


The shape of flight 
The shapes of things that fly have always been 
determined by the materials they are made of. 
Feathers form wings that are basically 
alike for all birds-and membrane forms an 
entirely different wing for insects. It takes 
thousands of years, but nature improves its 

materials and shapes, just as technology 
improves the materials and shapes of aircraft. 
But here, the improvements in materials are so 

rapid that designs become obsolete almost as 
soon as they are functional. 

Today, our aeronautical designers and missile 
experts work with types of materials that 
didn't exist just a few short years ago. 

Steels are probably the most important examples: 
United States Steel has just 

developed five new types of steel for the 
missile program. They are called "exotic" 

steels because they have the almost unbelievable 
qualities necessary for unearthly flights. 

The shape and the success of our space birds 
depend on steel. If you would like to get facts 
about the wide range of career possibilities 
in the steel industry, write to United States Steel, 
Personnel Division, Room 2316, 525 William 

Penn Place, Pittsburgh 30, Pennsylvania. 
USS is a registered trademark 

United States Steel 
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LONG GERMANIUM DENDRITES, grown by a new technique developed in the Westinghouse 
Solid State Physics Laboratory, are here inspected by Dr. A. I. Bennett, research physicist. 

he olid tate Lab h lps yo wh n 
our idea n eds an s miconductor 

The Solid State Physics Laboratory helps Westinghouse 
engineers exploit the rich phenomena of the solid state. 
Problems are solved in low temperature and semicon
ductor physics, and magnetic and ferroelectric materials. 
If an engineer's idea requires a new kind of semicon
ductor, this group may be able to develop it for him. 

This laboratory is staffed by 27 Ph.D.'s, 4 M.S.'s, 
and 7 B.S. junior engineers. Here's one way it ties in 
with work at operating divisions: 

The Air Arm Division is now developing super
miniaturized electronic systems 
Our Youngwood .plant is designing the new devices 
needed for these systems 
The Solid State Physics Lab is perfecting a method 
for growing the dendritic material needed to make 
these devices 

The young engineer at Westinghouse isn't expected to 
know all of the answers. Our work is often too advanced 

for that. Each man's work is backed up by specialists
like the men in this Solid State Physics Lab. Even tough 
problems are easier to solve with this kind of help. 

If you've ambition and real ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportunities 
for talented engineers. 

Want more information? Write to Mr. L. H. Noggle, 
Westinghouse Educational Dept., Ardmore & Brinton 
Roads, Pittsburgh 21, Pa. 

YOU CAN BE SURE ... IF ITS 

V\1( stin ho s 
WATCH WESTINGHOUSE LUCILLE BALL·DESI ARNAZ SHOWS 

CBS-TV FRIDAYS 

MINNESOTA TECHNOLOG 



The care and feeding of a missile system 

It takes more than pressing a button to send a giant rocket on its way. 
Actually, almost as many man-hours go into the design and construction 
of the support equipment as into the missile itself. A leading factor in the 
reliability of Douglas missile systems is the company's practice of including 
all the necessary ground handling units, plus detailed procedures for system 
utilization and crew training. This complete job allows Douglas missiles like 
THOR, Nike HERCULES, Nike AJAX and others to move quickly from test 
to operational status and perform with outstanding dependability. Douglas 
is seeking qualified engineers and scientists for the design of missiles, 
space systems and their supporting equipment. Write to C. C. LaVene, 
Box 600- Y, Douglas Aircraft Company, Santa Monica, California. 

Alfred J. Carah, Chief Design Engineer, discusses the ground installation 

requirements for a series of THOR-boosted space D u LAs 
probes with Donald W. Douglas, Jr., President of 

MISSiLE SYSTEMS Ill SPACE SYSTEMS Ill MILITARY AIRCRAFT Ill JETLINERS Ill CARGO TRANSPORTS Ill AIRCOMB Ill GROUND-HANDLING EQUIPMENT 

OCT03ER, 1959 
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r the moon 
... and e ond 

General Motors positions are now available in these fields for men 
holding Bachelor's, Master's and Doctor's degrees: Mechanical Engineering 
Electrical Engineering • Industrial Engineering • Metallurgical Engineering 
Chemical Engineering • Aeronautical Engineering • Ceramic Engineering 
Mathematics • Industrial Design • Physics • Chemistry • Engineering Mechanics 

The High Capacity Static Inverter, latest 

electronic achievement from General Motors, 

provides exceptionally stable and precise 

frequency control for power and guidance 

requirements of missiles and rockets. 

The minds of inquiring scientists and 
engineers are the spark that brings the 
wonders of tomorrow to the threshold of 
today. At General Motors the sky is the 
limit for men who work in these and other 
highly specialized fields. 

If you're looking for a place to develop 
your talent ... and let your imagination 
soar, consider the opportunities in science 
and engineering at General Motors, 
working on products such as electronic 
components, automobiles, astronautics, 
diesels, inertial guidance systems, air
craft engines and equipment. 

You can grow vertically and laterally 
in your career at GM ... vertically 
through the Division where you work, 
and laterally through the other Divisions 
of the Corporation. In addition, GM 
offers financial assistance to employees 
who wish to enter or progress in post
graduate studies. 

Step into a job with a real future. See 
your Placement Officer or write to 
General Motors, Salaried Personnel 
Placement, Personnel Staff, Detroit 2, 
Michigan. 

GENERAL MOTORS 
MINNESOTA TECHNOlOG 



SPACE TECHNOLOGY LABORATORIES, INC. 

FELLOWSHIPS 
I 1960 

1961 
FOR 

Doctoral & Postdoctoral Study 
EMPHASIS IN 

THE STUDY PROGRAM 

WILL BE ON 

Systems Engineering 

AT THE CALIFORNIA INSTITUTE OF TECHNOLOGY 

OR THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

SPACE TECHNOLOGY Fellowships have been estab~ 
lished in recognition of the great scarcity of scientists 
and engineers who have the very special qualifications 
required for work in Systems Engineering, and of the 
rapidly increasing national need for such individuals. 
Recipients of these Fellowships will have an oppor~ 
tunity to pursue a broad course of graduate study in 
the fundamental mathematics, physics, and engineering 
required for careers in these fields, and will also have 
an opportunity to associate and work with experienced 
engineers and scientists. 

Systems Engineering encompasses difficult advanced 
design problems of the type which involve interactions, 
compromises, and a high degree of optimization 
between portions of complex complete systems. This 
includes taking into account the characteristics of hu~ 
man beings who must operate and otherwise interact 
with the systems. 

The program for each Fellow covers approximately 
a twelve~month period, part of which is spent at Space 
Technology Laboratories, and the remainder at the 
California Institute of Technology or the Massachu~ 
setts Institute of Technology working toward the Doc~ 
tor's degree, or in post-doctoral study. Fellows in good 

APPLICATION PROCEDURE For a descriptive 
booklet and application forms, write to Space 
Technology Laboratories Fellowship Committee. 
Completed applications together with reference 
forms and a transcript of undergraduate and 
graduate courses and grades must be transmitted 
to the Committee not later than Jan. 20, 1960. 

OCTOBER, 1959 

standing may apply for renewal of the Fellowship for a 
second year. 

ELIGIBILITY The general requirements for eligibility 
are that the candidate be an American citizen who has 
completed one or more years of graduate study in 
mathematics, engineering or science before July, 1960. 
The Fellowships will also be open to persons who have 
already received a Doctor's degree and who wish to 
undertake an additional year of study focused specifi ... 
cally on Systems Engineering. 

AWARDS The awards for each Fellowship granted will 
consist of three portions. The first will be an educa~ 
tiona! grant disbursed through the Institute attended 
of not less than $2,000, with possible upward adjust .... 
ment for candidates with family responsibilities. The 
second portion will be the salary paid to the Fellow for 
summer and part-time work at Space Technology Lab
oratories. The salary will depend upon his age and 
experience and the amount of time worked, but will 
normally be approximately $2,000. The third portion 
will be a grant of $2,100 to the school to cover tuition 
and research expenses. 

SPACE 

TECHNOLOGY 

LABORATORIES, INC. 

P. 0. BOX 95004 

LOS ANGELES 45, CALIFORNIA 
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Rene Descartes ..... on the light of reason 

"Hence we must believe that all the sciences are 

so interconnected, that it is much easier to study 

them all together than to isolate one from all the 

others. Therefore, if anyone wishes to search out 

the truth of things in earnest, he should not select 

any one special science; for all the sciences are con-

joined with each other and interdependent: let 

him think only about how to increase the natural 

light of reason, not in order to solve this or that 

difficulty of a scholastic nature, but that his under

standing may direct his will to its proper choice in 

every contingency of life." 

,.....,Reguloo ad Directionem lngenii, 1629 

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

MINNESOTA TECHNOlOG 



YOUR TASK FOR THE FUTURE 

Since its inception nearly 23 years ago, 
the Jet Propulsion Laboratory has given 
the free world its first tactical guided mis· 
sile system, its first earth satellite, and 
its first lunar probe. 

tier will advance at an accelerated rate. 
The preliminary instrument explora

tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 

will be made of the moon and the plan· 
ets and of the vast distances of inter
planetary space; hard and soft landings 
will be made in preparation for the time 
when man atlastsetsfooton newworlds. 

In the future, under the direction of the 
National Aeronautics and Space Admin· 
istration, pioneering on the space fron~ 

In this program, the task of JPL is to 
gather new information for a better un· 
derstanding of the World and Universe. 

"We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 

"Who can tell what we will find when we get to the planets? 

Who, at this present time, can predict what potential benefits 
to man exist in this enterprise? No one can say with any accu
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
ore obligated to do these things, as human beings~' 

DR. W. H. PICKERING, Director, JPI. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

.JET PROPULSION LABORATORY 
A Research facility operated for the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
INFRA-RED" OPTICS " MICROWAVE" SERVOMECHANISMS" COMPUTERS o LIQUID AND SOLID PROPULSION " ENGINEERING MECHANICS 

STRUCTURES " CHEMISTRY" INSTRUMENTATION " MATHEMATICS AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 

OCTOBER, 195? 7 



ITH THE increasing progress toward the conquest 
of outer space, goes the creating of a vehicle 
that will transport men and equipment to this 

new frontier. Yesterday's chemically propelled rock
ets will perform part of the job; however, they are 
too heavy and expensive to do an efficient piece of 
work. A vehicle had to be designed that would be 
light and inexpensive compared to a chemical rocket. 
The result of research in this field was the creation 
of the ion rocket engine. 

In the ion rocket engine ions are formed, then 
accelerated electrically to furnish thrust, and finally 
recombined with electrons to neutralize the charge. 
Although accelerating ability of an ion engine is 
meager, the engine is light in weight. Using twenty
five pounds of fuel for electrical propulsion results 
in the same velocity obtained from a thousand 
pounds of chemical fuel. These calculations are based 
on a one thousand pound pay load. 

The electrical field is also capable of preventing 
exhaust particles from striking the thrust chamber 
walls, thereby reducing chamber heating problems. 
To accelerate the exhaust particles electrically re
quires their ionization, hence the propellant must 
be capable of efficient ionization and high yields of 
ionized particles. The electrical propulsion system 
will require a primary power source, then conver
sion of the primary power into electrical power, and 
a thrust chamber in which electrical power is ap
plied to accelerate the ions. 

The electrical system of the ion engine would be 
restricted to space vehicles traveling between satel
lite orbits because of the inherent low thrust. This 
propulsion system will operate continuously, first 
accelerating and later decelerating the vehicle. The 
primary power source must generate throughout the 
time the cruiser is traveling. For example, the dura
tion of a journey to Mars and the return trip is of the 
order of two years. The pay load for such a journey is 
a hundred and fifty tons with an acceleration of 
ljlO,OOO g. The total weight would be seven hundred 
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by GARY LAMONT 

and thirty tons with a propellant mass of three hun
dred and sixty-five tons. The diagram shows the 
distinct parts of such a space cruiser using an elec
trical power plant. 

A fast nuclear reactor is chosen for the primary 
power source. The reactor heat would be absorbed 
by a liquid-metal cooling system and transferred by 
a heat exchange to a working fluid driving a turbine. 
This fluid would be cooled by means of a large radi
ator and returned to the heat exchanger. The turbine 
would drive an electric generator which also would 
be cooled by liquid metal with the heat rejected by 
a radiator and the coolant recirculated. The reactor 
would contain twelve tons of uranium 235 enriched 
to 1.7%. We are presently capable of constructing 
such a reactor. Work on aircraft nuclear power 
plants is being focused on lightweight systems which 
are critical for the space vehicle. 

Designing a radiator to cool the heat exchanger 
fluid is a more difficult problem. The radiator prob
ably will have a large surface area since heat loss 
will be effected solely by radiation. Evaporative 
cooling techniques may be used to minimize the size 
and weight. This problem boils down to a design 
study. 

Currently, we are cooling airborne electric equip
ment by evaporation techniques and getting signifi
cant weight savings. The fact that a space vehicle 
flight will be in a near perfect vacuum will aid a 
sublimative cooling system where heat exchange is 
performed by expelling vapors from a sacrificial 
material having a high latent heat of sublimation. 
This sacrificial material may be the fuel which is to 
be vaporized. 

Control in the ion rocket will be accomplished by 
gimbaled thrust units. Since the acceleration is very 
low, the response of this type of control system is not 
critical. In fact, guidance and control do not appear 
to be as serious a problem for the space vehicle de
signer as they are for current balli$tic and guided 
missile developments. 

MINNESOTA TECHNOLOG 



Thrust unit development seems to constitute the 
most significant problem. The electrical propulsion 
concept is attractive because it lies within present 
technical abilities and is capable of providing thrust 
for long periods of time. Specific impulses for ionic 
propulsion systems are 20 to 50 times greater than 
those of chemical rockets, although the first trip to 
a celestial body probably will be made with a chem
ically propelled vehicle. An electrical system can be 
more practical than all other types and will replace 
chemical systems in long-duration flights. 

Positive ions can be generated by a variety of 
methods such as canal rays, capillary rays, radio fre
quency, and magnetic field augmentation. Their 
methods depend on electron-atom collision, produc
ing a plasma with a negative electrode to remove 
positive ions. Other methods of ion generation in
clude photoelectric effect, heating, and chemical re
actions. 

The Langmuir method is simpler than any of 
those mentioned, and its power requirements are 
low. Atoms of the alkali metals are easily and effi
ciently ionized. The gaseous metal impinges on a 
heated metallic surface, generating a hundred times 
the heat of a large electric stove. Then an electron 
is knocked loose from each atom of vaporized pro
pellant. Thus, ions are formed. The probability of 
ionization is assumed to be as high as 90% because 
the ionization potentials of the alkali are low and 
the contact potentials high. Other "ideal" propellants 
are uranium tetrachloride, thorium, and mercury. 

A neutral alkali metal atom contacting a hot 
metal surface will share its most loosely bound elec
tron with the conduction band of the metal. The 
alkali atom's identity is mmnentarily lost and a sur
face alloy is formed. The base metal is hot and the 
alkali ion evaporates with a high probability that 
the outer electron is left behind. The positively 
charged ion creates an electrostatic field between it 

(Continued on page 37) 

PROPELLANT 

SUPPLY 

...,_.. ............ ~ PROPELLANT .......,_ ............ ~ 
FEED 

IONIZING 

MECHANISM 

NUCLEAR 

REACTOR 

RAD. 
SHIELD 

SYSTEM 

TURBINE 

RADIATOR 

ELECTRONS 

GENERATOR ~ 

COOLER 

Figure 1. The ion rocket engine model is one upon which the analysis is predicated. The propellant is carried in 
a convenient form, solid/ liquid, or gas, in a supply system. In its passage through the feed system it is vaporized 
and then introduced into 1he ionization chamber at a controlled rate. The ionizing mechanism is an electric arc or 
heated metallic plate. The body of the ionizing chamber collects the electrons, and they in turn pass through the 
electrical power generator. The ions are extracted from the ionizing chamber by an electrostatic field and acceler
ated to a suitable velocity to produce the major component of thrust from the rocket engine. The electrons after 
passing through the generator are reproduced by thermionic emission. They, in turn, are accelerated by a second 
electrostatic field of a strength sufficient to bring the elect ron velocity to approximately that of the ions. 
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The University and the 

Gamma Irradiation 
Beneath Our Feet 

Artists conception of a cut-away 
drawing of the reactor. 

·OCTOBER, 1959 

by GERALD M. KNOX 

HE BURRO was coaxed, shoved and then dragged through the curved 
tunnel to the innermost reaches of the cave. There she sat on her 
haunches and gazed at the two men dressed in white who had forced 

her to this place. 
The pregnant burro watched as the men prepared the experiment to 

be made on her. 
One man circled the tiny, brightly lit room with a constantly clicking 

black box while the other adjusted pulleys on a flimsy frame that ex
tended down into a deep, blue watery pool in the center of the room. 

The men finished their preparations and walked back down the tun
nel, slamming a huge iron door behind them as they left the chamber. 
They soon reappeared behind a thick window and peered into the cave. 

Suddenly there was the buzzing of a small motor and the pulleys on 
the frame began to haul an object up from the water-shielded depths of 
the pit. Out of the water arose a small circular cage holding ten thin, 
metal containers. 

Then, near the viewing window, a huge metal arm came to life. 
Deftly, the arm removed a thin pencil of material from its container. 

The experiment had begun. 
This was an experiment concerning the effects of radiation upon a 

developing embryo. The thin pencil of material was cobalt 60, a radio
active material and heavy emitter of gamma rays. 

What physiological changes will be caused by the penetrating gam
ma rays upon this mammal? What changes will be produced in her 
offspring? 

These are only some of the questions scientists are trying to answer 
in experiments now being conducted at the University of Minnesota's 
Gamma Irradiation Facility. This new facility, constructed early last 
year in the Chemical Engineering building, will be the springboard for 
fundamental research in the chemical, medical and material realms. 

A meeting of the presidents of three companies, Northern States 
Power, Minneapolis Honeywell Regulator Company, and General Mills, 
early in 1955 set the foundation for the invasion of the Midwest by the 
peaceful atom. They set up machinery for the Minnesota Nuclear Opera
tions Group. 

This unique group was conceived and realized with an eye to the 
tremendous commercial possibilities inherent in the atom. 

The group has now expanded to 26 Minnesota firms and the Univer
sity of Minnesota. As an initial project the group decided to construct 
the Gamma Irradiation Facility at the University. 

During the formation of the group, the three companies issued a joint 

(Continued on page 28) 
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Examples of numerical systems reading clockwise 
from bottom left: Babylonian Sexagesimal Sys· 
tem, Mayan Vigesimal System, Chinese-Japanese 
Numeral System, Egyptian Hieroglyphic System 
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I li 
Ideas never go begging at Sylvania. They are taken up in 22 laboratories and 45 plants, examined 

rigorously and put to test. Should they fail, they fail for lack of merit and not from neglect. 

In our organization, a vast fund of ideas build up- ideas on electroluminescence, on information 

theory and data transmission for space flight application, on the properties of matter that will extend 

semiconductor device operational parameters, and the ultimate conductivity of alloys in supercold 

environments. These are our undetermined multipliers- theories and methods which, when proved 

and put to use, multiply man's capabilities and leisure. If you would work in this algebra 

of human creativeness- in areas that may hold promise of fruition for future generations, as well 

as in fields where goals are much nearer- if you would do this, focus on Sylvania, now embarking 

on new programs of expansion enhanced by its recent merger with General Telephone Corporation. 
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Graduates at all degree levels in science & engineering 
will discover Administration, Research, Development, 

Manufacturing and Marketing careers at Sylvania in: 

LIGHTING " RADIO " TELEVISION " HI-FI " ECM 
" ELECTRONICS " SEMICONDUCTORS " PLASTICS 
"PHOTOGRAPHY "AIRBORNE DEFENSE "RADAR 
"COMMUNICATIONS & NAVIGATION SYSTEMS " 
MISSILES o COMPUTERS • CHEMICALS " METALS 

& WIRE " PHOSPHORS 

L----=•==------------------------------~ 

Sylvania's laboratories and plants are situ
ated in 13 states across the nation. Salaries are 
excellent, benefits are intelligently broad and 
include wide opportunity for advanced schooling. 

To learn more about these opportunities, see 
your College Placement Officer or write us fot a 
copy of "Today & Tomorrow with Sylvania." 

Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 

730 Third Avenue-New York 17, N.Y. 

ll G HTI N G o TELEV I Sl 0 N-RADI 0 o ELECTRONICS o PHOTOGRAPHY o CHEMISTRY o METALLURGY 
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These bizarre-looking underpinnings have 
taken a lot of the risk out of ticklish over
water helicopter operations. Tough and 
lightweight, they can be inflated in a few 
seconds. They're made of neoprene-coated 
nylon fabric. 

This year nylon, product of DuPont re
search, is 20 years old. Since its discovery, 
hundreds of new jobs have been created. To 
improve it in the laboratory. To make it in 
the plant. To find new uses. To advertise 
it across the nation. To sell it in world 
markets. These new jobs range from trainee 
to administrator. 

At Du Pont, our business is to discover 
the undiscovered. We don't find a nylon 
every year, but we come out with new prod
ucts often exciting in their degree of im
provement over the old. New plastics like 
'''Teflon"* fluorocarbon resins, new fin
ishes like "Lucite"* acrylic automotive 
finishes, new families of products like the 
polyesters- "Dacron"* polyester fiber, 
"Mylar"* polyester film, "Cronar"* poly
ester film base. 

' 
How does all this affect you? 

When you join Du Pont you and your 
future are backed by research, and its prom· 
ise of growth. Each year more jobs are cre· 
ated, all the way to the top. 

At the bottom rung of the technical grad
uate's ladder, you are given an actual proj
ect assignment almost at once and begin to 
learn your job by doing it. All training is 
personalized- tailored to your background 
and interests. It permits periodic evalua
tion of your performance. Our promotion 
policies are based on the conviction that you 
should work at the top of your ability. It 
stands to reason, then, that the better your 
training, the more rapid your rise is likely 
to be ... and the brighter your future. 

If you would like to know more about 
career opportunities where growth through 
research has been the history and continues 
as the objective, see your placement officer 
for literature, or write E. I. du Pont de 
Nemours & Co (Inc.), 2420 Nemours Build
ing, Wilmington 98, Delaware. 

* Registered Du Pont Trademarks 

Better Things for Better Living •.. through Chemistry 
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"Witchcraft is that part of sci
ence dealing in theory and is 
morally wrong." 

OCTOBER, 1959 

• • • 

by DONALD WIERIMAN 

NGINEERING is an extension and a progression of witchcraft. Soon 
after the Salem trials all forms of sorcery and witchcraft took the 
name "science" as a front. Since then, witches and sorcerers have 

attained a certain amount of respectability on a similar plane to that 
gained by witch doctors. It is indeed disheartening for me to find that 
some (a polite word meaning all) engineering students still believe all 
these pseudo-science lies told in class. Many (a polite word meaning all) 
students gullibly take in every instructor's word and hang onto it as if 
he were a god, w bile in fact, he is a tin god. Only in a seminar will one 
find the real truth; instructors teaching voodoo to would-be witches. 

Be discerning; don't believe everything you hear. Just because a 
man has a doctor's degree doesn't mean he is morally upright and cannot 
tell lies. How can we tell when we are being told facts and when we are 
being told fiction? The best way to determine this is to look into the 
family background of every instructor to see if there were any witches 
in his family. Better yet, any scientists or engineers. 

I feel it my duty to warn prospective engineers that there is only 
one test which determines whether you will be an "engineer" (witch) or 
not, and that test is multiphasic. Therefore, heredity is the only factor 
which determines whether or not you will graduate in "engineering." 

We need not resort to burnings to rid ourselves of witches. We can 
rehabilitate them by sending them to a state institution such as the col
lege of SLA. 

You may ask, "Look what science has done for us." There is a true 
science as differentiated from witchcraft. True science is all empirical 
and is morally good, while witchcraft is that part of "science" dealing in 
"theory" and is morally wrong. The men who invented the wheel, chair, 
plow, fire, and cloth arrived at these inventions empirically. The men 
who invented the poison gases, TNT, and atomic energy arrived at these 
inventions "theoretically" (magically). "In Greece Thessalian women 
had the reputation of being specially powerful witches; their poisons 
were famous and they were said to be able to make the moon descend 
from the sky." (The Encyclopaedia Britannica, eleventh edition.) Notice 
in the preceding quotation the analogy between the moon and the earth 
satellites. Luckily, most engineers in industry are of the empirical type. 

Algebraic equations, formulas, etc. are not understandable to the 
most intelligent nonwitches because mathematics does not have any 
logical foundation as arithmetic does. At this point I should say that in 
engineering terms the words "mathematics" and "magics" are synony
mous. To further convince you that mathematics is magic, have you 
heard the expression, "mathematical wizard?" It is derived from the 
ancient, yet true, definition of a wizard, as one working with magic. 

(Continued on page 37) 
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IDEO TAPE recording, the technique by which both 
the picture and sound from a television camera 
are recorded on video tape rather than movie 

film, is now a practical reality and is being put to 
widespread use. 

The first demonstration of video recording was 
in November, 1951 when an experimental model was 
demonstrated by the electronics division of Bing 
Crosby Enterprises. After this initial showing, much 
work was done to perfect a marketable video-tape 
recorder with Bing Crosby Enterprises, Radio Cor
poration of America, and Ampex Corporation being 
most interested in the project. In April, 1956, Ampex 
Corporation marketed a video tape recorder which 
has since opened the door for video-tape recording 
as a practical tool in the communication industry. 

The Recording Process 

The inherent characteristics of a video signal 
make its recording exceedingly difficult. The video 
signal is made up of a large frequency range which 
provides the greatest obstacles to successful record
ing. Since video and audio information contained 
in their respective signals differ only in the fre
quency ranges involved, it would seem that a simple 
extension of audio recording techniques would serve 
to put pictures on tape. This, however, is not the 
case, and we must examine the fundamentals of 
magnetic recording to understand the problem in
volved. 

The operation of a magnetic recorder depends 
primarily on the "magnetic head" and its effect on 
the magnetic tape. The magnetic head (shown in 
Fig. 1) is essentially a magnet with a gap in its 
periphery and a coil wound part way around the 
magnet. Due to the coils on the magnet, a time
varying flux is produced between the ends of the 
magnet in the gap. The variation of the flux depends 
on the signal applied to the coil. 

The tape is essentially a plastic base tape which 
is sensitive on one side to a magnetic field. As the 
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tape passes over the gap of the magnetic head, the 
varying magnetic field in the air gap influences the 
tiny magnetic particles in a manner unique at any 
instant with the particular signal applied to the 
magnetic head. In this way information can be 
stored. The maximum frequency which may be 
recorded and played back is controlled by the gap 
of the magnetic head, and the relative tape-to-head 
speed. 

It is a paradox of magnetic recording that both 
a very high and a very low frequency cannot be 
put on the same tape without producing unsatisfac
tory results. The range of audio signals (30 to 1500 
cycles) represents the maximum allowable range. 
Video signals, however, extend from nearly de (zero 
frequency) up to five megacycles (5 million). Since 
it is not possible to record the video signal as it 
comes from the TV camera, the character of the 
wave must be altered in a special way. 

The lastest development in video tape recorders 
utilizes a modulating system which alters the video 

TAPE 

HEAD 

Figure 1. Magnetic head. 
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signal from an amplitude modulated (varying am
plitude) signal to a frequency modulated signal. 
The video signal is altered, in form, from an AM 
signal to a FM signal containing the same inherent 
information, but transposed into a frequency spec
trum of 1.5 to 6.5 megacycles. This range encom
passes the complete television spectrum. 

We saw earlier that the frequencies which can 
be recorded and played back are determined by the 
relative tape-to-magnetic head speed. Since video
signal frequencies range up to five megacycles, 
special recording and reproducing heads had to be 
developed in order to bring tape speed into manage
able limits. The problem was made doubly difficult 
by the fact that small variations in the speed of the 
tape and the pressure on the head could create 
noticeable effects in the pictures. This necessitated 
the creation of a precision device to control accu
rately the speed of the tape at the recording and 
reproducing points. 

Ampex Corporation of Redwood City, California, 
was the first to solve the problem of high tape-to
head speed. Ampex introduced the concept of ro
tating the magnetic head relative to the tape in 
order to produce a high relative speed. This con
cept was put into operation by mounting four 
magnetic heads on the outer circumference of a 
rotating disk with the head gaps parallel to the 
disk axis; the video signal is then recorded vertically 
rather than horizontally on the tape. The magnetic 
heads themselves are placed at 90° angles from each 
other on the disk. With a disk diameter of two 
inches, a rotational rate of 14,400 revolutions per 
minute (106 miles per hour), and a tape speed of 
15 inches per second, the writing speed or relative 
head-to-tape speed is about 1500 inches per second 
(850 miles per hour). The disk speed and tape speed 
are controlled by a complicated system of servo 
mechanisms and electronic controls which assure 
absolute tape-to-head speed. 

