engineers 
to detect leaks in tightly sealed industrial systems, the 
supersensitive detector can find leaks so small that it would 
take I 00 years for one ounce of gas to escape. 
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venturi signal boost, caused by bleeding in manifold pres
sure from the venturi, is controlled by an idle mixture 
screw. 

As the throttle opens during acceleration, the result
ing inrush of air immediately causes a large venturi signal 
which in turn causes a rise in fuel pressure. The result is a 
shot of fuel proportional to the inrush of air. 

For starting and warm-up enrichment a solenoid con
nected to the starter circuit forces the spill plunger down 
far enough to unseat the fuel valve. This action results in 
completely cutting off the spill by covering the spill ports, 
and in the opening of an extra· fuel supply line directly 
connected from the diaphragm pump. A thermostat, op
posed by a vacuum piston and integrated with the starting 
enrichment system, senses the engine's needs and exerts 
pressure on the spill plunger accordingly. 

The deceleration cut-off located directly over the gear 
pump outlet is a diaphragm and its cutoff valve. During 
deceleration, the high vacuum causes the diaphragm to 
lift its valve causing the gear pump to discharge directly 
back into the float chamber and allowing no fuel flow to 
the nozzles. 

Summary 
The fuel systems just described are still under constant 

improvement. Although the General Motors' system is the 
first to be stock equipment on an American car, there is no 
way of saying which system is best. We do know however, 
that within the next few years, a fuel injection system of 
one design or another, will be stock equipment on every 
American automobile. 

k t ct r 
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ho ets the Business? 
H you passed this junction next 
Sunday, looking for a likely stop
ping place, which advertiser would 
get your business? 

A toss-up? Yes, probably. 

Maybe you feel the same way, 
too, about the printed advertising 
that bombards you daily. 

But how about your printed ad
vertising? Does it win your pros
pect's attention, move him to single 
out your product? 

* * * In today's competitive markets, 
your advertising's influence on sales 

depends more than ever on print
ing that faithfully reproduces every 
pictorial detail. Faithful reproduc
tion is a mechanical thing, and a 
means to an end: more sales. 

\Vho gets the business? Jones 
Press is interested in seeing that 
you get the business. You'll like 
] ones Pressl 

JONES r PRESS 
fiFTH & FBIFTH SOUTH C~& MINNIEAPOUS 
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In the meantime, see if you can tell which !nco Nickel Alloy 

proved to be the answer to these problems. 

Number the picture captions! 

"S" Monel hard-grade 
nickel-copper cast alloy 

lnco Nickel 

"K" Monel age-hardenable 
nickel-copper alloy 

lnconel nickel-chromium alloy 

Monel nickel-copper alloy 

lnconel ".X" age-hardenable 
nickel-chromium alloy 

Monel "403" non-magnetic 
nickel-copper alloy 

See answers below 

Gas turbine blades -- Needed: 
hot strength up to 1500°f., 
low coefficient of expansion. 
Which lnco Nickel Alloy ..• ? 

Oil well drill collar - Needed: 
non-magnetic metal with high 
strength. Which Inca Nickel 
Alloy... 1 

Submarine cable sheathing -
Needed: non-magnetic metal 
resistant to marine corrosion. 
Which Inca Nickel Alloy .•• ? 

Jet engine flame tube-Needed: 
oxidation and corrosion resist
ance at jet engine temperatures. 
Which lnco Nickel Alloy ... ? 

Ultrasonic drill- Needed: high 
magnetostrictive ability to 
produce ultrasonic vibrations. 
Which Inca Nickel Alloy . . • ? 

Radar platform "leggings" -
Needed: resistance to abra
STiirland marine corrosion. 

· Which Inca Nickel Alloy ... ? 

Shaft sleeve for salt water 
pump- Needed: extra-hard 
casting ~hat resists 
corrosion. Which one • . . ? 

You may have to take this kind of 
quiz again. You may be designing a 
machine which requires a metal that 
resists corrosion ... or wear ... or 
high temperatures. Or one that meets 
some destructive combination of con
ditions. 

ment, you will have to select the 
proper material to meet given service 
conditions. Over the years, Inco De
velopment and Research has success
fully solved many metal problems, 
and has compiled a wealth of infor
mation to help you. 

with Inco Alloys, send for "Standard 
Alloys." Write The International 
Nickel Company, Inc., Dept. 00, New 
York 5, N.Y. 

When you start to design equip- For more on special problems solved 

Oil well drill collar: 3. "K" Monel; Jet Engine flame tube: 4. lnconel; Radar platform "leggings": 
5. Monel; Gas turbine blades: 6. lnconel "X"; Submarine cable sheathing: 7. Monel "403"; Ultrasonic 
drill: 2. Inca Nickel; Pump's shaft sleeve: 1. "S" Monel 
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The DnternationaD NickeD Company, Rnc. 

New York 5, N.Y. 

<~~~> lnco ickel 
makes metals perform better longer 

51 



SPECIAl. FEATURE 

@ 

1ne an age ent, a ro 

HE GIANT Euclids and Darts that snort their way in 
and out of open pits of Northern Minnesota's Iron 
Ranges are probably the most dramatic symbol of 

mechanization in the iron mining industry. Not many engi
neers recognize the great opportunities which exist in mine 
maintenance. Increasing numbers of mechanical engineers 
are moving into this expanding field. The mining engineer 
1nay decide where to dig, but it will be the mechanical 
engineer in maintenance that will make it possible to move 
the dirt efficiently and economically. It will be the me
chanical engineer in maintenance that will decide which 
machines will do the job most efficiently in the first place, 
and how they can be modified to do it better, if necessary. 
It will be the mechanical engineer in maintenance who 
will supervise mechanical mining operations, implement 
preventative maintenance programs, and direct repair and 
periodic overhaul of all mining and ore processing equip
ment. 

The training program for a mechanical engineer enter
ing mine maintenance will usually last from one to two 
years. During this time he will work right with the men 
using the various types of equipment to get a first-hand 
view of machinery requirements. 

1\tlore and more of the men in mine management have 
degrees in mechanical engineering. There isn't much doubt 
that the number will increase as the distance lengthens 
from the pick and shovel days of iron mining. 

After he has become a good truck driver, he moves to 
the shovel crew. Here he becomes acquainted with the 
operation and servicing of the large electric shovels. Within 
a few days, he takes over as shovel oiler, and between keep
ing the machine greased, and the electric cable clear of 
possible damage, he spots the trucks for the shovel opera
tor. 

As soon as the supervisor is sure that the new engineer is 
properly acquainted with the operation of the shovel, he 
is transferred to the shovel repair crew. Here begins his 
formal education in maintenance. As a member of this 
crew, he will learn the entire assembly of the shovel, the 
method of repair used in changing gears on the propel 
power train, cables, tracks, swing motors, idlers, crowd, 
and dipper. At the end of this first period of training, he 
will know the component parts and function of every 
piece of equipment connected with the shovel. 

To begin the second phase of his training, the engineer 
moves from the mine to the shops. Once again he is in 
maintenance. 

On his first job, normally servicing trucks, he will learn 
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how to grease a truck, (42 fittings) how to change engine 
oil and filters, how to change converter and transmission 
oils, how to change differential and final drive grease. This 
usually requires a short period of time, and he moves on 
to working as a mechanic's helper. 

As a mechanic's helper, he begins one of the most im
portant parts of his training program, for he must know 
everything about these trucks. He is therefore assigned to 
the best mechanic in the shop. From him he will learn how 
to change engines, and replace the parts on the engines, 
how to replace torque converters and transmissions, hoist 
pumps, differentials, wheels, drive lines, springs, and final 
drives. He should acquire a complete knowledge of the 
truck's hydraulic system as used for steering and dumping·, 
and the air system used for brakes and left right wheel 
locks along with the many other parts that make up a 34-
ton truck. 

Besides the repair work on the trucks, the engineer will 
also work with the mechanic on crawler tractors. Once 
again he is expected to acquire a knowledge of the repair 
and function of the parts that make up the tractor. During 
this period, the supervisor and shop foreman will make 
out efficiency reports on the engineer's progress, and will 
see to it that he is getting the required amount of experi
ence on each item. 

From the truck and tractor shop, the graduate is moved 
to the engine shop. Here he will learn the components of 
engines, transmissions, converters, and fuel pumps. In this 
shop all major overhauls of the named items are taken 
care of for the entire group of mines that the company 
operates. The engineer will again work with a mechanic 
and will spend an allotted amount of time overhauling 
Cummins, General Motors, Caterpillar, Buda, and Inter
national Harvester diesel engines. As he learns about the 
engines, he will work on Allison and Twin Disc convert
ers and transmissions, and fuel pumps for the respective 
engines. At this time, the second phase of his training pe
riod is completed. 

The third and last phase takes in the operation and 
maintenance of the washing plant. Here the ore is separated 
from the impurities by washing with water, a magnetic 
process, and a settling process. The engineer learns the 
processes involved and the maintenance procedures which 
are necessary. This includes the related equipment of the 
plant such as the fresh water pumping system, tailings 
pond, screening plant in the pit, and the conveyor or in
clined skip which carries the ore from the screening plant 
to the washing plant. 
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PHASE TIME 

2 to 4 Months 

2 8 to 16 months 

3 2 to 4 months 

JOB 

Pit operation of truck~ 

Shovel maintenance 

Truck Shop 
Cat Shop 
Engine Shop 

Washing Plant 

After completing this phase, the engineer leaves the 
training program and is assigned to a regular job. Under 
normal circumstances, this job would be as an assistant to 
the master mechanic at one of the mines. Here he works 
with the master mechanic in coordinating the production 
and maintenance of the entire operation. He keeps records 
of breakdowns and repairs, oversees repairs, and makes 
corrections or modifications of the equipment so as to in
crease the life of a machine or part, or to decrease mainte
nance time. 

To better illustrate his duties, let's look at some typical 
problems he may face. On a long level haul, the trucks are 
able to obtain a rate of speed of 45 mph. At this high 
speed, the needle bearings in the U-joint of the drive line 
are coming out through the U-joint cap. Here it may be 
necessary to either replace the needle bearing with a bush
ing or change the design. It must be decided first what is the 
cause, and then the cheapest remedy. Since speed means 
production, management usually doesn't believe in a de
crease in truck speed. 

In the pit it is found that one of the shovels constantly 

SPECIAl FEATURE • • • 

Reactor Vessel Shipped 

For Atomic-Powered Surface Ship 

HE REACTOR VESSEL for the prototype nuclear propulsion 
plant (AIW) for the nation's first atomic-powered sur
face ship program has been shipped by Foster Wheeler 

Corporation to the construction site at the Naval Reactors 
l'acility at Arco, Idaho. 

The 100-ton pressure vessel was designed and built un
der subcontract to the Bettis atomic power division of 
\t\T estinghouse Electric Corporation which is prime con
tractor to the Atomic Energy Commission for the design 
and development of the nuclear propulsion plant for the 
prototype. The project is now underway at Bettis plant 
which Westinghouse operates for the Commission near 
Pittsburgh, Pa. The reactor plant will be a pressurized 
water type of advanced design and will be suitable for 
powering one shaft of a large surface vessel. 

The vessel flange, which is 18 inches thick and has an 
outside diameter of 137 inches, was machined from a 70-
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fails through gear teeth failure on the propel power train. 
Again the engineer must locate the trouble and correct it 
either by a modification of the existing equipment or the 
elimination of the cause. 

Along with his regular duties of maintaining equipment, 
mechanical engineers must test new equipment such as 
new types of roller bearings, drill bits, dozer blades, and 
hoist pumps. Since truck tires are the biggest operating 
cost the mine faces, every possible means of reducing this 
cost must be investigated. Control of dust on the haul 
roads and the research for better air filters have been 
problems for years. The dust causes excessive piston and 
cylinder wear on the truck and tractor engines. 

The future of the assistant master mechanic is varied. 
If he is promoted to master mechanic, he would have the 
responsibility of maintenance of either one large operation 
or a district consisting of three or four mines. From this 
job a promotion to general maintenance supervisor over 
the entire region would mean that his job would be largely 
administrative. 

Since the rnechanical engineer is a very necessary man 
in the industry, he may advance from master mechanic to 
a higher supervisory position. Besides the general mainte
nance supervisor, there is a mobile equipment supervisor 
whose duty it is to oversee the testing and maintenance of 
trucks, tractors, graders, and the work in the engine shop. 
This man works out of a district office. On the same level 
we find a washing plant supervisor who is also concerned 
with design, operation, and maintenance. 

ton forging, the largest ever forged from an electric fur
nace ingot. 

The vessel she11 is formed from seven-inch thick alloy 
steel plate and is 105 inches in diameter. 

Measuring over 19 feet long, the reactor vessel body is 
made from manganese-molybdenum alloy steel with the 
interior clad with a type of stainless steel. Final machin
ing of the reactor vessel was performed in an air-condi
tioned room using optical measuring devices to maintain 
very close tolerances. 

The vessel was welded with Foster Wheeler's automatic 
submerged-arc welding technique and all pressure welds 
were examined by x-ray. The stainless steel cladding on 
the vessel flange was deposited by a special automatic weld 
cladding process. 

A 50-ton head will close the vessel, house the control 
rods and provide access to the reactor core. 

Foster Wheeler also designed and built a 30,000-pound 
solid stainless steel thennal shield in the form of two con
centric cylinders. 

The vessel is the second largest of the pressurized water 
reactor type built to date. It is exceeded in size only by 
the stationary reactor vessel for the Shippingport atomic
electric generating station near Pittsburgh which also was 
built for Westinghouse under contract to the AEC. 

The vessel was loaded on a special heavy-duty gun-car
rier-type flat car for its trip to Idaho. 
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r wit t e 

t e nation's si t 

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 conversion 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. & U., 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. 

i st 11!1!11 Ill 1111 

lar est 

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 .. 
tamers, 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. 
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who want to plot a better 

career curve ... 

DOUGLAS TEAMWORK 

HELPS TO RELIEVE 

ENGINEERS OF 

BURDENSOME 

PROdECT DETAILS! 

There are no "dead end" jobs at Douglas. As part 
of a crack engineering team, you'll be encouraged to use \b.er w. 
your full talents. Important assignments will give you \..;).1. 

11-h 
the opportunity for greater accomplishments 0° /)'IJ~~l)V~r 
and the kind of future you want. Wherever you choose 
to locate - in California or across the nation -
Douglas has a top assignment for you. 
For important career opportunities in your field, write: 

C. C. LaVENE 

DOUGLAS AIRCRAFT COMPANY, BOX 6102-K 

SANTA MONICA, CALIFORNIA 

I 
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Probability said it had never happened before. Proba
bility said it would never happen again. In fact probabil
ity said it shouldn't even happen now, but a star was 
rapidly dying. 1 t was almost as if the star had absorbed a 
lethal amount of some sort of nuclear reaction inhibitor. 
Whatever it was, scientists couldn't explain it. 

For days after it began happening there were no notice
able effects. Then the average temperature of the planets 
began to drop slowly, perhaps an average of half a degree 
a day. 

On one planet the effects vvere more serious than on the 
others because that planet supported an intelligent form 
of life. There, at first was great alarm. The Russians 
blamed the Americans, and the Americans blamed Sputnik 
n-1. But they were foolish, as politicians usually are. And 
eventually even the government officials realized that the 
earth was in serious trouble. · 

In two months, by the middle of August, the effects were 
very noticeable. The north central states of the U. S. had 
frost. The southern states had it shortly afterwards. By the 
end of September North America was covered by snow. 
The sun was now beginning to show a reddish tinge. 

Also by the end of September real estate prices in the 
southern states andl\1exico had skyrocketed. Since most of 
the crops had been frozen out, food and farm prices were 
rising steadily, which should have pleased the farmers, 
except that they had nothing to sell. Of course food would 
be no problem for quite a while because of the surpluses 
the United States had built up. The party in power made 
political hay out of that fact, and didn't seem to realize 
that there might never be another election. The stock mar
ket collapsed and business generally ground to a halt by 
the middle of November when the temperature had 
dropped to between -40° and -60°. However, the fuel 
companies and grocery stores made fortunes as prices on 
those commodities inflated astronomically. 

About the first of December a new and deadly serious 
problem arose. Water mains and small water supplies were 
freezing up. People along the coasts could make some use 
of sea water, but those who lived inland could only de
pend on lakes, which were covered by four to eight feet 
of ice. Never in the history of the world had the death rate 
been so high, and it was getting worse. 
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By the middle of February the temperature averaged 
-135° in the United States and only a few hardy andre
sourceful people still survived, except in 1\!Iinnesota where 
no one noticed the change. Living near the equator was 
even worse because there was no adequate shelter although 
the temperature did rise to -10° in Brazil around the 
first of February. 

The human race ended March 9, 1967, when the last 
man died. Time ceased to exist. 

The sun became steadily redder and darker. Snowfall 
ceased since all moisture had frozen. Carbon dioxide froze 
out of the atmosphere. 

The sun grew darker. Nitrogen rained out of the atmos
phere. 

The sun was cold and dark. All motion on the planets 
had ceased. 

The solar system was dead. 

SPECIAL 

Settling Tanl~ Design 

An improved settling tank design, the U niflow Settling 
Tank, for removal of solids from water, sewage and in
dustrial wastes, has been announced recently. 

The advantages of the improved design are in attaining 
uniform influent distribution across the tank, uniform flow 
throughout entire tank length, and uniform effluent dis
charge from surface. 

The UniHow Tank combines a rapid sloping bottom 
with multiple effluent weirs. This advanced design increases 
efficiency of solids removal, offers economical construction, 
and as the name Uniflow implies, maintains the velocity 
of liquid through the tank at as nearly uniform a rate as 
practical tank construction allows. Sludge collectors pro
vide positive removal of scum from the surface of the 
liquid and sludge from the bottom of the tank. 

MINNESOTA TECHNOLOG 



Y UR ENGINEERING CAREER 

with/ 

Here's What Condenser Engineering 

at lngersoJI ... Rand can mean to you ...... 

Design and research engi
neers at Ingersoll-Rand's 
Phillipsburg, N.J., plant, 
conduct a vacuum test on 
the shell of a large condens
er, measuring millionth-of
an-inch stretches and deflec
tions at 104 points, to check 
calculated stresses. 

Steam condensation plays a vital role in 
every steam power plant, or wherever con
densing steam turbines are used throughout 
industry. Linking the turbine exhaust to the 
steam generator, the condenser completes 
the steam-water cycle-conserves boiler-feed 
water and lowers the turbine exhaust pres
sure to improve efficiency. Although basically 
simple in construction and operation, the 
steam condenser is one of the most highly 
engineered of all I-R products- every unit 
designed for its specific application. Hence 
condenser engineering at Ingersoll-Rand of-

fers exceptional opportunities for accom
plishment. 

Ingersoll-Rand is also a recognized leader 
in the design and manufacture of the special
ized industrial equipment shown at the right 
- all requiring a high order of engineering. 

If you are looking for a leadership career 
with long range job security and excellent 
opportunities for advancement, you'll find it 
at Ingersoll-Rand. For further details, contact 
your placement office, or write to Ingersoll· 
Rand, 11 Broadway, New York 4. 