The modulated video signal is fed to the rotating 
heads which successively pass over the magnetic 
tape leaving "tracks" representing the signal infor
mation. The tracks are laid down, one after another, 
transversely on the tape. These tracks are 10 mils 
wide with 52h mils between them. Thirty-two tracks 
make up one full TV picture, and occupy 112 inch of 
tape longitudinally. 

The recorded tape has four separate but syn
chronized magnetic tracks (see figure 2). These 
tracks cannot be seen by the naked eye any more 
than recorded music can be seen on sound recording 
tape. The first track is a series of transverse video 
tracks; the second is the sound track that accompa
nies the picture, and is impressed at the top of the 
tape; the third track is the control track which is 
the magnetic equivalent of the sprocket holes of a 
sprocketed film machine; the fourth track is a cueing 
track to aid operators in the production of programs 
and commercials. 

The development of a reliable and durable mag
netic tape posed a real problem until Minnesota 
Mining and Manufacturing Company developed 
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Figure 2. Taped signal pattern showing (1) audio track, 
(2) video track, (3) cue track, and (4) control track. 

their "Scotch" magnetic tape in April, 1957. The 
tape developed by 3M, and still used today, is a 2 in. 
strip of mylar plastic with a coating of iron oxide 
on one side. Forty-eight hundred feet of this tape 
on a 12% in. dia. reel will record 64 minutes of 
playing time. 

Advantages of Video~Tape Recording 

The many advantages of video-tape make it by 
far the most effective method of recording television 
signals yet devised. Since the inception of televi
sion, the principle means of recording had been 
film reproduction of the visible image as it appeared 
on the screen. As has been pointed out, tape does 
not depend on visible images, but records the elec
tronic signals as they come directly from the tele
vision camera. The direct method of tape recording 
without the film medium has improved the quality 
of the recorded picture. The recorded signal pro
duces a much more "live" picture than does film 
because there are no losses due to the lens system 
and no losses due to the film-developing process. 

The tape-recorded signal can be played back im
mediately after recording with clarity that is prac
tically indistinguishable from the original picture. 
This feature makes possible the viewing of the tele
vision picture immediately so that possible flaws can 
be detected and remedied. 

The cost of tape recording is much less than film 
recording. The cost of recording on video-tape is 
:1;.4 the cost of 16 mm. film and less than 1j10 the cost 
of 35 mm. film. Total costs are further reduced by 
installing a single rack of electronic equipment on a 
black and white recorder and thereby converting 
the machine to black and white or color. The same 
tape records both. 

Applications 

Video - tape recording has found many uses 
throughout industry, science, and defense. Because 
of the direct relation of video tape recording to tele
vision, its earliest applications were in the television 
industry. Howard A. Chin of the Columbia Broad
casting Cmnpany, commenting on video-tape record
ing and its effect on the television industry, said 
recently, "Its effect upon the television broadcasting 
industry will be even greater than the effect of sound 
magnetic tape on radio broadcasting." 

(Continued on page 37) 
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EDITORIAL ••. 

I 

ELCOME Freshman! You are now embarking upon 
a course of study considered one of the most 
difficult offered by the University of Minnesota. 

While you are here, the life you lead will be entirely 
different. It will not only be different for those of 
you who are entering directly from high school, but 
also for the fellows who have spent some time in the 
service. You will learn to obtain enjoyment from 
other things. There will be many rewarding mo
ments when you will have solved some problem or 
grasped some new concept in the classroom or at 
home. You will actually enjoy the subject material; 
it will be the method of learning that will become 
exacting. 

Because the freshmen are confronted with so 
many new problems the TECHNOLOG feels it may 
be of assistance by offering advice from those of us 
who have traveled this road, made the mistakes, and 
have overcome some of the obstacles. 

The Welcome Week program you have just com
pleted is one of the most complete orientation pro
grams to which you could have been exposed. The 
many people who have volunteered their time and 
effort in acquainting you with the University are 
doing you a wonderful service. However, it is very 
important that you differentiate between the rele
vant and irrelevant facts. There has been a great 
deal of social activities and good times, much more 
than you will have while attending school. This was 
fun while it lasted, but don't be mislead and assume 
this typical of university life. 

Now it's time to settle back and start to work. 
Along with this work will develop a great feeling of 
accomplishment. You can actually get a lot of fun 
out of studying. Did you ever think you would find 
yourself laughing while reading a physics book? 
You will. Don't think you're crazy either. We all 
did it. Confidentially, some of the material you read 
in a textbook and hear in the classroom gives the 
impression that they just couldn't keep away from 
"sex." You will soon learn, much to your dismay, 
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what sounded like a dirty story was actually a highly 
technical explanation for some complex physical 
concept. 

Your instructors are very learned men, devoted 
to increasing their own know ledge as well as yours. 
Always keep in mind, if you are having difficulty 
with a subject, to see the instructor. They are willing 
to spend as much time as possible helping you to 
grasp the material. Ignore the rumors that univer
sity instructors are indifferent to your problems, and 
are unwilling to help a student outside of regular 
class hours. 

As this first quarter moves into full swing, it will 
be brought to your attention that you will be re
quired to take one test each week in mathematics, 
physics or chemistry, and miscellaneous tests 
throughout the quarter in drawing. The first quarter 
of English will require just about a theme a week, 
depending on how much time is alloted to literature. 
This amounts to a great deal of work each week. To 
do the best job with the available time, try to meet 
the following study suggestions. 

1) Do your mathematics assignment every day 
without fail. Math can be easy ifyou keep up with 
it every day. When a scheduled test arrives, you will 
find it will take very little preparation. 2) Through
out the week you should read the assigned material 
in physics and work the problems at the end of the 
chapter; not just the problems having answers in 
the back of the book. Work all of the problems. Try 
to avoid the use of an answer book as a crutch. Un
derstandably, a student learning material for the 
first time, needs answers to determine whether his 
mistakes are in arithmetic or in his application of 
the theory. However, he should try to develop his 
own checking methods by working similar problems 
without answers. These problems should be worked 
early enough in the week so you can ask questions 
about the more difficult ones. If you have trouble 
with a certain concept, ask your classmates for help. 

(Continued on page 42) 
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o A missile's main engine runs only for a few 
seconds. To supply electric and hydraulic power for 
control during the entire flight a second power plant 
is necessary. The AiResearch APU (accessory power 
unit) which answers this problem is a compact, non 

air-breathing, high speed turbine engine. The unit 
pictured above develops 50 horsepower and weighs 
30 pounds. The acknowledged leader in the field, 
AiResearch has designed, developed and delivered 
more accessory power units than any other source. 

EXCITING FIELDS OF INTEREST 

FOR GRADUATE ENGINEERS 

Diversity and strength in a company offer the 
engineer a key opportunity, for with broad knowl
edge and background your chances for responsibil
ity and advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 

Other major fields of interest include: 

o Aircraft Flight and Electronic Systems- pioneer and 
m~jor supplier of centralized flight data systems 

and also other electronic controls and instruments. 

• Gas Turbine Engines- world's largest producer of 
small gas turbine engines, with more than 8,500 
delivered ranging from 30 to 850 horsepower. 

• Environmental Control Systems- pioneer, leading 
developer and supplier of aircraft and spacecraft air 
conditioning and pressurization systems. 

Should you be interested in a career with The 
Garrett Corporation, see the magazine eeThe Garrett 
Corporation and Career Opportunities" at your 
College placement office. For further information 
write to Mr. Gerald D. Bradley ... 

YHE CORPORATION 

~iResearch anufacturing ivision 
Los Angeles 45, California 

Systems,PackagesandComponentsjor: AIRCRAFT, MISSILE, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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NDOUBTEDLY you have often waited for a mile-long 
freight train to pass a highway crossing and 
maybe you have noticed highway trailers on 

flatcars. Doesn't it seem strange that the railroad is 
hauling trailers when the truck lines are the rail
roads' chief competitors? This railroad service is 
advantageous for both the railroad and the truckers 
and is called piggyback when highway trailers or 
loads in containers (the Piggy) travel on railroad 
flatcars (the back) instead of on the highway. 

The Piggyback Plans Today 

Piggyback operations are divided into 4 different 
plans (as of March 1, 1959) as to equipment owner
ship and the services performed. 

Under Plan I (railroads moving their own trail
ers) the railroad receives the whole shipping charge 
since all railroad owned equipment is used and 
pick-up and delivery service is included. Plan I is 
door-to-door service. 

Under Plan II (moving trucker's trailers) the 
trucker pays most of the terminal cost and all of the 
expense of dealing with the shipper. Plan II is ter
minal-to-terminal service. 

Under Plan III (moving a transport company's 
trailers between terminals for an agreed charge) 
the transport company pays the same charge for 
shipping loaded and unloaded trailers. When an 
unbalance of shipping occurs, i.e. more freight to 
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be moved say West than East, this plan is a disad
vantage to the transport company for they must pay 
for shipping empty trailers back. This disadvantage 
could be the reason why Plan III is used very little. 
Plan III is terminal-to-terminal service under an 
agreed charge. 

Under Plan IV (moving shipping association's 
and freight forwarder's trailers on their flatcars) the 
railroad performs only line haul service, i.e. moves 
only the flatcar. This plan favors the railroad since 
they don't have to buy and maintain the flatcar 
and trailer, nor do they pay for empty trailers 
shipped. Shipping associations combine LCL (less
than-carload) shipments of members of the associ
ation to make a carload and thus obtain the lower 
carload rates'. An unbalance of traffic is sometimes 
balanced by leasing the equipment to freight for
warders for shipment back. Plan IV is the only line 
haul service. 

Many railroads offer more than one plan. For 
example, in 1957 the Canadian Pacific handled 4,660 
trailers under Plan I, 7,521 trailers under Plan II, 
and 11,873 trailers under Plan III. 

Development of Today's Piggyback 

Piggyback was first tried in 1926 by the Chicago 
North Shore and Milwaukee Railroad. They started 
hauling railroad billed LCL freight in trailers on 
flatcars to improve LCL service. In 1932, the rail-
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road started hauling truckers' trailers on flatcars 
at a rate below that for highway travel. By 1947 
the railroads LCL business had declined and the 
piggyback service was discontinued. 

Between 1932 and 1953 other railroads tried 
trailer-on-flatcar operations, some successfully, such 
as the New Haven Railroad. 

It wasn't until September, 1953, that the piggy
back idea became widespread, following a General 
Motor's announcement of a design for a trailer load
ing terminal. However, expansion of piggyback 
service was not easy. Six eastern railroads were 
ready to start piggyback service on June 16, 1954 
(using their own trailers and offering service at 
truck-competitive rates) when the I.C.C. (Interstate 
Commerce Commission) ruled they couldn't start, 
because of complaints from truckers concerning 
competition. Less than a month later the I.C.C. 
reversed its ruling, after hearing the railroad's argu
ments for piggyback, and the service was begun by 
five of the railroads on July 12 and the other rail
road on July 20. 

In August, 1954, the I.C.C. answered questions 
the New Haven Railroad had asked about legal 
conditions under which the railroads could do busi
ness with common carrier truckers, contract and 
private truckers, and freight forwarders. The an
swers were in favor of piggyback, and resulted in 
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23 railroads (including 2 Canadian railroads) offer
ing piggyback service by the end of 1954. 

By April, 1958, approximately 50 railroads offered 
piggyback service. 

Plans Used in 1954 

Most of the business handled in July, 1954, was 
rail-billed LCL at rail rates, followed shortly by 
rail-billed truckload freight at truck competitive 
rates. 

By the end of December, 1954, three railroads 
were hauling as common carrier trucker's trailers 
but at a per truck charge. 

The Trailers 

In 1954, the trailer length varied from 20 ft. to 
35 ft., so not always would 2 trailers fit on a 41' or 
53'6" flatcar. The 22' and 33' trailers were the most 
common sizes. Today there still are some short trail
ers in use, but the trend is toward 35' and 40' lengths. 

The Flatcars 

Piggyback flatcar length has increased from the 
old 41' and 53'6" lengths to 75', 80', 85', and 88' so 
that two 35' and 40' trailers may be carried. The 
greater length of these special piggyback flatcars re
duces the flatcar weight per 40' trailer carried, since 
fewer railroad wheels are needed to carry the same 
load. 
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(SIDE. VIEW) 

HITCH 

SHOCK ABSORBER 

Figure 1. Trailer hitch assembly. 

Modifying the Flatcars 

The increased height of trailers has made it im
possible for the highest trailers to pass beneath 
bridges and through tunnels on some railroads. Since 
a 15' height-above-the-rails object is about maxi
mum for many railroads, an 11' high trailer is the 
1naximum size that can be carried on a 4' height
above-the-rails flatcar deck. To overcome the trailer 
height problem, the Clejan Car has been developed 
which is a flatcar with a center sill but with a 
lower deck. 

The Container System 

Since weight costs the railroads money, any 
reduction in the tare weight (i.e. all weight other 
than the load weight) will reduce railroad expenses. 
The first step was to eliminate the trailer's wheels. 

The Missouri Pacific's "Truck-Rail" service, and 
the "PAT" system developed by Pullman Standard 
and Trailmobile, eliminates the trailer wheels by 
putting demountable trailer bodies onto a flatcar. 
Also eliminating the wheels is the "Flexi-Van" serv
ice offered by the New York Central and Milwaukee 
Railroads. The Rock Island, with its "Convert-0-
Frate" service, has taken the first step of eliminating 
the trailer wheels by using demountable containers 
instead of trailers. 

The Chesapeake & Ohio's "Rail-Van" service has 
gone still one step further by eliminating the flat
car. The C & O's trailers have retractable flanged 
wheels, allowing the trailer to travel directly on 
the railroad track. 

Advantages of Piggyback 

Piggyback is probably the cheapest and most 
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reliable way of shipping large quantities of freight 
today. 

The 2 main advantages realized by the shipper 
are: 

(1) There is usually no damage to the freight 
because: 

(a) There is double springing action of the 
flatcars and the devices holding the 
trailer or container to the flatcar. 

(b) No rehandling of freight is necessary 
since piggyback is door-to-door service. 

(2) The service is reliable, independent of the 
weather. 

Piggyback favors the railroad too, since: 

(1) The equipment cost is less. 

(2) Industries away from the railroad can still 
receive railroad service to their door. 

(3) It opens a new source of revenue-hauling 
trailers of common carrier truckers. 

(Piggyback recaptures freight traffic that 
has been lost since 80% of piggyback 
freight would otherwise travel by truck 
if the railroads didn't offer this service.) 

( 4) It eliminates terminal freight costs because 
no freight depots are needed. 

Piggyback is an advantage to the trucker be
cause: 

(1) Less equipment is needed since 1 light trac
tor can move several heavy trailers in a 
terminal each day while over-the-road move
ment of each trailer requires 1 larger tractor, 
costing about $20,000. 

(2) More weight can be shipped in each trailer 
because railroad weight limits are much 
higher than highway limits. 

(3) It is independent of the weather. 

( 4) It is safer since: there are less accidents on 
the railroad per mile traveled. 

Loading Trailers and Containers for Railroad Travel 
TOFC - Loading on Regular Flatcar 

TOFC is Sante Fe's name for Piggyback Truck
ing. An end ramp is used for loading trailers onto a 
regular piggyback flatcar. The ramp is located at 
the end of a railroad track in each city that is to 
have piggyback service. For loading, the trailer is 
backed up the ramp and onto the flatcar. Guide 
rails keep the trailer from being backed off the 
side of the flatcar. A platform, attached to each end 
of the flatcar is lowered to allow the trailer to be 
backed onto adjoining flatcars. 

When piggyback service first started chains and 
wire cables were used to tie the trailer to the flat
car. The chains and cables are still used some today 
but most flatcars have a retractable trailer hitch 
that is raised and fastened to the king-pin of the 
trailer (See Fig. 1). The trailer hitch is a fast tie 
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down device and can be attached to any trailer, 
but the purchase cost is close to $1,000. Standardiza
tion of tie down methods is still needed. 

Demountable Trailer Body and Container 
Loading Onto Flatc::ars 

The "Pat" system used by Pullman Standard and 
Trailmobile has a level platform, an end ramp, and 
a flatcar with 4 legs and a hitch all mounted on the 
deck. The trailer is backed onto the flatcar and the 
body rests on the 4 supporting legs. Then the frame 
is pulled away and the hitch raised to secure the 
body to the fla tear. 

The Missouri Pacific's "Truck-Rail" Service uses 
a gantry crane at each of 18 terminals for loading 
and unloading trailer bodies from the flatcars. The 
crane lifts the body off a supporting frame that 
remains attached to the tractor. 

The Rock Island's "Convert-A-Frate" service uti
lizes fork lift or crane to lift containers off flatbed 
truck and onto light-weight flatcars. With this serv
ice, a fork lift or crane must be at each terminal. 

The New York Central's and the Milwaukee 
Road's "Flexi-Van" Service requires no ramps or 
cranes for loading. To load the trailer body, the 
trailer is backed up to the side of the "Flexi-Van" 
flatcar and the trailer body slides onto the flatcar, 
leaving the wheels behind. (See Fig. 2) 

The trailer wheels are on guide rails underneath 
the trailer body. These guide rails slide into corres
ponding grooves on the turntable, thus securing the 
trailer body to the turntable. 

"Flexi-Van" service has the following advan
tages: 

(1) No terminal facilities are required since the 
"Flexi-Van" flatcars are loaded from the side. 

(2) Many flatcars can be loaded at the same 
time because of side loading. 

The only disadvantages of "Flexi-Van" services 
are: 

(1) A large loading area is required for side 
loading. 

(2) The initial cost of the equipment is high. 
(The figures aren't available) but the "Flexi
Van" flatcars do cost more than regular 
flatcars. 

These disadvantages are far outweighed by the 
advantages. 

Loading Chesapeake & Ohio's 'Rail Van' Onto the Rails 

The C&O Railroad doesn't have any problems of 
loading a flatcar since no flatcar is needed. The 
trailer is placed over the rails and the flanged steel 
wheels lowered, raising the trailer tires off the 
ground. The trailers have ball and socket type 
couplers so they can be connected. Since little equip
ment is necessary, the "Rail-Van" service requires 
the least investment. 
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(STEP I) 

TOP VIEW ([]) 

TURNTABLE 
SPECIALLY BUILT 80' FLATCAR 
CAP. 120,000'* 

'BACK UP 

(STEP 2) 

--..__TRAILER WHEELS 
REMAIN HERE 

2 TRAILERS PER CAR 

Figure 2. Flexivans loading method. 

Piggyback's Future 

Piggyback service will continue to be offered 
and its popularity will increase since it is economi
cal for both the railroad and the trucker, guarantee
ing fast and reliable delivery. 

Standardization of equipment will be necessary 
before a piggyback trailer or container can be 
shipped from any terminal, allowing an interchange 
of equipment. Standardization would eliminate the 
following loading problems: 

(1) Ramps for TOFC on regular flatcars are too 
high for TOFC on Clejan flatcars. 

(2) Non uniform location on trailers for attach
ing tie down cables. 

(3) Demountable trailer bodies only fit on flat
cars of the railroad owning the trailer body 
or on flatcars of railroads offering identical 
piggyback service-such as the "Flexi-Van" 
service offered by the New York Central 
and the Milwaukee Railroads. 

( 4) The lack of cranes at small towns, essential 
in loading the Rock Island's containers or 
the Missouri Pacific's demountable trailer 
bodies. 

Problems in rates still have to be solved. For 
example, LTL (less-than-trailer-load) freight has a 
higher rate than TL (trailer-load) freight. But 
what is a trailer-load? In 1954 there were 20' -35' 
trailers carrying a 20,000 lb. load. Now there are 
also 40' trailers than can carry a larger load. 

Piggyback shipments are increasing each year 
and there is no reason why they shouldn't keep 
doing so. With a few modifications and alterations 
in the present system piggyback trucking will be
come a fast and efficient method of shipping in the 
near future. 
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Dean Johnson 

On Sunday, September 20, 1959 the Institute of Technology suffered a 

great loss in the death of Elmer W. Johnson, assistant dean of I. T. He died 

of a heart attack at the age of 67. 

Well known as the "students friend," Dean Johnson provided a source 

of advice and consolation to the students. Holding the position of Assistant 

Dean since 1945, he has given many of us the determination to keep going 

when things seemed darkest. U7 e' re going to miss him. 

On behalf of the students we wish to offer our deepest sympathies to 

Dean Johnson's family and many friends. 
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Approximately one hundred new awards will be made by Hughes in 
1960 to qualified applicants who possess a bachelor's degree in 
science or engineering. Additional awards are open to qualified appli
cants interested in business administration and education. 

Hughes conducts extensive research and development in the scientific 
and engineering fields. Each fellow may elect an assignment while 
working for Hughes during the summer in such areas as: microwave 
power tubes, microwave devices, parametric amplifiers, masers, pre
cision frequency sources, infrared detectors, infrared search and track 
systems, microminiaturization, switching devices, antenna arrays, 
phase shifters, ferrites and garnets, simulation methods, propagation, 
language translation, advanced data handling systems, information 
processing, human factor analysis, and alpha-numeric displays. 



tures, electro-mechanical propulsion systems, and systems analysis. 

Howard Hughes Doctoral Fellowships are open to outstanding stu
dents qualified for admission to graduate standing. A master's 
degree, or equivalent graduate work, is considered very desirable 
before beginning the Fellowship Program. 

The classified nature of work at Hughes makes eligibility for security 
clearance a requirement for nearly every applicant. 

Closing date for applications: January 15, 1960. 

How to apply: Write Dr. C. N. Warfield, Scientific Education, Hughes 
Aircraft Company, Culver City, California. 

---------------~ ------~ I 

Creating a new world ' 
with ELECTRONICS HUGHES I 

I 

~----------------------J 
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PEACEFUL ATOM 

(Continued from page 11) 

statement explaining that "concentrated study of 
atomic energy developments in various industrial 
fields will be mutually beneficial to our companies 
and to industry throughout Minnesota. We are on 
the threshold of an age which undoubtedly will see 
great advances in the peaceful uses of atomic energy. 
Each of our organizations has much that it can con
tribute to these advances." 

Northern States Power is concerned with atomic 
energy as a fuel source, General Mills with equip
ment and use in the food field, and Honeywell with 
instrumentation. The other companies joining the 
group have had varied interests in nuclear research 
including engineering, medicine, biology, agriculture 
and other specialized fields. 

The use of gamma rays as an economic and scien
tific forte is a new idea. Although gamma rays have 
been studied for over 70 years, it has only been in 
the last ten years that they have risen to their pres
ent importance. They have risen due to the immense 
amount of research being done upon the atom. To
day, with the large quantities of radioactive mate
rials available from nuclear reactor programs, prac
tical economic use of the ray is possible. 

Gamma rays, the only electromagnetic rays found 
in the spontaneous decay of the atomic nucleus, are 
a unique ray. They are emitted from radioactive 
materials along with their nuclear companions-pro
tons, neutrons, mesons, positrons, neutrinos and vari
ous other particles. They are similar to X rays, but 
of much shorter wave lengths. Because of their high 
frequency and short wave length, the gamma ray is 
extremely penetrating. Four feet of concrete is 
needed to stop their penetrating powers. These 
energy radiations have no mass nor charge and they 
travel at the speed of light. 

The penetrating ability of gamma rays have im
portant value. The detection of flaws in steel or iron 
castings and molds is easily accomplished with these 
rays. Sensitive paper placed on the reverse side of 
metal joints can be exposed by the gamma ray. It 
can produce clear photographs showing flaws in 
joints, thereby eliminating weak and possibly infe
rior castings. This commercially profitable aspect 
of gamma rays is already being used throughout the 
steel industry. 

But the powerful penetrating force of the gamma 
ray is not the primary subject of investigation at 
Minnesota's Irradiation Facility. Rather it is the 
study of the rays profound and mysterious effect 
upon the physical world around us. 

Soil scientists are particularly interested in the 
possibility of inducing genetic variants in some spe
cies of soil micro-organisms. 

Plant pathologists are interested in producing 
genetic variants of many of the organisms with 
which they work. 

Scientists in the Dairy Bacteriology and Dairy 
Husbandry departments are concerned with the use-
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fulness of radiation in killing micro-organisms that 
cause spoilage of dairy products. 

Mr. Clayton Lagerquist, affable supervisor of the 
Facility, tells of the irradiation of a pound of cottage 
cheese. This type of highly unspectacular experi
ment is to be the common chore of the new Facility. 

Treatment of cancer with radiation is accom
plished by gamma rays. This use of the ray is un
doubtedly its most widely publicized feat. The realm 
of metabolic and physiological changes induced by 
gamma rays is practically an urgent investigation. 
Veterinary scientists here at the University are par
ticularly anxious to use the cobalt facility to deter
mine the nature of disturbances that occur in embry
onic development. These studies, combined with the 
large-scale radiation program connected with cancer 
research, will certainly lead to important discover
ies concerning human life. 

But important as all these fields of studies are, 
none will find as many uses for the Facility than the 
field of chemistry. This group is interested in the 
study of chemical reactions induced by radiation. 
A long-range program is to be undertaken to first 
survey and then to concentrate on selected chemical 
reactions that offer commercial applications. Accord
ing to chemists and chemical engineers, both inor
ganic and organic reactions will be considered. Some 
typical processes are oxidation, reductions, chlorina
tion, synthesis, condensation and polymerization. 
Radiation may be used to induce chemical reactions 
that can lead to production of new or cheaper chemi
cals. Irradiated polyethylene is an example of a 
plastic whose properties have been improved by 
radiation. Other improvements and even new chemi
cals are sure to be found after intensive investiga
tions. 

The Gamma Irradiation Facility at the U. of M. 
is listed with the Atomic Energy Commission as a 
"hot cell" type of installation. This modern facility 
is thus named because of its method of operation. All 
objects to be irradiated are placed in a heavily 
shielded room. This room, called a cave, is 13 feet by 
10 feet with a 10-foot ceiling. Four feet of ordinary 
concrete are used for the walls and ceiling. A laby
rinth tunnel type of entrance to the cave, combined 
with a lead-shielded door, is sufficient to reduce all 
scattered radiation to a level of less than one milli
roentgen per hour (mrjhr). The maximum permis
sible radiation for a human is 7.5 mr jhr for an 8-hour 
day, 5-day week. 

A water well, 5 feet in diameter and 16 feet deep, 
located in the center of the cave, is used to store the 
radioactive source. Personnel are permitted in the 
cave when the source is at the bottom of the well. It 
is at this time that all objects to be irradiated are 
placed in the cave. A cable and pulley system is used 
to elevate the source out of the water. 

The operations in the cave are viewed through a 
3-foot thick glass shielding window in the observa
tion room. From this room a pair of master-slave 
manipulators can remotely handle the highly radio
active materials in the cave. 

(Continued on page 38) 
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W.E. DEFENSE PROJECTS ENGINEERS are often faced with challenging assign
ments such as systems testing for the SAGE continental air defense network. 
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If guided missiles, electronic switching systems and 
telephones of the future sound like exciting fields 
to you, a career at Western Electric may be just 
what you're after. 

Western Electric handles both telephone work 
and defense assignments ... and engineers are 
right in the thick of it. Defense projects include the 
Nike and Terrier guided missile systems ... 
advanced air, sea and land radar ... the SAGE 
continental air defense system ••• DEW Line and 
White Alice in the Arctic. These and other defense 
jobs offer wide-ranging opportunities for all kinds 
of engineers. 

In our main job as manufacturing and supply 
unit of the Bell System, Western Electric engineers 
discover an even wider range of opportunity. Here 
they flourish in such new and growing fields as 
electronic switching, microwave radio relay, min
iaturization. They engineer the installation of tele
phone central offices, plan the distribution of equip
ment and supplies ... and enjoy, with their defense 
teammates, the rewards that spring from an engi
neering career with Western Electric. 

Western Electric technical fields include me
chanical, electrical, chemical, civil and industrial 
engineering, plus the physical sciences. For more 
detailed information pick up a copy of "Consider a 
Career at Western Electric" from your Placement 
Officer. Or write College Relations, Room 200D, 

Western Electric Company, 195 Broadway, New 
York 7, N.Y. And sign up for a Western Electric 
interview when the Bell System Interviewing Team 
visits your campus. 

TELEPHONES OF THE FUTURE-Making telephone products for the 
Bell System calls for first-rate technical know-how. Tomorrow's 
telephone system will demand even more imaginative engineering. 

Principal manufacturing locations at Chicago, 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.; Kansas City, Mo.; 
Columbus, Ohio; Oklahoma City, Okla.; Teletype Corporation, Chicago, Ill. and little Rock, Ark. Also Western Electric 
Distribution Centers in 32 cities and Installation headquarters in 16 cities. General headquarters: 195 Broadway, New York 7, N. Y. 
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Rockets Use Nitroglycerine 

THE NATIONAL Aeronautics and Space Administra
tion's four-stage Scout rocket will employ a 

double-base solid propellant in which nitroglycerine 
serves as the binder in combination with nitrocellu
lose and other propellant materials. The nitroglyc
erine-based propellant used in the third and fourth 
stage rocket engines was researched by Hercules 
Powder and will be cast in newly developed plastic 
cases replacing the much heavier, formerly used 
metal shells. The Scout, capable of boosting 150-
pound satellites into 300-mile earth orbits or 100-
pound instrument packages to 5,000 miles or more in 
high altitude tests, has been nicknamed the "poor 
man's rocket" because of its low per unit cost of a 
half million dollars. 