OPPORTUNITIES FOR ENGINEERS 

.. Sales Engineering 

• Design Engineering 

APRIL 1958 

.. Production Engineering 

.. Business Engineering 

4-792 

also means 
LEADERSHIP 

in 

Compressors and Blowers 

Centrifugal Pumps 

Air & Electric Tools 

Diesel & Gas Engines 
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th 
by JACK KElCHER 

A very detailed description of what 

takes place in more advanced 

Chee, f-fellers, I'm sorry I'm late! 
That's okay, Pete. Just sit down and get that notebook out. 

The old boy isn't here anyway. 
Say, who's teaching this course anyhow? 
I think it's that character that wears those goofy sweaters. 
Oh yeah, I think I know who ya mean. He's quite an old boy, 

ehl Shh, here he comes now. 
Lookit that, -.same sweater as last quarter. 
Yeh. What do you say we chip in and buy him a new one. 
Naw, he may take it as an insult. You never can tell. Some 

of these profs are pretty temperamental. 
Hey, Pete, you got those carbon papers all ready? 
Y-Yea, all set to go. 
Pass the salt will ya, Jim. These sandwiches that old bag 

gives me are lacking in sodium chloride. 
(Gulp1 gulp, guzzle) Here you go, Don. 
You sure make enough noise with that moo juice. 
Well, you oughta hear me with Heilemans. 
·-say fellers. What did he say about his office? R-r-room 

, o6, 3rd s-stall? 
No! Room 156, 3rd room down the hall. Now listen care

full>'· We want our notes accurate. 
0-okay, fellers. 
Why don1t those guys behind us shut up and take notes like 

Pete1s doing? They sure make enough noise. 
Ya. I wonder if they got peanuts or popcorn this morning? 

Maybe we can trade them a few potato chips for some of those 
pickles. 

They make enough disturbance with that waxed paper. 
I think it's toilet paper myself. It seems to have that certain 

rattle. That reminds me of the time I ate raw macaroni at the 
movies. Funny thing, .after a while there wasn't anyone around 
to disturb me. 

F-fellers, I-I just -
Sheddup and get those notes you lunkhead. 
B-but 1-1-1 j-just broke my lead. 
Oh, that's okay, Pete. Just keep writing. We want those car

bon copies, and they'll come out all right. You want us to flunk 
this course or sumpthin'?" 

Hey, look what1s coming down the aisle. 
Wow, she's built like a brick---
Yea, would you look at that! 
Aw, she's the same one who always came into class late 

last quarter, just to make an impression. 
Yeah, too bad there wasn1t a gentleman in the doss who 

would give her a seat. 
I wonder how she ever passes? 
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Say, Don, tap her on the shoulder and ask her if she could 
move a .little so Pete can see the board. 

Gimme a cancer stick, Pete. 
Okay, waWII I get this d-down. 
Ya got a light? 
Wait'll I find a place to put this apple core. 
Aw, just kick it under the seat. The janitor gets a good 

salary. 
Pete! Put that cigarette down! How can you take decent notes 

with that fag hanging outta your yap? 
A-aw, fellers, have a heart. 
Who do you think you are, another "Eddy?11 

Now throw that butt down and write the propaganda down. 
Hey, I broke my straw. 
Well/ you're lucky your nose is long enough to reach the 

bottom. 
You know, someone ought to invent a new type of milk car

ton that doesn1t need a straw. 
You'd probably get the ·same effect as the M.E. who in

vented a can opener that opened both ends of a can at once, 
so he could flatten them easier. 

S-s-s-say guys, what did Dr. Yen say? 
(Munch, munch), he said, (munch), that if you hold a two 

foot rod of cold steel one inch in diameter in a 5000 (munch) 
degree flame for fifteen minutes, the heat transfer coefficient 
may make the other end warm. (munch) 

Y-ya 1 I got that, but whafs that below. 
If it gets warm before the fifteen minutes are up you'll 

know it wasn't cold steel. I wonder if this is roast beef? 
.How1s that? 
Oh, never mind. It isn't important. Just pay attention and 

keep writing. 
Well/ there's the bell. Let's go. I want to get to Chemistry 

so I can finish my lunch. 
Ya. Them guys always bring a Iotta goodies. We might be 

able to trade some of these carrots for something. 
Say, Pete, pass mit them carbon copies so we can get outta 

here. 
B-b-but there's only four of them. 
That'~ okay, Pete. You can copy mine. 
Be sure and bring some lead along tomorrow so you don't 

have to copy all our notes. 
Ya, if you can't take your own notes, we ain't going to let 

you copy ours. 
Y-ya fellows. See you tomorrow. Say, did you guys leave 

any of my lunch for me? 
J.K. 

MINNESOTA TECHNOLOG 



Y UN L KS AT I.T. 

After I set it all up I forgot what I was going to do! , 

it'll singe the beard off a forester at 300 yards! 

Looks like Jonsey fails chemistry again this quarter. Yes, we do allow slide rules, but ... 
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(I DID!) 

The following is an unsolicited commentary from an 
unbiased participant in last year's E-Day. The state
ments contained herein are not necessarily those of the 
'Log or its staff. 

"E-Day, again ... already?" 

This unfortunate predicament occurred in a few minor 
skirmishes at the Black Book Dance, the E-Day Revue, 
the Brawl, Chariot races, and St. Pat competition to 
name just a few of the causes. -Ed. note 

MINNESOTA TECHNOLOG 



1_ ~000 styles -7 50 stores- yet ph_otograiJ~h_y 
·gives headquarters inventory figures overnight 

Tho1n MeAn ends ten-day hand-copying jobs ~vith 
Kodak's V erifax Copier-now gets cotnplicated 

sales, size alDd style data ofl' in a day. 

BEFORE, when Thorn MeAn's mer
chandise manager or stylist 

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. 
oeoooeoeoooeoeoeooooeeoo&eoeooeeoeeooeo 

Thom MeAn calls the V erifax Copier 
"the kingpin of the allotment control sys
tem." It copies a store's style allotment 
records and width breakdowns and in 
less than 60 seconds has a dry print ready 
for the mails. 

W'ith 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 yon are looking for such an 
interesting opportunity, write for information 
about careers with Kodak. Address: Business 
and Technical Personnel Dept., Eastman 
Kodak Company, Hochester 4, N.Y. 

o&eeoeoeoeooeoeoeo•eeoeo 



Where do you find better advancement 
opportunities-in a large company or a 
small one? To help you, the college 
student, resolve that problem, Mr. Abbott 
answers the following questions con
cerning advancement opportunities in 
engineering, manufacturing and tech
nical marketing at General Electric. 

Q. In a large Company such as General 
Electric, how can you assure that every 
man deserving of recognition will get it? 
Don't some capable people become lost? 

A. No, they don't. And it's be
cause of the way G.E. has been 
organized. By decentralizing into 
more than a hundred smaller oper
ating departments, we've been able 
to pinpoint both authority and re
sponsibility. Our products are engi
neered, manufactured and marketed 
by many departments comparable 
to small companies. Since each is 
completely responsible for its success 
and profitability, each individual 
within the department has a defined 
share of that responsibility. There
fore, outstanding performance is 
readily recognized. 

Q. If that's the case, are opportunities 
for advancement limited to openings 
within the department? 

A. Not at all. That's one of the 
advantages of our decentralized 
organization. It creates small oper
ations that individuals can "get their 
arms around'', and still reserves and 
enhances the inherent advantages of 
a large company. Widely diverse 
opportunities and promotions are 
available on a Company-wide basis. 

Q. But how does a department find the 
best man, Company-wide? 

A. We've developed personnel reg
isters to assure that the best quali
fied men for the job are not over
looked. The registers contain com-

E 
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Interview with General Electric's 

Earl G. Abbott 

Manager-Sales Training 
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plete appraisals of professional em
ployees. They enable a manager to 
make a thorough and objective 
search of the entire General Electric 
Company and come up with the 
man best qualified for the job. 

Q. How do advancement opportunities 
for technical graduates stack-up with 
those of other graduates? 

A. Very well. General Electric is 
recognized as a Company with out
standing technical skills and f acili
ties. One out of every thirteen em
ployees is a scientist or engineer. 
And approximately SO per cent of 
our Department General Managers 
have technical backgrounds. 

Q. How about speed of advancement? 
Is G.E. a "young man's Company"? 

A. Definitely. A majority of all 
supervisors, managers and outstand
ing individual contributors working 
in the engineering function are below 
the age of forty. We believe that a 
job should be one for which you are 
qualified, but above all it should be 
one that challenges your ability. As 
you master one job we feel that 
consideration should be given to 
moving you to a position of greater 
responsibility. This is working, for 
in the professional field, one out of 
four of our people are in positions of 
greater responsibility today than 
they were a year ago. 

Q. Some men want to remain in a 
specialized technical job rather than go 
into managerial work. How does this 
affect their advancement? 

A. At G.E. there are many paths 
which lead to higher positions of 
recognition and prestige. Every man 
is essentially free to select the course 
which best fits both his abilities and 
interests. Furthermore, he may mod
ify that course if his interests change 

it r s 
as his career progresses. Along any 
of these paths he may advance 
within the Company to very high 
levels of recognition and salary. 

Q. What aids to advancement does 
General Electric provide? 

A. We believe that it's just sound 
business policy to provide a stimu
lating climate for personal develop
ment. As the individual develops, 
through his own efforts, the Com
pany benefits from his contributions. 
General Electric has done much to 
provide the right kind of opportu
nity for its employees. Outstanding 
college graduates are given graduate 
study aid through the G-E Honors 
Program and Tuition Refund Pro
gram. Technical graduates entering 
the Engineering, Manufacturing, or 
Technical Marketing Programs start 
with on-the-job training and related 
study as preparation for more re
sponsible positions. Throughout 
their G-E careers they receive fre
quent appraisals as a guide for self 
development. Company-conducted 
courses are offered again at all 
levels of the organization. These 
help professionals gain the increas
ingly higher levels of education 
demanded by the complexities of 
modern business. Our goal is to see 
every man advance to the full limits 
of his capabilities. 

If you have other questions or want 
information on our programs for 
technical graduates, write to E. G. 
Abbott, Section 959-9, General 

·~ Electric Co., Schenectady 5, N. Y. 

*LOOK FOR other interviews dis
cussing: GIIP Qualities We Look for 
in Young Engineers 8 Personal 
Development GIIP Salary. 
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ant to see 

a pinhead-

47 feet wide? 

The head of a pin would appear about 47 feet wide if ex
amined under this instrument. It's an electron probe 
microanalyzer-the first to be used industrially in this 
country. U. S. Steel research teams use it to get a better 
look at the microstructure of new types of steel. In this 
way, they gather more information about the factors affect
ing steel quality and performance. 

Research like this is only the start of the big job at U.S. 
Steel. We have to find more ore, mine it, ship it, make it 
into steel, market it (and market many by-products, too) 
and deliver it to our customers. The job calls for a lot of 
good people-metallurgists, physicists, chemists, geologists, 
all kinds of engineers-people with your training. 

Look into the possibility of a career with United States 
Steel. Write for our booklet, "Paths of Opportunity." 
United States Steel, Personnel Division, Room 1662, 525 
William Penn Place, Pittsburgh 30, Pa. 

USS is a registered trademark 

United States Steel 
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INQUIRING MIND-Young Research Engineer Edward Klomp (center)-B.S. '52, M.S. '53-using 
smoke tunnel to investigate stall propagation of axial flow compressors. His work is guided by William 
Turunen (top left) -B.S. '39, M.S. '46-head of the Gas Turbines Department at GM Research
and results recorded by technician George Josie on motion-picture film. 

Because e. is a pn 'Ssion at GM-
your talents can t e you to the top 

Commencement literally means a beginning-although 
it marks the end of your undergraduate days. 

Perhaps one of your classmates- or you, yourself
has decided to start a career with General Motors. 
It's a wise choice for many reasons hut particularly 
for this one: 

Engineering is a profession at GM. And the engineers 
who work on our hundreds of products are respected 
as professional men. 

To a young engineer that fact is a key consideration. 

For professional recognition carries with it many bene
fits. The freedom to give your imagination free rein. 
The opportunity to pioneer significant developments 
in the engineering art. The chance to become a key 
executive in a great corporation. 

The fact that more than 179 of our engineers and 
scientists received more than 164 patents in a recent 
four-month period is one measure of the intellectual 
freedom engineers have at GM. 

And the fact that 14 of our 33 Vice-Presidents-23 of 
our 42 Division General Managers-are engineers is an 
indication of the advancement opportunities for engi
neering graduates at GM. 

General Motors is made up of 35 Divisions with 126 
plants in 71 cities and 19 states. Many of the young 
men who join us today will hold top positions with those 
Divisions and plants 10 to 15 years from now. One of 
those men could well he your classmate-or you. 

G M positions now available in these fields: 

MECHANICAL ENGINEERING • ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING • METALLURGICAL ENGINEERING 

AERONAUTICAL ENGINEERING • CERAMIC ENGINEERING 

MATHEMATICS • INDUSTRIAL DESIGN 

PHYSICS • CHEMISTRY 

GENERAL MOTORS CoRPORATION 
Personnel Staff, Detroit 2, Michigan 
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Chemistry stands 
at the threshold of 

a new age of discovery 

It has been said that more significant scientific advances 
have taken place in the last fifty years than in all the 
centuries that have gone before. One fact is indisputably 
clear. The use of applied science in American industry 
today is progressing at a rate so fantastic it staggers 
the imagination of the boldest visionary! 

This is particularly evident in the vast, highly diversi
fied field of industrial chemistry. Here, products, ma
terials and processes that were unknown a few years 
ago are in wholesale use today. The accomplishments 
of chemical research are being felt in every area of 
human endeavor. The prospect of further advancement 
in the immediate future appears limited only by man's 
imagination and his desire for improvement. 

Our society stands at the threshold of a new age of 
discovery that offers an infinitely better way of life as 
its reward. A host of courageous, creative industrial 
chemists will help lead the way. 

and you, too, can help 
shape the future 

See for yourself. This interesting, informative booklet, "Op
portunities for College Trained People with The Dow Chemi
cal Company" can help you make an all-important decision 
about your future. Write our Director of College Relations 
for the booklet and the date a Dow representative will visit 
your campus. 

THE DOW CHEMICAL COMPANY, MIDLAND. MICH. 

.. 0 

0 
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YOUR ENGINEER/ G AREER 

with/ 

Seven electric-driven Ingersoll-Rand reciprocating compressors totaling 21,900 horsepower are at work in this large 
ammonia synthesis plant. The units in the foreground compress mixed gases to more than 12,000 pounds per square inch. 

Here's What Compressor Engineering at Ingersoll-Rand 

can mean to you ... 

T ODAY, air power is one of the industry's 
most vital requirements. Compressed air 

and gases are the "breath of life" to chemical 
and process industries, refineries, power 
plants, steel mills, manufacturing plants, 
mines and all types of construction jobs. 
Hence, compressor and blower engineering 
offers an exciting and ever-expanding field of 
challenging opportunities that are virtually 
industry-wide. 

Ingersoll-Rand is the world's largest man
ufacturer of air and gas compressors and 
Turbo-Blowers - supplying over 1000 differ
ent sizes and types, ranging from 1f2 hp to 

17,250 hp, in pressures from vacuum to 
35,000 psi. 

Ingersoll-Rand also manufactures pumps, 
rock drills, diesel and gas engines, vacuum 
equipment, blowers, air and electric tools 
and specialized industrial machinery as illus
trated at the right. These products require 
engineering know-how in their design, manu
facture and field application. 

If you are looking for a leadership career 
with long-range job security and excellent 
opportunities for advancement, you'll find 
it at Ingersoll-Rand. For further details, con
tact your Placement Office, or write to 
Ingersoll-Rand, 11 Broadway, New York 4. 

OPPORTUNITIES for ENGINEERS NOW AVAILABLE: 

@ Sales Engineering 

@ Design Engineering 

1!!11 Production Engineering 

1!!11 Business Engineering 

abo means 
LEADERSHIP 

in 

Centrifugal Pumps 

Air & Electric Tools 

Steam Condensers 

Diesel & Ga~ Engines 
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CRE TIVITY 

and PRODUCIBILITY 

Basic research has been described as "a search for knowl

edge, unfettered by production demands." At Avco, we 

realize that fundamental new ideas cannot be programmed 

in advance to fit the needs of even the highest priority 

schedule. There will always be room here for this kind of 

basic creative work. 

Yet, as an industrial research operation, we want to 

realize the material benefits that have historically resulted 

from scientific breakthroughs. Economic common sense 

and national security require an industrial research struc

ture that can transform the idea in a scientist's brain into 

workable, q~eful hardware. 

We see nothing inconsistent in the pursuit of new products 

simultaneously with the pursuit of new ideas-and doing 

both under the same roof. Rather, we feel that the con

tinuous feedback resulting from close association of basic 

research people, applied scientists and engineers, test 

engineers and product engineers does as much for creativ

ity as for producibility. And America's future depends 

upon a good supply of both. 

Robert D. Grange, 
Manager, Prototype Development Department 

Pictured above is our new Research and Development Center now 
under construction in Wilmington, Massachusetts. Scheduled for 
completion this year, the ultramodern laboratory will house the 
scientific and technical staff of the Avco Research and Advanced 
Development Division. 

Avco's new research division now offers unusual and exciting 
career opportunities for exceptionally qualified and forward
looking scientists and engineers. 

Write to Dr. R. W. Johnston, Scientific and Technical Relations, 
Avco Research and Advanced Development Division, 
20 South Union Street, Lawrence, Massachusetts. 



The U.S. Army Explorer I satellite was launched from a guided 
missile made up in part from this Redstone missile. In testing the mis
sile itselt a total of 168 simultaneous signals from transducers aboard 
can be recorded at the missile range ground station. Data from each 
source is broadcast by the missile to the ground station over a dif
ferent FM wavelength. Data from any one source can be isolated by 
"tuning" to its particular wavelength on playback of the tape. 

There1
S nothing like a tape recorder for the do-it-yourself hi-fl fan. 

More than two million such recorders· are in use in the country today. 

From Rockets to Rock and Roll 

They say you can hear the taxpayers moan clear down 
at Cape Canaveral every time an ICBM blasts off but 
doesn't quite make the grade. As a million dollars a mis
sile, doesn't everybody? 

But there's a ray of hope, even in the failures. For 
packed aboard every test missile fired today is a payload of 
electronic equipment capable of making that missile flight 
last forever. 

Time was when a missile misfired- or a piloted air
craft was scratched during a test- you'd had it. But no 
longer so, for with improved telemetering and instrumen
tation recording techniques now in use, the test engineers 
have at their disposal almost as much information as when 
a success is scored. 

Literally, they've got it taped. 
The tape, in this case, is magnetic, and miles and miles 

of it spin off high speed instrumentation tape recorders 
daily over the ·country. "Missiles, jets, rocket sleds, and of 
course the satellites, all get the tape treatment. 

Aboard each such test vehicle are a series of sensing 
devices called transducers- strain gauges, galvanometers, 
thermistors and the like- which convert a host of physical 
phenomena, such as stress, temperature and acceleration, 
into electrical voltages. These, in turn, are amplified and 
radioed back to the test station where they are received 
and recorded on tape, providing a detailed history of the 
test that is accurate, permanent, and can be repeated over 
and over again. 

\!\That's more, because it's a tape recording, it's in a form 
acceptable to high speed electronic computers making re
duction of the data almost automatic. 

As a result, the information gained and the money saved 
makes the missile men happy, and should bring smiles to 
the taxpayers too. 