Still another announcement describes a plastisol 
solid propellant developed by Atlantic Research 
Corp. which incorporates a nitrocellulose-nitroglyc
erine fuel binder. 

Manufacturing Operations Eliminated Through Use of 
Spiral Carbide Tool Company1s New Process 

CONVENTIONAL processing methods in cutting tool 
manufacture that are eliminated through the use 

of Spiral's new method are (1) stock cut-off (2) turn 
stock to required diameter and shape (3) mill flutes 
and geometrical configurations. These are expensive 
because of the time and labor skill required to pro
duce each piece. 

With the new Spiral process, basic tool design 
geometry is incorporated into one fiat area called a 
wafer. These metal wafers are economically pre
formed in large quantities through production 
stamping. These pre-formed wafers are then assem
bled on arbors in sizes and styles corresponding to 
standard tools produced by conventional methods. 
Cutting tips, either carbide or HSS, are placed into 
appropriate cut-outs and the entire assembly brazed 
into a solid mass. Cutting tips are then sharpened by 
conventional cutter grinding methods. 

New Booklet Shows Companies How to Increase 
Creativity in Scientists and Engineers 

PRACTICAL guideposts for increasing creativity of 
scientists and engineers is the subject matter of 
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Edited by DAN BRYAN 

"How to Increase Your Creative Output." The book
let is specifically designed to help companies raise 
the level of creativity of their technical personnel, 
and is written for the individual technical man. 

All phases of creativity are included within the 
study. It discusses stages in the creative process, the 
problem approach, and a general preparation for cre
ative work. A special feature in the booklet is a 
2-page flow chart explaining the 12 essential steps in 
the creative process. How to prepare for creative 
work, suggestions for stimulating creative effort, and 
a creativity check list are also provided. 

"How to Increase Your Creative Output" was pre
pared by Deutsch & Shea, Inc., technical manpower 
consultants. It is one of a series of publications on 
creativity; others include "Creativity: A Compre
hensive Bibliography," and "Company Climate and 
Creativity." 

New 'Superchromat/ Lens Formula Promises 
fin'st Complete' Color Correction 

A "suPERCHROMAT" lens, the first ever to be cor
rected for all colors of visible light, is promised 

by an improved optical formula devised by Dr. Max 
Herzberger of Kodak Research Laboratories. 

A three-element lens, made with three glasses 
chosen from a graph based on the new formula, is 
corrected for light from the ultraviolet to the infra
red, or from 365 to 1,010 millimicrons, Dr. Herzberger 
said. 

Current lenses represent a compromise, the sci
entist explained, since correction for two colors may 
cause chromatic aberration for the other colors in 
the spectrum. In a camera this would mean that 
images of differently colored objects photographed 
in the same position would fall in slightly different 
places on the film. 

Previously, with special glasses called "short 
flints", it has been possible to correct some triple
element lenses for three colors only. These lenses are 
known as apochromats. The use of fluorite in micro
scope lenses has been still more beneficial. But fluo
rite changes its refractive index with temperature 
and does not easily lend itself to long focal-length 
lenses. 
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New Relay Rocker Arm Developed 

A SPECIAL STAINLESS steel rocker arm is helping to 
make and fire missles, transfer TV pictures from 

color or black and white to the transmitter tower; 
or help speed your cross-country telephone call. 
Automation in business and industry is also being 
made more feasible and more accurate through the 
adaptability of small but efficient switches of AM-350 
stainless steel. 

The stainless steel is used as an integral part of 
the crossbar switch made by James Cunningham 
Son and Company, Rochester, New York. This 
switch is a component of electrical computers and 
automatic programming equipment that requires 
high speed selection or scanning of multiple sources 
of information. 

About 100,000,000 cycles under load is demanded 
of the spring and rocker arm assembly of stainless 
steel. This special steel is made by Allegheny Lud
lum Steel Corporation. 

At the rate of 50 cycles per second, an individual 
crossbar switch can sample, select or translate data 
from as many as 1200 input points and relay the 
electronic information to reading or monitoring de
vices. The switches are often set up in relays to in
crease the number of input points. 

Engineers designing the crossbar switch wanted 
a material that would work under greater stress 
loads than that previously used. 

New Tube Offers Multi-function Component 

A UNIQUE "signal-splitting" twin triode receiving 
tube-with four plates instead of two-offers 

electronic equipment designers a multi-function 
component which can save cost and space in complex 
circuitry. 

The tube has been labeled a "twin double-plate 
triode" and registered by the General Electric Re
ceiving Tube Department as the 12FQ8. The tube 
now is in mass production, and is being used by The 
Wurlitzer Company in a new electronic organ. 

The extra plate in each section of the tube offers 
an additional output from that stage which makes 
it possible to take two well-isolated outputs from 
one stage. For example, as used in the Wurlitzer 
organ for built-in percussion, the tube offers such 
special effects as Hawaiian guitar, marimba, Scotch 
bagpipes, bells, chimes, glockenspiel, celeste, and 
harp, plus reverberation, or echo qualities. 

Tones are taken out of frequency generator stages 
on two separate plate pins. One output goes through 
the standard tone amplification circuit which essen
tially provides a variable amount of slow-decay on 
each note as required. This second output has vir
tually no degrading effect upon the first output. 

While the same effect could be obtained from 
separate tubes, use of two anodes in each section of 
this twin triode permits a designer to reduce the 
number of tubes necessary for tone generators. For 
example, the Wurlitzer organ uses 28 tubes for this 
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The pencil points to the AM-350 spring and rocker arm 
assembly of the crossbar switch. 

purpose-whereas to obtain both straight and "per
cussion effect" tones simultaneously with conven
tional tubes and circuitry would require about twice 
as many tubes. 

The 12FQ8 can be used profitably to reduce the 
number of tubes in circuitry of instruments and 
other equipment where it is essential to economically 
reduce to a minimum interaction between two out
puts of one stage. 

The 12FQ8 is a nine-pin miniature twin triode 
with each section having two plates brought out to 
separate base pins. Each of the four plates is rated at 
a maximum of 330 volts and 0.5 watts dissipation. In 
typical operation with the plates at 250 volts and 
grids at minus 1.5 volts, the amplification factor of 
the grids to each plate is 95 and the transconduct
ance is 1,250 micromhos-measured with the other 
plate of the same section grounded. In this condition, 
each plate draws 1.5 milliamperes and represents a 
plate resistance of 76,000 ohms. 

Bridge Division Begins Shipments of Steel 
for Mightiest Radio Telescope 

SHIPMENTS of over 2,500 tons of structural steel for 
the erection equipment required to build the 

world's largest radio telescope, were moved out of 
American Bridge Division's Roanoke (Virginia) 
plant in June and July. 

The radio telescope will be capable of peering 
and listening in outer space to a range of 38 billion 
light years. The gargantuan facility will thus be able 
to "see" and "hear" certain types of objects 19 times 
farther in outer space than can be seen through the 
200-inch reflecting telescope at Mount Palomar, Cali
fornia. 

The instrumentation design for the radio tele
scope was carried out by the United States Naval 
Research Laboratory, which will utilize the facility 
to conduct studies in radio astronomy and research 
in radio communications. 

(Continued on page 46) 
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... who are Engineers, I ok t ic 
at the many advantages 

NV AIR- P A offers 

NEW PROGRAMS at Convair-Pomona, offer excellent 
opportunities today for Engineers. Convair-Pomona, created 

the Army's newest weapon, REDEYE, Sho~lder Fired MISSILE and 
developed the Navy's ADVANCED TERRIER and TARTAR MISSILES. 

Many other, still highly classified programs, 
stimulating the imagination of the most progressive thinking 

scientist and engineer are presently at various stages 
of development. 

Positions are open for Bachelors, Masters and Doctorate. 
candidates in the fields of Electronics, 
Aeronautics, Mechanics and Physics. 

AD VANCE MEN T opportunities are provided for the 
competent engineer as rapidly as his capabilities,,will permit 
in currently expanding programs. 

PROFESSIONAL ENVIRONMENT -CONVAIR-POMONA'S 
facility is of modern design and completely air-conditioned. 
You will work with men who have pioneered the missile 
industry and are now engaged in some of the most advanced 
programs in existence. 

ADVANCED EDUCATION- Tuition refund is provided 
for graduate work in the fiel'd of your speciality. Company 
sponsored in-plant training courses offer the Engineer the 
finest of educational opportunities. 

CALIFORNIA LIVING- Suburban Pomona offers lower 
living costs and moderate priced property, unexcelled recre .. 
ational facilities, freedom from rush hour traffic and the 
ultimate in comfort and gracious living. 

Contact your placement office immediately to assure yourself of a 
campus interview with Convair- Pomona. 

If personal interview· is not possible send resume and grade transcript 
to B. L. Dixon, Engineering Personnel Administrator, Dept. CM512 
Pomona, California. 

I I 
a Division of 

I I 
POMONA, CALIFORNIA 
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Your professional engineering library is part of 
your stock in trade. In the years ahead, you will draw 
on it-and heavily-to make the decisions that affect 
your future. 

paving ... and much more. It is a worthwhile, per"' 
manent addition to your professional library. 

Ask yourself: is your library complete? Is it perti
nent? It can be neither if it doesn't include basic 
material on Asphalt technology. 

It's yours, free. Send for it today ... make sure 
your library is complete in the vital subject of 
Asphalt Technology. 

oeeoeseeeeoeooooeeeeeeeoooeoeooooeeeeoeo 

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

" Gentlemen: 

• Please send me your free student portfolio on Asphalt 

.. Technology. 

For if you don't know Asphalt, you don't know 
your highways. Asphalt is the modern paving for 
today's and tomorrow's roads. Asphalt surfaces 

more than 4/ 5ths of all roads and streets in the 
country. 

NAME CLAss __ -·-·- G 

" ADDRESS·--------------

That's why we have put together a special student 
portfolio on Asphalt Technology. It covers the 

o CITY-------------STATE-- o 

" SCHOOL. ______________ _ 

. Asphalt story, origin, uses, how it is specified for " e 
eooe•eeeeeeoooeeeeeeoooooooee~»oooeeeoooe 

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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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 ev
erything including the footnotes). 

Open book quiz- (Oil your slide 
rules 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 divinity student named Tweedle 

Refused to accept his degree. 

He didn't object to the Tweedle, 

But he hated the Tweedle D.D. 

No matter what happens, 

Disastrous or good 

There'll always be someone 

Who knew that it would. 

E ER 
B Bl G 
Gold lettering - Stamping 

Tooling 

WE BIND 

Medica I Theses 

Chemical 

Magazines 

Pamphlets 

Textbooks 

law Reviews 

COVERS - AlBUMS - BLANKBOOKS 

Made to your specifications 

ERIC 
Bl 

s 
ERY 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. FE. 6-5765 
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1959-lOOth Anniversary of the Oil Industry ... 70th Anniversary of Standard Oil Company 

il 1 
0 0 

How the oil industry helped the United States to become the world's most productive nation! 

1 """"'"""' .. ......, .. -""""" Colonel Drake discovers 
oil-and the decline of the great whaling 
industry is in sight as thousands of lamp 
users turn from whale oil to kerosene. 

The automobile is in its 
infancy-weak and unpromising. Standard 
Oil Company is born on June 18, 1889. The 
following year the company's first research 
laboratory is opened at Whiting, Indiana. 

Two bicycle mechanics 
named Wright fly an odd-looking machine 
at Kitty Hawk. Almost 33,000 autos are 
on the road, but the horse is still supreme. 
Standard Oil is building a new refinery at 
Sugar Creek, Missouri. 

1 1 Almost 640,000 motor vehi
cles are on the road. Dr. William M. Bur
ton and Dr. Robert E. Humphreys, famous 
Standard Oil scientists, discover the secret 
of mass producing gasoline economically. 
The company becomes independent of all 
other Standard Oil companies. 

iil1iill~·~";!~ 
I!!! =~ <~~ • ..;;;= The automobile is here to 

stay. More than 15 million motor vehicles 
are on the highways. Standard is the first 
major oil company to sell gasoline con
taining tetraethyllead, anti-knock agent, 

STA DARB 
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1 The greatest demand in 
history for aviation fuel is near. Standard 
Oil puts into operation the world's first 
catalytic reformer, which produces higher 
octane gasoline than was possible before. 

~~ 
_,,,,-~;::;;;;;o~~ 

1959 The Space Age is dawn
ing. New fuels and lubricants for rockets 
and jets come from Standard Oil labora
tories to help make space exploration 
possible and to strengthen America's 
defenses. Standard Oil marks its 70th 
anniversary. 

Here are some Important developments 
by Standard Oil, a leader and a pioneer 
in petroleum research. 

0 How to mass produce gasoline econom
ically. This opened the way to modern 
automotive transportation. 

e How to recover more oil from almost
dry wells. This added billions of bar
rels to America's oil reserves. 

e How to eliminate gasoline gumming. 
This meant lower repair bills for car 
owners. 

e How to dewax motor oils efficiently. 
This meant better car performance 
and fewer trips to the repairman. 

e How to make clean burning solid fuels 
for rockets. This was a big step for
ward in America's missile program. 

These, and many other Standard Oil de
velopments, have played an important part 
in man's progress from the horse-and-buggy 
age to the Space Age. 

y THE SIGN OF PROGRESS ... 

THROUGH RESEARCH 
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HARVARD 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

OCTOBER, 1959 

FOR STUDY AT HARVARD 

MASSACHUSE S INSTITUTE OF TECHNOLOGY 
AND CALIFORNIA INSTITUTE OF TECHNOLOGY 
IN 1960 .. 61 

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 University, 
Massachusetts Institute of Technology and California 
Institute of Technology, to pursue at Raytheon's ex
pense, regular courses of study leading to a master's 
or doctor's degree in science or engineering in the institu
tion of their choice. 

The Program requires, in general, two or three semesters 
of study, depending on circumstances, with the summer 
months spent in the Company's research, engineering, or 
manufacturing divisions. It includes full tuition, fees, 
book allowances and a salary while at school. Students 
are eligible for health, accident, retirement and life insur
ance 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 
may apply for admission to the Program in anticipation 
of becoming employees of Raytheon. 

YOU ARE INVITED TO ADDRESS YOUR INQUIRY 
to Dr. I van A. Getting, Vice President, Engineering 
and Research, outlining your technical background, 
academic record, school preference, and field of interest, 
prior to December 1, 1959. 

Excellence in Electronics 

35 



36 

A RESUME IS A TWO-PARTY AFFAIR 

Throughout your engineering career, the name 
of the first employer appearing on your resume 
can be as significant as your education. But, in 
selecting that first employer, you should also 
consider his resume. 
ITT is the largest American-owned world-wide 
electronic and telecommunication enterprise. 
To give you an idea of the breadth of our 
activity ... there are 80 research and manu
facturing units and 14 operating companies in 
the ITT System playing a vital role in projects 
of great national significance in electronics 
and telecommunications research, development, 
production, service and operation. 
The scope and volume of work entrusted to us 
by industry and the government opens a broad 
range of highly diversified engineering and 

technical positions in all areas of our work ..• 
from tiny diodes to complex digital computer 
systems and a massive network of global 
communications. 
In addition to the opportunities for work and 
association with distinguished engineers and 
scientists, our graduate education tuition re
fund program encourages engineers to continue 
their formal training . . . and the facilities 
for graduate work near ITT locations are 
superior. 
This is an all too brief resume. It would be 
hard to associate yourself with a company that 
offers the engineer greater 'choice of assign
ment. Write us about your interests- or see 
our representatives when they visit your 
campus. 

INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 

67 Broad Street, New York 4, Ns Y .. 

FEDERAL ELECTRIC CORPORATION e INTERNATIONAL ELECTRIC CORPORATION e ITT COMPONENTS 
DIVISION e ITT FEDERAL DIVISION e ITT INDUSTRIAL PRODUCTS DIVISION e iTT LABORATORIES • 
INTELEX SYSTEMS, INC. o iNTERNATIONAL STANDARD ELECTRIC CORPORATION e ITT KELLOGG 
DIVISION o ROYAL ELECTRIC CORPORATION e AMERICAN CABLE AND RADIO CORPORATION e 

LABORATORIES AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES 
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ION ENGINE 
(Continued from page 9) 

and the metal, the strength of this field being de
pendent on the ionization potential. When the ratio 
of this ionization potential to the work function of 
the ionizing surface is low enough, the probability 
that an electron will be extracted from the ionizing 
surface is very small. 

The work of Langmuir indicated that alkali vapor 
becomes ionized when contacting a high work func
tion electrode such as tungsten. Later work has pre
sented data on surface interactions between the 
alkalis and platinum, and oxygenated tungsten and 
a platinum-tungsten alloy. The Langmuir or surface 
contact method of ion generation requires further 
analysis and experimentation before it can be ap
plied to an ionic propulsion system. Of primary im
portance is the choice of the anode material and its 
operating temperature. As the temperature of a 
specific material is lowered, the power requirements 
are also lowered due to the associated reduction of 
radiation. This lowering of anode temperature may 
be necessary to weigh power requirements against 
fuel loss in the final selection of anode material. 

The newly created ions will be pulled out of the 
ionizing chamber by the attraction on an electro
static field and then jolted by twelve thousand volts 
to effective velocities of 3 to 4 hundred thousand 
miles an hour. 

The current of speeding ions, a million times 
greater in number and 350,000 times heavier than 
the stream of electrons in a TV picture tube, will be 
harnessed for propulsion by being directed through 
a cylindrical thrust chamber approximately two feet 
long and nine inches in diameter. Also, electrons left 
over from the ionization process will be directed 
through a thrust chamber to add a tiny increment 
of additional thrust. 

The development of the ion rocket engine and 
many other items for space travel by today's and 
tomorrow's engineers and scientists will help us gain 
a better knowledge of our universal environment by 
enabling us to accomplish interplanetary space 
travel. 

ENGINEERING . . . A PSEUDO SCIENCE 
(Continued from page 15) 

Because of the unscientific basis for witchcraft, it 
has become necessary for witches to produce forms 
of math and science dealing with imaginary and im
measur(;lble quantities. Thus, a branch of mathe
matics dealing with quantities which approach zero 
or infinity has been produced. In the magic of physics 
it has been necessary to advance the atomic theory 
of matter for which we must accept the proposers 
(physicists as a whole) proof of their own theory. 
Notice, that as science progresses, scientific theory 
becomes more imaginative and abstract. Thus, true 
scientists are led to believe pseudo-laws of physics 
which lead to nowhere but abstraction. 
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TAPING VIDEO 
(Continued from page 17) 

The advantages offered by video-tape recordings 
have proven especially valuable to the local TV 
station. The local stations were quick to recognize 
the advantages of video-tape recording, and, as a 
result, 41 TV stations around the country have video
tape recorders. 

First and foremost, the local station has solved 
its scheduling problem by recording many programs 
on tape for later use. By delaying and shifting pro
grams which are on tape, schedules for local, net
work, and special events programs can be combined 
for the most profiitable schedule. Tape recordings of 
local shows are duplicated for use by other stations, 
and the tapes are sent to sponsors, networks, and 
advertising agencies for auditioning. It is an aid to 
making the best possible use of existing personnel 
and equipment. In this way personnel and equip
ment can be utilized fully during the day to produce 
and record not only the daytime programs, but also 
the programs for showing at night and on week ends. 
In Baltimore, a mobile television unit sends a signal 
from the scene of the news event back to the record
ing unit in the studio. The recorded tape is rebroad
cast, but at a later time during a regular newscast. 

A unique use of video tape was demonstrated by 
a local station in Minneapolis last fall. The station 
televised and recorded, on a closed circuit, the first 
half of the Minnesota vs. Iowa football game. First
half play was then televised for the benefit of the 
coaches and players between halves so that they 
could detect and eliminate mistakes in their play 
during the first half. 

The national networks have also taken extensive 
advantage of video tape. The major use has been co
ordinating schedules of the various time zones. A 
program broadcast in New York at 8 p.m. would be 
seen in Los Angeles at 5 p.m. While the show is 
being broadcast to its eastern audiences, the signal 
is sent by coaxial cable to the West Coast and re
corded on tape. Then, at 8 p.m., Pacific time, it is 
broadcast again. The time-delay procedure was first 
used by CBS in the fall of 1956 to delay the 15-min
ute Doug Edwards News program for two hours for 
the benefit of the West Coast. After weeks of success
ful operation, a weekly 30-minute show (Godfrey's 
Talent Scouts) was recorded and rebroadcast. Re
cently the 90-minute program, Cinderella, was re
corded on tape. 

Video-tape recording has done much to increase 
the usefulness of educational TV. Tape recording has 
brought outstanding lecturers, special events, and 
planned programs to the network on prearranged 
schedules. It is possible to broadcast the same tape 
over and over again to a constantly changing student 
body. One need not have much of an imagination to 
appreciate what this means to the shortage of teach
ers. Another application of tape for educational pur
poses is the television and recording of a hospital 
operation. The recording could be made in color, and 
the voice commentary or other audio information 

(Continued on page 38) 
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VIDEO TAPE 
(Continued from page 37) 

added later without affecting the picture. A full 
color recording of a delicate operation was shown 
on various TV sets to the American Medical Asso
ciation during their 1958 convention in San Fran
cisco. 

Video-tape recording has found its most ad
vanced, and most exciting applications in military 
and scientific operations. Most of the applications 
are remote recordings of distant and sometimes dan
gerous situations. The reader is reminded that the 
recorder utilizes only electronic signals from the TV 
camera, and because of this, the recorder need only 
be connected to the camera by a cable of any length. 
Rocket and missile launchings are recorded in re
motely located facilities without a problem of safety. 
This same principle of remote recording can be util
ized for recording of wind-tunnel tests, penetration 
of radiation areas, and atomic explosions. The Navy 
has been experimenting with an airborne TV sur
veillance system for reconnaissance purposes. The 
camera is placed under the wing of the plane, and 
the signals are sent back to the recorder for rebroad
cast and study later. 

The future applications of video-tape recording 
can hardly be conceived today. Missiles will probably 
have TV cameras so that they can send pictures back 
to earth to be recorded on tape. Also in the foresee-

able future are small tape recorders for home use. 
These will be used to record television programs and 
play them back into home receivers. Probably the 
most amazing use of magnetic tape will be a small 
electronic camera to replace home movie cameras by 
taking pictures on magnetic tape. As magnetic tape 
technology advances, the applications of video tape 
will also increase, limited only by man's imagination. 

PEACEFUL ATOM 
(Continued from page 28) 

A continuously operating radiation monitoring 
system guards the personnel working around the 
Facility from possible over-exposure. The control 
system prevents entry into the cave if radiation ex
posures exceed the permissible limits. 

With this type of facility most any type of experi
ment is possible. It is a facility designed to meet 
the needs of the present and the future. 

At present there are two other cobalt facilities 
in the state of Minnesota. One at General Mills, Inc. 
and a second at Minnesota Mining and Manufactur
ing. The research now being conducted in their labo
ratories will affect everyone in Minnesota and per
haps the nation. 

Minnesota is standing on the threshold of an un
bounded expanse which will bring new and won
drous discoveries into our lives. It is sure to be one 
of the leaders in this movement. 

Sign up for Freshman 

Representative to the 

!FATIGUE SPIN RIG uses compressed air to drive 
·balls around the bore of a test cylinder to deter
mine cylinder's static fatigue life. 

JET ENGINE BEARING TESTING MACHINE tests 
main rotor bail bearings under actual operating 
conditions of load and lubrication. 

Fafnir works with 18unknowns'' to come 
up with ball bearings you'll ne 

In many fields of industry and technology, 
progress depends in large measure on 
solving increasingly complex ball bearing 
problems. Bearing materials and lubricants 
have yet to be perfected that can take cer
tain temperature extremes. Higher speeds 
and heavier loads pose formidable prob
lems. So does miniaturization. 

To help its research engineers probe 
the unknowns in these and other areas, 
The Fafnir Bearing Company maintains the 
most up-to-date facilities for metallurgical 
research, and bearing development and test-
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ing. It is another reason why you are likely 
to find Fafnir ready with the answers-
should bearing problems some day loom 
large for you. Worth bearing in mind. The 
Fafnir Bearing Company, New Britain, 
Connecticut. 
Write for booklet, "Fafnir formula For Solving 
Bearing Problems" containing description of fafnir 
engineering, research, and development facilities. 

I 
BALL BEARINGS 
MOST COMPLETE LINE IN AMERICA 

ell 

Apply at Room 133 

Main Engineering 
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Number One of a Series 

OCTOBER, 1959 

ENGINEERING GRADUATES-YOUR 
~~~~!.aEa~k~ ...... :..;;.w: .. w.:rul-~., 

Your career, like a missile, must first get 
off the ground. You need more than just momen
tum. Remember-the "DESTRUCT" button has 
been pushed on many a missile because of poor 
guidance. In selecting the position which best 
suits your interests and abilities, seek competent 
guidance from your Professors and Placement 
Officers. 

At McDonnell-young engineers have a 
wide choice of interesting assignments covering 
the entire spectrum of aero-space endeavor
airplanes, helicopters, convertiplanes, missiles, 
and spacecraft. 

Learn more about our company and com
munity by seeing our Engineering Representa
tive when he visits your campus, or, if you pre
fer, write a brief note to: Raymond F. Kaletta 

Engineering Employment Supervisor 
P.O. Box 516, St. louis 66, Missouri 

Seen here discussing a computer run of a control dynamics prob~ 
lem are young Project Mercury staff members, Joseph J. Voda, 
MSAE, U. of Illinois, '58, on the left, and Lawrence D. Perlmutter, 
M.S. Instrumentation, U. of Michigan, '59. 
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R Electronics introduces the tube of tomorrow 
Called the Nuvistor, this thimble-size electron tube 
is likely to start a revolution in electronics. RCA 
engineers scrapped old ideas-took a fresh look at 
tube design. The result will be tubes that are far 
smaller, perform more efficiently, use less power, 
can take more punishment, are more reliable. De-

velopmental models now being tried out by de
signers will have a profound effect on the size, 
appearance, and performance of electronic equip
ment for entertainment, communications, defense, 
and industry in the future. It is another example of 
the way RCA is constantly advancing in electronics. 

RADIO CORPORATION OF AMERICA 
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with new HIGGINS INK-A- A TIC 
drawing ink dispenser 
Just a slight movement of your hand, and HIGGINS new drawing ink dis
penser fills ruling pens automatically- faster, easier, than ever before! 
SPEEDS UP INK TRACING BY 32%. Ink bottle sits securely on non-skid 
rubber base. Gentlest touch on lever lifts stopper, brings pen filler into 

position. No mess, no waste. 
Pen filler may be 
rotated for most 

convenient filling angle. 
lever may be clamped 

down so bottle stays 
open when you use dip pen. 

Now at 
art and 

stationery 
stores 

Brooklyn, New York 

The basic art medium since 1880. 

A HELPING HAND 

(Continued from page 18) 

If they can't help you, ask the instructor either dur
ing or after class, depending on his policies. 3) Eng
lish assignments, unlike physics and math, must be 
turned in at some given date. Therefore, it will not 
be so easy to fall behind. Always make it your policy 
to hand in an assignment on the date due. You never 
actually gain anything by postponing your assign
ments. 4) You should find very little outside work 
required in drawing. Tend to business during class 
time, and you won't have any problems with this 

subject. 

Smne of you who may have some misgivings 
about your ability, remember the possibility of your 
completing the five years, hinges a great deal on 
your attitude. Don't allow yourself to be handi
capped by apprehension and fear. A certain amount 
of fear, in itself, is good. It nurtures a healthy respect 
for the unknown, keeps us from becoming too self
satisfied, smug, and complacent, which alone could 
be disasterous. 

One of the most important attitudes is patience. 
Learn to be patient with yourself, with your instruc
tors, and most of all, with the work that this course 
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of study will necessitate. Resentment is self-destruc
tion. Learn to roll with the punches. It would be well 
to remember that anything worth while is worth 

working for. 

Develop self-confidence. If you don't have confi
dence in yourself, nobody else will. In addition to 
this, you must have the capacity to stick with a job 
until it's cmnpleted. You can't be the kind of fellow 
who gives up on something the minute he runs up 
against a few obstacles. A high school football coach 
once said, "Football is twenty-five per cent know
how, and seventy-five per cent guts." The percent
ages are a bit different for engineering, but the same 
type of philosophy holds. 

Very often now you will be confronted by people, 
if not already, urging you to join or take part in some 
extracurricular activities. They tell you that em
ployers look at this record as well as your scholastic 
record. Yes, this is the absolute truth, but you have 
five years in which to broaden yourself by spending 
your time in outside activities. It only takes a few 
short weeks to drop behind in your studies. Don't 

make the mistake of spreading yourself too thin. Re

member, it's your school work that comes first, above 

everything else. Postpone extracurricular activities 

until you have developed self-confidence and a sense 

of security in your ability to handle schoolwork. 

These activities consume time, which may be needed 

to prevent yourself from falling behind, and until 

you have confidence in your ability to grasp things 

quickly enough to be able to catch up again, devote 
your time to studies. This may sound a bit strange, 

coming from an organization which is strictly extra

curricular, but keep in mind that this article was 
written for your benefit, not for a recruiting pitch. 

You fellows have qualified to enter the Institute 

of Technology. For most of you, this proves you have 

the intellectual ability to complete the course, if, 
with these qualifications, you exercise the determi
nation and devote the time required by these 

courses, you can succeed. 

Fron1 those of us whose experience here, is in a 

greater measure, behind us, we offer you our best 
wishes and a sincere welcome to the Institute of 

Technology. 
Good luck, 

MINNESOTA TECHNOLOG 



An overly-inquisitive motorist drew 
up beside a car parked on a lonely 
road. 

"Hey, you two in there! Got motor 
trouble?" 

"Nope." 
110ut of gasoline?" 
11Nope." 

"Tire down? 11 

11Don't have to.'' 

An old gent was passing a busy 
intersection when a large St. Bernard 
ran by and knocked him down. 

A moment later, a Crosley car 
skidded around the corner and in
flicted further damage. A bystander 
helped him to his feet, and someone 
asked if the dog had hurt him. 

"Well/' he answered, "the dog 
didn't hurt so much, but that tin can 
tied to his tail nearly killed me." 

E.E.: What's the matter- you look 
worried? 

M.E.: I just lost $500 in a poker 
game. 

E.E.: $500! ! 

M.E.: Yeah, and the worst of it is, 
50c was in cash! 

A group of engineers were coming 
home from a party one night during 
summer vacation, plastered to the 
gills. They stood in front of the house 
of one of their number and called 
for the father. 

"Will you please do us a favor?" 
said one. 

"What do you want?" asked the 
father. 

"Will you please come out and pick 
out Clyde so the rest of us can go 
home?" 

"Heard you were moving a piano, 
so I came over to help." 

Modern girl: a build in a girdled "Thanks, but I've already got it 
cage. upstairs." 

Doctor: "The best thing for you to 
do is to give up drinking and smok
ing, get up early every morning and 
get to bed early every night; and 
especially to quit chasing girls." 

Patient: "Somehow, doctor, I feel 
I don't deserve the best. What's sec
ond best?11 

He: "May I kiss you?11 

She: (silence) 

He: "May I please kiss you?11 

She: (more silence) 

He: "Say are you deaf?" 

She: "No, are you paralyzed?" 

Algebra Prof: "Now we find that 
X is equal to zero." 

first Year Engineer: "Gee, all that 
work for nothing." 

The guy was walking down the 
street dressed only in a barrel when 
a cop stopped him. 

"Are you a poker player?" asked 
the law. 

"Not me," replied the character, 
11but I just left a couple of guys who 
are.u 
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"Alone?" 

"Nope, hitched a cat to it and drug 
it up." 

"You mean your cat hauled that 
piano up two flights of stairs? How 
could a cat pull a heavy piano?" 

"Used a whip!" 

The following advertisement ap
peared in a physical culture maga
zine: "Here's a good test for your 
stomach muscles. Clasp your hands 
over your head and place your feet 
together on the floor. Now bend to 
the right at the waist as you sit down 
to the left of your feet. Now by 
sheer muscular control, haul yourself 
up, bend to the left and sit down 
on the floor to the right of your feet. 
Keep this up and let us know the 
result." 

The first letter received said: "Her
nia." 

"Here, here, don't spit on the floor." 

"Why, does it leak?" 

He: "I had to come clear across 
the room to see you, so I want to 
kiss you." 

She: "Gad, I'm glad you weren't 
in the next block." 

holds lead firmly 
at any length you 
want. lead can't be 
pushed back into 
barrel-and won't 
twist in sharpener. 

NE\Ill! 
j__SATIN·FBNUSH 

~ METAL GRIP is 
knurled for easier 
holding. Its extra 
length gives more 
accurate control, 
less finger tension. 

THE 

AU.DMBNIUM BAR· 
REI. is unbreak· 
able. And it can't 
roll off the board be
cause it's hexagon· 

NE"'#! 
PUSH-BUTTON in· 
stantly releases the 
chuck's grip on the 
lead at the touch of 
the thumb. It's col· 
ored for quick iden· 
tification of grade. 

trhis lifetime lead holder for just 

All-metal construction 
makes it the buy of a lifetime., 

PENCILS, LEADS AND HOLDERS 

EAGLE PENCIL COMPANY, DANBURY, CONN. 
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Every year new opportunities for graduate engineers in 

various phases of oil producing, refining, research, 

transportation and oil marketing-on a world-wide scale. 

MOBIL OIL CO., MOBIL INTERNATIONAL OIL CO. 

Divisions of SOCONY MOBIL OIL CO., INC. 

AFFILIATED COMPANIES: General Petroleum Corp., Magnolia Petroleum Co. 
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where depen bility 
of p · elines is a must, 
control is entrusted 

to ~ S VALVES 

World famous Merck Sharp & Dohme, division of Merck 
& Co., Inc. not only knows pharmaceuticals and biologicals; 
they know a lot about valves. They need to! Control of 
pipelines must be unfailing. 

That's why you'll find Jenkins Valves on all process pipelines 
in this West Point, Pa. plant . . . as well as on plumbing, 
heating and air conditioning lines. 

The Jenkins name is not new to Merck Sharp & Dohme. 
They have been using Jenkins Valves extensively for the past 
twenty years. The unusually large number of valves installed in 
the company's seventeen domestic and foreign plants 
represents a big investment. So you can be sure this 
experienced valve buyer has found Jenkins Valves both 
dependable and maintenance free. 

Jenkins dependability can save money for any plant or 
building. What's more, you can specify or install Jenkins Valves 
at no extra cost. Jenkins Bros., 100 Park Avenue, New York 17. 

Sold Through Leading Distributors Everywhere 

OCTOBER, 1959 

Jenkins Valves on main steam lines serving the 
Biological buildings 
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FEATURES 

(Continued from page 31) 

Flight-load Data Computing 

HE NATIONAL Bureau of Standards, under the 
sponsorship of the Navy Bureau of Aeronautics, 
has been studying the computing procedures and 

equipment needed to process aircraft flight-load 
data. Recommendations-made to a joint committee 
of the Air Force, Navy, and National Aeronautics 
and Space Administration-suggest several optional 
systems requiring both analog and digital tech
niques, and include estimates of the processing rates 
that can be achieved with each. These recommenda
tions are expected to help the committee establish 
the needs for a computing facility for this operation. 

For modern aircraft, the need for adequate de
sign criteria based on actual experience has become 
increasingly acute with the accelerated demands for 
higher performance. Statistics, not now available, 
are required for the entire spectrum of loads, occur
ring infrequently, to lesser loads which may occur 
frequently enough to cause serious structural fatigue 
after a few hundred or a few thousand hours. The 
military services are particularly concerned with 
determining the group of operating conditions defin
ing a mission for a given type of aircraft. 

The basic approach, already established by the 
NASA, requires that airborne recorders develop con
tinuous data on at least eight parameters during 
flight. These are impact and static air pressures, the 
three accelerations along, and three angular veloci
ties about, the three body axes of the aircraft. From 
these data can be derived the various parameters 
necessary for calculating the component loads on 
major portions of the aircraft structure, such as the 
horizontal tail assembly. Probability curves for these 
parameters can be obtained from their time distri
butions and other statistics resulting from processing 
the flight data. These statistics are expected to be 
used in considering the safe service life of present 
aircraft, and the probability curves should be helpful 
in designing aircraft of the same class intended to fly 
similar missions. The plan is based on the expecta
tion of processing at least 30,000 flight hours of data 
annually. 

The Air Force and Navy now compute such statis
tics from visual oscillographic records that nearly 
always comprise only the normal acceleration com
ponent and the classification of aircraft speed and 
altitude. A special-purpose computing facility, auto
matically processing flight data that have been re
corded directly on magnetic tape, would provide not 
only an enormous increase in the flight-hours-per
year that can be processed, but would also deal with 
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enough parameters to provide more realistic criteria 
for design of aircraft and components. 

Teco Announces Availability of Raised Chord 
and Scissor Truss Series 

A SERIES of eight typical designs for raised chord 
and scissor roof trusses are now available to de-

signers, it has been announced by Timber Engineer
ing Company, Washington, D. C. The designs are 
part of the company's vast file of typical lumber de
signs for all types of structures using the TECO split 
ring system of construction. 

With spans ranging from 20' to 50' and spacings 
of 2' and 15' o.c., the TECO designs can accommodate 
a wide variety of building requirements where a 
raised or sloping ceiling effect is desired. The designs 
are particularly adaptable to churches, recreation 
halls and community buildings. Complete stress dia
grams and lumber and hardware requirements are 
provided on each design. 

A BOOK REVIEW BY GEORGE GAMOTA 

Microminiaturization of Electric Assemblies 

ICROMINIATURIZATION of Electronic Assemblies is 
the first and only reference volume to cover the 

important new developments and techniques in min
iaturizing electronic equipment. This book, a valua
ble reference and working tool, details for the first 
time the latest techniques in "two-dimensional" 
packaging and similar new developments. 

Most of the material included in the book was 
presented at the "Symposium on Microminiaturiza
tion of Electronic Assemblies" sponsored by the 
Diamond Ordnance Fuze Laboratories in late 1958. 

Six sections cover in depth the techniques in
volved in fabricating miniature working circuits, 
machinery required for their production, and mak
ing microminiature transistors and other compo
nents including subminiature lamps. Also, included 
is a wealth of data on special circuits especially 
suited for microminiature equipment. 

Practical applications are given using some of the 
latest missile equipment as examples. Microelectron
ics is the revolutionary development permitting a 
complete operating circuit to be grown from a single 
piece of semiconductor material. 

Edited by Eleanor F. Horsey and Laurence D. 
Shergalis, Hauden Book Co., Inc., 830 Third Ave., 
New York 22, New York, 288 pp. $11.00. 

MINNESOTA TECHNOLOG 



A little boy and a little girl, each 
about five years old, were playing 
near a creek one very hot summer 
afternoon. As a relief from the heat, 
the little boy suggested that they go 
in swimming. She demurred saying 
that they didn't have any swim suits. 

He finally persuaded her that it 
would be all right for them to go 
just in their birthday suits, so they 
took off their clothes and started for 
the water. 

The boy looked the little girl over 
very carefully and said-

"Well, this is the first time I ever 
knew there was that much difference 
between you Catholics and us Prot
estants!" 

Has gooseberries got legs? 

No. 

Then I just ate a fieldmouse. 

"Who's there?" asked St. Peter. 

"It is I," came the reply solemnly. 

"Go to Hell," he answered. 11We 
have too many English majors al
ready." 

Common sense gets a lot of credit 
that rightfully belo'ngs to cold feet. 

Not only is it proper to hold an 
engineer's hand in the dark, but is 
usually necessary. 

11Who gave the bride away?" 

"Nobody, I could have, but I kept 
my mouth shut.11 

Her dainty foot brushed a potted 
flower, upsetting it. She looked at the 
spilled dirt gravely, then raised her 
childlike eyes to the sedate face of 
the minister and said, "That's a hell 
of a place to put a lily." 

A man ambled into a tennis tour
nament and sat down on the bench. 

"Whose game?" he asked. 

A shy young thing answered, "Not 
me." 
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l 
for years the bum slept under 

bridges and in ditches. Then one day 
he switched to culverts and became 
a man of distinction. 

George called his home to talk to 
his wife. The phone rang and rang
and finally the little woman an
swered it. "Oh, dear," she moaned, 
"you got me out of the tub. Please 
call back in 20 minutes. I'm dripping 
wet, and I didn't even have a chance 
to grab a towel, trying to get to the 
phone." 

George said okay, and hung up. 
Then he redialed his phone number, 
hurriedly whispering instructions to 
one of his pals in the office. 

The pal took the phone. Again the 
wife-who couldn't have had time to 
get back to the "tub-answered with a 
rather annoyed, "Yes?" 

The pal said, "Is George ho-- ... 
oh, look at you! and all wet, too!11 

A loud scream at the other end of 
the line was cut off by an equally 
loud dick. 

ClASSROOM QUOTES: 

11 ft should now be obvious that .. /' 

"We now make a few evident as
sumptions ... " 

"By making use of the conservation 
of energy, conservation of linear and 
angular momentum, Maxwell's equa
tions and the first and second laws 
of thermodynamics, we find that we 
may readily derive ... " 

11 Using the relations learned in 
freshman math ... " 

" ... giving us a simple and pow
erful theoretical tool." 

"I know a man who has been mar
ried for thirty years and he spends 
every evening at home." 

11That's what I call love. 11 

"The doctor calls it paralysis." 

A young man in a cocktail lounge 
saw a blonde sitting at a table near
by and was struck by her extraordi
nary beauty. In fact, he decided he 
had never seen such a gorgeous girl. 
And, almost before he realized what 
he was doing, he got up, went over 
to her and asked her to dance. She 
consented and soon he found she was 
not only beautiful, but she danced 
divinely. 

When the music stopped, he sat 
with her and they had a drink. To 
his amazement, she turned out to be 
a brilliant conversationalist. And he 
thought to himself, "here at last is 
THE woman.11 Unable to contain him
self any longer, he asked if he might 
take her home. She smiled and said, 
"yes.11 

When the taxi stopped, it was in 
front of one of New York's most ele
gant apartment hotels, and the 
young man pinched himself to see if 
he were not dreaming-a beautiful, 
brilliant, amiable girl, and rich, too. 

He walked on air beside her as 
they proc~eded down the richly car
peted hallway. She put her gold key 
in the lock, opened the door and they 
went into her apartment. When she 
snapped on the light, the young man 
stared. There, in the center of the 
room, lay a dead horse. 

Noticing his gasp of amazement, 
the girl spoke: "I didn't say I was 
neat, did I?" 

A traveling buyer had been on a 
trip for three months. Every few 
weeks he'd send a telegram home 
to his wife saying: "Can't come home. 
Still buying." 

The wife stood it for a while, but 
when the fourth month started, she 
decided to do something. She sent 
him a telegram. "Better come home. 
I'm selling what you're buying." 

A wealthy Detroiter, returning 
from his grand tour abroad, was 
asked by an artistic friend whether 
he had managed to pick up a Van 
Gogh or Picasso abroad. 

'
1Naw," said the traveler. ''They're 

all left-hand drive over there and be
sides I got three Buicks anyway." 
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Refinery valve-Needed: resist
ance to attack from petroleum 
products, thermal and hydrau
lic shock. Which alloy . • • ? 

D 
Diesel manifold- Needed: 
scaling and oxidation resist
ance at 12oo•F, resistance to 
thermal shock. Which alloy 1 

Turbojet afterburner shell -
Needed: strength plus corro
sion resistance at high temper
atures. Which alloy... ? 

Heat treating retort-Needed: 
light weight, ability to endure 
destructive heating-cooling 
cycles. Which alloy... 7 

Gl 

When you start to design equipment, you'll have to select 
the proper material to meet given service conditions ... a 
material that might have to resist corrosion, or wear, or 
high temperatures, or a combination of these conditions. 

Over the years, Inco Development and Research has 
gathered information on the performance of materials 

ANSWERS: • Diesel manifold ... Ductile Ni-Resist 
• Refinery valve •.• Ductile iron • Heat treating retort ... I nconel alloy 

Recovery tower- Needed: re
sistance to hot coke oven gases 
and aromatic chemicals, long 
service life. Which alloy ••• 7 

Gl 

Ship's propeller- Needed: 
lighter weight and resistance 
to erosion and salt water cor
rosion. Which alloy... ? 

Ill 

See if you can tell which of these 
nickel-containing alloys proved to be 
the answer to these problems. Put 
the right number in the right box. 

rn 
lil 
[]] 
11] 
[]] 

[I] 

rn 

Ductile Ni-Resist* 
Nimonic "75"* nickel-
chromium alloy 

Nickel-aluminum bronze 
Ductile iron 
Monel* nickel-copper alloy 
lnconel* nickel-chromium 
alloy 
Type 316 chromium-nickel 
stainless steel 

See answers below 

Regenerator pre-heater
Needed: trouble-free service 
handling hot caustics, fabri
cating ease. Which alloy ••• ? 

Ill 

in many such problems. Inco's List "A" and List "B" con
tain descriptions of 377 Inco publications which are 
available to you, covering applications and properties 
of Nickel and its alloys. For Lists "A" and "B", write 
Education Services. 
The International Nickel Company, Inc., New York 5, N.Y. 

'i'Registered. trademar~ 

A I 1!~.~?-> nco ickel 
·Turbojet afterburner shell ... Nimonic "75" • Ship's propeller ... Nickel-aluminum bronze 

makes metals perform better, longer • Recovery tower ... Type 316 stainless • Regenerator pre-heater ... Monel alloy 
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's n Here is a partial list of the 
unsurpassed variety of ca. 
reer opportunities at Allis. 
Chalmers: 

I lis- I rs 
r 

Types of iobs 
Research 
Design 
Development 
Manufacturing 
Application 
Sales 
Service 

He has confidence born of knowing where he's going and how he's 
going to get there. The graduate training program at Allis-Chalmers 
helped him decide on a specific career- and he had a choice of many. 
He knows his future is bright because Allis-Chalmers serves the growth 
industries of the world . . . produces the widest range of industrial 
equipment. He is confident of success because he is following a suc
cessful pattern set by Allis-Chalmers management. 

Industries 
Agriculture 
Cement 
Chemical 
Construction 
Electric Power 
Nuclear Power 
Paper 
Petroleum 
Steel 

Equipment 
Steam Turbines 
Hydraulic Turbines 
Switchgear 
Transformers 
Electronics 
Reactors 
Kilns 
Crushers 
Tractors 
Earth Movers 
Motors 
Control 
Pumps 
Engines 

Diesel 
Gas 

Fields 
Metallurgy 
Stress Analysis 
Process Engineering 
Mechanical Design 

High Voltage PhenomenQ 
Nucleonics 
Electronics 
Hydraulics 
Insulation, Electrical 
Thermodynamics 

from GTC to uVI P" 
The graduate training course 
helps you decide on your "Very 
Important Position," by giving 
you up to two years of theoretical 
and practical training. This course 
has helped set the pattern of ex
ecutive progress since 1904. For 
details write to Allis- Chalmers, 
Graduate Training Section, Mil
waukee 1, Wisconsin. 
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BIGck Gold grGphite, 

or LOCKTITE with 

NO SUP® SPIRAL GRIP 
leGd holder and 

Black Gold Imported 
9030 Castell lead. 

Nothing is more 
important to you in the 
formative phase of your 
education than to develop 
professional habits. 
A.W.FABER Black Gold 
graphite has helped 
countless thousands of 
seasoned Pros acquire 
the ~~golden touch". 
It is available to you 
either in the world
renowned Castell wood 
pencil or in the Spiral 
Grip TEL -A-GRADE 
LOCKTITE with degree 
indicator. 
Black Gold graphite tests. 
out at more than 99% 
pure natural carbon. 
It is smooth, grit-free 
and black as a raven's 
wing. It takes a long, 
keen point and resists 
heavy pressure in 
drawing or drafting. 

Whether your talents are 
creative or interpretive, 
you'll do better work 
once you acquire the 
Hgolden touch" with 
professional Castell 
tools. 20 superb degrees, 
88 to lOH. Pick up 
some Caste lis at your 
convenient supply 
store today. 

A.W. FABER .. CASTELL 
PENCil CO., INC. NEWARK 3, N.J. 
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The bandaged CE lay in the hos
pital bed, spoke dazedly to his visit
ing pal. 

"What happened?" 

"You absorbed too much last night 
and then made a bet you could fly 
out the window and around the 
block." 

11Why didn't yo u s to p me?1' 
screamed the beat-up student. 

11Stop you, man,11 said the other. 
11 1 had $25 on you/' 

11Madam, may I see your daugh
ter?11 

11 No. Get out and stay out." 
11 But, madam/ see this badge? I'm 

a detective." 

"Ohr I'm sorryi come in. I thought 
it was a fraternity pin.11 

E.E.: 111 hear the administration is 
trying to stop drinking. 11 

C.E.: 11That so? First thing you 
know they will be trying to make the 
students stop too. 11 

The fussy prof strolled down the 
aisle among the desks. He saw a 
cigarette butt lying on the floor. 11 ls 
this yours?11 he growled at the engi
neer nearest him?11 

11 No, sir, you can have it ... you 
saw it ·llrst. 11 

The Fine Arts student was painting 

a view of Lake Calhoun when he 

noticed an engineer watching him. 

11 Ah/' said the artist, 11perhaps you, 

too, are a lover of nature's beauties. 

Have you seen the golden fingers of 

dawn spreading across the sky, the 

crimson stained sulphurous islets 

floating in the lake of fire of the sky, 

the rugged clouds at midnight blot

ting out the shuddering moon?" 

"Not lately/' said the engineer, 

"1 1ve been on the wagon all quarter.11 

Papa sparrow returned to his nest 

and proudly announced that he had 

made a deposit on a new Buick. 

Sweet young thing: "Can you tatoo 

a cat on my knee?11 

Tattooer: "We're having a sale on 

giraffes this week." 

The human brain is wonderful. It 

starts working the moment you wake 

up in the morning and doesn't stop 

until you are called on in class. 

1150 your boy's in I.T. Whafs he go

ing to be when he gets through?11 

11Senile/1 

' 
Avoid the 
Mid .. Quarter 

Rush 
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ow to get steel tubes to harness highest 
eratures steam pressures 

I N constructing Philadelphia Electric Company's revolu
tionary new Eddystone power plant, engineers had to 

harness the highest combination of pressure and steam 
ever achieved in a central station with 5,000 psi at 1,200° F. 
This called for superheater tubes (see diagram above) of a 
special stronger steel never before used in steam power 
plants. No one hacl ever succeeded in piercing this tougher 
steel to make seamless steel tubing. 

The problem was given to Timken Company metal
lurgists, experts at piercing steels for 40 years. And they 
turned the trick. They made the steel for the platen and 
finishing super-heaters with the alloying elements in just 
the right balance for perfect piercing quality. They pierced 
20 miles of tubes free from both surface and internal flaws. 

Timken Company metallurgists and Timken steels have 
solved all kinds of tough steel problems. They can help 
you on problems you may face in industry. 

And if you're interested in a career with the leader in 
specialty steels ... with the world's largest maker of 
tapered roller bearings and removable rock bits ... send 
for free booklet, "Better-ness and Your Career at the 
Timken Company". Write Manager of College Relations, 
The Timken Roller Bearing Company, Canton 6, Ohio. 

an tern 

Creep-Stress Rupture Laboratory in our new Steel Research 
Center. Here we test the resistance of steels to deformation at 
temperatures as high as 1800°F. 

® 

Fine 
Alloy 

SPECIALISTS IN FINE AllOY STEELS, GRAPHITIC TOOl STEELS AND SEAMLESS STEEL TUBING 
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I 
Edited by GARY LAMONT 

1. How many sheep jump over a fence in an hour 
if 10 sheep jump over a fence in 10 minutes? Be 
careful~ 

2. Once upon a time in a far off country there was 
a king who had two sons which were identical twins. 
Now, the king was getting old; but he could not 
decide which son should become the new king be
cause he did not know which one was born first. He, 
therefore, figured out a fair test that would produce 
the best king. 

He called his two sons into his chambers and 
told them of a great mountain that was far away. 
He said that they would ride to the mountain and 
the son's horse that arrived last would receive the 
crown. 

The next morning they rode off, but, of course, 
went very slow. That afternoon they came to a fork 
in the road where a soothsayer was sitting. 
They told him of their problem, and he sat back and 
thought. About an hour later he arose and said two 
words. And with this, the two princes jumped on 
their horses and rode off as fast as they could to 
the mountain. 

What were the two words that the soothsayer 
said? 
3. The logarithms of two numbers differ by 1.4238 
and the numbers themselves differ by 3856. Find 
the numbers. 
4. Three women buy together a ball of silk 6" in 
diameter. How much of the diameter must each 
wind off to get her third? 
5. A circular wall of radius A stands in a large 
field. A cow is tied to the outside of this wall by a 
rope the length of which is equal to half the cir
cumference of the wall. Find the area over which 
the cow can graze. 
6. If three equal rails will fence three acres, how 
many acres will four rails fence? 
7. An engineering student who was going hunting 
in Canada, wished to take his gun with him on the 
train. The ticket agent told him he could not take 
the gun with him in the coach, while the baggage 
man would not take it because of its excessive 
length (1.7 yards), since he was forbidden to accept 
for shipment any article whose greatest dimension 
exceeds 1 yard. How was the student able to take 
the gun on the train with him? 

(ACADEMIC~ OF COURSE) 

E 
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· Caterpillar D8 Tractor with ripper tearing through road material 

Rippers really rou hit-
So radiography checks their stamina 

RPPER SHANKS and clevises at the business end of 
a high-powered tractor lead a torturous life as 

they tear through overburden and rock. 
No place here for a flaw to ruin performance! So 

Caterpillar makes sure of their stamina-has them 
radiographed at the foundry that casts them. This 
is the place for any imperfection to be shown up. 
For here Radiography can do two things. It can 
make sure that only sound castings go out. It can 
point the way to improving casting technique so 
that a consistently better yield can be had. 

Ripper shank being radiographed with cobalt 60 projector 

Radiography is but one branch of photography 
that is working day in-day out for the engineer. It 
is saving time and cutting costs in research and 
development, in production, in sales and in office 
routine. You will find that in whatever field you 
choose, photography will be ready to serve you too. 

EAST AN KODAK CO PANY, Rochester 4, N.Y. 

CAREERS WITH KODAK 

As Radiography becomes more important 
in the business and industry of tomorrow, 
there are excellent opportunities for sci
entists who want to grow in this field. If 
you have a doctoral degree in physics and 

a desire to follow radiography as a career, 
write for information about careers with 
Kodak. Address: Business and Technical 
Personnel Department, Eastman Kodak 
Company, Rochester 4, New York. 



Q. Mr. Savage, should young engineers 
join professional engineering socie
ties? 

A. By all means. Once engineers 
have graduated from college 
they are immediately "on the 
outside looking in," so to speak, 
of a new social circle to which 
they must earn their right to be
long. Joining a professional or 
technical society represents a 
good entree. 

Q. How do these societies help young 
engineers? 

A. The members of these societies 
-mature, knowledgeable men
have an obligation to instruct 
those who follow after them. 
Engineers and scientists-as pro
fessional people-are custodians 
of a specialized body or fund of 
knowledge to which they have 
three definite responsibilities. 
The first is to generate new 
knowledge and add to this total 
fund. The second is to utilize 
this fund of knowledge in service 
to society. The third is to teach 
this knowledge to others, includ
ing young engineers. 