Similar smiles are spreading, even in view of recession 
in some industries, across the faces of a host of firms in 
the tape equipment and tape-making field, as well as in 
associated electronics and engineering areas. 

Among the smiling-est, perhaps, is Minnesota Mining 
and Manufacturing Company, whose fast growing Mag
netic Products division produces the bulk of the magnetic 
tape used, not only in the instrumentation field, but in all 
other fields as well. 

With its sales organization and its research and develop
ment section centered in St. Paul, and its major production 



facilities located at Hutchinson, Minnesota, 3M has pio
neered and parlayed magnetic tape into a business that is 
firmly wedded to the era of electronics. 

\!\That makes tape look like a sure thing is the basic fact 
that electrical voltages have pretty well become the "uni
versal language" of our technology. They enable us to 
communicate with each other as well as with machines, 
and also for machines to "talk" back and forth. 

But since electrical voltages are transient by nature, 
they're like words that can be spoken but not written 
down. The need, then, is for a permanent, written lan
guage of electricity that can be recorded, stored, and re
called. 

That's where magnetic tape comes in. It makes it pos
sible to "freeze" electrical voltages, then later "thaw them 
out" when they're needed. 

There are many types of memory systems, but none 
match tapes' versatility, and as a result, the past decade 
has seen it range far afield. Far from limited to missile 
research, magnetic tape today figures in nearly every phase 
of our existence. 

Most common, of course, is the use of magnetic tape for 
recording sound. More than two million of the familiar 
home-type or professional tape recorders are in use in the 
United States, the 3M Company estimates, with some half
million produced last year alone. 

Radio stations, recording studios, and the motion pic
ture industry were the first major tape users in this coun
try starting in 1948 when 3M marketed its first high-fideli
ty, plastic-base tape; and today they constitute a sizable 
share of the market. In addition, schools, churches, and 
the entire range of business and industry use tape ex
tensively as a sound recording medium. 

The bulk of the tape recorders, however, are found in 
thousands of homes over the country where they provide 
electronics-age kicks for the whole family. There the high 
fidelity boom has given tape-in-the-home its biggest boost 
with stereophonic tape recorders the hottest item today. 

While the sound recording market for tape is the domi
nant one today, and promises considerable expansion in 
the future, the most rapidly growing use for tape is in 
recording phenomena other than sound. 

Besides the telemetering applications discussed earlier, 
magnetic tape is a major storage medium for electronic 
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by WARREN WEGELE 

computers; it provides the necessary control medium for 
many of the so called "robot" machines (it's a convenient 
form in which to "write down" instructions for the ma
chine in the electrical language); it provides geophysical 
exploration teams with more accurate and detailed records 
of their subterranean soundings; and, give it a few years, 
and it probably will be letting the cat out at night and 
cooking your breakfast in the morning. 

J\!Iost of these and other tape uses are still developing, 
for the industry is yet in its infancy. While Minnesota 
Mining and Manufacturing Company began experiment
ing in 1944 in the recording tape field, and had a paper
base tape on the market by mid-194 7, the history of mag
netic recording actually goes back to the turn of the 
century. 

Valdemar Poulsen, a Dane, patented a primitive device 
at that time called the "Telegraphone" which recorded 
on steel wire and worked rather well even without elec
tronic amplification. Other researchers in Europe and the 
U. S. conducted experiments both with wire and steel 
tape up through the thirties, and a number of magnetic 
recorders using those media, primarily, were marketed. 

By 1941, however, only two firms in this country- Ar
mour Research Foundation- and Brush Development 
Company- were doing much in the magnetic recording 
field, and both were working with wire recording. Their 
research, however, led to the production of numerous wire 
recorders for the armed forces during World War II. 

But military reports filtered through that the Germans 
had developed a considerably superior tape recording sys
tem, using a flexible plastic ribbon coated with iron oxide. 
This should not have created too much of a stir, since it 
had been known for years that the Germans had been 
working on such tape recording systems in the early thir
ties. 

JncidentaJly, a major user of the German equipment 
was the Gestapo. Tape was terrific for wiretapping. 

As a result of wartime needs the Brush Development 
Co. received a Navy research and development contract 
for special recording equipment, which would use coated 
magnetic tape rather than steel tape or wire. 

In September, 1944, Brush contacted Minnesota Mining 
and Manufacturing Company, to learn if 3M would be 
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interested in developing a thin tape coated with an emul
sion containing a uniform dispersion of a ferromagnetic 
powder. It was pointed out that such a product should 
have considerable post-war applications as well. 

It was a job that fitted almost naturally into the 3M 
Company's operations. The firm had years of experience 
in making more than 100 different tapes, including the 
familiar transparent cellophane tape sold under the 
"Scotch" brand. It was engaged in production of iron 
oxides as a result of work in one phase:: of paint pigmenta
tion. The company had experience with binders for hold
ing the oxide in position on the tape. Even more import
ant, it had the years of "know how" and the necessary 
equipment for combining such raw materials into a fin
ished tape product. 

It did, however, take some inspiration to go from mak
ing pressure-sensitive adhesive tapes to a tape that would 
reproduce sound. 

In 1946 the Brush Development Company marketed a 
home recorder using· a paper-base magnetic tape, which 
they also produced. 3M followed with its first paper-base 
tape in 1947. But n€ither product could be termed "high 
fidelity" and seemed to hold little promise for high qual
ity recording, although they did have certain advantages 
because of their tape form. 

Late in 1947, however, the 3M Company marketed a 
new magnetic tape using a plastic backing and incorporat
ing a remarkable new magnetic material. It was a red iron 
oxide that was far superior to the black oxide materials 
previously used. The new tape- combined with new re
corders brought out in 1948- started the rush to tape in 
the broadcasting industry and in Hollywood. 

Ironically, it was later discovered that the red oxide 
formulation 31\1 was producing had been invented pre
viously by Marvin C:amras of the Armour Research Foun
dation, who accordingly was granted the patent. 

While sound recording applications mushroomed after 
1948, instrumentation recording developed more slowly 
with much of the impetus coming from the needs of mis
sile development. 

One of the latest forms of instrumentation recording
actually one which combines both sound and data record
ing- is the technique by which both the sound and pic
ture from a television camera are recorded electronically 
on magnetic tape. 

Called video tape recording, it was adopted by the tele
vision networks in April, 1957, as a means of delaying 
programs during daylight saving. This year the networks 
are going in for video recording in a far heavier way, and 
some 100 individual television stations over the country 
are expected to have video tape recorders in a matter of 
weeks. 

Again Minnesota l\!Iining and Manufacturing Company 
pioneered development of the magnetic tape for the ma
chines, and to date, it is the only tape manufacturer able 
to produce usable video tape in any quantity. 

Similar to sound recording tape in appearance, it is 
fantastically more difficult to produce, because of th::: ex
tremely critical physical and magnetic properties necessary 
to record and reproduce a television image electronically. 

As a result, more than 50 per cent of the 306 dollars 

8 

per roll video tape is scrapped at the 3M plant, in spite of 
the finest tape-making techniques and equipment in the 
world today. 

What makes video recording tape so attractive to the 
television industry is that it enables them to maintain the 
picture quality of a live television show (no more kine
scopes) while gaining all the advantages of a recorded 
program- freedom from such things as fluffed lines and 
refrigerator doors that won't open. And it cuts the pro
gramming cost per hour from 88 dollars for film to only 
three dollars for tape, since the tape can be used over and 
over again. 

Developments in the foreseeable future in the magnetic 
tape field are limited only by the scope of the electronics 
field and appear to be virtually boundless. 

And beyond that, in the not-so-foreseeable future, the 
science fiction writers are already weaving magnetic tape 
into their plots. 

\!\That's more, so are the scientists. 

Special Feature ... @ 

Atomic Electric Power. 

Shippingport Atomic Power Plant 
Delivers 60,000 Kilowatts 

The Atomic Energy Commission and Duquesne Light 
Company have announced that at II :00 a.m., December 
23, 1957, the Shippingport Atomic Power Plant, the 
world's first full-scale nuclear power plant exclusively for 
civilian use, was operating at full power. The plant de
livered on a test basis, 60,000 kilowatts of electricity net 
-the expected initial capacity of the plant- to the Du
quesne Light Company system in the Pittsburgh area. 

The turbine-generator produced 68,000 kilowatts, the 
difference of 8000 kilowatts being required for the sta
tion's own service. Fifty-five hundred kilo-·watts is required 
to operate three of the reactor circulating pumps, and 
2500 kilowatts is required for other pumps, lighting, and 
miscellaneous purposes. 

The Shippingport reactor at its net power level of 
60,000 kilowatts was producing more electricity than any 
other individual reactor in existence. 
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Dr. Freier Examines 

The ucleus via 
Lo Energy 
uclear Physics 

Dr. George Frei~r received his Bachelor of Physics degree from the 

River Falls State Teachers College in 1938. After teaching in a northern 

Wisconsin High School for a few years, he received his Masters de

gree in 1942 from the University of Minnesota. He then put in several 

years with Naval Ordinance, after which he received his Ph.D. degree 

in 1949. In recent years he has conducted many experiments in low 

energy nuclear physics. 

by LARRY RUST 

HE FUNDAMENTAL problems in low energy nuclear phys
ics are practically all aimed at learning more about 
nuclear forces. Forces between particles can be classi-

fied into three categories, gravitational, electromagnetic, 
and nuclear. Although a considerable amount of research 
is still being done on the first two in seeing how they fit 
into the principles formulated by quantum mechanics, 
they also have been studied for a long time in what we 
now call dassical physics. Classically we have fundamental 
laws for these forces, and we can use these laws in all fields 
of engineering with considerable success. Nuclear forces 
have the distinction of not fitting into the pictures of clas
sical physics, not just because they weren't discovered 
earlier, but primarily because of their short range nature 
which confines their range of action to a distance of about 
l o-12 em around a particle and thus forces us to apply prin
ciples of quantum mechanics. In taking a macroscopic look 
at nuclear forces one moves out of their range of action 
and there is no longer a problem. One can probe the small 
region of space over which nuclear forces are effective by 
firing other nuclear projectiles at a target nucleus. The 
nuclear forces then produce impulses which change the 
trajectories of the particles and these trajectories can be 
studied with particle counters over a large region of space 
where classical laws of physics have been well verified. 
:Measurements of momentum ·changes and energy changes 
of the scattered particles then are related to the nuclear 
forces or impulses which produced the changes. 

The significance of the low energy notation is that mod-
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ern physics tells us that associated with the trajectory of 
every particle there is a wave whose wave length is given 
by Planck's constant divided by the momentum of the par
tide. Our electrostatic accelerator can only give momenta 
to incident particles of sufficient magnitude to make the 
wave length about the size of the region of space over 
which nuclear forces are effective. This means that our 
incident projectiles cannot see any fine grain structure that 
a nucleus might have but can only see the nucleus as a 
whole. Higher energy or high momenta machines such as 
the linear accelerator produce bombarding particles with 
shorter wave lengths and which in turn will "see" more 
detailed structures that a nucleus might have. However, in 
giving the incident particle more momenta or a shorter 
wave length one also gives it more energy and conse
quently it may upset the configuration of the colliding 
nuclei and destroy the thing one is trying to measure. Ac
celerators of all energies have a definite job to do, and an 
accelerator with a variable energy such as our electrostatic 
accelerator is a very useful tool in this field of work. 

Our research work then consists of bombarding a target 
with a beam of particles from the electrostatic accelerator. 
We measure momenta changes and energy changes with 
particle counters connected to a considerable amount of 
electronic circuitry which aids us in identifying the par
ticles. This we ·call a scattering experiment. In some ex
periments the scattering is measured with a cloud chamber 
or a photographic emulsion. We have also done experi
ments involving double scattering in order to see if a nu
clear interaction in the first scattering gives the particle 
any property that might make it behave differently in the 
second scattering. The data are analyzed by trying to fit 
various wave patterns together which will account for 
measured changes in momentum and energy and thus give 
us some insight into the regions of "nuclear space." 

An engineer's interest in our results can most easily be 
pointed out by comparing the accelerating process for the 
incident beam with the scattering forces. The machine ac
celerates particles with a long range electrostatic force of 
the greatest magnitude we can produce over a distance of 
thirty feet. The nuclear forces produce comparable accel
eration in a distance of I0-12 em. Such forces at work in 
some prime mover could certainly add much to engineer
ing practices. 
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!METAL, THERMOMETAL, THERMOSTATIC BIMETAL, ther
mostatic metal, and thermostat metal, are all terms 
that apply to a laminate of two or more metals of 

different coefficients of expansion. The bimetal usually 
consists of two strips of metal joined together so that, be
cause of their different ·coefficients of expansion, a temper
ature change will cause the strip to defon11. 

Bimetals have been in use for a very long time. In 1766 
they were suggested as a method of temperature compen
sation on chronometers. In 1817, a triple lamination ther
moscope made of gold, silver, and platinum, was invented. 
The first patented thermostat was invented in 1831. The 
bimetal consisted of strips of brass and iron. A thermostat 
using strips of brass and steel was patented in 1858. 

The most important development in the field of bimet
als occurred in 1897. That was the year in which C. E. 
Guillaume and C. Dumas applied for a patent on an alloy 
consisting of 36% nickel and 64~~ iron. This alloy, which 
is known as Invar, has a coefficient of expansion of 
0.0000009 per degTee C. This value is small when com
pared to the coefficient of expansion of steel which is 
0.000012 per degree C. Fig. l shows the variations of the 
coefficient of expansion for different percentage nickel-iron 
alloys, at room temperature. 

There are two general groups of bimetals, low tempera
ture bimetals, which operate up to a temperature of 300 
degrees F., and high temperature bimetals, which operate 
between 300 degrees F. and 1200 degrees F. Low tempera-
ture bimetals usually have Invar as the low expansion lam-
inate and copper alloys as the high expansion laminate. 
Brass has a high coefficient of expansion and is used quite 
frequently. 

The use of Invar as the low expansion laminate is re
stricted to temperatures below 350 degrees F., this temper
ature being called the inflection temperature. As the 
temperature gets above 350 degrees F., the coefficient of 
expansion of the Invar increases to a value higher than 
that of some other alloys. The usual low expansion lami

able to move freely as the radius of curvature of the bi
metal changes. The simple beam consists of a flat strip of 
bimetal, supported but not fixed at each end. The U 
shaped bimetal actually is a cantilever in that it is fixed at 
one end and bent into the U shape to conserve space. The 
spiral, helix, and double helix, are all wound in coil form. 
The spiral has an increasing diameter while the helices 
have a constant diameter. 

The uses of bimetals are widely varied today. The most 
common applications are in thermometers, thermostats, 
circuit breakers, and thermal relays. Thermometers and 
thermostats are actually the same type of application in 
that the bimetal, in both cases, is responsive to external 
heat transmission to the bimetal. However, in the ther
mometer the bimetal merely indicates temperature, while 
in the thermostat the bimetal does some work, such as 
opening or closing an electrical circuit. This is done simply 
by having an electrical contact on the end of the bimetal 
which makes with another contact at a calculated temper
ature. 

The use of bimetals in cricuit breakers is a newer appli
cation than that of using bimetals in thermostats. Circuit 
breakers requires a snap action to reduce arcing at the con
tacts. This permits the device to handle large currents. 
The large currents are a result of an abnormal, dangerous, 

Fig. 1. Coefficient of Expansion. 
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nates for high temperature operation are either a 42% 
nickel-iron or a 50% nickel-iron alloy. The high expan- !Z 8 
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These shapes are illustrated in fig. 2. The cantilever con
sists of a flat bimetal strip fixed at one end, the other being 
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condition. The currents caused by the abnormal condition 
are much larger than the normal full-load current value 
of the device the cricui t breaker is protecting. The snap 
action required is obtained by use of as disk type bimetal 
or a mechanical linkage or tripping mechanism. 

The function of the bimetal, in circuit breakers, differs 
from its function in thermostats. The bimetal primarily is 
responsive to the heat generated in it, by the current which 
flows through it, rather than being responsive to heat con
ducted to it. The heat generated is proportional to PR, 
where I is the current and R is the resistance of the bi
metal. The resistance of the bimetal in a circuit breaker 
of this type is very important and bimetals are made with 
many ranges of resistance. For special cases of small cur
rent the bimetal has a little heater by it. This is so the 
bimetal dimensions can be made a little larger, with the 
heater providing the heat lost because of the less resistance 
in a larger bimetaL The larger bimetal is desired because 
it can do more work in actuating the mechanisms. For 
extremely high currents a shunt is used to keep the bimetal 
dimension from becoming too large in an effort to prevent 
excessive heating. 

THE SELECTION of the bimetal material is dependent upon 
the maximum allowable temperature, the operating 

temperature range, the rate of deflection with temperature 
change, mechanical stiffness, strength, working properties, 
electrical properties, magnetic properties, and repeatabil
ity of performance. The maximum allowable temperature 
is the maxirnum temperature to which the bimetal can be 
subjected to, without overstressing it. Overstressing causes 
the bimetal to take a permanent set, or actually destroys 
the bond between the laminates. The operating range is 
the range of maximum sensitivity of the bimetal. The de-

Fig. 2. Bimetal Shapes. 
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flection per degree of temperature change in the operating 
range should be constant. 

A very important function of the performance of bi
metals is the method of bonding the laminates together. 
ln the first bimetals, the laminates were soldered together 
but this method of bonding prevented their use above the 
melting point of the solder and also limited the strength 
of the bimetal. Improved methods of bonding are now 
used which eliminate the need for an intermediary mate
rial. A comrnon 1nethod is to hot roll two or more slabs of 
different metals at a temperature that will cause the metals 
to weld themselves together. This method helps insure a 
secure bond over the whole area o[ contact between the 
metals. The elimination of an intermediary material allows 
the designer to take full advantage of the properties of the 
laminates. 

Fig. 3 shows the basic principle of a bimetal and the 
stress patterns developed. In fig. 3-1, there are two pieces 
of metal of different coefficients of expansion. Fig. 3-2 
shows the two metals when the temperature is raised. If 
the two metals are clamped together, as in fig. 3-3, and 
then the temperature is raised, the metal with the lower 
coefficient of expansion will be under tension while the 
metal with the higher coefficient of expansion is under 
compression. These forces produce a bending moment, 
and when the clamps are removed the free element will 
assume a uniform arc as in fig. 3-4. 

Certain assumptions must be made when developing 
equations to apply to bimetals. The basic assumptions for 
the derivation of different phases of bimetal performance 
are; the coefficients of expansion remain constant during 
heating, the friction at the supports can be neglected, and 
that the width of the strip can be considered as very small. 

Fig. 3. Stress Patterns of Bimetal 
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Fermentation eans 
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Abbott Laboratories incorne rises by 17°/o in 1957, Parke
Davis' rises 58c;J0 in the same period, Pfizer breaks records 
for sales, earnings, and divid.end payments for the seventh 
straight yeaT. The names penicillin, streptomycin, and 
vitamin B12 become. part of our language and are associ
vitamin B 12 become part of our language and are associ
ated in ouT minds with the great strides medicine has made 
in the past decade. 

The sample of facts above are not only of interest to 
the investor and linguist, but also to two other groups of 
people. The first g-roup includes everyone in the world, 
for penicillin, streptomycin, and vitamin B12 are just three 
exampl,es of the pharmaceutical products that are helping 
to prolong and 1nake healthier the lives of all of us. The 
second, and somewhat smaller group to be interested, are 
chemical engineering students who have not yet made up 
their minds which of the fourth year options to take. The 
biochemical option deals with this industry. 