Q. Specifically, what benefits accrue 
from belonging to these groups? 

A. There are many. For the young 
engineer, affiliation serves the 
practical purpose of exposing his 
work to appraisal by other scien
tists and engineers. Most impor
tant, however, technical societies 
enable young engineers to learn 
of work crucial to their own. 
These organizations are a prime 
source of ideas- meeting col
leagues and talking with them, 
reading reports, attending meet
ings and lectures. And, for the 
young engineer, recognition of 
his accomplishments by asso
ciates and organizations gener
ally heads the list of his aspira
tions. He derives satisfaction 
from knowing that he has been 
identified in his field. 

AH'\18811 Ni'lilfll 
One of a series* 1 

Interview with General Electric's 

Charles F. Savage 

Consultant- Engineering Professional Relations 

ow rofessi n 

el 

Q. What contribution is the young en .. 
gineer expected to make as an ac~ 
tive member of technical and pro· 
fessional societies? 

A. First of all, he should become 
active in helping promote the 
objectives of a society by prepar
ing and presenting timely, well
conceived technical papers. He 
should also become active in 
organizational administration. 
This is self-development at work, 
for such efforts can enhance the 
personal stature and reputation 
of the individual. And, I might 
add that professional develop
ment is a continuous process, 
starting prior to entering col
lege and progressing beyond 
retirement. Professional aspira
tions may change but learning 
covers a person's entire life span. 
And, of course, there are dues to 
be paid. The amount is grad
uated in terms of professional 
stature gained and should al
ways be considered as a personal 
investment in his future. 

Q. How do you go about joining pro
fessional groups? 

A. Vvhile still in school, join student 
chapters of societies right on 
campus. Once an engineer is out 
working in industry, he should 
contact local chapters of techni
cal and professional societies, or 
find out about them from fellow 
engineers. 

Q. Does General Electric encourage par
ticipation in technical and profes
sional societies? 

A. It certainly does. General Elec
tric progress is built upon cre
ative ideas and innovations. The 
Company goes to great lengths 
to establish a climate and in
centive to yield these results. 
One way to get ideas is to en-

GE ER L 

I Societies 

un En rs 

courage· employees to join pro
fessional societies. Why? Because 
General Electric shares in recog
nition accorded any of its indi
vidual employees, as well as the 
common pool of knowledge that 
these engineers build up. It can't 
help but profit by encouraging 
such association, which sparks 
and stimulates contributions. 

Right now, sizeable numbers of 
General Electric employees, at 
all levels in the Company, belong 
to engineering societies, hold re
sponsible offices, serve on work
ing committees and handle im
portant assignments. Many are 
recognized for their outstanding 
contributions by honor and 
medal awards. 

These general observations em
phasize that General Electric 
does encourage participation. In 
indication of the importance of 
this view, the Company usually 
defrays a portion of the expense 
accrued by the men involved in 
supporting the activities of these 
various organizations. Remem
ber, our goal is to see every man 
advance to the full limit of his 
capabilities. Encouraging him to 
join Professional Societies is one 
way to help him do so. 

Mr. Savage has copies of the booklet 
"Your First 5 Years" published by 
the Engineers' Council for Profes
sional Development which you may 
have for the asking. Simply write to 
Mr. C. F. Savage, Section 959-12, 
General Electric Co., Schenectady 
5,N. Y. 

*LOOK FOR other interviews dis
cussing: Salary • Why Companies 
have Training Programs • How to 
Get the Job You Want. 

ELECTRI 





Under fire, the performance of men and machines depends on what they are made of. United States Steel 

makes the materials for the machines, whether it's a very tough armor plate, or heat-resistant alloy, or Stainless Steels. 

You might be interested in some of the USS steels developed specifically for aircraft and missiles: 

USS Strux, an alloy steel with close to 300,000 psi tensile strength primarily for aircraft landing gears; 

USS Airsteel X-200, an air-hardenable alloy steel with 230,000 psi yield strength for aircraft sheet and missile 
applications; USS 12MoV and USS 17-5 MnV Stainless Steels for high-speed aircraft and missiles; 

Stainless "W", a precipitation-hardenable Stainless Steel. 

New "exotic" metals, new methods for making them, present an exciting challenge. Men willing to accept this 

challenge-civil, industrial, mechanical, metallurgical, ceramic, electrical or chemical engineers have a future 

with United States Steel. Write to: United States Steel, Personnel Division, Room 2316, 
525 William Penn Place, Pittsburgh 30, Pennsylvania. 
USS is a registered trademark 

United States Steel 



MASTER & DOCTOR OF SCIENCE 
DOCTOR OF PHILOSOPHY 

CANDIDATES 
COMPLETING REQUIREMENTS IN 

Engineering I Physics I Applied Mathematics 

SPACE TECHNOLOGY LABORATORIES, INc., Los Angeles, California, 

recognizes your scholarly and technical achievements by encouraging you to 

have your findings published in recognized scientific journals and 

to present them before scientific and technical societies. 

For members of STL's Technical Staff, a group proficient in the preparation 

of written and oral presentations is available to give able assistance. 

Since 1954, STL has been a pioneer in virtually every phase of theoretical 

analysis, research, development, and administration of military 

and civilian space systems including the systems engineering and technical 

direction for the Air Force Ballistic Missile Program. 

These are some of the recent papers prepared by members of the STL Technical Staff: 
LESTER LEES, F. w. HARTWIG 
and C. B. CoHEN, "The use of 
aerodynamic lift during entry 
into the earth's atmosphere." pre
sented at American Rocket Soci
ety Controllable Satellites Con
ference, April-May, 1959. 

S. C. BAKER and J. M. KELSO, 
"Miniature movies of the plan
ets," reprinted from Astronau
tics, May, 1959. 

R. W. RECTOR, "Space age com
puting," reprinted from Datama
tion, March-April, 1959. 

E. S. WEIBEL, "On the confine
ment of a plasma by magneto
static fields," reprinted from The 
Physics of Fluids, January-Feb
ruary, 1959. 

A. D. WHEELON (with G. 
MuNCH), "Space-time correla
tions in stationary isotrophic tur
bulence," reprinted from The 
Physics of Fluids. November
December, 1958. 

G. E. SoLOMON, "The nature of 
re-entry," reprinted from Astro
nautics, March. 1959. 

T. A. MAGNEss. J. B. McGUIRE 
and 0. K. SMITH, "Accuracy re
uirements for interplanetary bal
listic trajectories," reprinted from 
Proceedings IXth International 
Astronautical Congress, Amster
dam, August, 1958. 

A. D. WHEELON (with H. 
STARAS), "Theoretical research 
on tropospheric scatter propaga
tion in the United States, 1954-
1957," reprinted, from IRE 
Transactions on Antennas and 
Propagation, January, 1959. 

Investigate opportunities in your major concentration at our laboratories in Los Angeles, California, 

or Cape Canaveral, Florida. Please consult with your placement officer for further information or write to: 

College Relations, Space Technology Laboratories, Inc. P. 0. Box 95004, Los Angeles 45, California 

SPACE TECHNOLOGY LABORATORIES, INC. 
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rup the road 
ctronics The automatic highway, 

.. zn e 
demonstrated in this working model of General Motors experimental 
Auto-Control System, is an electronic marvel that takes over steering, 
speed, braking and obstacle detection for drivers. 

GM positions now 
available in these fields 

for men holding 
Bachelor's, Master's 

and Doctor's degrees: 
Mechanical Engineering 

Electrical Engineering 
Industrial Engineering 

Metallurgical Engineering 
Chemical Engineering 

Aeronautical Engineering 
Ceramic Engineering 

Mathematics 
Industrial Design 

Physics • Chemistry 
Engineering Mechanics 

Business Administration 
and Related Fields 

If you're thinking ahead in the field of 
science or engineering, General Motors 
is the place for you. Here are many 
challenging opportunities for young men 
who want to do things, do things better, 
solve problems on projects that probe 
into the future. 

Among many available fields and 
products in which GM engineers and 
scientists work are: electronics, rocket 
propulsion, automotive, solar energy, 
astronautics, diesel engines and house
hold appliances. 

GM has plenty of room in which you 
can grow. As you move forward, you 
take on jobs of greater responsibility in 
your Division and can bridge across to 
positions of responsibility in other Divi
sions of the Corporation. And if you 
wish to continue with advanced studies, 
GM offers financial assistance. 

For more information on a fine posi
tion with an exciting future, write to 
General Motors, Personnel Staff, 
Detroit 2, Michigan. 

GENERAL MOTORS 
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Leonardo da Vinci ••• on experiments 

"'I shall begin by making some experiments before I pro
ceed any further; for it is my intention first to consult 
experience and then show by reasoning why that experi
ence was bound to turn out as it did;· This, in· fact, is the 
true rule by which the student of natural effects must pro
ceed: although nature starts from reason and ends yvith 
experience, u is necessary for us to proceed the other way 
around, that is ,.._. as I said above ,.._. begin with experience 
and with its help seek the reason .. 

Experience never errs; what alone may err is our judg.: 
ment, which predicts effects that cannot be produced in 
our experiments. Given a cause, what foiiows will of 
necessity be its true effeCt, unless some external obstacle 
intervenes. When that happens, the effect that would 
have resulted from the cause will reHect the nature of the 
·obstad«:: in the same proportion as the obst~cle is more 
Qr less powerful ihan the cause." 

-Notebooks,; circa 1500 

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

MINNESOTA TECHNOLOG 



Air brake for a spaceliner 

The earth's atmosphere, one of the biggest obstacles to getting into outer 
space, can be one of our biggest assets coming back. At Douglas we are 
investigating how we can use its braking effects on rockets returning from 
deep space trips at far faster than ICBM speeds. Success will allow us to 
increase payloads by reducing the weight of soft landing systems. This 
technique also will aid us in pinpointing landing areas. Current reports show 
real progress. Douglas is engaged in intensive research on every aspect of 
space planning, from environmental conditions on other planets to the 
destroyer-sized space ships necessary to get there. We invite qualified 
engineers and scientists to join us. Write to C. C. LaVene, Box 600- Y, Douglas 
Aircraft Company, Santa Monica, California. 

Arthur Shef, Chief, Advanced Design Section, M(ssiles and Space Sys

tems, irons out a problem with Arthur E. Raymond, D u G LAS 
Senior Engineering Vice President of 

MISSILE SYSTEMS II SPACE SYSTEMS II MILITARY AIRCRAFT II JETLINERS ill CARGO TRANSPORTS II AIRCOMB ill GROUND-HANDLING EQUIPMENT 
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TOMORROW BEGINS TODAY AT CONVAIR SAN/DIEGO 

CONVAIR/SAN DIEGO CONVAIR IS A DIVISION OF 

3302 PACIFIC HIGHWAY, SAN DIEGO, CALIFORNIA 

6 

As an engineering, mathematics or physics 
major, you will soon be called upon to make 
one of the most important decisions of your life: 
Cboice of Association. 

In making that decision, we hope you will choose 
the aerospace industry and Convair/San Diego. But 
whatever your choice, the selection of association 
must be made with meticulous care and keen aware
ness of what that decision will mean, not only 
immediately, but in years to come. 

To arrive at such an important decision, you will 
need all the information available to you. That is 
why Convair/San Diego is suggesting that you care
fully read a new booklet prepared for the express 
purpose of helping you make this vital decision. 

Within the twenty-four pages of this brochure, you 
will find detailed information about Convair, the 
General Dynamics Corporation, and the work of 
each group within the Convair/San Diego engineer
ing Department. 

Whether or not you decide to discuss your career 
with us in more detail, we sincerely believe you will 
be better equipped to make your decision after 
reading this brochure. 

If your placement office does not have a copy, we 
will be pleased to mail you one. Simply write to 
Mr. M. C. Curtis, Industrial Relations Administra
tor, Engineering, 

MINNESOTA TECHNOlOG 



D is tomorr w-minded 

A chemist, with his mind on his own specialty exclu
sively, might say: nThe chief raw materials for 
Dow products are sea water, brine, petroleum, coal, 
oyster shells." Up to a point he would be right. But 
in fact he would be overlooking the most important 
ingredient of all-people of a certain exceptional kind 
and quality of mind. 
Let's look at a quick profile of the kind of person Dow 
looks for. His mind and ambitions are not limited by 
the dimensions of the job he is doing. His horizons 
take in tomorrow, while he does his job well today. 
Problems appear to him in a dynamic context of both 
today and tomorrow. The ~~big picture" is not just a 
cynical phrase to him. 
This broader view makes him plan well-for his family 
as well as for his job. As the phrase goes, he is ((a 
good provider." He owns his own car. Chances are he 
owns his own home. Along with some 80,000 others he 
has invested in Dow stock because he believes in his 

company and wants to back up that belief with cash. 

He is a builder at work or in his community. He gets 
a kick out of creating new things. Such products as 
Saran Wrap*, Separan * for the mining industry, the 
new fiber Zefran*, and others. Making things that do 
some important job for the human community, better 
than it has ever been done before, gives him a real thrill. 

Not everyone who works for Dow, whether at Midland 
or the other 23 United States locations (plus 23 foreign 
and 5 Canadian), fits this profile. But by and large 
most of those who do well tend to. Though they have 
more than their share of ~(creative discontent," they 
have found a good place to grow, and work out their 
hopes, plans and ambitions. 

If you would like to know more about the Dow oppor
tunity, please write: Director of College Relations, 
Department 2427FW, THE DOW CHEMICAL COMPANY, 

Midland, Michigan. *TRADEMARK 

THE DOW CHEMICAL COMPANY e MIDLAND, MICHIGAN 
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Westinghouse mathematicians Burnham Moffat and Dr. Richard Durstine check on an electronic 
computer working out solutions to a heat transfer problem for the company's Atomic Power Division. 

The Mathematics Departme t helps you to use 
high-speed computers to solve your problem 

The Mathematics Department helps Westinghouse 
engineers take advantage of modern methods of mathe
matics and new developments in this field. If new tech
niques are needed to use a digital computer for solving 
an engineer's problem, these men will develop them. 

This department, the second of its kind in American 
industry, is staffed by 15 Ph.D.'s, 3 M.S.'s, and 6 B.S. 
mathematicians. Among other accomplishments, it is 
credited with developing OPCON, an electronic brain 
for optimizing control of processing systems. OPCON 
won for Westinghouse the 1958 Industrial Science 
Achievement Award of the A.A.A.S. 

Supporting the work of about 150 other mathemati
cians with operating divisions, the Mathematics Dept. 
is actively studying industrial logistics (called OR or 
Operations Research by some), fatigue of metals (pio
neering work using statistical techniques), equipment 
and system design, and a variety of other challenging 
problems. 

The young engineer at Westinghouse isn't expected to 

know all of the answers. Our work is often too advanced 
for that. Each man's work is backed up by specialists
like the men in this Mathematics Dept. Even tough 
problems are easier to solve with this kind of help. 

If you've ambition and real ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportuni
ties for talented engineers. 

Want more information? Write to Mr. L. H. Noggle, 
Westinghouse Educational Dept., Ardmore & Brinton 
Roads, Pittsburgh 21, Pa. 

YOU CAN BE SURE ooe SF ITS -
VVestin 

WATCH WESTINGHOUSE LUCILLE BALL-DESI ARNAZ SHOWS 

CBS-TV FRIDAYS 
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An Announcement of Importance 

NOVEMBER, 1959 

to Engineering 

and Physical cience Majors 

Lockheed Missiles and Space Division is engaged in a broad spectrum 
of scientific exploration. The Division has complete capability in more than 
40 areas of technology- from concept to operation. 

Diversity of the work areas is typified by the programs in such fields as: 
magnetohydrodynamics; space medicine; oceanography; sonics; propulsion 
and exotic fuels; metallurgy; advanced systems research; manned space 
vehicles; reconnaissance; optics and infrared; electromagnetic wave propa
gation and radiation; electronics; physics; chemistry; mathematics; computer 
design; aero and thermo dynamics; test; design and operations research 
and analysis. 

PROJECTS-Current major projects include the Navy POLARIS Fleet Ballistic 
Missile; the DISCOVERER program; MIDAS and SAMos; Air Force Q-5 and X-7 
and the Army KINGFISHER. PROJECT MIDAS is an early warning infrared 
system against ballistic missile attacks, based on the use of satellites. PROJECT 
SAMOS is designed for the development of an advanced satellite reconnais
sance system. DiscoVERER, MIDAS, and SAM OS are programs of the Advanced 
Research Projects Agency under the direction of the Air Force Ballistic 
Missile Division with Lockheed as systems manager. 

LOCATIONS-You have a selection of two of the choicest living areas in the 
country at Lockheed. Headquarters for the Division are at Sunnyvale, Cali
fornia, on the San Francisco Peninsula. Research and development facilities 
are located in the Stanford Industrial Park in Palo Alto and at Van Nuys, 
in the San Fernando Valley of Los Angeles. Testing is conducted at Santa 
Cruz and Vandenberg AFB, California; Cape Canaveral, Florida: and 
Alamogordo, New Mexico. 

Together, the Division's facilities occupy more than two million, six 
hundred thousand square feet of laboratory, engineering, manufacturing and 
office space and provide the latest in technical equipment, including one of 
the most modern computing centers in the world. 

OPPORTUNITIES fOR ADVANCED EDUCATION- For those who desire to 
continue their education and secure advanced degrees Lockheed maintains 
two programs. The Graduate Study Program permits selected engineers and 
scientists to obtain advanced degrees at the company's expense while working 
part time at Lockheed. 

The Tuition Reimbursement Plan remits fifty per cent of the tuition for 
approved evening courses for salaried employees who are working full time. 

For Information regarding career opportunities at Lockheed, please write 
Professional Placement Staff, Dept. K -96, Lockheed Missiles and Space 
Division, 962 West El Camino Real, Sunnyvale, California, or see your 
Placement Director for date of Lockheed campus visit. 

I MISSILES AND SPACE DIVISION 

SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 

CAPE CANAVERAL, FLORIDA • ALAMOGORDO, NEW MEXICO • HA WAH 
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ELECTRIC SPACE VEHIClE 

Hypothetical Model 
] Nuclear Reactor 

2 Propellant 

3 Turbo-Generator 

4 Radiator 

5 Crew Cobin for 8 
6 landing Croft 

length: 600 feet 

Gross Weight: 350,000 lbs. 
Power: 12,600 KW 

Thrust: 58 lbs. 

NASA's space efforts are directed toward two specific ob
jectives. First, to make it possible for man to achieve the 
same mastery over space he has already secured in every 
other region he has attempted to make his own ... on the 
surface of the earth, under it, or in the air above it. 
Second, to free man from one additional element of intel
lectual bondage-that is, to gain for all mankind additional 
knowledge about the cosmos. 
To accomplish these objectives NASA's broadly conceived 
programs encompass intensive work in the following areas: 

Scientific investigations in space by means of sounding 
rockets, scientific satellites, lunar probes, deep space 
probes. 

Research and development of spacecraft, missiles and 
aircraft. 

Meteorological and communications satellite systems. 
Space operations technology - Project Mercury and 

space rendezvous techniques. 
Space propulsion research, including solid propellant 

rockets, high energy propellant rockets, llh-million-pound
thrust single-chamber rocket engine, nuclear and electric 
rocket engines. 

Orbiting space laboratories. 

National Aeronautics and 

5 

Scientists 
and Engineers: 

Career opportunities for graduates at 
NASA are as unlimited as the scope of 
our organization. 

Please address your inquiry to the 
Personnel Director of any of the 
following NASA research centers: 

e langley Research Center 
Hampton, Virginia 

e Ames Research Center 
Mountain View, California 

Ell lewis Research Center 
Cleveland, Ohio 

Ell High-Speed Flight Station 
Edwards, California 

c Goddard Space Flight Center 
4555 Overlook Avenue, S.W. 
Washington 25, D. C. 

Space Administration 
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ELMER W. JoHNSON, Dean of the Institute of Tech
nology, died September 20, 1959, at the age of 67. 

Dean Johnson took an in tense interest in the 
individual student in I. T., and his loss is deeply re
gretted by all of the students in the Institute. 

Dean Johnson's half century in the engineering 
profession began in the E.E. field, but his principal 
interest soon became education. His service to the 
students of I. T. will not be forgotten. 

Born in Minneapolis in 1893, the Johnson family 
moved to Staples, Minnesota in 1898. 

Dean Johnson received his public school educa
tion at Staples and his B.S. degree in 1914 and E.E. 
degree in 1915, both from the University of Min
nesota. 

Following his graduation in 1915, Dean Johnson 
spent the next six years with the Westinghouse Elec
trical and Manufacturing Co., Northern States 
Power and the Chicago, Milwaukee, and St. Paul 
Railroad. 

He served in W.W.I. with Company B of the 33rd 
Regiment of Engineers, having charge of electrical 
installations and maintenance at the docks at Brest, 
France. 

Dean Johnson's career at the University started in 
September of 1921 as an instructor in the Depart
ment of Mathematics and Mechanics. After transfer
ring to the Department of Electrical Engineering in 
1923, he held successive positions as assistant pro
fessor, associate professor, professor, and assistant 
dean. He received his M.E. degree in 1923 from the 
University. 

Dean Johnson was very active in student counsel
ling and placement work. As placement director, he 
had close contact with virtually all the students in 
the Institute by the time they graduated. 

When the veterans came back to the campus 
after W.W.II, he got the Tech Commission started 
again when it had almost died out. 
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by GERAlD M. KNOX 

He helped revive E-day, and he took a vital in
terest in all E-day activities. 

Although Dean Johnson was closely associated 
with many and varied student groups, he was espe
cially active in Plumb Bob, the leadership and serv
ice honor society of the Institute. He was a member 
of Eta Kappa Nu, Tau Beta Pi, honorary engineer
ing fraternities; also Acacia, Kappa Et Kappa, and 
Theta Xi fraternities. In addition, Dean Johnson 
found time to work with the Boy Scouts and served 
as senior advisor for Alpha Phi Omega, scouting 
service fraternity at the University. 

Dean Johnson was named Engineer of the Year 
in 1958 by the Engineers' Club of Minneapolis. He 
was a life member of the Club and two-term mem
ber of its board of directors. He was also a member 
of the American Institute of Electrical Engineers, 
Illuminating Engineering Society, American Socie
ty for Engineering Education, and the Midwest Col
lege Placement Association. 

Dean Johnson's original field was electrical engi
neering in the power division. His major interest 
in the fields of illuminating engineering and power 
engineering made Dean Johnson active in the illumi
nating engineering field both at the University and 
throughout the state. He was a local representative 
for the Illuminating Engineering Society for the Up
per Midwest, helping to form the Twin City Chapter 
of the Illuminating Engineering Society. In the areas 
of outdoor illumination, Dean Johnson served the 
University in its many outdoor activities including 
outdoor commencements and outdoor musicals. 

Yet his foremost concern remained the student. 
Throughout his 38 years at the University, Dean 
Johnson's untiring efforts to aid his students won 
the respect and admiration of the entire school. To 
him we dedicate this issue of the Technolog. 
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A C PLETEL Y DERN HEAT EXCHANGER 

by TOM ClARK 

HAT does heat transfer mean to the engineer? 
In all fields of engineering and industry the 
the transfer of heat is a major problem. In al

most every process there is a need to either gain or 
lose heat. For example, in this age of space travel and 
rockets, one of the problems of the engineer was to 
find a suitable way to dissipate heat from the com
bustion of fuel. This heat was great enough to melt 
all known metals and thus presented a complex heat 
exchange problem. There are many such problems 
in this field for all engineers, as can be seen by the 
number of papers (approximately 1000 per year) 
which are written on the subject of heat and mass 
transfer. 

There are three different modes of heat exchange; 
conduction, convection, and radiation. Here we will 
be concerned with a process that combines the prop
erties of conduction and convection. Conduction is 
the transfer of internal energy from one molecule to 
another. The process of convection heat is transport
ed from one point to another by being carried along 
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as internal energy in a flowing medium such as 
liquid or gas. 

The Trane Company of LaCrosse, Wisconsin, one 
of the leaders in the field of heating and air condi
tioning, has developed a completely modern and effi
cient heat exchanger or centrifugal refrigeration 
unit called the Centravac. The Centravac has been 
in existence for the past eight or ten years. During 
this time, it has asserted itself as the leader in its 
field. 

Though the Centravac's main uses and applica
tions are found in the field of air conditioning, it 
may also be found in use in industrial processes and 
electronic applications. It can be found in new build
ings, old buildings, and factories supplying complete 
and efficient air conditioning both for comfort and 
process purposes. 

The Centravac is available in many sizes with a 
wide range in capacities. A single unit may be used 
to supply from 45 to 1700 tons of refrigeration. A ton 
of refrigeration is defined as the rate of heat absorp-

A Typical 

Centravac Unit 

As It Appears 

In Industry 
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tion of 12,000 BTU jhr. or the rate of heat removed 
to freeze 1 ton of water from 32°F in one day. In ad
dition the Centravac is adaptable to multiple install
ations; therefore, it can be used on the largest ap
plications. 

The unit is started automatically by the mere 
push of a button. Once the process has started, it 
will begin to supply refrigeration at the rate needed 
by the system within the limits of 10 to 100% of 
capacity. It will continue to supply this refrigeration 
indefinitely or until there is no demand or the unit 
is turned off. The operation of the machine is shown 
schematically in Fig. 2. The water begins to flow 
through the tubes and the motor begins to pump 
the refrigerant centrifugally through the impeller. 
Thus the process is started. The refrigerant pass
es into the evaporator which is the shell and tube 
type with the water passing through the tubes and 
the refrigerant on the outside. The evaporator is es
pecially designed for an even distribution of the 
liquid refrigerant. Thus the refrigerant will boil up 
in a uniform pattern, touching the entire heat trans
fer surface. Also incorporated into the evaporator 
is the unique semi-flood design in which only part of 
the tubes are immersed in the refrigerant. These 
features aid in attaining a maximum heat transfer. 
Heat from the water is removed by the boiling off 
of the refrigerant and then the cooled water is passed 
out into the system to be used as needed. 

The gaseous refrigerant now passes up into the 
condenser. The condenser is also of the shell 
and tube type with water once again in the 
tubes. This water is supplied by a well, the city sup
ply, or whatever source is readily available. As the 
gas comes in it meets a special perforated steel plate 
which immediately spreads it out to all sections of 
the condenser. This aids condensation and also pre
vents wear on the pipes by concentrated gases. The 
refrigerant is cooled and condensed by the water in 
the pipes. It then passes down through the valve 
and back into the evaporator. The valve regulates the 
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Fig. 1. Automatic Starter 

1-Starter Button 

2-Chilled Water Pump 

3-Temperature Controller 

4-Condensor Water Pump 

5-Cooling Tower Fan 

6-lubrication Oil Pump 

?-Pre-rotation Inlet Vanes 

8-load limit Mechanism 

flow back and also prevents the passage of non-con
densed gases into the evaporator. This operation goes 
on continuously as long as there is a demand for cold 
water. 

The Centravac is modern in every respect and has 
many great advantages. It has been built for a long 
life, using parts that are carefully designed and 
made right in the Trane factory. Many obstacles of 
centrifugal refrigeration equipment have been elim
inated such as the gear box, couplings, bearings, and 
shaft seals. There are just two main bearings in the 
whole unit which are pressure lubricated. All parts 
are carefully checked and each unit is aligned in 
the factory to guard against misalignment in the 
field. Its great simplicity due to only one moving 
part, the motor, makes the unit practically immune 
to wear. 

The Centravac is the only air conditioning unit 
on the market today that is hermetically sealed. This 
means that air cannot enter the unit to reduce the 
system's capacity, external drive loss is omitted, and 
there is no loss of refrigerant. Also, shaft seals, which 
are the weakest points of any refrigeration system, 
are completely eliminated. This leads to a quiet and 
efficient operation. 

The Centravac is very easy to install and may be 
located in almost any place from the basement of the 
building to the roof, inside or outside. It can be in
stalled on any flat and level foundation with just a 
small amount of rigging. 

Though many units lose their efficiency when op
erated at smaller percentages of maximum rate, the 
Centravac runs efficiently at all times with about 0.8 
horsepower per ton of refrigeration and 0.17 hp per 
0.1 ton. The unit will run this way for a day, six 
months, or longer without any adjustment. Once the 
button (1) is pushed, the chilled water pump (2) 
starts automatically and in sequence. Then the tem
perature controller (3) kicks in and this starts the 

(Continued on page 34) 
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Sir Isaac Newton 

by PAUL W. KIRCHOFF 
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ai do not know what I may appear 
to the world, but, to myself, I seem 
to have been only like a boy playing 
on the seashoTe, and diverting myself 
in now and then finding a smoother 
pebble or a prettier shell than ordi
nary, while the gTeat ocean of tTuth 
lay all undiscoveTed befoTe m~." 

IF THE WORD "genius" can be applied to any mortal, 
it fits this tortured, touchy, nerve-racked, intro
spective bachelor. This secretive, secluded "natu

ral philosopher," grimly hand polishing the first 
reflecting telescope, poring over alchemist books and 
tending fires, and alembics in the dingy "elabora
tory" he supported near his unkept lodging rooms 
when he was professor of mathematics at Cambridge. 
The only man in England, amidst a brilliant com
pany that included Halley, Hooke and Wren, who 
could solve astronomical problems on the motion 
(given the path) of the heavenly bodies. 

Newton was born on Christmas Day in 1642 at 
W oolsthorpe, England. His father had died in Octo
ber of that year, so the burden of family support 
fell upon his mother. Three years later she remar
ried, and Newton was sent to live with his grand
mother in Grantham, England. Here he attended 
grammar school. He made little progress with his 
studies until a successful fight with another boy 
gave him prestige among his classmates, who began 
to copy his actions. Along with the popularity, he 
became more interested in his studies, especially 
mathematics. 

At the age of 14, Newton's stepfather died, and 
he was taken out of school to help on his mother's 
farm. The amount of his help was negligible, how
ever, because Newton spent most of his waking hours 
studying mathematics. His uncle, William Ayscough, 
advised that the boy be sent back to school to pre
pare for entrance examinations to Cambridge. 

In 1661, he passed the entrance requirements and 
enrolled at Trinity College, Cambridge. After four 
years he received a Bachelor of Arts degree. 

The fruitful years in his life came early, during 
the "plague years of 1665-66," when he was forced 