Before going any further let's take a look at what bio
chemical products are and what biochemical engineering 
deals with. Biochemical products are highly complex and 
usually unstable chemicals including hte microorganisms. 
The nature of these products gives rise to some of the 
characteristics of the industry. The equipment used is 
much like blown up laboratory apparatus and it is not 
uncommon for the engineer in this industry to work with 
mixtures containing only parts per million of the desired 
product. The value of these products is so high though 
that processes like chromatography may be used. 
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by JIM DIMARCO 

Clnomatography is a process of separating closely 
related compounds by letting a solution of them seep 
through an absor·bent, with the rresult that the differ
ent compounds become absorbed in separate layers. 
The thought of trying to use blown up lab equipment 

and processes like chromatography on an industrial scale 
might bring to mind the question of, why go to all the 
trouble? As may be easily guessed the reason is that the 
results are economically rewarding. Starting with cheap 
raw materials biochemistry produces some highly valu
able products such as cobalamine, which sells in the 
neighborhood of $20,000 a pound in bulk quantities. 

An advantage of producing these products by such 
methods is that the "bugs", a term applied to the micro
organisms used in the industry, are highly specific. They 
put the right chemical g-roup in the right place, with a 
minimum of steps. Anyone who has had some contact 
with organic chemistry will see the joy in this right away. 
This ability of the bugs gains in importance when some 
consideration is given to the fact that the products have 
mole weights often running into the millions. 

A bout bugs and precursers. The four types of rnicro
organisrns or bugs now in use ar-e: y.easts, nwlds, bac
ten~a, and actinonycides. The techniques now in use 
C{l'n probably be extended to otheT microorganisms. 
One of the challenges of this enginee-ring might b.e to 
extend them to algae and mushTooms. 

A precursoT £s an essential building block, alTeady 
for the bu.g to pu.t in place. An example of this is pnJ-
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·oiding the bug with ph.enylacetic acid in the produc
tion of penicillin. Problems of providing these build
ing blocks and the proper environment for the bug, 
such as pH and temperature, are some of the problems 
met by biochemical engineers. 
An example of the usefulness of these processes is found 

in the production of a typical steroid. In this particular 
case the problem is to get an OH group in the right place. 
Soliltion of this problem, which would take 21 steps by 
straight chemical means, can be done in only 3 by the use 
of microorganisms. 

The ma jot users of these processes and hence the major 
employers of biochemical engineers is the pharmaceutical 
industry, including suc~1 companies as: Merck-Sharp and 
Dohme, Eli Lilly, Lederle division of American Cyana
mide, Upjohrt, and Squibb division of Olin-Mathiesen in 
addition to those already mentioned in the introduction. 
The industry as we know it now got its start in 1942 with 
the advent of penicillin and has since grown to the point 
where its products have an annual value of around $500 
million. An annual product value close to that of the syn
thetic rubber industry. 

Besides the medical uses of the antibiotics, use as feed 
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Mr. Tsuchiya adjusts the fermentor in the new Biochemical Engineering 
Laboratory. Apparatus such as this is currently in the final stages of 
installment. 

supplements and as agrochemicals is an ever growing mar
ket that may eventually prove to be the major one. By
products of the industry other than antibiotics are the 
vitamins and the steroids. Cortisone is a member of the 
steroid family. The vitamins of interest right now are 
riboflavin, vitamin B~, and cobalamine, vitamin B 1 ~. 

Another side to the biochemical picture is the enzymes. 
These are biological catalysts, a good portion of which is 
protein. These catalysts are produced by microorganisms 
and find a great variety of uses, ranging from clarifying 
fruit juices to aiding in the production of paper. In be
tween these two examples fall such uses as dry cleaning, 
brewing, and food preservation. Essentially these highly 
complex enzymes are used to break down, to modify, and 
to build up macromolecules. 

This has been just a rough· outline of the fermentation 
industry which in itself is only a part of the biochemical 
picture. If your interest in biochemical products and 
processes goes beyond that of getting jabbed at the Health 
Service, I suggest you drop in and see Mr. Tsuchiya in the 
Chemical Engineering building. You will no doubt learn 
something, and you may find out that his courses are a 
couple you could find very useful after graduation. 
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A Students utlook On 

In the Aeronautical Engineering department student ac
tivity centers principally on the student lifnch of the In
stitute of Aeronautical Science. In addition, the Aero
nautical Engineering Honorary Society, Sigma Gamma 
Tau, is also quite active in student activities. T'hese two 
groups form the core of the activities that are associated 
with the Aeronautical Engineering department. 

However, the individual students are quite active in 
other groups as well: the fraternities, especially the engi
neering fraternities (Theta Tau and Triangle); The Tech
nolog, E Day; and a large group of aero students are mem
bers of the Tiger A.C. intermural athletic group. 

Of the strictly aeronautical groups the IAeS is the more 
active, having a total membership this year of approxi
mately 100 students. 

What is the IAeS? What part do the students play in it? 
And don't students have enough to do with their studies 
and part time jobs. 

The Institute of Aeronautical Sciences is the representa
tive professional society for engineers, designers and tech
nical specialists in all the sciences related to the design and 
development of airborne craft. Its basic mission is to facili
tate by all available means the interchange of technical 
ideas among aeronautical engineers throughout the world. 
This program of the IAeS is similar to the purposes of 
almost all professional societies. But what does it offer the 
student and more important, is it necessary for the student? 

The student chapter was set up to provide the student 
engineer or scientist with broad opportunities to engage in 
activities associated with his future career in aviation. We 
like to think of the activities of the IAeS in three areas: 
technical meetings, student projects, and social activities. 

As might be expected, the technical meetings are of ma
jor importance to our society. Our evening meetings fea
ture guest lecturers from the faculty and from industry 
talking on subjects of interest and importance to the stu
dent. What subjects are students interested in? This is a 
question that has plagued student society officers for quite 
some time. Should talks be aimed at the level of the sen
iors and the graduate students or should they be non-tech
nical in nature. This is a policy question. We cannot ignore 
the younger students and we must remember the purpose 
of the society. 

The answer lies somewhere in between- a lecture that 
has an interesting enough topic to capture student interest; 
that emphasizes the basic fundamental principles under
lying the approach to the problem which can be under
stood by most of the students; and, that brings out the spe
cial and advanced techniques applied to its solution which 
is of interest to the advanced students. 
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by MARTY TIMMONS 

A good example of this type of lecture has been our 
agenda for this year. November- "The Approach to Scien
tific Research" by Dr. H. G. Heinrich of the Aeronautical 
Engineering faculty; December- "High Altitude Balloon 
Research" by Mr. John Cramer and ·Mr. Harold Frachil 
from General Mills; January- "Airline Engineering Prob
lems" by :Mr. Robert Rhodes from Northwest Orient Air
lines; and February- "The l\!Iechanics and Sport of Sky
driving" by Major Oakly from Wright Air Development 
Center. 

The last meeting attracted quite a bit of student interest. 
In fact the attendance was excellent. The attendance at 
the January meeting was 75, which was also very good. 

The other phase of our technical meetings are noon 
movies. These movies are provided to the student chapters 
from the Senior organization. The films cover recent re
leases on new craft, current research work, and other films 
of general interest. 

Student projects are often neglected in professional so
cities. However, we in the Aeronautical Engineering De
partment feel that we have a responsibility to future stu
dents. This year this author feels that the students have 
really a lot to take pride in. Under the leadership of Stan 
l\!Iarkham the students have prepared an outstanding ex
hibit of a cut away full sized jet aircraft showing the 
fuselage construction which will be a valuable aiel in the 
structural lab classes. It also makes quite an interesting 
demonstration for visitors. The hydraulic loading gear re
traction unit is also operational and will present an inter
esting display forE Day. 

F-84 Thunderjet after being stripped down by IAeS members. 
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Through the efforts of our faculty advisor, the IAeS has 
procured some of the latest equipment in ejection seats 
and ejection capsules. It is imperative that the students 
have the latest equipment for demonstration purposes. 

The lAeS has also undertaken several minor projects 
during the year, such as posters on registration proced
ures. The idea behind all these projects is to provide a 
service to fellow students, with a spirit of comradeship. 
This spirit of comradeship is something that is being fost
ered among the students by the society. 

The graduating engineer is not intended to be a social 
outcast, a person who has spent five years of nightly study 
in isolation from the rest of the world. It is rather intended 
that he has developed a feeling of friendship with his 
classmates and the underclassmen so that he will get to 
know better the people he will more than likely be work
ing with for the rest of his life. 

The annual Aero Dinner Dance, held during the winter 

PR BLE I 

The present deplorable state of affairs has finally forced 
acknowledgement of the pre-eminence of scientists and 
intellectuals in solving the problems of the world. The 
writer at this time would like to bring to public attention 
a problem which has been sorely neglected; one which is 
quite susceptible to the scientific method and fully worthy 
of the highest intellectual activity. 

In the rush ofg modern life, many of the fine arts have 
been lost or disregarded; not the least of these is the fine 
art of beer drinking. Too long has this field of endeavor 
been left to the novice, the amateur, and the unknowing 
buffoon. It is tin1e to put the art back in the hands of the 
artist. 

What comprises the art of beer drinking? It is only natu
ral to start with the most important ingredient, to wit: 
BEER. This is not to be confused, of course, with the 
many crimes perpetrated in the name of beer. Due to the 
many inferior products marketed, such as Schoens Old 
Lager and many others, one is often subjected to a briiu
schleim hiding behind the proud name of beer. The true 
beer precision is to avoid these inferior products at all 
costs. 

Let it be understood before continuing that none of the 
best BEERS of the world come from the United States. 
The motto of this country seems to be: "Billions for de
fense, but not one cent for true booze." After this, the 
word beer will be used only when referring to such master
pieces of the braumeisters' art as Denmark's Carlsberg Hof, 
Germany's Rathaus Brau and Lowenbrau, England's Bull
anls, and Alsace's Kronenbourg. This list, incidentally, has 
been compiled through the loving and conscientious ef
forts of true beer aficionados throughout the world. 

Proper beer drinking requires proper atmosphere and 
conditions. The ideal place to dink beer is, quite natu
rally, a beer cellar. Under no circumstances are women 
patrons to be allowed. True beer drinking and women do 
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quarter, is the "highlight of the social season." The spnng 
quarter picnic is our other principal social event. 

The IAeS also acts as a liason group between the stu
dents and the faculty, to present through the student of
ficers, student problems to the faculty. 

l have briefly described what the IAeS is and what it 
has to offer the students. But what is the IAeS? Just like 
the other professional societies, it is the students! What it 
has to offer the students is nothing more than the students 
are willing to put into it. I cannot urge too strongly 
underclassmen from all departments to take an active part 
in their own professional societies. All of the professional 
societies in the Institute of Technology welcome under
classmen in their societies, just as in the IAeS. 

I would personally like to extend an invitation to every
one to tour the Aeronautical Department on E-Day as 
guests of the faculty and the students of Aeronautical 
Engineering. 

FL I FL 
by MARK SMITH 

not mix. The unspeakable cad who would waste good beer 
by plying maidens with it to achieve his nefarious ends is 
no better than the low type who would keep Rem-fettered 
buxom serving wenches. The tavern must not be brightly 
lit, must not have a juke box or any such abomination, and 
must be complete with sturdy furnishings and sawdust
covered floor. 

The beer lself must be served from wooden casks, in 
tall, delicate pilsner glasses. Entertainment, as a rule, 
should be provided by the customers themselves, although 
outside entertainment may be brought in if it is of the first 
rate. The singing of the old German drinking songs would 
be most appropriate. 

We have, then, the beer and the place to drink it; now 
for the proper drinking procedure. It goes without saying 
that the beer is served at the proper temperature. This 
temperature varies from beer to beer; no set rule can be 
stated. After the beer is served, it should be allowed to 
stand until it has from one-fourth to five-sixteenths of one 
inch of foam. There is some disagreement among beer con
noisseurs on this point. Ideally, the beer should be quaffed 
so that the upper lip is marked with a thin line of foam. 
Until one has known the ecstasy of effervescing foam, he 
cannot be considered a true beer drinker. 

A complete study must include a list of the "don'ts" of 
beer drinking. Under no circumstances should "chugging" 
be condoned. This is an unspeakable as is the practice of 
over-imbibing which is exercised so freely by some. These 
are the people who have reduced the art of beer drinking 
to its present plebian station. 

Only you can return the art of beer drinking to its right
ful place in society. It is time to overthrow the beer-bour
geoisie "\vho are exploiting you. The victory of the beer
aficionados is inevitable ... 

Beer drinkers of the world, unite! You have nothing to 
lose but your Schoens, 
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Aeronautical Research From 

RETARDATIO TO PLA MAJET 

Research work is a valuable part of an educational in
stitution. Through these projeCts, both instructors and 
students are able to constantly continue their acquisition 
of knowledge. In the Aeronautical Engineering Depart
ment, the research is conducted for the various military 
establishments, civilian agencies, and graduate studies and 
is under the direction of capable faculty members. The 
scope of this research can be better appreciated when it is 
realized that between the campus and the Rosemount 
Aeronautical Laboratories almost $1,500,000 in contracts 
is involved. 

Before the benefits of research work can be available to 
the student, a contract must be obtained. Ttle department 
is fortunate to have a man of vision, Professor John D. 
Ackerman, as its head. Many of the projects are dreamed 
up by him and only after considerable negotiation and 
guidance on his part does the dream emerge as a working 
contract. While engaged in this work he has two constant 
objectives: that of getting good men for the faculty and 
selecting young potentials for the research teams. In the 
course of fulfilling a contract the team may encounter a 
difficult problem and it is at moments such as this that 
Professor Ackerman can be counted on to willingly co.me 
forth with valuable hints which aid in solving the prob
lem. 

Much assistance and valuable experience is available to 
the student and faculty researchers in the department 
shops. Supervised by IVIike Schonberg, there are facilities 
available in the shop for the fabrication and testing of 
most of the additional "hardware" required in research 
work. During his 25 year tenure many graduate students 
have benefited from his fatherly advice and many years of 
experience. Five years ago he obtained an assistant, ·Miles 
Mock, who is also of great assistance to the groups using 
the shops. 

On campus are the Aerodynamic Retardation projects 
of Dr. Heinrich and the Honeycomb Sandwich Material 
project of Dr. Chang. 

Research on Aerodynamic Retardation investigates such 
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by ED HOMBECK 

facets as the wake area behind maximum drag devices, 
force measurements during parachute canopy opening, 
basic stability parameters of conventional parachutes, and 
the decrease of required opening time without an increase 
of opening shock. Included in this work is the eventual 
recommendation by D. Heinrich of future retardation de
vices; a subject of great interest in the light of present-day 
inability to return a cargo successfully from space. In con
nection with the pressure measurements on a parachute 
surface was a need for miniaturization of instruments, in
cluding the pressure transducers which would be attached 
to the actual parachute panels. Under Mike Geistauts, in
struments of a microscopic nature are being developed 
and operating in tests. 

Testing Retardation in Wind Tunnel. 
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The latest in Escape Capsules. 

A contract from the Air Force was awarded to Dr. Chang 
for the study of honeycomb sandwich material, which has 
become one of the structural designers major tools in the 
fabrication of supersonic aircraft. In this work the prob
lems and limitations in the use of this material are studied. 
A future campus addition will be a plasma jet unit for 
use in a graduate thesis. 

An expected contract will study the thermal stresses pro
duced in a structure by aerodynamic forces and will be 

FORMATION OF CALCIUM FERRITES 

INTERING lS ONE PROCESS by which the steel industry is 
meeting the demand for increased production from 
low grade ores and without building new, costly facil

ities. Many companies regularly use sinter as part of their 
blast furnace charge, although the fundamentals of the 
sintering process are not well understood. Sintering pro~ 
duces a clinker-like mass by fusing a mixture of small ore 
particles, coke, oxide scale, flue dust, recycled small sinter 
particles, and sometimes limestone. 

The three main constituents in the blast furnace charge 
are iron oxide (as ore or sinter), coke, and limestone. The 
limestone serves to flux the gangue constituents in the ore 
or sinter. A great deal of heat (about 800 BTU's per lb. 
CaC03) is required to calcine the limestone from calcium 
carbonate to calcium oxide, which is about twelve per cent 
of the total heat requirements. If this calcination process 
could be performed outside the blast furnace, more heat 
would be available for the smelting process. By adding at 
last part of the required limestone to the material to be 
sintered, and performing the calcination during the sin
tering process, the forementioned benefit could be attained. 
Such a sinter is called a "self-fluxing sinter." 

Two basic requirements of a good sinter are good re
ducibility and sufficient strength for handling. Sinters 
made with limestone in the mixture normally have greater 
reducibility and sometimes higher strength than those 
made without limestone. Many attribute these improve-
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under the direction of Dr. L. A. Scipio. 
Much of the research work on the Aero Department, due 

to the nature of the field today, must be conducted at the 
Rosemount Research facilities. 

Many graduate students are engaged in supersonic aero
dynamic research, making use of the varied range of wind 
tunnels available. .. 

Dr. Chang has a contract for the investigation of flame 
stabilization which is done at Rosemount. Under Dr. Hein
rich's areodynamic retardation contract, the use of the 
supersonic wind tunnels is required to observe the actions 
of retardation devices in this high speed flow. 

Especially interesting is the work directed by Dr. Her
mann concerning advanced jet engine inlets, rocket sled 
studies and ram aerodynamic tunnels. His group makes 
use of the hypersonic wind tunnels in their study of heat 
transfer at hypersonic velocities. One of Dr. Hermann's 
important achievements involved the use of film cooling 
at high (3000°F.) temperatures. 

Other researchers are busy investigating high-tempera
ture probes, high altitude velocity, mass transfer, static 
pressure correlation to full flight aircraft, porous wall 
wind tunnels, Flettner Rotor shapes, and angle of attack 
determination. 

The contracts of Dr. Leo is typical of how research 
evolves. ~e directed original work on the establishment 
of the parameters for hot gas ejectors. Now with the advent 
of commercial jet airliners, he is working on hot gas eject
ors again, but this time he is attempting to silence them. 

ments to the formation of calcium ferrites, which are com
pounds of calcium oxide and hematite. A research project 
is currently under way in the Department of Metallurgical 
Engineering to study the formation of calcium ferrites and 
their effect on the properties of sinter. The basic interest 
is the formation mechanism and reaction tendency as re
lated to time, temperature, and furnace atmosphere. This 
is being studied by placing chemically pure calcium oxide 
and hematite in contact and subjecting them to the tem
peratures and atmospheres encountered in the sintering 
practice. High grade natural ore (less than 1% impurities) 
and magnetite, since it is present at sintering temperatures, 
are also being evaluated. After reaction, the disks are sec" 
tioned, polished, and studied under the microscope to iden
tify the compounds which have been formed. Final verifi
cation can be made with the high temperature x-ray cam
era. Equilibrium diagrams show that the compounds 
2Ca0 · Fe20 3, CaO · Fe20 3, and CaO · 2Fe20 3 may be 
formed. An attempt will be made to correlate this infor
mation with the mineral constituents normally found in 
sinter, such as Fayalite (Fe20 3 • Si02), Wollastonite 
(CaO · Si02), Wustite (FeO), and a series of calcium sili
cates. Finally, limestone will be used in the production of 
experimental sinter to evaluate the effect of calcium ferrite 
formation. 