to return from Cambridge to the country. "In those 
days, I was in the prime of my age for invention," 
he writes," and minded mathematics and philosophy 
more than at any time." 

He soon developed the binomial theorem of al
gebra and the elements of a process which he called 
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fluxions (differential calculus). In May, 1666, he re
versed his fluxions and perfected integral calculus. 

Later the same year, he began to think of the 
possibility of gravity extending to the moon, and 
also started work on optics and color. After much 
work on the gravity hypothesis, he laid it aside be
cause of the difficulty of proving the point mass the
orem for such large bodies. He intended to return 
to it when he had more time. 

Newton received a fellowship to Trinity College 
in 1667, and continued his work on optics and color 
at that institution. 

On January 11, 1672, at the age of 30, Newton was 
elected fellow to the Royal Society of Science, a body 
of noted scientists who determined the merit of new 
discoveries and inventions. Recognition by the so
ciety was the goal of every scientist of that day. New
ton's theory on light and color was read before the 
Society on February 8 of the same year, and caused 
much controversy among his colleagues. Chief among 
the dissenters were Hooke and Boyle. 

During the next five years, Newton perfected his 
reflector telescope, formulated his corpuscular the
ory of light, and discovered the well known New
ton's rings. As a result of Newton's paper on light, 
and the resulting controversy, Hooke and Huygens 
developed the wave theory of light-which Newton 
promptly discounted as unrealistic because it was 
not firmly based on the laws of mechanics. It was 
not until 1804 that Young and Fresnal, working sep
arately, developed proof of the wave theory, and 
proved Newton wrong on several points. 

Edmund Halley, Sir Christopher Wren, and Rob
ert Hooke, members of the Royal Society, met at 
Wren's home in 1684 after Hooke had announced that 
he had demonstrated all the laws of celestial motion. 
Wren expressed disbelief, and in order to postpone 
publication of the paper, offered a rewar:d of 40 shill
ings (about $5.50 today) to Hooke or Halley if they 
could present a mathematical proof of the laws. No 
solution was forthcoming. In August of that year, 

(Continued on page 34) 
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NEW theory has been proposed by two of the 
University of Minnesota physics professors, Ed
ward P. Ney and Paul J. Kellog. The currently 

accepted model of the sun's corona is that it con
sists of a gas of electrons, protons, and a small mix
ture of heavier elements. The composition is at a 
temperature of approximately one million degrees 
and is in hydrostatic equilibrium in the gravitational 
field of the sun. That is, the corona is being held in by 
the gravity of the sun at a certain height, depending 
upon the weight of the particles. 

The new model proposed by the two scientists is 
that the solar corona consists of trapped charged par
ticles, moving in the magnetic field of the sun, much 
like the charged-particle cloud discovered recently 
by Dr. Van Allen of the State University of Iowa. 

The principal observational fact about the corona, 
they claim, can be described better by their model 
because there are at least three outstanding effects 
which are usually ignored in the currently accepted 
model. They are: 

1) Polarization of the coronal light. 
2) Changes of intensity of the corona with sun

spot activity. 
3) Infra-red excess in the corona. 
Coronal history dates back to 1851 when Edland, 

a European astronomer, first looked for radial radia
tion of the sun. During the 1930's, an effort was again 
made to measure polarization. Before these measure
ments, it was suggested by Schwazschild, a Dutch as
tronomer, that the light from the corona carries en
€rgy from the scattering of free electrons. Because 
of this, the corona should have radial polarization. 
Since this was a reasonable assumption, most of the 
later measurements consisted of measuring the in
tensity with two analyzers, positioned 90° apart. Of 
course, this arrangement cannot establish the direc
tion of the polarization. 

Van de Hulst has made the measurements with 
three analyzers in determining the direction of the 
polarization, and he suggested deviations from the 
normal direction, but theorists have scoffed at this 
idea as impossible. 

Dr. Ney and Dr. Kellog tend to agree that such 
deviations are impossible. In showing this, they stat
€d that the probable source of non-radial polariza
tion would be synchrotron radiation from electrons 
in magnetic fields. Synchrotron radiation is that ra
diation which exists in the corona and is parallel to 
the surface of the sun. Since it is possible to demon
strate the existence of synchrotron radiation, they 
say the old theory must be drastically revised. 

One of the first pioneers in measurement of po
larization was K. G. Zakharin, a Russian astronomer, 
who, during the eclipse of 1936, made measurements 
in two colors of the magnitudes and directions of po
larization. His results are summarized in Fig. 1. 

Our scientists go on to say that if these measure
ments are somewhat correct, two remarkable effects 
are evident. The first is the great deviation from ra
dial polarization and the second is the almost com
plete absence of polarization in other directions. 

(Continued on page 44) 
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Could this be a picture of you tomorrow? In 
the fall of 1958, it was Jack Carroll, principal 
speaker at the opening of Electronic Associ
ates' modern new plant in Long Branch, N.J. 

Jack Carroll (right) discusses the new equip
ment he has just seen during a visit with 
Henri Busignies, President of ITT Laborato
ries (center) and Anthony Pregliese, ITT Pub
lic Relations. 
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An Editor of a Top ngineering Publication? 

JACK CARROLL, MANAGING EDITOR OF ELECTRONICS MAGAZINE~ 

ROSE TO A TOP POST IN LESS THAN TEN YEARS 

Are Jack Carroll's shoes your size? 

"'If it's scope you want, try keeping on top of every
thing that's hot in electronics," says John M. Carroll, 
ELECTRONICS' Managing Editor at McGraw-Hill Pub
lishing Company. 

A Lehigh B.S. graduate in 1950, Jack has become 
an industry authority in less than 10 years. "Knowing 
that the industry itself is looking to your magazine 
for the word on things is the most stimulating part 
about it. It's your job td''get the thinking of the men 
behind everything that's new in the field. You work 
with the top of the profession. What engineer can 
resist that?" 

Wrote in College 

In his senior year at Lehigh, Jack got his first real 
taste of writing as editor of the college newspaper. He 
joined McGraw-Hill as editorial assistant on ELEC
TRONICS in 1950, took a 17 -month "leave" in Korea, 
then became assistant editor in 1952 and associate 
editor in '54. 

"By then I'd got my M.A. in physics at Hofstra on 
the McGraw-Hill Tuition Refund Plan, where the 
company pays half the cost. And since I was pro
moted to managing editor in 1957, I've been working 
after hours on my doctorate in engineering science at 
N.Y.U. This is an engineer's outfit. You grow right 
along with your industry at McGraw-Hill," says Jack. 

''The engineer who chooses a McGraw-Hilf career 
need have no fear of winding up in a corner on one 
part of one project. You work with the new .... the 
experimental ... the significant. Sitting down with 
the leaders of your field is part of the job. Your as
signment? Interpreting today's advanced thinking for 
the rest of your field." 

McGraw-Hill Tuition Refund Plan 

All of our editors have the opportunity to continue 
their education in their chosen fields under the 
McGraw-Hill Tuition Refund Plan. Physics, econom
ics, aerodynamics, and business management are typi
cal of the courses they may choose. 

You May Be The Right Man 

How about writing experience? It helps, but if you. 
like to write-and engineering is your profession
that's the main thing. 

Would you like to learn what opportunities 
McGraw-Hill offers in your field? Write for "Careers 
in Publishing At McGraw-Hill." Tell us about your 
background, college record, outside activities and 
why you seek a career in engineering journalismQ 

Write to: The Editorial Director, McGraw-Hill 
Publishing Co., Inc., 330 West 42nd Street, New 
York 36, New York. 

PUBLICATIO 

McGRAW-HILL PUBLISHING COMPANY, INC., 330 WEST 42nd STREET, NEW YORK 36,. N .. Y .. 
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by ROBERT l. KASTER 

ITHOUT the tree, what would have been devel
oped to replace the vast number of paper prod
ucts that owe their existence to the tree? The 

process by which a tree is taken from the forests and 
transformed into paper is a unique and interesting 
one. Our concern here will be phase I of a two-phase 
process needed to transform the tree into a quantity 
of paper. 

Depending upon the desired characteristics of the 
end product, the processing of pulp wood to produce 
paper deviates slightly. 

The Minnesota and Ontario Paper Company has 
mills in International Falls, Fort Francis, and Ke
nora. Its prime occupation is to harvest pulp wood 
from the vast northern area of Minnesota and south
ern Canada, and convert it into paper. 

At International Falls, pulp wood is received by 
truck and railroad directly from the forests, or from 
a vast pulp wood storage area near the mill. In Can
ada, spruce, jack pine and other species are moved 
primarily by water from the forests to the mills at 
Fort Francis and Kenora. The wood is jammed in 
the water here, in huge booms. The logs are moved 
from the booms to the mills by a conveyer called a 
jack ladder. 

The logs enter the mill by conveyor into the wood 
room. There the logs are rotated 90 degrees on a 
long metal table called the slasher table. 

From the slasher table the logs, approximately 8 
feet in length, fall down onto the slasher. This rig 

(Continued on next page) 
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consists of a set of metal chains two feet apart with 
metal lugs projecting upward at regular intervals 
to keep the logs, about 10 inches in diameter, in a 
perpendicular position with the chains. The chains 
are in continuous conveyor motion, carrying the logs 
up a slight incline toward a series of high speed cir
cular saws spaced in a staggered formation. The logs 
are cut into 2 and 4 foot lengths called sticks. 

Dropping from the slashing table onto another 
conveyor, the sticks are taken to the barkers. The 
barkers are huge metal drums, open at both ends, 
having a series of metal teeth projecting toward the 
center of the drum. The barker rotates at 15 revo
lutions per minute about its axis which lies in a 
horizontal plane. Each barker holds several cords of 
wood and from the tumbling action of the pieces, 
aided by a constant deluge of water, the sticks are 
stripped of bark. 

Moving along a sorting chain, the barked wood 
is continually being issued from the barkers. Sta
tioned at intervals along the chain, men with hand 
hooks remove partially barked and over-sized wood. 
The partially barked wood is returned to the barker 
and the barked, oversized wood is split by a mechan
ical splitter and returned to a sorting chain to con
tinue its ride to the next phase of the process, grind
ing. 

Depending upon the end product to come off the 
paper machines, one of the most important steps is 
the mechanical or chemical condition of the liquid 
pulp as it reaches the paper machines. 

Wood can be pulped by one of five commercial 
processes-chemical (of which there are three), 
semi-chemical, or mechanical. These five processes 
are known as 1) the sulfite process, 2) the sulfate or 
kraft process, 3) the soda process, 4) the semi-chem
ical process, and 5) the mechanical or groundwood 
process. Each of these processes are adapted to a 
particular wood and to the desired grade of pulp. 
In this article we shall concern ourselves primarily 
with the mechanical or groundwood process. 

Pulp by the groundwood process produces prod
ucts of bulk and absorbency. Some of the products 
of this pulp are absorbent paper, converting paper, 
printing paper, writing paper, tissue, building paper, 
and various kinds of paper loads. 

The groundwood process consists of pressing a 
barked and cleaned four foot piece of wood against 
a revolving natural, or artificial pulpstone. The 
grinding action primarily reduces the log to a mass 
of fibers. The criterion of the physical properties of 
groundwood pulp are uniformity of fiber, relative 
length of fiber, strength, color, cleanliness, and free
ness. The quality of the pulp stock is determined by 
its relative freeness. Freeness in this sense implies 
the rate at which water leaves when a sheet is 
formed on the paper machine. 

Industry employs several different types of grind
ers, but the basic function of each is the same. Three 
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Fig. 1. Barked sticks issuing from barker. 
(Photo courtesy of Minnesota and Ontario Paper Company) 

of these are the pocket, the magazine, and the Rob
erts ring type grinder. The early grinders were hand 
fed. With the increased demand for pulp, came the 
conversion to conveyor fed grinders. Today manu
facturing processes are on the threshold of ultra
high speeds. Coupled to this is the automation of the 
pulp stock producing machines. 

A typical magazine grinder consists of two stones 
per line, each line driven by a 28,000 hp synchronous 
motor rotating at 225 rpm. The ring grinder is driven 
by a 3000 hp motor, running at about 300 rpm. The 
load regulators on each line are governed by a reg
ulator which controls the total power input required 
for grinding operations. The temperature of the 
stones is automatically controlled and held within 
a range of 2° to 4° F. 

Fig. 2. Sticks from wood pond to grinder magazine. 
(Photo courtesy of Minnesota and Ontario Paper Company) 
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Four foot pieces of wood are delivered to the 
charging floor. Here it is segregated by species in 
sem.i-bins or piles. In the case of the Roberts Grind
er, it is sent to a wood pond and then loaded into the 
grinder magazines. 

The typical construction and operation of a pock
et grinder is as follows: The 6 foot diameter grinding 
wheel is the central feature. This oversized farm
yard grind stone is encased in a circular metal hous
ing. Along the side of this housing are three openings, 
or pockets, equipped with sliding doors. These pock
ets are built on the periphery of the circular metal 
housing, and they are lined with metal sheets, mak
ing a box-like contrivance. Above the pocket is a 
hydraulically operated piston with its face concaved 
toward the axis of the stone, and of a curvature to 
match the curvature of the face of the stone. This 

Fig. 3. Doctoring thickened stock from couch roll. 
(Photo, courtesy of Minnesota and Ontario Paper Company) 

curved face of the piston forms the top of the "box." 
Each grinder has three such pockets and pistons lo
cated every 120° around the periphery of the stone's 
housing. The stone rotates about a horizontal axis. 

In order to start the grinding cycle, the fluid pres
sure is reversed on the piston, drawing the piston 
away from the stone. The pocket is then filled with 
sticks of wood placed parallel to the axis of the stone. 
The sliding door is closed and the water pressure is 
turned on-activating the piston which forces the 
wood down against the revolving stone. The grind
ing process, meanwhile, is continually aided by a 
steady flow of water which keeps the stone cool and 
facilitates efficient grinding. The pulp to water ratio 
after grinding is 1 to 99. 

As the grinding process proceeds, the stock must 
continually be checked to insure proper consistency. 
Care must be taken to assure that the stone is neither 
too dull nor too sharp. A dull stone will not grind 
and a sharp stone will shred the wood into splinters 
instead of pulp. The dull stone is sharpened by a spe-
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cial tool or burr. The burr consists of nothing more 
than a hollow tube and a tube holder. The holder is 
geared to traverse the face of the stone as it ro
tates. The burr cutting into the face of the stone 
sharpens it. 

A stone that is too sharp is dulled by drawing an 
abrasive brick across the face of the stone as the 
stone revolves. 

As the pulp flows through a pipe on its way to 
the screen room, it encounters a bull screen. This 
screen is a rotating metal drum through which the 
pulp must pass. Large chips and splinters are reject
ed at this point, and the clean stock proceeds on to 
the screen room. 

Upon entering the screen room, the stock is con
fronted by a second screen, similar to the bull screen 
but more finely integrated. Inside the screen casing 
is a revolving drum with perforated plates. The ac
cepted stock goes through these perforations, while 
the coarse fibers are rejected and shunted to what is 
called a tailing screen. The purpose of the tailing 
screen is to remove any acceptable stock which may 
have been carried away by the coarse fibers from the 
fine screens. 

The rejected fibers are utilized in the production 
of INSULITE. 

The acceptable stock goes to the deckers. These 
are large screen-covered cylinders which revolve in 
vats. It is here that much of the water from the di
luted stock is removed by passing through the screen 
to the center of the cylinders, leaving the stock on 
the screen. The water from the stock is known as 
white water because of its milky color. This is 
drained off to tanks to be reused to dilute new stock. 

The thickened stock on the screens of the decker 
cylinders is removed from the cylinder at the top by 
a couch roll. The couch roll has a felt or rubber cloth
ing for which the stock has a greater affinity. The 
stock in turn is scraped from the couch roll and sent 
to decker storage chests. 

There are numerous other phases through which 
the stock must pass before it is ready to run on the 
paper machines. These will be treated in a later issue. 

Continued 
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IBM scientist Gerald Burns 

studies ferroelectrics 

to improve understanding 

of their basic properties. 

A basic research project 

"I'm using nuclear resonance to explore ferro
electrics," says IBM scientist Gerald Burns. 
"We're trying to discover how the ions in a ferro
electric crystal are arranged, and why and how 
they change position and structure with tempera
ture changes. Ferroelectric crystals have a revers
ible spontaneous polarization ... that is, they can 
be polarized in either of two directions, and, by 
the application of an electric field, polarization can 
be reversed." 
How did Gerry Burns come to work on this prob
lem? "I started this particular research project be
cause it was related to other work I had been doing 
and I felt it would prove challenging and reward· 
ing. little is known about what goes on in a ferro· 
electric crystal-or why. Our basic objectives are 
to find out what and why. 
"At the planning stage, the project seemed to offer 
a great research potential, but none of us was 
sure how long the project might last or what its 
ramifications might eventually be. It's a good ex
ample of the basic research done at IBM." 

t I 

A day at the laboratory 

One of the eight scientists in the Ferroelectric Re· 
search Group, 26-year-old Gerald Burns began a 
recent day by setting up equipment for the first 
daily run. 
"The experiment is conceptually quite simple," he 
explained. "A ferroelectric crystal is placed in the 
tank circuit of an oscillator, between the pole 
pieces of a large electromagnet. The sample is sur~ 
rounded by a dewar so that the temperature can be 
accurately regulated. Then the magnetic field is 
slowly decreased. When the field reaches certain 
values, the nuclei in the crystal absorb energy from 
the oscillator. The trick is to detect this absorption 
which is quite small. Runs at various temperatures 
are made, and the temperature dependence of this 
absorption is studied. 
After setting up the first run, Gerry Burns met 
with the head of his group. Together, they dis
cussed the temperature dependence of the nuclear 
quadrupole resonance coupling constants. Several 
helpful suggestions were made. 
Gerry Burns then talked with chemists who grow 
the crystals used in the experiments. They dis
cussed possible variations in the crystal-growing 
method and considered the growth of other crys· 
tals in order to broaden the experiments. 
Early in the afternoon, he attended a seminar con
ducted by a visiting professor on the subject of 
the atomic structure of solids. Each week, several 
such seminars on a variety of technical matters 
are given. 
After the seminar, Gerry Burns returned to set up 
another run at a different temperature. He also 
talked to a technician about building a new piece 
of equipment to be used in future experiments. 
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Excellent facilities and programs 

"Besides these experiments, I'm also doing some 
theoretical calculations in the field of nuclear 
quadrupole resonance. The actual computations 
were done here at the laboratory on an IBM 704, 
which can perform in minutes computations which 
would take weeks if done by other methods. 
.. This is one of the advantages of working at IBM. 
large-scale high-speed computers are available to 
research scientists when needed. Furthermore you 
will find your colleagues always willing to help 
when you are stumped by a problem. Many of 
these men are recognized authorities in their 
fields. The exchange is always informative and 
often stimulates new ideas and approaches. 
"Our Company offers many educational opportu
nities-both in general education and for ad
vanced degrees," Gerry Burns said. "As an exam
ple, engineers and scientists may earn a Master's 
Degree in a post-graduate program conducted by 
Syracuse University right here in Poughkeepsie. 
••we also have a very useful library. Just the other 
day I dropped in to pick up some technical papers 
I needed as source material for an article. I've al
ready published one paper on my experiments," 
he note.d. "You're encouraged to publish your 
findings. ahd to participate in professional society 
meetings. It's important for a research man to 
work in an atmosphere where independent think
ing is encouraged and where every effort is made 
to facilitate research investigations." 
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Some IBM advantages, 

Employee-benefit plans, paid for by the Company, 
are comprehensive, liberal, and kept up to date 
to meet changing conditions. They include life 
insurance, family hospitalization, major medical 
coverage, sickness and accident pay, permanent 
disability pay, and retirement benefits. 

* * 
Talented college graduates will find exciting, re· 
warding careers at IBM. Excellent opportunities 
are now available in research, development, manu
facturing, and programming. Find out from your 
College Placen)ent Office when our interviewers 
will next visit your campus. Or, for information 
about careers of interest to you, write to: 

Director of Recruitment, Dept. 839 

IBM Corporation 

590 Madison Avenue, New York 22, New York 

® 
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THETA TAu began this quarter's ac
tivities by initiating fifteen men 

THETA into the fraternity. This proved to be 

TAU 
a large task for the active members 
since the number of pledges was 
about as large as the number of ac

tives. A few actives experience some difficulty dur
ing this time such as the case of the nRT jV being 
relieved from a few tires. Several work proJects kept 
the pledges out of mischief most of the time. One of 
the main projects was the building of a sign for the 
front lawn showing the name and address of the 
fraternity. 

The men initiated on Sunday, October 4 were: 
David Berg, Gerald Brostom, Gerald Brothers, 
Bruce Clark, James Datta, Robert Edelman, David 
Fredrickson, James Heron, Douglas Hoelscher, How
ard Midje, James Mooney, Jon Schasker, Philip 
Schasker, Laurel Tangran and Roger Ziemer. 

The rushing program this fall has been very effec
tive as evidenced by the fact that nine men have 
pledged to join at the beginning of winter quarter. 
These men are: Richard Smith, Gary Lamont, Skip 
Garrison, David Wrede, Carroll Hokanson, David 
Lackmann, James Liska, Herman Goll witzer, and 
Larry Feldsien. 

One of the main social events held this quarter 
was the homecoming party. This was a costume party 
following the theme of this year's homecoming. Sev
eral "spooks" and their "witches" attended. 

On October 15, the fraternity celebrated its 
founding by holding the annual Founder's Day Ban
quet at the Air Force Officers Club. Honorary mem
bers, Drs. Miles Kersten and Henry Eggers gave 
brief talks on their recent travels abroad. Charles 
Britzius gave ~ she>rt talk encouraging the members 
to develop an attitude of professionalism since the 
fraternity is a professional engineering fraternity. 

FIFTY MEMBERS of the Student Chap-
ter of the American Society of 

Civil Engineers assembled October 
14, at the Grainbelt Brewing Com
pany for our first meeting of this 
school year. 

Norm Henning, representing the Senior Chapter 
of ASCE, and Duane Bell, representing the Minne
sota Society of Professional Engineers, explained the 
importance and necessity of these societies with re
spect to the graduating and future professional engi
neers. They also stated the importance of student 
chapters as a mode of communication with industry. 

Future meetings include movies, a guest speaker 
from Magney, Tusler, and Setter- Architects and 
Engineers- and a representative from AI Johnson 
Construction Company who will speak on overseas 
employment. We extend an invitation to all students 
interested in Civil Engineering to be present at these 
meetings and to take an active role in our society. 

A bulletin of our proceedings and events is now 
posted on the second floor of Main Engineering 
Building. 
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THE oFFICERS of AlEE-IRE welcome 
all new members into our organiza

tion. We hope they will find their 
membership very beneficial towards 
their goal as a professional engineer. 
Being a member of a professional 

organization is a good thing, because it helps keep 
one up-to-date, promoting an attitude which will 
help in your professional development. 

The student branch of AlEE-IRE will hold its 
meetings on Wednesdays every other week-not on 
12:30 every week. The actual hour of the meetings 
will be posted several days prior to the meeting. 
Watch for it on posters. The reason for not having 
regular meetings is to allow more students to attend. 

Anyone desiring information concerning joining 
AlEE-IRE should stop in at room 38 EE, either third 
hour Monday, Tuesday, Thursday, or Friday, or sec
ond hour Wednesday. There will be an officer of the 
club there to assist you at these times. 

Members are urged to bring all suggestions con
cerning club activities or operation to Norman 
Paurus in Room 36 EE. 

THE FALL quarter at Kappa Eta 
KAPPA Kappa has gotten off to a fine start 

with the welcoming of six new 
ETA pledges at the formal pledging ban-

KAPPA quet Oct. 13, at the Elks Club. They 
are Larry Finger, AI Gross, Marv 

Hansen, Paul Hill, Carlton Miller, and Nick Patrin. 
We would like to express our congratulations and 
wish them the best of luck during their pledging 
period. At the banquet, Professor Loehr of the His
tory Department, spoke to us about the strategy of 
the Second World War. During the war he was a 
consultant for the Joint Chiefs of Staff and had a 
vital part in preparing the strategy. 
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Preceding the banquet, Kappa Eta Kappa held 
two smokers at the KHK house. The speakers at 
these smokers were Professors D. E. Anderson and 
P. A. Cartwright from the E. E. Department. The 
informal smokers gave the prospective pledges a 
chance to mix with the actives and see our house. 

Perhaps, at the beginning of the new year, it 
would be in line for us to tell you a little about our 
organization. The Beta Chapter is one of several 
active chapters of Kappa Eta Kappa, a national 
Electrical Engineering Fraternity. Besides the active 
chapters at universities around the country, there 
are alumni associations and a National Executive 
Council. Since KHK is a professional fraternity, 
membership is limited to students in Electrical Engi
neering in the schools of America. The advantages 
KHK offers its members are manyfold. The mem
bers have a chance to meet new people and develop 
new friends. Any organization offers this, but not 
every organization will do it for a person in the 
technical field, a field most of us will be a part of for 
the rest of our lives. KHK also develops leadership 
in its members and acquaints them with the proj
ects, procedures, and essence of our profession. Each 
member of KHK has a chance to expand socially 
and broaden his growth in all possible ways. These 
are just a few things we have to offer you-a fellow 
student in Electrical Engineering. We welcome you 
any time at our chapter house, 901 Washington. 

The sports season is also underway. The bowling 
team has been organized and is getting its action 
underway up at Coffman Lanes. We're hoping for 
another good season. 

Our annual national convention is again coming 
up over the Thanksgiving Holiday weekend. Gamma 
Chapter at the University of Kansas will host the 
convention down at Lawrence, Kansas. We hope to 
have a couple of carloads going down. 
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THE AMERICAN Society of Mechanical 
Engineers, Student Branch, held its 

first meeting of this school year, 
Wednesday, October 7. President 
Seppo Viikinsalo welcomed everyone 
and introduced the officers for the 

new year. He mentioned the aims of ASME and 
some of the advantages of belonging while you are 
in school. Professor J. J. Ryan gave some of the high 
lights of a professional career and urged all to 
develop a professional attitude. He answered many 
interestFg questions in an informal question and 
answer session after the meeting. 

ASME aims to promote the science of mechanical 
engineering, encourage original research, foster en
gineering education, and share experiences among 
engineers. Some of the immediate benefits of belong
ing to the student chapter are: There is no initiation 
fee for student membership and no initiation fee 
to the senior chapter for those who are student 
members in their last year at school, twelve monthly 
issues of Mechanical Engineering magazine, five free 
technical papers, a student member pin, and mem
bership card. Student members may compete for 
cash awards up to $350, and, if necessary, may bor
row from several student loan funds. 

Our year's program includes monthly meetings, 
with refreshments, and field trips every two or three 
weeks. 

If you have not joined, drop into our office, 15 
ME, or see one of the officers, or our faculty adviser, 
Mr. Frank Raley. 

THE INSTITUTE of Aeronautical Sci
ences (I.A.S.) held its first meeting 

at 7 p.m., October 28. 

After organization affairs had been 
taken care of, an extremely interest
ing talk was given by Mr. Harvey 

Johnson, Head of the Remote Nuclear Handling De
partment of General Mills. He spoke on the means 
of handling radioactive substances safely. In his 
talk, Mr. Johnson stressed the rapid development of 
uses of atomic energy during the past fifteen years 
in the fields of medicine, food processing, engineer
ing, fabrication, power plants, and industry. He also 
pointed out that radioactive isotopes have saved in
dustry hundreds of millions of dollars annually. 

A brief description of the three main materials 
used for protection against radiations (lead, concrete, 
and parafin) was also given. 

Supplementing his talk were several slides de
picting the various types of mechanical arms now 
being used in research work. A motion picture show
ing the latest General Mills mechanical arm was also 
shown. 

There being no further business, the meeting was 
adjourned. 
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AVE YOU ever thought of yourself as a publisher? 
Probably not. But you and your fellow LT. stu
dents, through the Technolog Board, are the co

publishers of this magazine. 
Unfortunately, many of you never heard of the 

Technolog Board, and you know little of the Tech
nolog, other than that it costs eighty-five cents per 
quarter and that it comes out monthly. Before we 
get into the workings of the Technolog Board, let's 
look into its history. 

History of the Tec:hnolog Board 
The Techno-log first came out in 1920, under the 

sanction of the Association of Engineering Students 
of the University of Minnesota. According to the As
sociation's constitution, as printed in the October, 
1920, issue, any engineering student could belong by 
paying a fifty cent membership fee. The two main 
functions of the Association were the operation of a 
co-operative bookstore, and publication of the Min
nesota Techno-log. The dual responsibility must have 
become too much for one organization to handle. In 
May 1925, the students voted to establish the Techno
log Association and be represented on a Board of 
Directors, known as the Techno-log Board. 

This was the beginning of the Technolog Board 
as we know it now. Today every engineering student 
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is automatically a member of the Technolog Associa
tion and as such, he can vote for his representative 
to the Technolog Board. This Board is composed of 
nine students, two faculty members, the Editor and 
Business Manager (ex-officio, without vote), and a 
special President's representative. 

As you know, the function of the Board is to ad
ministrate the Technolog. The Board hires (and 
sometimes fires) the Editor and Business Manager 
for each school year. These men in turn recruit a staff 
and see to it that a magazine comes out once a 
month. Article VIII of the constitution states speci
fically that "Members of the Minnesota Technolog 
Board shall not be members of the staff of the Min
nesota Technolog." 

Minutes of old meetings and reports in old Tech
nologs indicate a rather quiet existence for the Board 
for most of its long life. No one seemed to notice 
that the Board's constitution was weak and that it 
possessed little real authority. No one seemed to care 
either. Nothing happened to test the Technolog 
Board for its strength and authority; nothing, that is, 
until the winter and spring of 1953. 

Incident of 1953 
Like most organizations with a colorful history, 

there are several incidents that have become almost 
legendary around the Log office. Accounts of them 
have been handed down from staff to staff until now 
it takes a lot of digging in Student Activity Bureau 
records to determine just what happened. 

As the story goes, humor in one form or another 
has been a part of the Techno log ever since No
vember, 1920, when it was first introduced to add 
sales appeal. This was before the 100% subscription 
by I.T. students. Back in the days of the Ski-U-Mah, 
the U. of M.'s humor magazine, there wasn't much 
censoring of the Technolog's content. In fact, the 
Log was pretty tame compared to the Ski-U -M a h. 
Do-gooders labeled the Ski-U-Mah, "SKUM." 

About this time, the SAB came into being and 
soon, under the watchful influence of Big Brother, 
the "SKUM" faded from view. 

So far the Technolog was unaffected. Then came 
the Korean Police Action and many of our potential 
engineers were asked to be policemen. It wasn't long 
and these fellows were back with memories of the 
good old days of college humor. Being the typical, 
industrious, enthusiastic, individual, common in I.T., 
some of them worked their way into the top posi
tions on the Log Staff. Still longing for the good old 
days, they soon had the Technolog resembling a mag
azine that would put the banned Ski U Mah in the 
ranks with the Ladies Home Journal. During 1952, 
'53, and '54, it was a real colorful magazine, to say 
the least. 
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Administration Lowers the Boom 

You have all heard of the two-platoon system of 
football. Well, the SAB put on the pressure, and the 
Log had to apply the same principle to staffs. For a 
while they had one staff on probation, and one turn
ing out a magazine. 

The Technolog Board didn't get by unscathed. 
Being responsible for the actions of the Editor, the 
Business Manager, and their staffs, the Board came 
under heavy fire from the Administration. After the 
smoke cleared, the Board's president was on proba
tion for neglect of duty and the Board acquired a 
new member, the University President's special rep
resentative. In addition, the students voted to 
strengthen the constitution and make the Board 
more directly responsible for the content and fi
nances of the magazine. 

Things have tamed down since then, and during 
the past few years, we have had good, conscientious 
men as editors, business managers, and board mem
bers. In fact, last year's president is our new MSA 
President, Jim Reese. 

Prese·nt O'Perations 
Nine students, one from each department, repre

sent you on the Board. Half of them are elected for 
two-year terms each year during spring LT. elec
tions. If untimely vacancies occur, the president of 
the professional society concerned appoints some
one to fill the position. 

The Board's main job is to govern the activities 
of the Minnesota Technolog, and be responsible for 
the actions of the Editor and Business Manager. It 
also regulates the financial activities of the Techno
log in that the Log staff can make no significant pur
chases without the Board's approval. The Technolog 
Board operates on a strict budget also. Its income 
is two per cent of the gross income of the Technolog. 
Its major expenditures are the service keys and the 
recognition dinner in the spring. 

The average monthly meeting includ~s a critique 
of the newest Technolog, a report by the editorial 
and finance committees, and any special reports or 
requests which are pertinent. 

Your Part As Co-Publisher 
As a member of the Technolog Association you 

have a share in the Technolog. You can do your part 
by picking up your copy of the Log when it comes 
out, by directing your criticisms to the Editor or 
your representative on the Technolog Board, by vot
ing in the spring for your choice as representative? 
and if you are really interested, by submitting an 
article or two for publication. 

Are you doing your part to help co-publish your 
magazine- The Minnesota Technolog? 
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ULTRA SENSITIVE INFRARED 
DEVICE DEVELOPED 

LOCKHEED Aircraft Corporation recently reported 
development of an infrared device so sensitive 
it can detect the presence of a glowing cigarette 

miles away. 
Robert A. Bailey, California Division chief engi

neer, said the research product provides fire control 
systems with "1nultiple advantages" over equipment 
now installed in modern military aircraft. 

"Meeting all requirements for supersonic fighter 
use, it is smaller and lighter, more reliable and more 
accurate than similar instruments in current use; 
in addition, it is operable both day and night," Bailey 
said. 

Designed to supplement electronic tracking gear, 
it will provide measurement of angular target move
ment after initial radar contact. 

Also in the works: design and manufacture of an 
airborne infrared tracking spectrometer to measure 
spectral distribution of radiation emitted by targets. 

Under terms of an Air Force contract, Lockheed 
will produce the spectrometer as an applied research 
tool. Data obtained from the spectrometer could re
sult in a practical IR airborne early warning unit. 

Bailey said Lockheed expects to present infrared 
AEW laboratory demonstrations by the end of this 
year. 

"Because of our long experience in the AEW field, 
and optimism over results to date, we are proceeding 
forward toward regular production independent of 
military support," he explained. 

"Our goal is an infrared system effective not only 
against manned aircraft, but also against missiles
a system that can locate and follow the flight path 
of an IRBM or ICBM seconds after it leaves the 
ground." 

Infrared rays are electro-magnetic waves found 
on the opposite side of the color spectrum from ultra 
violet. A British astronomer, Sir William Herschel, 
learned of their existence 159 years ago. 

The Lockheed scientists claim two important ad
vantages for the military use of infrared: 1) it can 
"see" at night as well as in daylight hours, and 2) 
with IR equipment the target cannot detect its de
tector because, unlike radar, no transmitter is nec
essary. 
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Bailey pointed out that the shorter IR wave 
length region grows in intensity as temperature of 
the source increases. Emission strength varies ac
cording to qualities of different objects. 

The future holds many more infrared benefits 
when science and research refine IR sensitivity even 
further, Bailey believes. 

"In the military field one possibility is detection 
of submarines by noting radiation from snorkels," 
he suggested. 'Some day it may be possible to follow 
the invisible path of submarines or surface vessels 
by sensing minute temperature changes in water 
through which they passed." 

WESTINGHOUSE WILL AIR-CONDITION 
A SUIT FOR NAVY 

HE FIGHTING man of the future some day may be 
individually air-conditioned. Placed inside a pro
tective garment, a miniature air- conditioner 

would create an artificial environment, keeping him 
dry and comfortable at temperatures from below 
zero cold of the far North to the searing heat of the 
tropics. 

Under a contract with the U. S. Navy, Westing
house scientists and engineers already are at work 
on the advanced air conditioning "package" needed 
to bring the suit to reality. 

The air conditioner will use thermo-electric cool
ing which is accomplished simply by passing an elec
tric current through small elements of a solid semi
conductor material. By reversing the current, the 
suit can be heated, cooled, and maintained at any de
sired temperature automatically. 

The complete air conditioner will consist of three 
main components: A thermo-electric cooling and 
heating unit, a lightweight battery power supply and 
a blower system to circulate the air inside the suit. 
The air conditioner will be designed to maintain the 
temperature in the suit at comfortable levels, rough
ly equal to that normally encountered on a warm 
pleasant summer day, while the suit is being worn 
in temperatures ranging from 40 below zero to 135 
degrees Fahrenheit. 

The conditioned air circulating inside the Navy 
suit will not be used for breathing purposes. A sep
arate external system, provided by the Government, 
will supply air for respiration. The most efficient, 
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lightweight, rechargeable batteries will power the 
air conditioner and will supply enough eleCtrical en
ergy to operate the suit for a minimum of one hour. 
In addition, the suit will be designed so that it can 
be plugged into an external power source to be used 
when time and conditions warrant, Dr. Ramey re
ported. 

NUCLEAR POWERED AIRCRAFT 
CARRIER BEING DESIGNED 

HE USS Enterprise CVA (N) 65, will represent 
the most modern of a long series of attack car
riers, starting with the USS Langley in 1922. 

Westinghouse Electric Corporation is operating the 
land-based prototype nuclear power plant for the 
carrier at the Naval Reactors Facility near Idaho 
Falls, Idaho, under contract with the Atomic En
ergy Commission. Actual design of the nuclear por
tion of the propulsion plant was carried on by West
inghouse under the direction of and in technical co
operation with the Naval Reactors Branch, AEC, at 
the Bettis Laboratory near Pittsburgh which West
inghouse operates for the AEC. 

One of the more important features of the carrier 
will be almost unlimited steaming endurance at high 
speed. Operational flexibility will be increased also 
as a result of this capability since high speeds can 
be maintained without regard to conserving fuel oil. 
Offensive and defensive capabilities will be improved 
and replenishment requirements greatly reduced. 

The aviation fuel supply will be almost double 
that of the USS Forrestal, and an additional 4000 
square feet of flight deck space will permit operation 
of additional and larger aircraft. The carrier will be 
able to operate more efficiently during unfavorable 
weather conditions. The nuclear-powered carrier will 
not require smokestacks or "up-takes" to carry 
smoke from her boilers. 

STAINLESS STEEL PUMP VOLUTE FOR YANKEE 
ATOMIC ELECTRIC PLANT BEING MADE 

T WESTINGHOUSE Electric Corporation's atomic 
equipment department, a 16,000-lb. canned motor 
pump volute is being made for the Yankee 

Atomic Electric Company's 134,000-kilowatt nuclear 
power plant at Rowe, Mass. The finished canned mo
tor pump, which will be hermetically sealed, will be 
over 11 feet high and will weigh 39,000 lbs. Along 
with three other units, the canned motor pump, 
rated at 1600 horsepower, will circulate radioactive 
water at 496 degrees F through the nuclear reactor 
system at a rate of 23,700 gallons per minute at a 
system pressure of about 2000 pounds per square 
inch. There will be an 80-psi pressure rise across the 
pump. Both the rotor, or rotating part, and stator, 
or stationary part, of this type of pump are encased, 
or "canned," in metal. Water being circulated flows 
through the space between the rotor and the stator, 
thus acting as a coolant and lubricant. 
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Bleed air duct in the tail section of lockheed's Electra 

illustrates complex configurations AM-350 tubing can 

take. 

STAINLESS STEEL USED FOR 
ANTI-ICING SYSTEMS TUBING 

MORE efficient, relatively simple method of fab
ricating more than 100 feet of stainless steel tub
ing employed in jet-type aircraft anti-icing sys-

tems is possible because of the inherent qualities of 
the AM-350 stainless steel of which the tubing is 
made. 

Elbows and joints to connect the complex tubing 
of aircraft hot air systems were for many years made 
separately from the tubing. They were drop ham
mered into halves then welded together and finally 
welded to the tubing. 

Engineers at Lockheed Aircraft Corporation are 
employing the new technique in fabricating the tub
ing ducts for the anti-icing system on the Lockheed 
turbo-prop Electra, the first such application for 
AM-350, a highly formable stainless steel alloy de
veloped by Allegheny Ludlum Steel Corporation pri
marily for the aircraft industry. 

The use of AM-350 eliminates the need for sep
arate elbows and joints because it can be bent to the 
desired degree. Flanges can also be made integral 
with the tubing, providing a stronger, safer system. 
And, too, its high strength-to-weight ratio at high 
temperatures permits minimum weight for carrying 
hot bleed air from the engine to wing and tail sur"' 
faces. 

(Continued on page 45) 
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Automatic systems developed by instrumentation 
engineers allow rapid simultaneous recording 

of data from many information points. 

Frequent informal discussions among analytical 
engineers assure continuous exchange of ideas 

on related research projects. 

Under the dose supervision of an engineer, 
final adjustments are made on a rig for 

testing an advanced liquid metal system. 

t t 
The field has never been broader 
The challenge has never been greater 

Enginee1;s at Pratt & Whitney Aircraft today are concerned 
with the development of all forms of flight propulsion 
systems-air breathing, rocket, nuclear and other advanced 
types for propulsion in space. Many of these systems are so 
entirely new in concept that their design and development, 
and allied research programs, require technical personnel 
not previously associated with the development of aircraft 
engines. Where the company was once primarily interested 
in graduates with degrees in mechanical and aeronautical 
engineering, it now also requires men with degrees in 
electrical, chemical, and nuclear engineering, and in physics, 
chemistry, and metallurgy. 
Included in a wide range of engineering activities open to 
technically trained graduates at all levels are these four 
basic fields: 
ANALYTICAL ENGINEERING Men engaged in this 
activity are concerned with fundamental investigations in 
the fields of science or engineering related to the conception 
of new products. They carry out detailed analyses of ad
vanced flight and space systems and interpret results in 
terms of practical design applications. They provide basic 
information which is essential in determining the types of 
systems that have development potential. 
DESIGN ENGINEERING The prime requisite here is an 
active interest in the application of aerodynamics, thermo
dynamics, stress analysis, and principles of machine design 
to the creation of new flight propulsion systems. Men en
gaged in this activity at P&W A establish the specific per
formance and structural requirements of the new product 
and design it as a complete working mechanism. 

EXPERIMENTAL ENGINEERING Here men supervise 
and coordinate fabrication, assembly and laboratory testing 
of experimental apparatus, system components, and devel
opment engines. They devise test rigs and laboratory setups, 
specify instrumentation and direct execution of the actual 
test programs. Responsibility in this phase of the develop
ment program also includes analysis of test data, reporting 
of results and recommendations for future effort. 
MATERIALS ENGINEERING Men active in this field 
at P&W A investigate metals, alloys and other materials 
under various environmenta1 conditions to determine their 
usefulness as applied to advanced flight propulsion systems. 
They devise material testing methods and design special 
test equipment. They are also responsible for the determina
tion of new fabrication techniques and causes of failures or 
manufacturing difficulties. 
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Exhaustive testing of full-scale rocket engine thrust chambers is 
carried on at the florida Research and Development Center. 

NOVEMBER, 1959 

For further information regarding an engineer
ing career at Pratt & Whitney Aircraft, consult 
your college placement officer or write to Mr. 
R. P. Azinger, Engineering Department, Pratt & 
Whitney Aircraft, East Hartford 8, Connecticut. 

PRATT & WVHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS- East Hartford 
FlORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida 
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CENTRAVAC 

(Continued from page 13) 

condenser water pump ( 4) and the cooling tower 
fan (5). Simultaneously the lubrication oil pump (6) 
starts. Once the oil pressure builds up to the operat
ing valve the compressor motor starts to operate, 
thus starting the refrigeration process. The temper
ature controller also positions the pre-rotation inlet 
vanes (7) for capacity control. The Centravac is 
automatically protected against damage at all times 
by the load limit mechanism in instrument panel 
(8). If a failure should occur in any part of the sys
tem the whole mechanism shuts down automatically 
and won't start again until the failure is corrected. 

The lubrication system is very simple, but fool
proof. The unit will not start until full oil pressure 
has been developed in both bearings. This eliminates 
wear on these parts. The lubrication system is lo
cated at the base of the compressor. A positive dis
placement gear type pump is immersed in oil inside 
the tank. This pump is driven by an electric motor. 
The pump takes oil from the tank and discharges it 
through the pipe lines leading to the oil pressure re
lief valve and the filter. To maintain proper pressure 
the valve bypasses some of the oil and the rest is 
filtered and delivered to the bearing sleeves at prop
er pressure. Optimum oil temperature is maintained 
at all times by a temperature control which is com
posed of a thermostat, a resistor type heater, an oil 
cooling coil, and a solenoid valve. 

The motor is the simplest induction type electric 
motor and is either water or gas cooled. The wind
ings are specially insulated for use with refrigerants. 
The motor is protected at all times by the load limit 
control and will not operate at above its set value. 
Gas cooling is used on the larger motors while water 
cooling is used on smaller units. 

The Centravac is in use at such places as the 
Glendale Shopping Center in Indianapolis, the Wis
·consin Center on the University of Wisconsin cam
pus, Adams Petroleum Center in Houston, and the 
Teletype Corporation Plant in Skokee, Illinois. In 
addition to supplying air conditioning, the Life and 
Casualty Tower in Nashville also uses the Centravac 
to cool a 1.5 million dollar Univac to insure its prop
er operation and protection. The Borden Chemical 
Company of Fayetteville, North Carolina, uses it in 
the recovery of formaldehyde, and it can be found 
in use in many more huge plants, office buildings, 
and industrial processes all over the country. Due 
to its versatility, the Centravac has been able to 
meet and satisfy the needs in these many different 
jobs. The Centravac has also been adapted to spe
cial situations. Only this year a new model was put 
out which was run by steam and could be used in 
·places such as plants where steam was readily avail
able and cheap. 

The Centravac is sure to be a leader in the rapid
ly expanding field of air conditioning. 
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NEWTON-

(Continued from page 15) 

Halley visited Newton who was now professor of 
mathematics at Cambridge. During the visit, Halley 
posed the question: "What would be the path of a 
body moving under the action of a central force 
which varied as the inverse square of the distance 
from the center?" In giving his answer, Newton men
tioned his work on gravity which he had laid aside 
18 years earlier. At Halley's insistence, he promised 
to look for the old papers. He could not find the pre
vious work, and proceeded to do it over again, re
ducing the whole into a proposition which he sent 
to Halley three months later. Halley immediately re
turned to Cambridge and persuaded Newton that 
there was great merit in his findings, and that they 
should be put in treatise form for presentation at 
the R.oyal Society. The paper was delivered to Hal
ley in December, 1684, and was registered at the So
ciety early in February, 1685. Nothing more was done 
about it because of a rash of new discoveries in other 
fields. 

Newton, meanwhile, was still bothered by his fail
ure to prove the point mass theorem as applied to 
large bodies. He then proceeded to develop this proof 
by first considering each large body as a collection 
of small particles, and then applying his laws to each 
of these particles independently. It is an understate
ment to say that this involved long and laborious 
calculations. The end result was a mathematical 
proof of his assumptions. With this point cleared up, 
Newton, in March of 1686, began to put his findings 
into book form. 

Three volumes were necessary to completely 
state the theory. The first volume was presented to 
the R.oyal Society in April of 1686, and the second 
in June, 1687. When Hooke read the books, he 
claimed that his previously presented theory stated 
the same things. Newton was so discouraged by this 
turn of events that he stopped work on the third vol
ume, and with typical hotheadedness, withheld the 
previous two volumes from publication. Halley visit
ed Cambridge again and persuaded Newton to quell 
Hooke's contention by revising part of his second 
volume so that there could be no mistake in the 
meaning. The third volume and the revisions of the 
second were presented to the R.oyal Society in Sep
tember of 1687. The three volumes were published 
during the summer of 1688 and called "The Mathe
matical Principles of Natural Philosophy." The 
"Principia," as it is commonly known, won immedi
ate acceptance in England, but took several years to 
gain full recognition on the continent. Unlike his 
other works, it stood undisputed for over 200 years, 
and even then was not disproven but just amplified 
by Einstein to include a greater scope. 

With his greatest inventive days behind him, 
Newton settled down to a more normal existence. In 
1687, King James II tried to force Cambridge to ad-

(Continued on page 40) 
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: A Campus-to-Career Case History : 
I I 
I 1 

Bill Burns {far right) reviews a plan for expanding Syracuse's toll-free calling area with some fellow supervisors. 

e W'ant 
"just an en 

William G. Burns majored in Civil Engineering 
at Union College. But he had his own ideas about 
his engineering future. "I wanted a job with a 
'growth' company," he says, "where I could get 
diversified experience and have some adminis
trative responsibilities." 

Bill found his 'growth' company-and his man
agement opport11nity. On graduating in June, 
1954, he started work with the New York Tele
phone Company. 

Six months o! training and job assignments in 
Albany familiarized him with the Plant, Com
mercial, Accounting and Traffic functions of the 
telephone business. Then came 18 months as en
gineer in the Long Range Planning Group. 

In October, 1956, Bill was promoted to Super
vising Engineer. He was transferred to Syracuse 

more than 

ineerin jo 
in August, 1958, as Supervising Engineer-Fun
damental Plans, with a staff of four engineers 
and two clerks. In this job, he studies and fore
casts the future telephone needs of customers in a 
4800-square-mile area, planning from three to 20 
years ahead. He then co-ordinates the develop
ment of plans to meet future needs with the 
various engineering groups involved. Bill calls it 
"management engineering." 

Bill is married, has three youngsters and owns 
his own home. "A man has to build his own 
security," he says, "and finding the right place 
to do it can be mighty important. Choosing a 
Bell Telephone career was the best decision I ever 
made. I don't know where an ambitious young 
fellow can find more or better chances to move 
ahead in management." 

Many young men, with degrees in the sciences, arts, engi
neering or business, are finding interesting and reward
[ng careers with the Bell Telephone Companies. Look 
into 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. 

TELEPHONE 

COMPANIES 
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Winter came early this year, dosing 
out almost all thoughts about warm 
summer days in a big hurry. Too fast, 
in fad, for the TECHNOLOG staff. 

So as a dosing tribute to a fine 
summer, we decided to give our 
readers Miss November in a summer 
setting. 

Adrienne Stork, SLA sophomore, 
was our choice, and we think the 
warmth of these summer shots are 
at least a partial br·acer from the 
cold November blasts. 

You'll remember Adrienne as an 
E-Day Queen candidate last year. 
She was the 1959 AlEE-IRE Queen. 

Adrienne's 128 lbs., distributed 
36-23-36 over 67 inches, was enough 
to c::aptur·e the swim suit title in the 
1958 Miss. Minnesota contest. She was 
the 2nd runner-up in the· pageant, 
competing as Miss St. Paul of 1958. 

This Sanford Hall beauty picks 
water and winter skiing as her fa
vorite sports. lt1s not hard to see 
why pr·ofessional modeling and 
dancing rate high on her activity list. 

Adrienne hails from St. Paul Park 
and is maioring in iournalism. She 
is also a member of this year's Go
pher staff. 

So with our overcoats lined with 
this month's Technolog, and Adri
enne keeping us warm with summer 
memo·ries, we'll just bow our heads 
and let the wind blow. 
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Grinnell Constant Supports are avail
able in a range of sizes to provide capa
cities for loads from 27 lbs. to 57,500 
lbs., with travels up to 16 inches. 

Both vertical and horizontal hangers 
are designed to operate in extremely 
limited space. In the selection of types, 
there is a choice of 11 methods of 
attachment to structures-either above, 
between, or below supporting steel. 

Grinnell Constant Supports provide 
mathematically perfect load support 

I 

ESI s 
s 

E 
throughout all positions of travel . . . 
also a full 70 percentage points of 
adjustability is built into them. No less 
than 10% of this adjustability is allowed 
either side of calibration for plus or 
minus change in load. Field readjust
ments are easily made by turning a 
single load adjustment bolt. 

Call on Grinnell's Pipe Suspension 
Department for help with your pipe sus
pension problems. Grinnell Company, 
Providence 1, Rhode Island. 

AMERICA'S No. SUPPLIER OF PIPE HANGERS AND SUPPORTS 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 

38 MINNESOTA TECHNOLOG 



RCA Electronics creates the "501" to streamline the paper work 

of business-it reads, writes, figures and remembers on tape 

Much of today's traffic jam in paper 
work is being eliminated by electronic 
data processing. But to build a system 
that would be practical and economical 
for even medium-sized organizations 
was a job for electronic specialists. 

To solve the problem, RCA drew on 
its broad experience in building com
puters for military applications and 
combed its many laboratories for the 
latest electronic advances that could 
help. The result was the RCA "501" 
high-speed electronic data processing 
system-the most compact, flexible, and 
economical ever built. It is a pioneer sys-

tern with all-transistor construction for 
business use. 

The "501" cuts out paper work bottle
necks for many government agencies 
and businesses, from stock brokerage 
firms to public utilities, banks, insurance 
companies, and steel mills. 

It "remembers" millions of letters, 
numbers, and symbols that are "read" 
onto its magnetic tapes by such things 
as punch cards and paper tapes. In a 
fraction of a second, it can do thousands 
of calculating, sorting, and comparing 
operations-and checks each step. 
Finally, it writes such things as bills, re-

RADIO CORPORATION OF AMERICA 
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ports, payrolls in plain English at 72,000 
characters per minute. 

This economical and practical answer 
to an acute business problem is another 
way RCA Electronics is helping to sim
plify the growing complexity of business. 
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NEWTON 

(Continued from page 34) 

mit a Benedictine monk as Master of Arts without 
his first taking the oath of allegiance and supremacy. 
Newton, supported by others, resisted the King, and 
.subsequently appeared before Lord Jeffries, Lord 
Chancellor of England, to plead the case for Cam
bridge. As a result, the Deputies were reprimanded, 
the Vice-Chancellor was dismissed, and Newton 
gained political prestige. He was elected to Parlia
ment as representative of Cambridge in 1689, but 
was unseated the following year when Parliament 
was dismissed by the King. He returned to his math
ematical work at Cambridge. 

In 1692, he fell victim of prolonged insomnia and 
nervous disorders. Some said that he was going out 
of his mind. His friends, by use of old remedies and 
"keeping him shut up," cured him after 18 months 
of what was diagnosed as "brain fever." 

In 1695, he was named Warden of the Mint, and 
four years later was promoted to Master of the Mint. 
He was elected as one of the eight foreign associates 
to the French Academy of Science in 1699. 

About this time, John Bernoulli challenged the 
mathematicians of Europe to solve, in the next six 
months, two problems which he had posed. Newton 
received two copies of the problems and the next day 
sent the solution to the president of the Royal So
ciety. They were sent anonymously to Bernoulli, but 
so distinctive was Newton's work that Bernoulli im
mediately identified the author. 

Newton resigned his professorship at Cambridg~ 
and his fellowship at Trinity in 1701, and moved to 
London to pursue his position as Master of the Mint. 
He was subsequently named president of the Royal 
Society in 1703, and held that position until his death. 
In 1705, he was knighted by Queen Anne at Cam
bridge. The second edition of "Principia" was pub
lished in 1712, and the third edition in 1726. 

Early in 1727, Newton became seriously ill with 
an unknown disease. On March 20, 1727, at the age of 
85, the man who had spent the greater part of his 
life in the advancement of science, succumbed to a 
disease that medical science had never seen before. 

He was buried in Westminster Abbey, most highly 
honored by his countrymen, who were just on the 
verge of completing an efficient navy and developing 
a mercantile empire against the Dutch and Portu
gese opposition, not because he wrote the "Prin
cipia," which few read, but rather because he saved 
the debased coinage and restored the national credit, 
with which mercantile conquests would have been 
impossible. 
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HERE'S Y UR CHANCE 

T EARN 

s E BEER NEY 

The Technolog will pay you $5.00 for every 

article accepted for publication. 

e 

For Further Details See 

R. J. EDMEYER - Editor 

ind of 
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.•. tarry it with you wherever you go! 

Good news for draftsmen! New HIGGINS 
AMERICAN INDIA INK Cartridge always feeds 
the right amount of ink into pens and drawing 
instruments. No mess, no waste! 

Compact, rigid, plastic cartridge fits easily in 
pocket, purse or drafting sets. 

Stands on table, shelf, desk - won't roll off 
inclined drafting boards! Most convenient way 
to fill pens - and so economical! 

FillS 
PENS 

_ FASTER, 

Ask your art or drafting 
supply dealer for this new item. 

HIGGIDS 

EASilY, 
NEATlY! 
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ENGINEERING GRADUATES-YOUR 

Steady acceleration to escape velocity is 
mandatory to place a space vehicle into success
ful orbit. So too, your career must accelerate. 

At McDonnell-you alone will determine 
your rate of ascent. Favorable conditions pre
vail-professional association, counselling, sup
plementary training, rotational assignments
but you are at the controls and must contribute 
your own technical ability and initiative. You 
will be bounded only by your own ambitions. 

Learn more about our company and com
munity by seeing our Engineering Representa
tive when he visits your campus, or, if you 
prefer, write a brief note to: Raymond F. Kaletta 

Engineering Employment Supervisor 
P.O. Box 516, St. Louis 66, Missouri 

Monitoring a thermal-stress test in the Transient Heat Facility are 
Project Mercury staff members, True E. Cousins, BSAE, U. of Kan
sas, '58, on the left, and Eugene G. Shifrin, BSME, U. of Iowa, '55. 
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ENGINEERS <li PHYSICISTS 
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Who Can Utilize Unique and Unorthodox Thinking,in. 
Making State·of.-the·Art Advances in Electronics., Electronic 
Countermeasures., Metallurgy., Semiconductors., Radar, 
Communications & Navigation Systems., Airborne Defense, 
Missiles., Computers., Lighting., Radio., Television., Plastics, 
Photography., Chemicals., Wire., Phosphors .. 

To the young engineer and scientist 
who questions present hypotheses and 