Early results indicate that neglible amounts of calcium 
ferrite are formed below ll00°C. However, above about 
1210°C. fusion occurs and a low melting mixture of 
CaO · Fe20 3 + Fe20 3 is formed~ Evidently, the reaction 
rate increases rapidly between these two temperatures. 
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.THE LAST BlAST: 

'' A E E ILL E ILL E'' 

({It is now june, 2000 A.D. 1\!Iost of you who graduated 
in 1958 are now either retired pr about to retire. The old 
earth has changed quite a bit in the 42 years it has been 
entrusted to you, hasn't it? There were no colonies of 
Earthmen on Mars, Venus, and the Moons of 1\!Iars, Jupz
tery and Saturn as theTe aTe today. The list of youT ac
complishments is quite gTeat. FoTemost amongst them 
aTe: ... " 

The preceding might well be the op~ning remarks at an 
Engineering Class of 1958 reunion, in the year 2000, on the 
dawn of the 21st Century! What the list of accomplish
ments will be is a matter that taxes the imagination- the 
most fantastic prophecy may next year or the year after 
become concrete reality. Let's get out on a limb like Nico
demus and pull the future from the depths of the crystal 
ball of time. On the basis of a penetrating Freudian Sur
vey, the year 2000 should see: 

1. New systems of mathematics and physics designed to 
illustrate the why, as well as the how and the when, of 
physical events. This will bring about complete under
standing of all electromagnetic phenomena as well as elec
tronic radiation shielding. 

2. Propulsion systems utilizing light, magnetic and gravi
tational energy as standard equipment of space. 

3. Space ships using the new modes of propulsion will 
move through space at 500,000 mph. · 

4. Hunger and poverty will become non-existent due to 
the expanding technology. 

5. Thermonuclear energy will furnish 99 per cent of the 
world's power requirements. The heat of controlled nuc
lear fusion will separate all minerals from sea water, make 
it potable, and make oases of the deserts of the world. 

6. Fifty per cent of the world trade will be interplane
tary. 

7. The value of gold, silver, platinum, etc., will be little 
more than that of iron or copper. It will be commercially 
transmuted from cheaper metals. 

8. Gems and precious stones will be created artifically 
on production lines. The only difference between them 
and the real :McCoy will be that the real ones have micro
scopic imperfections. 

9. The fundamental basis of an education will be scien
tific and mathematical. All fields of endeavor will have a 
pre-period of two to three years consisting of ·concentrated 
study of mathematics and science, followed by whatever 
specialty a student elects. Engineers and scientists of the 
future will continue from here but will have an equivalent 
of two to three years of courses in non-engineering sub
jects sandwiched into their eight year curriculum. High 
schools of the dawn of the 21st Century will require in
tense mathematical training- up through integral calcu
lus and physics, through atomic physics. 

10. Most of the presidents of the United States in the 
closing years of the 20th Century will be engineers and 
scientists. In addition, at least one-half of the Senate and 
the House of Representatives will be made up of engineers. 

11. Artificial means will be found to boost learning ca
pacity perhaps even to transmit experience and knowledge 
from one mind to another. 

12. All of the known major diseases of earth will have 
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been conquered and eliminated. However, medical science 
will be very much concerned with maladies foreign to 
earth. 

13. The automobile will be obsolete by 2000 A.D. 
Travel in suburban and metropolitan areas will be by 
moving streets and sidewalks. Between cities, it will be 
aerial. 

14. Weather will be controlled, and cotton will be 
grown in sections of Alaska where the soil is suitable. 

15. All cities will be continuously rebuilt on a plan 
which would result in a completely renovated city every 
50 years. There will be no "old" buildings in any modern 
city. Slums will be non-existent. 

16. The automatic washers of today will be replaced by 
devices turning out clean clothes, all pressed and wrapped 
in cellophane, in 30 seconds without water: 

17. Complete meals will be prepared within a minute, 
via pushbutton. Cooking will be electronic and instantane
ous. The only catch will be that Mrs. America of 2000 will 
have to be a good bookkeeper so that all of the food bins 
are kept replenished. 

18. Houses will be kept spotlessly clean by automatic 
and electrostatic machines, again pushbutton. 

19. Video telephones will have been universally installed 
by the Bell System. 

20. Athletic events and exhibitions, too, will have passed 
into the realm of history. 

The Modern World, concerned on the one hand with 
scientific and technological achievement, and on the other 
by cultural and artistic development, will have no time to 
sit on roosts like turkeys watching the gladiatorial equiva
lents of the early 20th Century. People will live, on the 
average, to be 100 years old. They will work four-hour 
clays. The,,remaincler will be spent doing work in their 
professions that they are particularly interested in and 
perhaps don't get a chance to do in their work. Or, they 
may study art, literature, and music. What will have been 
lost in mob viewings of athletics will probably be taken 
over by more sophisticated, leisurely individual sports. 

The next 42 years will see phenomenal growth in the 
prestige and salaries of engineers and scientists (not ex
cepting the political and social varieties). The standards 
and required qualifications of engineering will rise. Growth 
will be heavily concentrated in the Aircraft and Atomic 
energy industries, especially as the two fields synthesize. 

It may be of interest that all the fellows gmduating, 
fTorn the 'Log staff this yeaT~ aTe going into aircmft com
panies. Glen Bennington is heading west to Douglas at 
Santa Monica~· Al TTaxel is joining McDonnell AiTcraft 
in St. Louis; Chuck Hansing is joining Hamilton Stand
ard, in Connecticut; while youTs truly is also heading the 
blue Ford towaTd New England and Pmtt & J;Vhitney~ 
HartfoTd, Connecticut- wheTe he hopes to get his uae
ative" fingers into the design of tomoTTow's jets and Tock
ets. I wish to thank these fellows~ especially, foT theiT ef
foTts in helping to make this yeaT's 'Log a successful one. 
A toast to theiT futuTe and to the gTeat industry of theiT 
choice. Thanks and best wishes~ also~ to the fellows who 
will caTTY on the 'Log foT next yeaT. Lots of success and 
happy deadlines. JFC 
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Vilfredo Pareto ...... on the lifetime of theories 

"The logico-experimental sciences are made up of 

a sum of theories which, like living creatures, are 

born, live, and die, the young replacing the old, the 

group alone enduring. As with living beings, the 

lifetimes of theories vary in length and it is not 

always the long-lived ones that contribute most to 

the advancement of knowledge. Faith and meta

physics aspire to an ultimate, eternal resting-place. 

Science knows that it can attain only provisional. 

transitory states. Each theory fulfils its function, 

and there is nothing more to ask of it.'' 

·..-Traite de Sociologie Generale, 1919 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization enga~ted in research on prohle~s related to national security and the public interest 
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''I'm in the business 
and I know e ~ .'' 

"Not too long ago I was in the same situation you 
fellows are in now. Senior year and the big de
cisions. What am I going to do with my education? 
What am I going to do for a living? 

uw ell,· I talked to a number of people and did as 
much letter writing and looking around as I could.· 
The way I fogured it, I wanted opportunity ... a fair 
chance to put my capabilities to work and to be 
recognized for what I could do. Of course, I wanted 
to be well paid, too. It all seemed to add up to the 
aircraft industry ... and to me it still does. 

uin the space of just a few years I've worked on 
quite a few projects, important projects that some 
day may mean a great deal to this country. They 
sure meant a lot to me. And I wasn't standing 
either. My salary and my responsibilities have 
creased with each promotion. That means lots 
challenges, new and tough problems that we ~ave 
solve, but that's the way I like it. So, if you 
some advice from this 11old grad," choose the 
industry. It's the wisest choice, I'm in the 
and I know." 

Probably no other industry in America ·has 
so fast and advanced so far in a short time as has 

the aircraft industry. And yet there is no limit to 
how far man's inventiveness and imagination can 
push the boundaries. Radical new concepts 
would have been unthought of just a few years ago 
are the drawing-board problems of today. 

Truly aviation is still in the pioneering stage, and 
one of the leaders is Northrop Aircraft, which has 
been making successful contributions to our 
nation's defense for over 18 years. Projects such as 
the Snark SM.,62, world's first intercontinental 
guided missile, have identified. Northrop as a suc
cessful pioneer. And new aircraft such as the super~ .. J'' 

sonic, twin-jet T-38 advanced trainer are maintain
ing this reputation. 

Let us tell you more about what Northrop can 
offer you. Write now, regardless of your class, to 
Manager of Engineering Industrial Relations, 
Northrop Division, Northrop Aircraft, Inc., 103 
East Broadway, Hawthorne, California. 

A Division of Northrop Aircraft, Inc. 
BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE 
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E- YS ER ES 
GENERAL CHAIRMAN: Jerry Gruenhagen 

ASS'T. GENERAL CHAIRMAN: Judy Brown 

OPEN HOUSE COMMITTEE 
*Bill Miller 
*Dan Hallberg 
*Frank Van Alstine 

Dave Whitmore 
Janet Clayton 
Mary Hart 
Dennis Gerth 
Jerry Brown 
Byron Anshus 
Jack Fasching 
Jean Piper 
Hank Oredson 

OFFICE COMMITTEE 
*Karen Kinney 

Lois Carlson 
Mary Hart 
Jan Clayton 

TICKETS COMMITTEE 
*Daniel Meaney 

Loren Eckberg 
James Koeneman 
Si Ryan 

POSTERS COMMITTEE 
*Bob Holtz 

Don Lee 
Jim Jones 
larry Trollen 
Jay Hopps 
Tim Jensen 
Jim Devona 
Allan Alhes 
Luther Nelson 
Bob Swedberg 

QUEENS COMMITTEE 
*Alan Greenberg 

Pat Quam 
Veijo Paine 
Joe Winer 
Eugene Paymar 
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*Dean Dversdall 

Tom Fisher 
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AI Simon 
Jim lsca 

PICNIC COMMITTEE BRAWl & BLACK BOOK DANCE 
*Stan Johnson 
Wallace Parmenter 
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John Rehfeld 
Jim Hewitt 
Ron Wells 
Ed Egan 
Karen Kinney 
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Dorothy Heinz 
Mary Hart 
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larry Oyen 
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22 

E-DAY 

*Don Sundell 
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KEITH LYNN, B.S.E.E., PURDUE, '52, INVITES YOU TO 

II 

a 
"I'm an Equipment Engineer for Illinois Bell Telephone Company in 

Chicago. Speaking personally, I find Bell Telephone engineering 
darned interesting and very rewarding. But judge for yourself." 

"8:30 a.m. We start at my desk. I'm 
studying recommendations for additional 
dial facilities at the central office in sub
urban Glenview. This is the beginning of 
a new engineering assignment for me." 

"2:00 p.m. After lunch I drive out to the 
Glenview office. Here, in the frame room, 
I'm checking floor space required by the 
proposed equipment. The way our busi
ness is growing, every square foot counts." 

"1 0:20 a.m. I discuss a proposed layout 
for the additional central office equip
ment with Supervising Engineer Sam P. 
Abate. Since I'll want to see the installa
tion area this afternoon, I order a car." 

"3:10 p.m. Then I drive to the office 
at nearby Skokie where a recent assign
ment of mine is in its final stages. Here 
I'm suggesting a modification to the 
Western Electric installation foreman." 

"Well, that was today. Tomorrow will be different. As you can see, I take 
a job from the beginning and follow it through. Often I have a lot of jobs 
in various stages at the same time. I think most engineers would agree, 
that keeps work interesting." 

Keith Lynn is one of many young engineers who are finding rewarding 
careers in the Bell Telephone Companies. Find out about opportunities 
for you. Talk with the Bell interviewer when he visits your campus. And 
read the Bell Telephone booklet on file in your Placement Office. 
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"11 :00 a.m. At an interdepartmental 
conference I help plan procedures for 
another job I'm working on. Working 
with other departments broadens your ex
perience and know-how tremendously." 

"3:30 p.m. Before starting back to Chi
cago, I examine a piece of Out Sender 
equipment being removed from the 
Skokie office. This unit might fit in just 
fine at another office. I'll look into it." 

BELL 
TELEPHONE 
COMPANIES 
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by JACK KElCHER 

(with all due respect to Caterpillar Tractor Co.) 

The world's first practical track-type tTactor was on~ginated when Benjamin !-Jolt took 
one of the standard steam tmction engines his company was rnaking and Teplaced the 
wheels with a r-ough set of tracks. Above is the first unit as it was being tested. Holt is 
shown sitting at the top of the ladder. This first crawler was successfully tested on N overn
ber- 4, 1904. 

I
N THE FORTIETH CHAPTER of Isaiah, we read: "In the 
desert clear the way for Jehovah; make straight a high 
road for your God. Every valley shall be raised and 

every mountain and hill made low; the crooked shall be
come straight and the rough places plain." 

Undoubtedly the poetry of Isaiah was inspired by the 
earthmoving progress already well underway in his time. 
Early man began moving boulders, filling ditches, cutting 
down knolls and widening hunting trails. 

One great Egyptian pyramid, for example, displaces a 
volume equal to one-half that of Boulder Dam. The Great 
Wall of China meanders 1400 miles, contains 72 million 
cubic yards of earth. Highway builders like Alexander and 
the Incas and the Aztecs followed, all using the primitive 
methods of their ancestors. 

Railroad building in the 1860's with the morman board 
gave man his first chance to get away from the primitive 
headbasket. Later the steam shovel moved over 175 mil
lion cubic yards to carve the Panama Canal. 

It was about the same time that the crawler tractor be
gan to change the face of the earth. Ben Holt had brought 
out his steam crawler in 1904 and followed it in 1906 with 
the gasoline model. Working in the arid Mojave Desert, 
the gasoline tractor could operate with a minimum of 
water. It was no longer necessary to haul nearly as much 
water as earth to supply the boilers. 

The sturdy, versatile, maneuverable crawler was in. 
Farmers ·could till land unapproachable before, loggers 
could bring out more timber from the great forests of the 
northwest and earthmovers began to contract in terms of 
thousands of yards. Within the next few years, tractors 
were being shipped in monthly quantities as high as 40 to 
Argentina, Australia and Europe. The Zuyder Zee, one of 
the biggest earthmoving jobs of the time, was built with 
crawler tractors as prime movers. 
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It was shortly after 1910 also that Dr. Leo Steiner, 
an Austro-Hungarian farmer-engineer, suggested to the 
Austro-Hungarian \!\Tar Department the value of the 
crawler as a war machine and was turned down. The fa.ct 
that an equally foresighted British .Army officer, Lt. Col. 
E. D. Swinton, had the same vision, perhaps turned the 
tide of war in 1918. From Swinton's invention sprung the 
British Mark I tank and the American Ninth Field Ar
tillery Regiment was fully motorized. 

Earlier, Black Jack Pershing had taken crawlers with 
him to Mexico for overland hauling and roadbuilding. 
And although American roadbuilding ground to a halt 
during the war, 1920 saw Holt give many track-type trac
tors to the Bureau of Public Roads- and that year began 
the decline of the horse population. 

The bulldozer, evolving from the morman board, was 
attached to the crawler in the 1920's and mechanized road 
building began. This was the period when most of today's 
two-laned highways were constructed. The crawler tractor, 
once a freight hauler between railroad junction and con
sumer, began building itself out of the market. During the 
1920's, the surfaced highway mileages rose from around 
10,000 miles to more than 50,000 miles. 

And if the highways were changing the face of the earth, 
so were the millions of yards of earth being tamped into 
big dams. The Bureau of Reclamation lists 130 dams with 
the first one, Cheesman in Colorado, constructed in 1904, 
the year of Holt's first crawler. Few of those that followed 
escaped the crawler tractor either as a prime mover or as 
a bulldozer-earthmover. Certainly much of the earth in 
the modern giants- Hoover, Shasta, Hungry Horse and 
Fort Peck, a 125,628,288 cubic-yard monstrosity called the 
world's largest structure- has been moved by crawlers in 
one way or another. 

MINNESOTA TECHNOlOG 



In 1794, the lack of roads crossing Pennsylvania's Aile· 
gheny Mountains led western Pannsylvanians to "con
dense" their grains into whiskey and the pint-sized rebel
lion resulted. This situation was fully rectified in 1939 
when the Commonwealth opened its turnpike after the 
new diesel-powered crawlers gashed 26 million yards of 
earth to level the most modern highway of the day. From 
Pennsylvania, ·crawlers have dozed from one state line to 
another in frantic haste to spin an ever widening web of 
toll roads from coast to coast, from Canada to the Gulf. 

Two other roads were constructed in the early 40's of a 
vastly greater strategic value. The 1681-·mile Alcan High
way, called the "Road to Tokyo," was built almost single
handedly by crawlers. No other type of equipment could 
negotiate the terrain. That was in 1941 and drawing on 
that experience, the U.S. Army Corps of Engineers' crawl
ers in 1944 pushed through seemingJv impenetrable jungles 
to make the vital Ledo Road into China. 

But World War II brought also a different crawler story. 
The bulldozer became a symbol of America's productive 
might. Maj. Gen. Eugene Reybold, chief of Army En
gineers, called the crawler "boss of the beach." Landing 
officers frequently would take bulldozers when it was nec
essary to leave tanks on the dock. Halsey, thinking of the 
Pacific campaign, credited the crawler with being one of 
the four weapons which won the war. Often, the khaki, 
painted ·crawler hit the beaches in the second wave of in
vasion troops to clear beach and jungle, destroy pillboxes, 
fill bomb craters, haul supplies and level airstrips. In 
building B-29 bases in China, engineers equated one Cat 
D8 Crawler Tractor to 1000 coolies; one D7 to 750. And 

two D7 operators were awarded DSC's for D-Day heroism 
on the beaches of Normandy. 

Roadbuilding, logging, mining, farming have been the 
often prosaic lot of the crawler since the war. One of the 
more dramatic, and photographic jobs since 1945 is pipe
lines like the Trans-Canadian lacing 2200 miles across 
Canada, a logical big brother of the Big Inch which was 
laid in the United States in 1941. Between the two are 
thousands of miles of many dimensions carrying the con
tinent's crude oil, gasoline and natural gas. 

Abroad today, nations like India are clearing jungle with 
crawlers and following with other crawlers pulling plows 
to till soil to feed hungry millions. In Egypt desert land 
along the Nile is being reclaimed with track-type power. 
Or in the Snowy Mountains of Australia, crawlers are 
dozing dams and cutting aquaducts in that nation's most 
ambitious irrigation project. The recently completed 
Tignes Dam in France now holds back the waters of the 
Isere River to power industry, control floods and release 
irrigation waters when needed. 

In 1956, when the President signed into law the :Federal
Aid Highway Act, the crawler became the prime mover for 
the greatest construction job in history. By 1973, crawler 
tractors will have pioneered the sites for some 50 billion 
dollars worth of Interstate-Defense Highway System- a 
network of 41,000 miles of new roads. This vast project 
will be about 60 times as big a construction job as the 
building of the Panama Canal, yet it will be completed in 
the same amount of time. Truly, the crawler is as much 
the symbol of our nation's progress as is the nuclear re
actor. 
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Dennis: "Why don't you like girls?" 

Joe: /'They're too biased.'/ 

Dennis: ' 1Biased?" 

Joe: "Yes, bias this, and bias that, 
until 11m broke. 1

' 

A woman was being followed by a 
man. She started to walk faster and 
thought she had eluded him. When she 
got home she locked the door and felt 
safe. But when she suddenly looked 
around, there he was right in the house. 

/}You1ve got a nerve to follow me. If 
my husband came home right now he'd 
kill you. You don't know what a man 
my husband is. He'd kill you. 

Just then they heard a key in the door. 
"Where1 11 I go?" the man said. 
11 ln the wardrobe closet.'1 

The husband came in and embraced 
his wife. 

'}Gee, how I missed you while I was 
on the road, darling/' he said. 

Then he heard something in the closet. 
He opened the door and saw the man. 

"You dirty rat!'/ he snarled. "Haven't 
I seen you someplace before?" 

"Yes, in my house in Pittsburgh. That 
makes us even./} 

A gangster rushed into a saloon shoot
ing right and left yelling, "All you dirty 
skunks get outta here." 

The customers fled in a hail of bullets 
-all except a Scotsman who stood at 
the bar calmly finishing his drink. 

"Well," snapped the gangster, waving 
his smoking gun. 

"Well/' remarked the Scott. "There 
certainly were a lot of them, weren't 
there?" 

"Did you get home from the party all 
right last night?" 

"Fine, thanks, except that as I was 
turning into my street some idiot stepped 
on my f1 ngers. 

/}There's a woman peddler at the 
door." 

"Show him in and tell him to bring 
samples with him." 

Relative humidity is best demonstrated 
when you hold your baby in your lap. 

Why Vought Projects 
Bring Out The Best 

In An Engineer 
At Vought, the engineer doesn't often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it's no wonder. 

For here the engineer contributes to 
history-making projects- among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1 ,500-plus
mph fighter, details of which are still 
classified. 

The Vought engineer watches such 
weapons take shape. He supervises 
critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 

Engineers with many specialties share 
these experiences. Today, for exam
ple, Vought is at work on important 
projects involving: 

electronics design and manufacture 

inertial navigation 

investigation of advanced propulsion 
methods 

Mach 5 configurations 

Vought's excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 

*** Would you like to know what men 
with your training are doing at 
Vought ... what you can expect of a 
Vought career? 

For full information, see our repre
sentative during his next campus visit. 

*** Or write directly to: 

C. A. Besio 
Supervisor, Engineering Personnel 

Dept. CM-8 

-------~------------------
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One thing Richard (Rick) MacDonnell could say for 
flight test instrumentation - it had variety. Here he 
was, in line of duty, hunting a coal oil lamp on the 
Mojave Desert. 
Looking back, Rick saw that the whole Crusader 
instrumentation program had been a series of shift
ing scenes. He'd started by talking to different 
specialists, finding out the kinds of flight information 
they wanted. He learned a lot about heats, loads, 
amplitudes and flutter. These were the things Rick's 
instrumentation would have to detect. 
Designing and building the system took him in 
another direction. There was the airborne equip
ment - up to 12 miles of wiring and 600 pounds of 
black boxes for a single demonstration aircraft. Each 
sub-system was environment-tested, breadboarded, 
checked out and packaged to fit key corners of the 
Crusader structure. 
Taking shape at the same time was a mobile ground 
station - another project with which Rick was asso
ciated. It brought flight test telemetering and data 
processing closer to automation than they'd ever 
been before. At Vought's Mojave Desert test base, 
Rick's equipment clicked. It speeded preparation for 
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the Crusader's dramatic operational debut
the Thompson Trophy-winning speed run. 
There was just one hitch - a National Aeronautical 
Association rule which would limit altitude deviation 
to 328 feet during the Trophy dash. A Bureau of 
Standards barograph would ride with the pilot, its 
stylus etching out exact altitude on a smoked cylin
der. Fair enough - but Vought's desert crew didn't 
have a workable way to blacken duplicate cylinders 
for practice. And precise warm-up flights were 
essential. 

That's why Rick went hunting for a coal oil lamp. 
He found one in the store of a desert outfitter. Back 
on the base, the lamp was lighted and the wick 
turned up. It •'sooted" the purpose perfectly. 

Instrumentation means development adventure 
and variety at Chance Vought. Here, engineers of all 

specialties use initiative and self-expression to 
contribute to some of the most advanced 

instrumentation techniques in the industry. 

INCORPORAT6b • DALLA$• TIXAS 
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Pres JJ:Iater 

by RICHARD MOGA 

ICTURE YOURSELF waking up some morning, eat
ing a dry breakfast, and then running down to the 
corner grocery store for your daily water ration. Not 

a very pleasant thought, is it? Yet this is· exactly what will 
happen if we don't do something about the growing water 
shortage. We are now using six times the water we were 
using at the turn of the century, whereas our population 
has scarcely doubled. At this rate, our demand will exceed 
our supply by the year 2000. 

Already, the shortage is serious in some areas of the 
world, such as the Arabian Peninsula and the Persian Gulf. 
With ever increasing population and a limited water sup
ply to begin with, there may not be enough water for per
sonal needs, let alone irrigation and industry. 

Because of the predicted shortage, American scientists 
have been working on an economical, practical way to con
vert salt water to fresh water. So far, they have come up 
with four feasible methods: freezing, compression, distilla
tion, and the membrane process. 

Each of these methods is being tested, evaluated, and 
developed further. Two large experimental plants at 
Wrightsville Beach show promise of producing fresh water 
from the sea at a much lower cost than is now possible. 
Likewise, in Syracuse, New York, the Carrier Corporation 
has successfully purified sea water by freezing. Although 
this method is still in its first stages of development, Car
rier men are already turning out one hundred pounds of 
water an hour and are making progress rapidly. At the 
University of California, experiments are being conducted 
on the distillation of water by solar energy. Five stills have 
been running successfully for the last three years, produc
ing up to one hundred gallons of water a day. In Cam
bridge, :Massachusetts, Ionics Incorporated has produced 
20 membrane type purifiers. These purifiers are already 
producing the entire water supply for some 30,000 people 
throughout the world. 

Purification by freezing occurs in three stages: freezing 
the salt water, washing away the salt, and melting the ice. 
When salt water freezes, the ice crystals are pure water 
with a layer of salt around the outside. It clings tightly 
and up to now, the major problem has been washing it 
off. A second problem is the expense involved in freezing 
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FRESH H 2 0 FROM THE SEA 

(Continued from Page 32) 

the salt water. This process makes use of high cost refrigera
tion equipment, as well as a high power input per gallon. 

In the compression process, brine is subjected to tre
mendous pressures which precipitates the salt into flakes. 
Here again, we have the problem of expensive equipment 
and high power input per gallon. 

The recently developed membrane process takes advan
tage of the electrical characteristics of the minerals in salt 
water. When salt water is run between two electric poles, 
the positive ions, such as sodium and potassium tend to 
move toward the negative pole, and the negative ions, such 
as chlorine and bromine, tend to move toward the positive 
poles. To demineralize the salt water, then, it is run through 
the middle section of a three section tank. Oppositely 
charged poles in each outer section then purify the water 
by attracting the ions through the membranes. 

Distillation, the simple process of boiling the salt water 
and condensing the steam, is by far the most promising 
method of obtaining fresh water from salt water. It is being 
used to supply fresh water to nearly half a million people 
already: passengers and crews from all navies and ocean 
liners, islanders in the Caribbean, and people near the 
Persian Gulf. 

If distillation is ever used on a world-wide scale, the 
method employed will probably be the multiple stage 
evaporator method. This process is ideally suited to the 
distillation of sea water, irrespective of the source of en
ergy. Even though the principle is not new, its large scale 
application to the production of fresh water from sea 
water is comparatively recent. 

The multiple stage evaporator has several advantages. 
Low temperature waste heat from gas turbines or steam 
power plants can be used. High efficiency is possible. 
The equipment is simple and fairly economical. 

The evaporator cycle, although it appears relatively 
complex, is easy to understand and employs only basic fun
damentals of thermodynamics. 

The cycle itself is made up of five basic steps: bringing 
sea water in, evaporating part of it, removing the rest of it, 
condensing the steam, and draining it into a reservoir. 

To begin with, cold sea water is run through a heat 
exchanger and heated to 200°F. Next, it is fed into a boiler 
where about half of it evaporates and about half drains 
away. The water that drains away runs through a heat 
exchanger and out to sea. The steam, at a temperature of 
about 600°F. and a pressure of about 2500 psi, travels 
through a pipe and into a condenser. There it condenses 
at about the same temperature and pressure at which it 
was evaporated and liberates about 1000 Btu/lb. to the 
evaporator. The water of condensation then drains into a 
reservoir to complete the first stage of the cycle. 

The second stage, and each succeeding stage of the cycle 
is an approximate duplicate of the first stage. To start 
with, preheated sea water flows into an evaporator which 
is nearly identical with the boiler mentioned above. The 
only difference between the two is that the evaporator gets 
its heat from the condenser rather than from an outside 
source. Here again, about half the sea water evaporates at 
a temperature of about 500°F. and a pressure of about 
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1700 psi, and about half flows through a heat exchanger 
back out to sea. The evaporated steam, as before, flows 
into the condenser where it is condensed at evaporation 
temperature and pressure and removed. 

The process is repeated in about four succeeding stages, 
each time at a lower pressure and temperature. 

Every stage of the multi-stage evaporation is thus identi
cal with every other stage except in three details. First, 
the primary stage gets its evaporating heat from an outside 
source, whereas each succeeding stage gets its evaporating 
heat from steam condensing in the previous stage. Second, 
the temperature in each stage is about 100°F. below the 
temperature of the preceding stage. Hence, if the tempera
ture in the first stage were 600°F., the temperature in the 
fifth stage would be about 200°F. Third, as the tempera
tures in the later stages fall, the specific volume of the 
steam rises. Consequently, the later stages must have larger 
condensers and evaporators to accommodate the same 
weight of steam. 

Several conclusions can be drawn from this study. Al
though its initial cost is rather high, the multi-stage evapo
rator provides an economical means of producing fresh 
water from sea water when a low cost source of heat is 
available. Various waste heat sources can be utilized to 
heat the low-temperature feed water. It would be an excel
lent device to use with any solar energy supply. 

It is possible with this setup to get as high as five pounds 
of fresh water per pound of supply steam. This is about 
twice as much as could be expected from a multi-stage 
flash evaporator and about five times as much as could be 
obtained from an ordinary boiler. 

SPECIAL FEATURE ••• BIG DRILL 

The Penrod Drilling Company's submersible drilling 
barge .Jim Woodruff~ now in service in the Gulf of Mexico, 
can generate enough power to satisfy the needs of a town 
of more than 2,000 inhabitants. 

Drilling power comes from a battery of five diesel en
gines connected to an electric drilling d-e rig drive package 
built by General Electric. Three more diesels drive a-c 
generators for auxiliary power. The crew quarters, dining 
room, and recreation room of the 1 im Woodruff are air 
conditioned throughout. 

The strange looking craft is 190 feet long, 150 feet wide, 
and measures 90 feet from the keel to the bottom of the 
platform. 
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From Oak Ridge 

To 

Europe; The 'Log 

Introduces: 

by DENNIS BARNAAL 

"Toughest part of taking a '57 Dodge to Europe was 
driving back between Chicago and Minneapolis. As a 
matter of fact, our ten year old boy did the navigating in 
Paris from a map." So speaks Dr. Nier of the family trip 
to Europe during the spring and summer of 1957. 

It is quite possible the boy is but a "chip off the old 
block." Dr. Nier was only 15 years of age while a senior 
in high school in St. Paul. He recalls little "typing, tap
dancing and tomfoolery" while there, however. A simul
taneous morning and evening paper route kept him quite 
busy. There was seldom time to work in the laboratory 
after school although he enjoyed working on various elec
trical gadgets. At the time, Dr. Nier didn't know such 
people as Physicists existed- a word he was to hear in
numerable times in later life. 

As a student at the University of Minnesota, Dr. Nier 
was enrolled in electrical engineering. It is somewhat 
ironic that he was in the first class to use the then new 
physics building. Professor Hartig was instrumental in 
convincing Dr. Nier to remain in graduate school rather 
than first seek job experience. He received his masters in 
electrical engineering. It is somewhat ironic that he was 
in the first class to use the then new physics building. 
Professor Hartig was instrumental in convincing Dr. N ier 
to remain in graduate school rather than first seek job 
experience. He received his masters in Electrical Engineer
ing but was also careful to include many physics courses. 
Since a master's degree was at that time the end of the 
line in electrical engineering at the U. of M., Dr. Nier 
actually faced no major decision. 
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He finished his doctoral work at the University under 
the world renowned Dr. Tate, editor of The Physical Re
vue for many years. 

It was while in graduate school that Dr. Nier began his 
now well known work in mass spectroscopy. Others had 
been working in this area but moved principally into what 
is now known as "low energy physics." Dr. Nier was left 
working by himself on a systmatic program of determin
ing just what isotopes exist in nature and their relative 
abundances. 

After receiving his Doctor's degree, Dr. Nierwas awarded 
a National Research Council Fellowship. Through this 
award he did research at Harvard for two years but re
turned to the University as assistant professor in 1938. 

During the war civilian offices were set up, and 
early work on the separation of the uranium isotopes was 
done by Dr. Nier under these auspices. A few samples were 
made for Government testing in 1941-42. But in the sum
mer of 1943, Dr. Nier left to work for the Oak Ridge con
tractors. A million things could go wrong in the miles and 
miles of process gas piping at Oak Ridge. Various meters 
were needed to detect leaks in the piping and figure out 
just what was going on in the $100 million plant. 

Dr. Nier brought several students to New York where 
a lab was developed to design these instruments. Here 
they developed the first automatic recording mass spectro
meters for analyzing process stream gas. The research work 
was more of an applied sort and somewhat astray from 
what is commonly thought of as the field of physics, but 
much valuable experience was acquired in building in
struments. 
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Nier recalls getting to know every bump on the railroad 
between New York and the G.E. plant at Schenectady as 
a little bonus. 

Returning to teaching at the University in 1945, Dr. 
N ier started again where he had left off in mass spectro
scopy. He became acting Chairman of the Physics Depart
ment in 1950, when Dean Buchta was made acting Dean 
of SLA, and took the full chairmanship in 1953. A disad
vantage that looms large in accepting a position such as 
this is the load of administrative work that cuts so severe
ly into desirable research time. The present system that 
works quite well gives Dr. Verbrugge a large part of the 
administrative work and leaves Dr. Nier spending about 
half his time on administrative details. 

"There are exciting things to do and we're doing them," 
says Doctor Nier. Right now, for example, the large pre
cision mass spectrometer is being used to analyse two 
large meteorites in hopes of learning about the history of 
of cosmic rays in the solar system. 

SPECIAL FEATURE 

Two General Electric engineers at the Knolls Atomic 
Power Laboratory here have developed a new electronic 
computing device for measuring, counting and classifying 
time of Hight of neutrons from a nuclear reactor which 
accomplishes in an hour what it previously would have 
taken a man a month to do. 

Engineers have developed the first all-transistorized titne 
of Hight analyzer for use in determining the neutron en
ergy distribution of various types of reactors. It contains 
256 channels, compared to a device previously in use at 
KAPL which furnished only 11 ·channels for recording 
information on different energy range neutrons. 

Employed in reactor development work at KAPL, the 
analyzer, through its work-saving features, has freed highly 
trained scientists from routine calculating work. They can 
now spend time saved in evaluating· information the new 
analyzer provides for thern. 

Savings in time and labor by the new analyzer are 
matched by the space it conserves at the laboratory. The 
device is only eight inches high, 19 inches lortg and 13 
inches deep, compared to earlier analyzer equiprnent 
which took up at least 10 times that amount of space at 
the laboratory. 

Most of the space-saving came in use of 293 General 
Electric transistors in place of as many vacuum tubes, 
along with more compact circuitry through use of printed 
circuits. 

In addition, the new analyzer uses only eight watts of 
power, compared to two kilowatts needed to operate the 
earlier vacuum tube equipped analyzer. 

The KAPL engineers said the analyzer works this way: 
Development of new reactors at KAPL involves mock

up of various fuel arrangements and accurate measure
ment of resulting neutron energy spectrum. 

This is accomplished in a large part by measuring the 
time of Hight of neutrons over a given distance and record- ' 
ing the number of these neutrons which fall into 256 
different velocity ranges. Through various calculations, 
scientists can convert the velocity of these neutrons into 
corresponding energy ranges. 
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It may even be possible to learn about cosmic radiation 
outside the solar system through meteorites that have come 
from outside. 

In addition to this are the researches in cosmic rays and 
upper atmosphere physics, low temperature and solid 
state physics, and theoretical physics. The School of Phys
ics also has excellent machine and instrument shops. 

But it's not all work and no play for Dr. Nier. With his 
wife, 14 year old daughter, and 11 year old s(m, Dr. Nier 
enjoys a part of each summer on Cass Lake, Minnesota. 
The already mentioned trip to Europe was the third for 
Dr. Nier although the first for the entire family. Taking 
a spring quarter leave, he and the family landed at le 
Havre, France, and traveled by car over a large part of 
Europe. They visited many laboratories, and Dr. Nier 
gave colloquium talks at various Universities. He returned 
to our University in the fall with a well traveled Dodge 
and a few more tales of Europe. 

To accumulate this vital information, a neutron beam 
coming· out of the thermal test reactor is chopped by a 
rotating shutter so that velocity can be measured. At the 
end of a Hight path of established length, the neutrons 
are detected by a counter and the information relayed to 
the analyzer. 

lnforrnation on each neutron counted is directed into 
one of 256 channels, each representing a velocity range. 
Up to G5,53G neutron counts is stored in each of these 
channels. 

After the experiment this information is transmitted 
over cables to electronic calculating equipment which 
punches information from each channel of the analyzer 
on to a separate card. 

This information is then fed into a digital computer for 
analysis of the data from the cards and the result is then 
automatically plotted on a graph which shows. the reactor 
energy characteristics. 

The entire operation from neutron count to )Jroduction 
of a graph which reveals the energy spectra of the reactor 
requires only about an hour, compared to what would 
have been a month's work for a single scientist recording 
data manually. 
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This goes one step beyond push-button warfare, for at 
the Talos Defense Unit you don't even need to push a 
button to send this weapon into action. 

The base- an electronic control center which can go 
into action by itself in response to warning signals from 
remote outposts-was built by RCA on the proving ground 
here and turned over to the Defense Department on that 
date. 

A decade ago, it would have seemed like a figment of 
science fiction to speak of a base that could fire a missile 
and guide it to its target without the help of a human 
hand. 

The Talos Defense Unit (TDU) is composed of three 
structures- one a long·, low concrete and steel building 
(316 x 80 feet horizontally, 30 feet tall) containing the 
control center, and the other two circular magazines with 
the launchers, resembling anti-aircraft guns, in the center 
and numerous cells on the perimeter to house the missiles 
themselves. All three are built to withstand the pressures 
of the missile Jake-off and bear misses from enemy bombs, 
and all are air filtered for protection of the equipment 
and personnel. 

In general terms- and within the bounds of military 
security- this is what the TDU is designed to do: 

Suppose a fleet of enemy bombers, or perhaps a single 
missile, is detected by one of the numerous warning systems 
spanning the North American continent. A signal is sent 
to the TDU, where it is received by a series of data
handling and computing machines. These decode the in
formation and analyze the number of attackers, their 
location, course and speed of approach. 

Next a scheduling and programming computer sets the 
logical points of interception. Then it starts the machinery 
to load the missiles onto the launchers and fire them at 
the proper time and in the proper direction. 

In this stage- still without the lifting of a human hand 
-the blast-proof concrete-and-steel cell doors swing open 
to release the missiles the computer has selected. The cells 
have reinforced concrete walls two feet thick and are so 
constructed that, should one of the missiles go off by mis
take, the blast would go upward through the roof rather 
than horizontally to detonate the other missles. 

As a cell is opened, one of the launchers circles to face 
it and sends a small cart down a railed bridge to the door. 
Swiftly the missile is loaded on the cart and rolled on to 
the launcher. Then the launcher swings to the desired 
position of fire. After an automatic check-out- and at the 
proper time- the projectile is fired. All of this is done 
automatically. 

There are two stages of flight after the initial upward 
thrust. First the missile follows a guidance beam to the 
vicinity of the target. This is a version of RCA's precision, 
long-range, high-power instrumentation radar which has 
been tested by the U.S. Bureau of Standards and found to 
be the most accurate radar in existence. Second, as the 
missile approaches the target, a secret "homing" device 
senses its presence and "locks on" to the target to close 
in for the kill. 

During all of this action, the military personnel at the 
TDU 1nerely observe and monitor the performance of 
the equipment. However, several modes of operation that 
are less automatic and employ some human operators are 
possible. Both the equipment and the operators are main
tained in,a constant state of readiness by use of automatic 
practicing devices and system-checkout equipment. These 
employ tape, bearing data on a simulated engagement, 
which is played through the system. 

One of the numerous advantages of the Talos unit is 
the fact it can fire single missiles or numerous missiles si
multaneously at a number of different targets and can con
tinue to fire over an extended period of time. Also, it can 
carry either a high-explosive or nuclear warhead. 

The Talos missile is about 20 feet long, 30 inches in 
diameter and weighs 3,000 pounds. It is accelerated by a 
large solid fuel booster rocket some 10 feet long, which 
is jettisoned when the missile reaches cruising speed. At 
this time the main ramjet engine, using kerosene as fuel, 
ignites and provides thrust to keep the missile at constant 
speed throughout its flight. The engine develops 40,000 
horsepower. 

Completion of the land-based unit now enables the 
Anny to use the same weapon produced for the Navy, an 
important factor from an economy standpoint. 
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Men at worl~ ... on tomorrow! 
Young men like Dr. Wayne E. Smith are help
ing to shape the future through research in the 
exciting and challenging field of polymers in 
the laboratories of Standard Oil. 

In just a few years time, petrochemicals 
have mushroomed into a major industry-and 
there is still much pioneering work to be done. 

Specifically, Dr. Smith is working on the 
fundamental chemistry of catalysts-an area 
in which Standard is a leader. From such basic , 
research will come new and useful products 
for the future. Used in making polyethylene, 

our catalysts are also proving useful in pre ... 
paring many other new products. 

Dr. Smith received his B.A. in 1951 from 
Tarkio College, Tarkio, Missouri, and his Ph.D. 
in physical chemistry from the University of 
Nebraska in 1955. He is married and has three 
daughters. He is active in church work and sports. 

I-Iundreds of other young men with scientific 
and technical backgrounds are building suc
cessful careers at Standard Oil. Their work is 
helping to make important contributions to 
petroleum progress. 

STANDARD OIL COMPANY 
910 SOUTH MICHIGAN AVENUE, CHICAGO 80, ILLINOIS 

MAY 1958 

THE SIGN OF PROGRESS ..• 

THROUGH RESEARCH 
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mundson 

by W. A. MABERRY 

HEJ\HCAL ENGINEERING, WORKING through the :M.S. de
gree, coupled with a Ph.D. in mathematics, well quali
fy Dr. Neal R. Amundson to head a chemical engineer

ing department where fundamentals are stressed. 
Dr. Amundson graduated from St. Paul Central High 

School in 1933 and went directly to the University of :Min
nesota where he obtained his B.Ch.E. degree in 1937. Fol
lowing graduation, he joined Standard Oil of Louisiana 
(now Esso) as a process engineer. After two years with the 
company, he decided to return to the university for gradu
ate work in the fall of 1939. \r\Thile studying as a graduate 
student in chemical engineering, he held a teaching as
sistantship in the I.T. math department. Upon receiving· 
his l\1.S. in chemical engineering in 1941, he switched his 
major to mathematics and continued graduate studies 
while working as an instructor in the LT. math depart
ment. In 1944, he obtained his Ph.D. in mathematics and 
continued graduate studies while working as an instructor 
in the LT. math department. Irt 1944, he obtained his 
Ph.D. in mathematics from the University of Minnesota 
and became a post-doctoral fellow in applied mathematics 
at Brown University for the following year. Returning to 
Minnesota, he taught in the I.T. math department until 
the fall of 1947, when he became an Associate Professor in 
the chemical engineering department. Two years later, he 
became acting had of the department and was appointed 
department head in 1951. 

It was during this latter period that the chemical en
gineering department moved into its new building, which 
was completed in August of 1950. Recognized as the finest 
chemical engineering building in the country, its equip
ment and facilities far surpass those available in the de-
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partment prior to its construction. Dr. Amundson and his 
staff spent three years working on the new building, 
making plans, and ordering individually each bit of equip
ment- right down to the furniture. It was with a solid 
feeling of achievement that the department moved from 
the dim basement of the chemistry buildnig to the well
lighted new building. One might guess that the many years 
spent by the department in the dark basement are respon
sible for the walls of windows on all floors of the present 
building, even the basement. 

Dr. Amundson's policy of turning out the best possible 
graduates from an up-to-date curriculum has resulted in 
recognition of the department as one of the most progres
sive in the country. All emphasis is placed on funda
mentals and the curriculum is continuously being revised 
in order to maintain the standing of the department 
among the top five in the United States. 

In keeping with his policy of maintaining a modern de
partment for the benefit of students and staff, Dr. Amund
son has created a student-faculty liaison group which is 
at present, unique in the Institute of Technology. This 
Chemical Engineering Council, which has operated well 
for several years, is composed of an elected member from 
each of the three upper classes and the president of the 
student chapter of A.I.Ch.E. The council meets with Dr. 
Amundson bi-weekly, for the purpose of two-way com
munications. Suggestions, information, etc., can thus be 
carried directly to and from the students. 

In research, Dr. Amundson has concentrated on mathe
matical problems applied to chemical engineering, in the 
general class of Chemical Reactor Dynamics, and associ
ated problems of heat and mass transfer in fluid-solid sys-
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tern systems. He has done work on calculational techniques 
in multicomponent fractionation, and investigations of 
reactor stability and sensitivity to change. During the past 
few years, as a consultant for Remington-Rand Univac, 
he has been working with machine computations using 
large digital machines. Also recently, he has been a consult
ant, in conjunction with Dr. Isbin of this department, for 
Westinghouse Corporation on problems of emergency cool
ing of nuclear reactors. The work was connected with the 
Navy submarine program and involved calculational tech-

DR. PARHA PRIES 
I T RGA IC LECULES 

by W. C. SUMMERS 

T HE sTRUCTURE and attachment of atoms within ma
terials has long· been the subject of study in organic 
chemistry. Basic discoveries, however, are frequently 

difficult to dramatize until further research finds their 
practical application in the fields of new drugs, new poly
mers, new plastics, etc. Nevertheless, back of all these ad
vances in technology is a long, and exciting period, deal
ing with investigation of new laws, new reacticns, and new 
techniques. 

Dr. William Parham, professor of Organic Chemistry at 
this university, carrying on research under the rather awe
some title "the relationship of chemical structure to chem
ical reactivity," has predicted the stability of new types of 
org:.tnic molecules. His interest in the electrical behavior 
of sulfur and oxygen in organis molecules, has lead to an 
investigation and discovery of the procedures by which 
these compounds can be prepared from available, less 
complicated starting materials. This new system, called 
"Dithiadene," is highly unsaturated, containing sulfur, 
and or its derivatives. It possesses far greater stability and 

reactiVIty than could be previously anticipated. These 
systems ·Can be changed and modified by processes not dis
similar in type from those involving the syntheses of "da
cron" or "anti-freeze" from petroleum; some of these new 
compounds show great promise as potentially new drugs 
in the fight against bacterial infections. (Work supported 
since 1952 by the Offi.ce of Ordnance Research, U. S. 
Army). 

Although Dr. Parham's principal interest has been in 
investigations of new reactions and techniques for modify
ing the structure of org·anic matter, he is presently study
ing the mechanisms by which certain org·anic molecules 
can arrest the developmnet of specific forms of cancer cells. 
He and his students are hopeful that this study will result 
in new and more effective compounds for use in cancer 
chemotherapy. 

MAY 1958 

niques for predicting the effectiveness of natural convec
tion for cooling submarine reactors in an emergency. 

Dr. Amundson lives in south Minneapolis with his wife 
and three ·children, Gregg, Beth, and Erik. He is a good 
golfer and plays regularly. The Amundsons spent an in
teresting year in 1954-55, while he was a Fulbright scholar 
and a Guggenheim fellow at Cambridge University in 
England. The family toured Europe and England for a 
total of 16,000 miles and found good food and friendly 
people. 

Special Feature ED e ED 

LE SE E 

A huge zero-power reactor core mock-up, called the 
Plastic Mock-up Assembly (PJVIA), materially assists scien
tists and engineers at the Knolls Atomic Power Laboratory 
{KAPL) here to determine the best nuclear fuel pattern 
needed for two reactors which will power the world's first 
atomic-powered destroyer. 

KAPL designed and built the nuclear power plant for 
the submarine SEA WOLF and is currently designing a 
two-reactor power plant for the TRITON, which will be 
the world's largest submarine. The recently organized 
nuclear Destroyer Project (DIG), in co-operation with the 
Bethlehem shipbuilding division of the Bethlehem Steel 
Company, is designing the nuclear propulsion plant for 
the atomic-powered destroyer. 

The PMA will utilize plastic as a moderator in place of 
pressurized water which will moderate the actual reactor 
for the DIG propulsion system. 
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From Theorv to Practice in 

AERODYNAMI~ 
' 

TRU~TURE, 

Aeronautical Engineers begin their careers much like 
any other field of engineering. The first two years are 
basic for the curriculum of the university. Beginning with 
the third year, the addition of aeronautical courses to the 
mechanical background give him qualifications in both 
mechanical and aero. vVith slight further applications on 
mechanical courses any aero could become a mechanical 
engineer. 

This is made possible by the solid core of subjects to 
which he is subjected. Statistics, dynamics ·and strength of 
materials lay the foundation for structures. lVIaterials, 
kinematics and drafting fonn the core of mechanical, and, 
surveys carry out the field of electrical and hydro
Inechanics. 

Where the divergence becomes pronounced is with the· 
aerodynamic courses which carry through the final three 
years. This begins with a general outline of aerodyn<:nnic 
theory and basic performance calculations. Then, the en
vironment and physics of the atmosphere are used to fa
miliarize him with effects on aircraft and functioning of 
the human body. 

Future Aeronautical Engineer Removing F-84 Engine 
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by RICHARD JOHNSON 

One of the most interesting courses is the aeronautical 
laboratory. For this the F-84 Thunderjet that was donated 
to the department is used. Experin1ents on the F-84 against 
the student with the workings of a modern jet. 
Basic problems can be resolved as a preparation for the 
fourth year courses in structures and aerodynamics of the 
a:rplane. 

Aircraft structures are quite complex in analysis and 
preparation by the student requires two basic courses in 
this field. Primary interest is in determining the loads re
sulting on an aircraft in flight and on the statistically in
determinate structure of the craft. :Many interesting prob
lems arise in the handling of wing and fuselage structures 
and an additional fifth year sequence is available for stu
dents desiring to 1najor in structures. 

Basic aerodynamic theories are developed and the clas
sical approaches to the determination of performance, 
stability and control are discussed in some detail also in 
the fourth year. These are expanded to handle actual 
performance, stability and control calculations. These 
fundamentals are used in designing a jet transport in the 
fifth year. 

Engine Torn Down for Display. 
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The culmination of the previous four years work is SPECIAL FEATURE 
brought about in the design lab where the student is as-
signed a jet transport to fit certain minimum requirements 
and to carry through the design embodying these. The f h 1 
challenge of developing a physical theme from mere theory Lot 0 S 0 v e 
and calculation is an exciting one. Of course this plane 
will never fly and the calculations are no where complete, 
but as complete as three quarters of work will allow. 

This plane gives one final chance to become acquainted 
with the formulations of aerodynamics before leaving the 
university. All of the acquired knowledge is put to the 
test of trial; there cannot be any test for error, however. 

Among the facilities which the student is able to use 
either for class or research work are many and varied items 
found both on the campus and at Rosemount Aeronauti
cal Laboratories. 

In the hang·ar, which is a familiar sight to all engineers, 
are located the F-84 Thunderjet, a Sikorsky helicopter and 
an old army observation plane. These are used for demon
stration and display. To provide a working model one side 
ofthe F-84 has been stripped of its skin to reveal the struc
ture and mechanisms involved in operation. The hydraulic 
system will· be put into operation to give an actual oper
ating mode. Also coming for display are three ejection 
seats and capsules from Wright Air Development Center. 

Above the hanger on the third floor is the subsonic wind 
tunnel. This tunnel is a horizontal closed-return type with 
a six-to-one contraction ratio leading to a 38x54 inch test 
section. Flow velocities up to 200 miles per hour may be 
obtained from the 100 horsepower, 1000 constant speed 
variable pitch propeller. Different flow velocities are avail
able by varying the propeller pitch. Forces on the models 
are measured with a three component (lift, drag, and 
moment) balance system. 

Below the hanger in the basement are facilities for struc
tlires testing. Here thermal stress tests can be run, strain 
gage analysis of materials, and, on loads on an actual wing 
suspended from the wall. Space frame and suspended 
plates can also be analyzed. Also located here is a water 
two which is used as an analogy to find the shock waves 
produced behind wind tunnel models. 

At the other end of the basement is a physiological 
laboratory. This contains a cold chamber, a high altitude 
chamber which simulates conditions up to 70,000 feet 
which has been used for testing human personnel. Below 
this is located a low density wind tunnel which is used 
for research work. 

Also students are allowed to use the wind tunnels, both 
the subsonic campus tunnel and the supersonic tunnels at 
Rosemount Research Labs. Actual testing of a J-57 jet 
engine is also done at Rosemount. This wind tunnel work 
gives experience in test procedure, testing of models, mea
surements and balance familiarization. 

Other facilities on campus are a completely equipped 
wood and model shop and a machine shop. There are 
Link trainers for instruction in blind flying. Also a dark
room for research developing is available. 
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Every 55 seconds this 2400-ton stripping shovel scoops up 55 tons of 
overburden at the Greenville, Kentucky, property of River Queen Coal 
Company. With a 145 ft. boom and 86 ft. dipper stick to give a wide 
sewing range and maximum spoil pile height, the loads transmitted to 
the base are hefty and complex. They are handled with a considera
ble margin of safety by a new type of welded steel design perfected. 

The sides are welded box girders, 8 ft. 4 in. deep and 5 ft. wide, field 
welded on the flanges to diagonals and corner girders. The base is 40 
ft. square, with a 38ft. diameter roller circle. 
The new welded design of the 226 ton base produced an overall 
cost saving of 24% and a reduction in the shovel's operating costs 
of 20%. 
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SPECIAL FEATURE 

IN REVIEWING THE HISTORY of the Mesabi Range, it is 
apparent that in spite of increased use of beneficiation 
there has been a general deterioration of the quality 

of the ore shipped, and a general depletion of the ore re
serve. This requires, if we are to continue mining opera
tions at their present level, the utilization of the lower 
grade deposits and the magnetic and non-magnetic tacon
ites. 

Blast furnace operators, being pressed by management 
to increase production with the available facilities, have 
finally arrived at the conclusion that a higher quality raw 
material containing more iron and better physical proper
ties does in fact give appreciably higher production. The 
discovery of the high iron content deposits of Laborador 
and South America, have therefore exerted great pressure 
on the mining companies on the range to not only main
tain the iron content of the ore shipped, but to increase it, 
withsubsequent decrease of the silica content. 

The magnetic taconite proc~ss in use on the eastern part 
of the Mesabi Range produces' a product with competitive 
iron content. In this case the iron is present as a fine 
grained magnetite, Fe:{04, and the process depends on its 
high magnetic susceptibility to accomplish a. separation 
from the worthless gangue. 

On the western end of the 1\!Iesabi Range, the area rep
resenting the largest part of the iron resources of the state, 
the iron is present as hematite, Fe20 8, and goethite, 
Fe20a · H 20, both of which have low magnetic suscepti
bility. This requires that any scheme for separation of the 
valuable ·constituent be either based on some other physi
cal property such as specific gravity or surface properties, 
or that some method be used to change its magnetic prop
erties. 

If these minerals are subjected to a reducing atmosphere 
at elevated temperatures they will react as follows. 

Fe20a · H 20 + Heat = Fe20 8 + H 20 
3 Fe20 8 + CO = 2 Fea04 + C02 or 
3 Fe20a + H 2 = 2 Fe:30 4 + H 20 

The resulting Fe80 4 will have the same magnetic proper
ties as the natural magnetite, and can be concentrated by 
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by JOHN HANSON 

the same process. Calculations of the Gibbs Free Energy 
and equilibrium constant show that an atmosphere con
taining 1 part CO per million parts C02 is in equilibrium 
with Fe20 8 and Fe30 4, but these calculations tell nothing 
about how rapidly the reaction will proceed toward equil
ibrium.· 

Preliminary studies using CO and C02 atmosphere have 
shown that the reaction will proceed to equilibrium in a 
short ti1ne. From the equations listed above, it can be 
noted that as the reaction proceeds there is a loss of oxygen 
and a corresponding loss of weight due to the reducing 
action. The progress of the reaction can accordingly be 
followed by suspending a specimen from an analytical bal
ance into a reducing chamber. By using specimens of 
differing size and grain size, controlling the tempeq.ture 
and the gas composition of the reducing chamber, and 
periodically recording the weight, the reaction rate can be 
correlated with each of the following variables: 

1. Temperature, which according to Arrhenius' Theory 
should have an exponential effect. 

2. Composition of the gas phase as a reaction proceeds 
faster when it is farther from equilibrium. 

3. As the reaction is one of transferring the oxygen from 
the specimen into the gas phase, there is some effective area 
through which this can take place. vVhat this effective area 
is will depend upon the mechanism of the reaction. If, for 
example, the mechanism is one of bulk diffusion the sur
face of the specimen would be the effective area. If, on the 
other hand, the mechanism is one of diffusion along grain 
boundaries and pore spaces, the grain boundary area 
would be the effective area. During the course of the ex
periment, the grain size and size of the specimens will be 
varied, and from the effects these variables have on the 
rate of the reaction, the mechanism may be determined. 

Upon completion of this reseatch, its results will be use
[ul in the design and operation of magnetic roasting equip
Tnent as well as gaining basic knowledge of the mechanism 
of reduction. 

.fohn Hanson is a ReseaYch Fellow at the 1\!Iines Expe'ri
ment Station arid is currently working toward a Ph.D. in 
JW.etallurgical Engineering. 
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' I I ! 
One day three men, a Lawyer, a Doctor and an Engineer, appeared before 

St. Peter as he stood guarding the Pearly Gates. 

The first man to step forward was the Lawyer. With confidence and assurance, 

he proceeded to deliver an eloquent address which left St. Peter dazed and be
wildered. Before the venerable Saint could recover, the Lawyer quickly handed 
him a writ of mandamus, pushed him aside, and strode through the open Portals. 

Next came the Doctor. With impressive, dignified bearing he introduced 
himself: "I am Dr. Brown." St. Peter received him cordially. "I feel I know you, 
Dr. Brown. Many who preceded you said you sent them here. Welcome to our 
Cityl" 

The Engineer, modest and difficult, had been standing in the background. 
He now stepped forward. "I am looking for a job," he said. St. Peter wearily 
shook his head. "I am sorry," he replied, "we have no work for you. If you want 
a job, you can go to Hell." This response sounded familiar to the Engineer, and 
made him feel more at home. "Very well," he said, "I have had Hell all my life, 
and I guess I can stand it better than the others." St. Peter was puzzled. "Look 
here, young man, what are you?" "I am an Engineer," was the reply. "Oh, yes," 
said St. Peter, "Do you belong to the Locomotive Brotherhood?" "No, I am sorry," 
the Engineer responded apologetically. "I am a different kind of Engineer." "I do 
not understand," said St. Peter, "what on Earth do you do?" The Engineer re
called a definition and calmly replied: "I apply mathematical principles to the 
control of natural forces." This sounded meaningless to St. Peter, and his temper 
got the best of him. "Young man," he said, "you can go to Hell with your mathe
matical principles and try your hand on some of the natural forces there!" "That 
suits me," responded the Engineer, "I am always glad to go where there is a tough 
job to tackle." Whereupon he departed for the Nether Regions. 

And it ·came to pass that strange reports began to reach St. Peter. The Celes
tial denizens, who had amused themselves in the past by looking down upon the 
less fortunate creatures in the Inferno, commenced asking for transfers to that 
other domain. The sounds of agony and suffering were stilled. Many new arrivals 
after seeing both places selected the Nether Region for their permanent abode. 
Puzzled, St. Peter sent messengers to visit Hell and to report back to him. They 
returned, all excited, and reported to St. Peter. 

"'That Engineer you sent down there," said the messengers, "has completely 
transformed the place so you would not know it now. He has harnessed the Fiery 
Furnaces for light and power. He has cooled the eatire place with artificial re
frigeration. He has drained the Lakes of Brimstone and has filled the air with 
cool perfumed breezes. He has Hung bridges across the Bottomless Abyss and has 
bored tunnels through the Obsidian Cliffs. He has ·created paved streets, gardens, 
parks and playgrounds, lakes, rivers, and beautiful waterfalls. That Engineer 
you sent down there has gone through Hell and has made of it a realm of hap
piness. peace, and industry!" 
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ho e the Business? 
If you passed this junction next 
Sunday, looking for a likely stop· 
ping place, which advertiser would 
get your business? 

A toss-up? Yes, probably. 

Maybe you feel the same way, 
too, about the printed advertising 
that bombards you daily. 

But how about your printed ad
vertising? Does it win your pros~ 

pect's attention, move him to single 
out your product? 

* * * In today's competitive markets, 
your advertising's influence on sales 

depends more than ever on print
ing that faithfully reproduces every 
pictorial detail. Faithful reproduc
tion is a mechanical thing, and a 
means to an end: more sales. 

\Vho gets the business? Jones 
Press is interested in seeing that 
you get the business. You'll like 
Jones Press! 

lONES ~ PRESS 
FIFTH & FIFTH SOUTH e MINNEAPOLIS 



Recently AiResearch engineers were 
called upon to develop an accessory 
power motor for aircraft and mis
siles which would operate at 
+ 1000° F .... a temperature area 
where present-day hydraulic and 
electrical devices fail. 

Their answer was this cam piston 
air motor, pictured above in a spe
cially built transparent shell. Operat· 
ing on hot air or gas, its efficiency 
actually increases as temperatures 
rise. 

This problem and its solution are 

typical of many encountered at 
AiResearch in aircraft, missile, 
nuclear and electronic fields. Specif
ically, you'll find them in system 
electronics; computers and flight 
instruments; gas turbine engines and 
turbine motors; cryogenic and 
nuclear systems; pneumatic valves; 
servo control units and air motors; 
industrial turbochargers; air condi
tioning and pressurization; and heat 
transfer. 

Upon your employment, in addi
tion to direct assignments, a 9-month 

orientation program is available to 
aid you in selecting your field of 
interest. This permits you to survey 
the project, laboratory and adminis
trative aspects of engineering at 
Garrett. Also, with company finan
cial assistance, you can continue 
your education at outstanding uni· 
versities located nearby. 

Project work is conducted by smalJ 
groups where individual effort is 
more quickly recognized and oppor
tunities for learning and advance
ment are enhanced. 

• For full information write to Mr. G. D. Bradley. 

THE CORPORATION 

9851 S. SEPULVEDA BLVD., LOS .ANGELES 45, CALIFORNIA 

DIVISIONS: AIRESEARCH MANUFACTURING, LOS ANGELES e AIRESEARCH MANUFACTURING, PHOENIX e AIRSUPPLY 

A/RESEARCH INDUSTRIAL e REX e AERO ENGINEERING e AIR CRUISERS e AIRESEARCH AVIATION SERVICE 
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I LE E T 
This year has seen closer cooperation· between the 'Log 

and the Daily than perhaps ever before. The Daily's ex

cellent coverage of daily news in LT. has supplemented 

the 'Log's coverage and equally important has brought 

events of technological interest to a campus-wide reader

ship. The top-notch coverage of E-Day in the Daily and 

the Tech commission article in the ToweY was greatly ap

preciated by the groups involved. 

It is hoped that this year's precedent has set the stage 

for a new era of cooperation between the 'Log and the 

ohter campus publications; for, by working together more 

closely, it seems vrey possible that greater understanding 

and appreciation of endeavor in diversified fields can re

sult. 
JFC 

By knowing about some of the projects underway at the 
Babcock & Wilcox Company, an engineer may see his 
personal avenues of growth and advancement. For today 
B&W stands poised at a new era of expansion and 
development. 
Here's an indication of what's going on at B&W, with 
the consequent opportunities that are opening up for 
engineers. The Boiler Division is building the world's 
largest steam generator. The Tubular Products Division 
recently introduced extruded seamless titanium tubing, 
one result of its metallurgical research. The Refractories 
Division developed the first refractory concrete that will 
withstand temperatures up to 3200 F. The Atomic Energy 
Division is under contract by the AEC to design and 
build the propulsion unit of the world's first nuclear
powered cargo vessel. 

B &W · engineers discuss developments 
in the Universal Pressure Boiler. 

These are but a few of the projects- not in the plan
ning stage, but in the actual design and manufacturing 
phases- upon which B&W engineers are now engaged. 
The continuing, integrated growth of the company offers 
engineers an assured future of leadership. 
How is the company doing right now? Let's look at one 
line from the Annual Stockholders' Report. 
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CONSOLIDATED STATEMENT Of INCOME 
(Statistics Section) 

(in thousands of dollars} 

1955 1956-UNFIU.ED ORDERS 

$129,464 $213,456 $427,288 
(backlog) 

Ask your placement officer for a copy of uopportu?ities 
with Babcock & Wilcox" when you arrange your mter
view with B&W representatives on your campus. ?r 
write, The Babcock & Wilcox Company, Student Tram
ing Department, 161 East 42nd Street, New York 17, N. Y. 

N-220' 
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from Donald W. Dou las, Jr. 

President, Douglas Aircraft Co., Inc. 

Here at Douglas we're involved in a greatly 
accelerated missile and space program. This 
requires one of the most intensive engineering 
and research efforts in our history. 

The problems are great ones as we move into 
the new dimension of unmanned and manned 
space vehicles. They require specialists in almost 
every engineering field. But their solution will 
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result in great benefits not only to our own nation 
but to all mankind. 

If you're interested in tackling these problems 
with us ... in giving your best in an all-out drive 
to solve them ... we're interested in you! 

Please write to Mr. C. C. La Vene 
Douglas Aircraft Company, Box 6102-K 

Santa Monica, California 
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In lVlemoriam of a Great Scientific Effort 

We have just received word by cablegram that poor old 
Columbus has had it. After working so diligently on his 
hypothothesis that the world is round, he finally got up 
enough courage to ask the queen for financial support. He 
pleaded eloquently with good old Queenie for three ships 
and a loyal, trustworthy crew, which he finally got after 
the old girl hocked all her loot. 

Backed by a loyal, trustworthy, brave, reverent, honest, 
etc. crew, Columbus finally set sail, amid a blaze of glory 
and empty champagne bottles. He sailed west for four
teen days, and fell off the side of the earth.-Syracusan. 

The eager relatives gathered for the reading of the will. 
It contained one sentence. "Being of sound mind, I spent 
every damn cent I had." 

The bride~ white of hair~ is stooped over her cane~· 
Her footsteps~ uncertain, need guiding. 
While down the chuTCh aisle~ with a wan~ toothless smile, 
The groom in a wheelchair comes riding. 
And who is the elderly couple just wed? 
You'll find when you've closely explored it. 
That here is a rare, nwst conservative pair 
Who waited till they could afford it. 

The athletic young man was doing push-ups in the park very 
early one morning. A drunk, weaving his way home, paused 
to watch him. After a suitable lapse of time, he rambled over 
and tapped the athlete on the shoulder. 

"Shay," he said, "maybe you don't know it, Bub- but your 
girl's gone home." 

The editor of The Technolog must be a gentleman. The door 
I just saw him come out of says so. 

A fugitive scientist from a Boris Karloff horror picture dreamed 
up a serum that would bring inanimate objects to life. He sur
reptitiously tried it out on the statue of a great general in 
Central Park. Sure enough, the statue gave a quiver and a 
moment later the general, creaking a bit in the joints, climbed 
down from the pedestal. The scientist was overjoyed. 

"I have given you life," he exulted. "Now tell me, General, 
what is the first thing you are going to do with it?" 

"That's easy," rasped the General, ripping a gun from his 
holster. "I'm going to shoot about' two million pidgeons!" 
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Nobody Wants Credit for These 

Lulu's boy friend gave her a bicycle- now she peddles it 
all over town. 

His letter from Italy read: "Am enjoying Florence immensely." 
His wife wrote back: "You can stay in Europe. I am having 

a good time with Oscar.'/ 

The young lady was quite relieved after her physical when 
the doctor told her she was not in a family way. 

"Tell me, doctor, how can I prevent any such accident from 
occurring?'1 she asked. 

"Do setting up exercises," he replied. 
/'Before or after?/' she asked. 

'
1
1nstead of," was his instant reply. 

Cab driver unfamiliar with the road: "I take the next turn, 
don't 1?'1 

"Like hell you do/' shouted Taffy Tuttle who was necking 
in the back seat. 

A stately dowager stepped out of her chauffered car and 
stumbled right into a low down saloon by accident. Her spec
tacles fell to the floor. 

1
'Goodness, I've lost my glasses,'/ she exclaimed to a waiter 

who helped steady her. 

"Don't worry, Madam, we furnish glasses," the waiter replied. 
"But you can drink it right out of the bottle if you want to." 

First Man: "You didn't pull your bedroom shades down last 
night and I could see you and your wife making love.'' 

Second Man: "You'd better get your eyes examined ... 
I wasn't even home last night.'1 

Would you say that a burlesque queen who tells jokes is a 
Comic Strip. 

Tom: "Poor Walter was just taken to the hospital." 
Sam: "Unbelievable! It was only last night that I saw him at 

the party and he was dancing and kissing all the girls." 
Tom: "Yeah. His wife saw him too." 

Let us have a toast to our wives and sweethearts - "may they 
never meet." 
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Tear out this page for YOUR STEEL NOTEBOOK ... 

The hole that couldn~t be made will be 20 miles long 

THE Philadelphia Electric 
Company set out to build a 

1·evolutionary new power plant 
that would squeeze more energy 
out of fuel than ever before. This 
meant harnessing the highest 
combination of pressure and 
steam tern perature ever achieved 
in a central station-5,000 psi. 
and 1,200° F. 

The boiler superheater tubes 
that carry this steel will glow red 
hot 24 hours a day, year in, year 
out. If made from the alloy steels 
customarily used, the tube walls 
would have to be so thick that no 
mill could pierce it. So thick that 
heat transfer losses would be 

0 

ruinous to boiler efficiency. A 
super alloy steel was needed, but 
no one had ever succeeded in 
piercing such steel into tubes 
without developing internal 
flaws. 

Combustion Engineering Co., 
designers and builders of the 
boiler, gave the problem to 
Timken Company metallurgists. 
The problem was to make the 
steel with all the alloys in just 
the right balance to produce 
piercing quality steel. 

Thru metallurgical research, 
they achieved the proper balance 
of alloy elements that made it 
possible to pierce 20 miles of 

Fine 
Alloy 

seamless superheater tubes of 
the size shown above. It's another 
example of how Timken Com· 
pany metallurgists solve tough 
steel problems. 

WANT TO LEARN MORE ABOUT 
STEEL OR JOB OPPORTUNITIES? 

For information about fine steel, 
send for "The Story of Timken 
Alloy Steel Quality". And for help 
in planning your future, write for 
"BETTER-ness 
and Your Career 
at the Timken 
Company". Just 
drop a card to 
The Timken Rol
ler Bearing Com
pany, Canton 6, 
Ohio. 

SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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(OR PRETTY NEAR) 

The 1958 Minnesota Yearbook is here. Because of a 

number of unpaid balances on subscriptions, we have 

a limited number of books that will be sold on a "first 

come, first serve" basis. 

If you havedt already done so, hurry over to room 

13, Murphy Hall and pick up your '58 Gopher. 

--
THE G PHER FFICE 13, URPHY HALL 
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PHOTOGRAPHY AT WORK 
No. 33 in a Kodak Series 

The Army's first operational rotor-tip 
propelled jet helicopter- built by Hiller. 

The camera has caught the fuel spray 
pattern within the rear end of the ram
jet engine even though passing by at 
about 450 miles per hour. 

Project: 
Inspect rotor tip jets for a whirlybird 
Hiller Helicopters wanted facts on the fuel spray pattern of a ram-jet engine 
whirling at speeds up to 700 feet per second. Photography got the job. 

W HEN HILLER HELICOPTERS of Palo Alto, Cal. 
-a pioneer in vertical take-off aircraft

developed a rotor-tip ram-jet engine, they knew 
the fuel spray would be subject to high air velocity 
and centrifugal force up to 1200 G's. Would the 
fuel spray be deflected outward and cause the 
jet to lose thrust,? They wanted to know. So they 
set up the camera with its fast eye to catch what 
otherwise couldn't be seen. And they learned the 
right angle of air intake and nozzle to obtain the 
greatest power. 

Using photography in research is an old story 
with Hiller-just as familiar as using it for 
improving public relations. It's an example of 
the way photography plays many important roles 
in modern-day industry. 

In whatever work you do you will find that 

photography will play a part in improving prod
ucts, aiding quality control and increasing sales. 

This is all the human eye could have seen of the 
whirling ram-jet engine as camera takes its picture. 
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CAIU:IERS WITH KODAK 

With photography and photographic processes 
becoming increasingly i1)1portant in the business 
and industry of tomot'iow, there are new and 
challenging opportunities at Kodak in research, 
engineering, electronics, design and production. 

If you are looking for such an interesting oppor
tunity, 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. 



Q. Mr. Hm, what can I do to get the 
most out of my job interviews? 

A. You know, we have the same 
question. I would recommend that 
you have some information on what 
the company does and why you be
lieve you have a contribution to 
make. Looking over company in
formation in your placement office 
is helpful. Have in mind some of the 
things you would like to ask and try 
to anticipate questions that may 
refer to your specific interests. 

Q. What information do you try to get 
during your interviews? 

A. This is where we must fill in be
tween the lines of the personnel 
forms. I try to find out why partic
ular study programs have been fol
lowed, in order to learn basic motiva
tions. I also try to find particular 
abilities in fields of science, or math
ematics, or alternatively in the more 
practical courses, since these might 
not be apparent from personnel rec
ords. Throughout the interview we 
try to judge clarity of thinking since 
this also gives us some indication of 
ability and ultimate progress. One 
good way to judge a person, I find, 
is to ask myself: Would he be easy 
to work with and would I like to 
have him as my close associate? 

Q. What part do first impressions play 
in your evaluation of people? 

A. I think we all form a first im
pression when we meet anyone. 
Therefore, if a generally neat ap
pearance is presented, I think it 
helps. It would indicate that you 
considered this important to your
self and had some pride in the way 
the interviewer might size you up. 

Q. With only academic training as a 
background, how long will it be before 
I'U be handling responsible work? 
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A. Not long at all. If a man joins a 
training program, or is placed direct
ly on an operating job, he gets 
assignments which let him work up 
to more responsible jobs. We are 
hiring people with definite consider
ation for their potential in either 
technical work or the management 
field, but their initial jobs will be 
important and responsible. 

Q. How will the fact that I've had to 
work hard in my engineering studies, 
with no time for a lot of outside activi
ties, affed my employment possibilities? 

A. You're concerned, I'd guess, with 
all the talk of the quest for "well
rounded men." We do look for this 
characteristic, but being president 
of the student council isn't the only 
indication of this trait. Through 
talking with your professors, for 
example, we can determine who 
takes the active role in group proj
ects and gets along well with other 
students in the class. This can be 
equally important in our judgment. 

Q. How important are high scholastic 
grades in your decision to hire a man? 

A. At G.E. we must have men who 
are technically competent. Your 
grades give us a pretty good indica
tion of this and are also a measure 
of the way you have applied your
self. When we find someone whose 
grades are lower than might be ex
pected from his other characteristics, 
we look into it to find out if there 
are circumstances which n1ay have 
contributed. 

Q. What consideration do you give work 
experience gained prior to graduation? 

A. Often a man with summer work 
experience in his chosen academic 
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field has a much better idea of what 
he wants to do. This helps us decide 
where he would be most likely to 
succeed or where he should start his 
career. Many students have had to 
work hard during college or sum
mers, to support themselves. These 
men obviously have a motivating 
desire to become engineers that we 
find highly desirable. 

Q. Do you feel that a man must know 
exactly what he wants to do when he is 
being interviewed? 

A. No, I don't. It is helpful if he 
has thought enough about his in
terests to be able to discuss some 
general directions he is considering. 
For example, he might know whether 
he wants product engineering work, 
or the marketing of technical prod
ucts, or the engineering associated 
with manufacturing. On G-E train
ing programs, rotating assignments 
are designed to help men find out 
more about their true interests be
fore they make their final choice. 

Q. How do military commitments affect 
your recruiting? 

A. Many young men today have 
military commitments when they 
graduate. We feel it is to their ad
vantage and ours to accept employ
ment after graduation and then ful
fill their obligations. We have a 
limited number of copies of a De
partment of Defense booklet de
scribing, in detail, the many ways in 
which the latter can be done. Just 
write to Engineering Personnel, 
Bldg. 36, Sth Floor, General Electric 
Company, Schenectady S, N. Y. 959-s 

*LOOK FOR other interviews dis
cussing: 11 Advancement in Large 
Companies Ell Salary ® Personal 
Development. 
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