who can combine unorthodox percep· 
tion with imagination, Sylvania ex· 
t~nds a climate of achievement. From 
these men, Sylvania foresees a number 
of tomorrow's breakthroughs. If your 
ambition is to attain your fullest pro· 
fessional potential, these facts about 
Sylvania- one of the world's fastest 
growing industrial organizations .... 
merit your close attention. 

Started as a basement industry 
manufacturing incandescent lamps 
only 59 years ago, Sylvania today has 
23 laboratories and 46 plants located 
in 14. states across the nation. These 
69 modern facilities afford employ· 
ment to over 30,000 people. In the 
last 25 years sales have climbed from 
$6,000,000 to over Ys of a billion dol· 
lars. Strong as this industrial base is 
for the engineer and scientist, it was 
substantially reinforced in February 
1959 when Sylvania merged with 
General Telephone Corporation. The 
merger of these two growth com· 
panies will: 

• Increase ability to finance future 
growth and development 
e Add further diversification to al· 
:ready broad commercial and.defense 
product lines 
e Measurably increase research and 
development facilities 
e Give Sylvania the benefit of 
General Telephone's wide experi· 
ence and background in foreign 
manufacturing and sales. 

Sylvania Prizes Individuality 

Sylvania's success· and reputation 
have long been based on the belief 
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that the success of the organization 
depends upon the personal success of 
the individual. The engineer/scientist· 
oriented management has given much 
thought and study to provide an en· 
vironment that kindles self-expression 
and creativity. Here you are assigned 
to a position where you can direct 
your training toward its greatest po· 
tential. Promotion from within the 
company gives impetus to your pro· 
fessional progress; assignments are 
frequently reviewed. 

There is no predetermined pattern 
of orientation, for the speed with 
which this is accomplished is up to 
the graduate; you are given a number 
of assignments with increasing 
responsibilities. Working directly 
with a project leader or senior 
engineer, you quickly confirm your 
special abilities and aptitudes. 

Large-Organization Strength 
With Small-Company 
Flexibility 

Each laboratory or plant is similar 
to an independent business at Syl ... 
vania. Important decisions are made· 
on the operating level by technical 
managers familiar with the problem 
at hand, who appreciate and acc~r
ately evaluate individuai contributions. 

Whether your interests center on 
engineer management or scientific 
specialization, you w~ll enjoy parallel 
paths for development at Sylvania
double opportunity to move forward 
with equal reward and status. Syl· 
vania encourages the publication of 
research articles, active participation 
in professional groups, attendance at 

tifi r ti 
meetings of engineering and profes· 
sional societies. It has long been 
Sylvania's philosophy that these "ex
tracurricular" activities are of im
measurable importance to both the 
company and the individual, for com
munication increases comprehension 
and scientific curiosity-which are the 
forces that spark experimentation and 
discovery. 

Continual Advances 
In State-Of-The-Art 

The success of Sylvania in the ad
vanced areas of electronics has been 
maintain~d over the years by scien· 
tific and engineering excellence. Syl
vania's encouragement of uninhibited 
technological thinking has led to a 
number of important breakthroughs 
across many technologies, such as: 
Data Processing Systems; Com
puters; Semiconductors; Electronic 
Flash Approach Systemi s·pace Tech
nology; Ceramic Stacked Tube; 
Electroluminescence; Bonded Shield 
Television Picture Tubes; Sarong 
Cathode Coating; First ll0° Televi
sion Set. 

Generous Benefits 

Sylvania's belief in the well-being of 
the individual has been amply dem
onstrated by liberal employee policies. 
Ranging from a savings and retire
ment plan to financial reimbursement 
for graduate study, these policies have 
helped set a standard for the ele~·

troriics industry. 

To explore fully the career advantages 
you can find with Sylvania, .see your 
College Placement Officer; or write 
us for a copy of "Today and Tomor
row with Sylvania." 

Subsidiary of 

GIEI\IERAl TEliEPHOI\IE & ELECTRONICS 

730 Third Avenue, New York 17, New York 
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The word space commonly represents the outer, airless regions of the universe. 
But there is quite another kind of "space" close at hand, a kind that will always 
challenge the genius of man. 

This space can easily be measured. It is the space-dimension of cities and the 
distance between them ... the kind of space found between mainland and off
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance-above all, 
Sikorsky is concerned with the precious "spaceway" that currently exists be
tween all earthbound places. 

Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve
hicles that can prove to be tomorrow's most versatile means of transportation. 

Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet. 

For information about careers with us, please ad
dress Mr. Richard L. Auten, Personnel Department. 

One of the Divisions of United Aircraft Corporation 

STRATFORD, CONNECTICUT 
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CORONA OF THE SUN

(Continued from page 17) 

These two effects could be understood if there were a 
synchrotron radiation in some other direction. 

A similar polarization measurement was made in 
1941 by Vashehakidsee, also a Russian astronomer. 
In his measurements, it seems that there is less de
viation than in measurements made by Zakharin. 
This, however, might be due to the fact that during 
this eclipse only about half as much light was ob
served as in 1936. As a consequence, there may 
have been fewer particles ejected, reducing synchro
tron radiation. Also the possibility exists that Zakha
rin had larger errors in his measurements. Dr. Ney 
and Dr. Kellog say it is their belief that a crucial test 
for the presence of synchrotron radiation in the 
corona would be a very careful 1neasurement of the 
direction of polarization. 

A well-known fact about the shape and intensity 
of the corona is that it is greatly dependent upon the 
sunspot cycle. The corona seems to be almost spher
ical and twice as bright at maximum sunspot activity 
than at minimum. Although very difficult to explain 
by the old theory, such changes can be readily ex
plained by the proposed theory. It simply states that 
it is twice as bright at maximum becaw;;e of injection 
and acceleration of a larger number of particles in 
the trapping field. 

Several scientists have measured the ratio of to
tal radiation to visible radiation for both the corona 
and the sun. These findings are in general agreement 
that the coronal emission is rich in infra-red, relative 
to the sun. 

This phenomena is unaccountable by the old the
ory, while the presence of synchrotron radiation im
plies that at longer wave-lengths the corona should 
become brighter. In 1936, Zakharin's measurements 
showed a 4 to 1 ratio of the infra-red relative to the 
sun. In other words, the corona contained four times 
more non-visible light than did the solar spectrum. 
In the 1941 measurements, where smaller deviations 
were found, the infra-red ratio was also reduced. 
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Fig. 1. Zakharin's measurements of the coronal radia
tions in 1936. 
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Dr. Ney and one of the three TV telescopes used on the 
African expedition. 

The properties of synchrotron radiation deter
mines the strength of the solar magnetic field. How
ever, the determination vf flux density (B) depends 
on the energy spectrum of the particles in addition 
to the intensity of synchrotron radiation. 

Since the spectral properties are not entirely 
known at present, one can only make some esti
mates. To check the the hypothesis, precise measure
ments were carried out during the eclipse of 
October 2, 1959. The site chosen was Africa, and it 
was staffed by many people from the University, in
cluding Dean Spilhaus, Dr. Ney, and Dr. Kellog. 

The scientists had hoped to be able to determine 
whether the solar corona is similar to the Van Allen 
radiation belts around the earth. The measurements 
were made with a TV scanning telescope. The basic 
similarity between the sun's corona and Van Allen 
Belts suggested the possibility that the Van Allen 
Belts could be called the corona of the Earth. 

The results of the expedition are presently being 
tabulated and soon we will have the answer to the 
question: Has the Earth a corona similar to that of 
the sun? 

__ -
......_--

Fig. 2. Vhshehakidsee's measurement of the coronal 
radiations in 1941. 
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FEATURES 

(Continued Jr01n page 31) 

Tubing is supplied to Lockheed in a dead-soft an
nealed condition. After the metal has been fabricat
ed, it is process-annealed and then treated at sub
zero temperatures to provide maximum strength 
and hardness. 

The ducting on the anti-icing system must with
stand heat of about 700 degrees F, and pressures of 
up to 200 pounds per square inch. The gauges range 
from .025 to .187, and the outside diameters of the 
ducts are from one and one-half inches to four and 
one-half inches. 

1959 AWARDS FOR ENGINEERING 
UNDERGRADUATE DESIGN COMPETITION 

HE $5000 in annual awards made by the James F. 
Lincoln Arc Welding Foundation, Cleveland, 
Ohio, in its design competition for college engi-

neering undergraduates this year went to 66 students 
in 21 colleges and universities. The welded designs; 
made to improve or lower costs of machinery and 
structures, ranged from a re-design of the tradition
ally cast iron fire hydrant to an imaginative "hyper
bolic paraboloid roof structure." Scholarship funds 
honoring the recipients of the main awards were 
presented to the schools in which they were en
rolled: The University of Minnesota, University of 
Illinois, and New York University. 

The first award of $1250 went to Seppo J. Viikin
salo of Parkville, Minnesota, for his design of a fire 
hydrant redesigned for welding. Dr. Richard C. 
Jordan is the head of the Department of Mechanical 
Engineering at the University of Minnesota in which 
Mr. Viikinsalo was registered. He will administer a 
scholarship fund of $1000 presented to the depart
ment by the Lincoln Foundation. A total of eight 
students at the University of Minnesota received 
awards in the competition, marking the best per
formance by students of any one school. 

Schools whose students made noteworthy per
fornlances in the competition were: University of 
Minnesota with eight awards, University of Wyom
ing with eight awards, Case Institute of Technology 
with four awards, State University of Iowa with four 
awards and Cornell University with three awards. 

The Lincoln Arc Welding Foundation has an
nounced a similar undergradute design competition 
for the current school year. All undergraduate stu
dents in all branches of engineering are eligible to 
participate. A rules booklet is available from the 
James F. Lincoln Arc Welding Foundation, Cleve
land 17, Ohio. 

NEW HIGH-SPEED PHOTOGRAPHY METHODS 
REVEALED AT PHOTO-SCIENCE MEETING 

LA TEST techniques for photography of U:ltra-high 
speed events were revealed at the annual con
vention of the Society of Photographic Scien-

NOVEMBER. 1959 

tists and Engineers at the Edgewater Beach Hotel, 
Chicago, Ill. 

A paper on multi-flash photographs, by Dr. Har
old E. Edgerton and Frederick E. Barstow of Edger
ton, Germeshausen and Grier, Inc., outlined modern 
methods for recording the path of a bullet or the ex
plosion of a dynamite cap in successive exposures on 
a single piece of film. 

In photographing a bullet in flight, the bullet 
triggers an electronic circuit when it passes a certain 
point in its path, Dr. Edgerton said. The circuit pulses 
a flash unit, perhaps once every 1/100,000 of a second, 
as the bullet passes the camera lens. Each flash gives 
a separate picture of the speeding bullet on a single 
piece of film, the scientist explained. 

By correct focusing and subject lighting, the 
shock waves produced by the bullet can also be pho
tographed. 

The researchers also discussed equipment and 
special electronic circuits for pulsing the light flash
es and controlling flash duration. 

NEW AERIAl STRIKE CAMERA DESCRIBED AT 
PHOTOGRAPHIC SCIENCE CONFERENCE 

CAMERA that fits into the thin, leading edge of 
a Convair F-106 wing to take 20 pictures every 
second during a target strike was described to-

day (Oct. 26) at the annual convention of the So
ciety of Photographic Scientists and Engineers in 
Chicago, Ill. 

Guy H. Hearon of Benson-Lehner Corp., Los An
geles, cited the strike camera as an example of criti
cal design needed for instrumentation cameras. 

Hearon outlined requirements in design of the 
camera, including an optical system automatically 
directed toward the line of flight; resistance to G
loads, temperature extremes, and vibration; and 
right and left hand versions of the camera, so pic
tures taken from each wing combine to give a full, 
wide-angle view. 

DOPPLER SHIFT CALCULATOR DESIGNED 

DOPPLER Shift Calculator that provides quick de
termination of doppler shift for the wide range 
of velocities and frequencies currently in use 

has been designed by Sylvania Electronic Systems. 
The increased use of high velocity vehicles such 

as jet aircraft, ballistic missiles and space vehicles, 
coupled with the varied requirements of navigation, 
detection and communications, has brought the phe
nomenon of doppler shift into continually growing 
prominence. 

Simple adjustment of the pocket-size Sylvania 
Doppler Shift Calculator determines doppler shift 
in one operation, in contrast to a series of computa
tions normally required. In addition, a Calculator 
scale provides a direct reading converting knots to 
feet per second. 

(Continued on page 48) 
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YOUR TASK FOR THE FUTURE 

Since its inception nearly 23 years ago, 
the Jet Propulsion laboratory has given 
the free world its firsttactical guided mis· 
sile system, its first earth satellite, and 
its first lunar probe. 

tier will advance at an accelerated rate. 
The preliminary instrument explora

tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 

will be made of the moon and the plan· 
ets and of the vast distances of inter
planetary space; hard and soft landings 
will be made in preparation for the time 
when man at last sets foot on new worlds. 

In the future, underthedirection ofthe 
National Aeronautics and Space Admin· 
istration, pioneering on the space fron~ 

In this program, the task of JPL is to 
gather new information for a better a.m
derstanding of the World and Universe. 
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"We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to lind the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 

"Who can tell what we will find when we get to the planets? 

Who, at this present time, con predict what potential benefits 
to man exist in this enterprise? No one can soy with any acc:u. 
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
ore obligated to do these things, as human beings!' 

DR. W. H. PICKERING, Director, JPB. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

.JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Empfoyment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
INFRA-RED" OPTICS e MICROWAVE" SERVOMECHANISMS., COMPUTERS "LIQUID AND SOLID PROPULSION " ENGINEERING MECHANICS 

STRUCTURES e CHEMISTRY e INSTRUMENTATION e MATHEMATICS AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration.lnterviews may be arranged on Campus or at the Laboratory. 
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HARVARD 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

NOVEMBER, 1959 

t 
FOR STUDY AT HARVARD 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
AND CALIFORNIA INSTITUTE OF TECHNOLOGY 
IN 19&0 .. &1 

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 University, 
Massachusetts Institute of Technology and California 
Institute of Technology, to pursue at Raytheon's ex
pense, regular courses of study leading to a master's 
or doctor's degree in science or engineering in the institu ... 
tion of their choice. 

The Program requires, in general, two or three semesters 
of study, depending on circumstances, with the summer 
months spent in the Company's research, engineering, or 
manufacturing divisions. It includes full tuition, fees, 
book allowances and a salary while at school. Students 
are eligible for health, accident, retirement and life insur
ance 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 
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, 1959. 

Excellence in Electronics 
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FEATURES 

(Continued from page 45) 

The Doppler Shift Calculator and a 12-page in
struction booklet may be secured by sending 50 cents 
to Department SES, Sylvania Electric Products Inc., 
1100 Main Street, Buffalo 9, New York. 

SILICON RECTIFIERS-POWER IN A NUTSHELL 

IN RECENT years, semiconductors have been made to 
rectify, amplify, oscillate, switch, limit, count and 
to do almost anything which vacuum tubes do. 

They have resulted in space saving as evidenced by 
the many transistorized pocket radios on the mar
ket. In rectifiers semi-conductors have pushed al
lowable ambient temperatures up to 150 degrees C. 

A semiconductor is just what the name implies. 
It has some properties of conductors and other prop
erties of insulators. One distinguishing feature is its 
negative temperature coefficient of resistivity. An
other is the absence of free electrons common in con
ductors. In the semiconductor, the valence electrons 
are part of a stable bond between atoms. However, 
the semiconductor differs from the insulator, whose 
valence electrons also form a stable bond. The en
ergy required to break this bond in an insulator is 
quite large compared to the energy necessary in a 
semiconductor. The most commonly known semicon
ductors are germanium and silicon. Of the two, ger
manium has been used extensively for transistors 
and low-voltage rectifiers. In the power rectifier field 
some 100,000 kilowatts of germanium in a-c to d-e 
power conversion have been installed or placed on 
order. Single junctions carry currents up to four or 
five hundred amperes. Now, however, silicon recti
fiers are available with current ratings up to 250 
amperes and reverse voltage ratings up to 600 volts. 

Most applications of a-c to d-e power conversion 
indicate a decided advantage of silicon rectifiers over 
other conversion means. The permissible range of 
junction temperature operation is from -65 to 190 
degrees C. Low forward drop and high reverse volt
age characteristics give practical equipment effi
ciencies up to 95 or 96 per cent. Higher allowable 
temperatures and low losses result in a compact de
sign with more power conversion per volume of 
space than any other type of rectifier. Current densi
ties are as high as 1200 amperes per square inch com 
-pared to about 1 ampere per square inch for selen
ium and 700 amperes per square inch for germanium. 

The manufacturing of semiconductor devices at 
Westinghouse is carried on in Youngwood, Pennsy 1-
vania. The plant contains 165,000 square feet of man
ufacturing and engineering area, and is located in 
the country where the cleaner air is a benefit in the 
manufacturing process. Ultra cleanliness is required 
in all processes, which include the crystal growing, 
the fusion of the basic cell, and the final assembly. 

The purity of the silicon itself may be illustrated 
if one imagines a freight train extending from At
lantic to Pacific coasts, loaded with silicon. A layer 
of dust 1/100 inch thick on the last car would be the 
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total allowable impurities in the tniin load. This im
purity is as low as one part per 6 billion. 

KODAK REPORTS NEW FILM STUDIES 
AT PHOTO-SCIENTIST CONFERENCE 

ESEARCH into the mysterious effect of trace sub
stances in the light-sensitive surface of photo
graphic film was reported by Dr. William West 

and Vernon I. Saunders of Kodak Research Labora
tories at the annual convention of the Society of 
Photographic Scientists and Engineers in Chicago, 
Illinois. 

Crystals of silver halide-the chemical compound 
that makes film light-sensitive- have little or no 
photographic sensitivity in the pure state. Sensitivi
ty must be induced in the crystal by minute traces 
of appropriate additives, the scientists explained. 

They used sheet crystals of silver bromide ap
proximately 1/2,000 of an inch thick, previously ex
posed to ultraviolet radiation. With these they ex
perimented with various types and amounts of added 
ele1nents to determine their effect on the formation 
of latent-image centers. 

A latent-image center is a tiny speck of metallic 
silver formed by light energy striking a silver bro
mide crystal. The latent-image center is what causes 
an entire silver halide grain to run to silver during 
development and to form a photographic image. 

WESTINGHOUSE FUEL ELEMENTS FOR 
BELGIAN NUCLEAR REACTOR BEING 
READIED FOR SHIPMENT 

EING readied for shipment to the Westinghouse 
Reactor Evaluation Center at Waltz Mill, Pa., is 
one of 40 fuel elements designed and built by 

Westinghouse Electric Corporation for use in Bel
gium's first atomic power plant. The fuel rods were 
assembled at the company's atomic power depart
Inent. When the reactor core is completed, it will con
sist of 32 fuel elements, each with a total of 110 tubes 
which contain pellets of uranium oxide, the nuclear 
fuel for the reactor. The remaining eight elements 
will be used as spares. Last year, the Atomic Energy 
Commission issued Westinghouse the first license for 
export of a U. S. manufactured power reactor. 

BOOKLET ON HIGH STRENGTH 
STEEL DISTRIBUTED 

BOOKLET on a high strength steel for use in air
craft, missiles, and rockets is now being distrib
uted by Allegheny Ludlum Steel Corporation. 

The booklet, entitled "Potomac, A High Strength 
Steel," is 24 pages long, and contains numerous 
graphs and charts on this chromium-molybdenum
vanadium hot work steel. The steel, known as type 
H-11, is noted for its high strength up to 1000 degrees 
F, and is used in landing gears, solid propellant rock
et cases, structural sections of aircraft and missiles, 
and many other applications. 
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e The small gas turbine is an important aircraft 
support item used primarily for starting jet engines 
and providing on-board auxiliary power. The high 
compressed air and shaft outputs for its small size 

and weight mark it as an important power source 
for common commercial use. AiResearch is the 
largest producer of lightweight gas turbines, ranging 
from 30 H.P. to the 850 H.P. unit pictured above. 

EXCITING FIELDS OF INTEREST 

FOR GRADUATE ENGINEERS 

Diversity and strength in a company offer the 
engineer a key opportunity, for with broad knowl
edge and background your chances for responsibil
ity and advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 

Other major fields of interest include: 

• Aircraft flight and Electronic Systems- pioneer and 
major supplier of centralized flight data systems 

and other electronic con trois and instruments. 

• Missile Systems-has delivered more accessory power 
units for missiles than any other company. AiResearch 
is also working with hydraulic and hot gas control 
systems for missile accessory power. 
• Environmental Control Systems- pioneer, leading 
developer and supplier of aircraft and spacecraft air 
conditioning and pressurization systems. 

Should you be interested in a career with The 
Garrett Corporation, see the magazine ~~The Garrett 
Corporation and Career Opportunities" at your 
College placement office. For further information 
write to Mr. Gerald D. Bradley ... 

THE CORPORATION 

tliResearch Manufacturing Divisions 
Los Angeles 45, California "Phoenix, Arizona 

Systems, Packages and Components for: A I R C R A F T, M I S S I L E, N U C L E A R A N D I N D U S T R I A L A P P L I C AT I 0 N S 
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All-weather auditorium in Pittsburgh 
will be covered by a 415-foot 
diameter Nickel-containing stainless 

steel dome. Largest of its kind in 
the world, the dome will protect 
an audience of more than 13,000. 

For Pittsburgh's new auditorium fil !D ~~ 

A upush-bu on u brella roof" of Nickel stainless steel 
... the roof design of to orro 

Here's the first of a revolutionary 
new type of roof design, destined to 
introduce a new concept in building. 

A simple concept, but a daring one. 
The domed roof of a building is 
divided into eight sections which 
nest together when opened. Push a 
button, and six of these sections 
glide quietly together around an out
side track. 

In Pittsburgh's new all-weather 
.auditorium, the push-button 
umbrella roof can be closed at the 
first sign of bad weather without 
disturbing the show. In private 
homes, a roof design like this could 
bring the beauty of nature right into 
the home. 

But what material is lasting 
enough for a dome like this? Archi
tects and designers of the audito
ri urn looked into all types of 
materials. They selected Nickel
containing stainless steel. They 
selected Nickel stainless because it 
has the best combination of proper
ties for this purpose. For example 
it is one of the most weather-resist
ing, corrosion-resisting metals. 

Naturally, this is just one example 
of how designers are taking advan
tage of the unique properties of 
Nickel-containing metals. In the 
future, however, you may be design
ing a machine-not a spectacular all-

weather push-button roof. You might 
need a metal that resists corrosion, 
or wear, or high temperatures. Or 
one that meets some destructive 
combination of conditions. Here, too, 
a Nickel-containing metal could be 
the answer. 

But, whatever your field of study, 
in the future you can count on Inco 
for all the help you need in metal 
selection. Right now, if you'd like to 
get better acquainted with Nickel 
Stainless Steel, why not write Inco 
for "Stainless Steel in Product 
Design." Write: Educational Serv
ices, The International Nickel Com
pany, Inc., New York 5, N.Y. 

<!~~> Inc o N i c k e I makes metals perform better, longer 
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ILL IT STAY BRIGHT AND SHINY? 
That depends, for the most part, on its 

finish. The most dazzling cars on the road 
today wear gleaming coats of DuPont 
"Lucite" * acrylic lacquer. For "Lucite" 
stays bright and beautiful three times longer 
than the best conventional finishes. 

Like hundreds of other products de
veloped through DuPont research, "Lucite" 
has created all kinds of new jobs. Jobs in 
the laboratory. Jobs in production. And 
jobs in sales and marketing. Good jobs 
that have contributed substantially to the 
growth of Du Pont and the prosperity of 
our country. 

It's an old story. But it's truer today 
than ever. For the very nature of our busi
ness makes research pay off, giving us the 
courage to "obsolete" products when better 
ones are found. This is probably why our 
sales have increased more than tenfold dur
ing the last twenty-five years. And for every 
dollar we have spent on research during 
these years, we have been able to invest 
three in new production facilities. 

What does all this have to do with you? 

For qualified bachelors, masters, doctors, 
career opportunities are greater today at 
DuPont than ever before. There is an in
teresting Du Pont future for metallurgists, 
physicists, mathematicians, electrical and 
mechanical engineers, and other technical 
specialists, as well as for chemists and chem
ical engineers. 

You probably won't discover a "Lucite," 
nylon or neoprene, or develop a revolu
tionary new process, your first year. No
body expects you to. But you will be given 
responsibility from the very start, along 
with training that is personalized to fit your 
interests and special abilities. Our advance
ment policies are based on the conviction 
that you should work at or near the top of 
your ability. For as you grow, so do we. 

If you would like to know more about 
career opportunities at Du Pont, ask your 
placement officer for literature. Or write 
E. I. du Pont de Nemours & Co. (Inc.), 
2420 Nemours Building, Wilmington 98, 
Delaware. 

* "Lucite" is DuPont's registered trademark for its acrylic lacquer. 

BETTER THINGS FOR BETTER LIVING ••• THROUGH CHEMISTRY 
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DEANE KEUCH 
Purdue University '53 

EANE KEUCH, one of 136 Dunham-Bush sales 
engineers, knows the advantages of being associated with a 
dynamic young company with extensive product lines. 

Following his engineering studies at Purdue, Deane joined 
Dunham .. Bush as a trainee and soon became an application 
engineer. After a relatively short time he was assigned his own 
territory, working out of the Cleveland area sales office. 

In calling on consulting engineers, architects, plant engineers, 
wholesalers, contractors and building owners, Deane (like all 
Dunham-Bush sales engineers) finds it reassuring to be backed by 
his area office and the facilities of Dunham-Bush laboratories. 

Equally reassuring is the availability of complete lines. The range 
of Dunham-Bush refrigeration products runs from compressors 
to complete systems; the range of air conditioning products 
extends from motel room conditioners to a hospital's entire air 
conditioning plant. The heating line is equally complete: from a 
radiator valve to zone heating control for an entire apartment 
housing project. The Dunham-Bush product family even includes 
specialized heat transfer products applicable to missile use. 

If you'd like to know more about the company 
that offers "Sales Engineering Unlimited", send for a copy of 
"This is Dunham-Bush". 

AIR CONDITIONING, REFRIGERATION, 

HEATING PRODUCTS AND ACCESSORIES 

un arnm us , Inc~~ 
WEST HARTFORD 10, e CONNECTICUT, e U. S. A. 

SALES OFFICES LOCATED IN PRINCIPAl CITIES 
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Guided Missile ------Das Sientifiker Geschten
werkes Firenkrakker. 

Rocket Engine ____ ---Firemchpitter mit Smoke-
nund Schnorten. 

Liquid Rocket ____ ----Das Skw:rten Jucenkind Fir-
enschpitter. 

Guidance System --- Das Schteerenwerke. 

Celestial Guidance __ Das Schruballische Schtar
g a z e n Peepeng!asser mit 
Komputerattachen Schteer
enwerke. 

Pre-Set Guidance ___ Das Senden Offen mit ein 
Pattcnb.::.cker unci F i n g e r 
Gekres;en Schteerenwerke. 

Control System ------Das Pu!len-und-Schoven 
Werke. 

Wa rhea d ---------------- Das louden boomer. 

Nuclear Warhead --Das Eargeschplitten louden
boomer. 

Hydrogen Device ____ Das Eargeschplitten louden
boomer mit ein Grosse Hol
enground und Alles Kaput. 

Management ----------Dos Ultzerenbalden Groupe. 

Engineering ------------ Dos Aufguefen Grupe. 

Project Engineer ----Dos Schwettennoudter. 

Windtunnel ------------ Das Huffenpuffen Grupe. 

Computing ------------ Dos Schlidenruler Grupe. 

Structu ra I Test -------- Das Pullenparten Grupe. 

Security ------------------ Dos Schnoopen Bunch e. 

Contract 
Administrator ________ Dos Tob!egepaunder Grupe. 

Planning _________________ ')as Schemen Grupe 

Nuclear Research __ Das Whizkidden Grupe 

Faci I ities ---------------- Dos Doskgeschoven Bunch e. 

Support E'quipment__ Dos Gorterbelten Grupe. 

"Professor," said the engineer in search 
of knowledge, "will you try to explain to 
me the theory of limits?" 

11Well, John, assume that you have 
called on a pretty woman. You are seated 
at one end of the divan and she is seated 
at the other. You move halfway toward 
her. Then you move half of the remaining 
distance toward her. Again you reduce 
the distance separating you from her by 
50 per cent. Continue this for some time. 
Theoretically, you will never reach the 
girl. On the other hand, you will soon 
get close enough to her for practical 
purposes." 

Said the rooster as he put the ostrich 
egg in front of the hen: "I'm not com
plaining, but I just want you to see the 
kind of work they do in some places." 
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America's progress depends upon a plentiful supply of electric power .... 
and upon young engineers like those shown above who are preparing for 
the years ahead by learning how to harness the power of atomic energy 
to the job of producing electricity. 

Opportunities for personal progress, too, are to be found in the electric 
industry. Wisconsin Electric Power Company's far-reaching expansion pro
gram requires engineering skills in a wide variety of fields - electrical, 
mechanical, civil, chemical, statistical, research, sales, administrative, etc. 

See our representatives when they visit your campus. Ask for more 
information about the excellent job opportunities available for engineers. 

ISCONSIN ELECTRIC PO ER CO PANY SYSTE 
Wisconsin Electric Power Co. Wisconsin Michigan Power Co. Wisconsin Natural Gas Co. 

Milwaukee, Wis. Appletonr Wis. Racine, Wis. 
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to double communication capacity 

These specialized electronics systems 
are an important part of Collins' con
tribution to advancements in military 
and commercial communication; 

Collins was selected over several com
panies because it could do the job -
economically, with excellent equipment, 
and provide capable engineering assist
ance for all phases. 

Collins needs engineers and physicists 
to keep pace with the growing demand 
for its products. Positions are challeng
ing. Assignments are varied. Projects 
currently underway in the Cedar Rap
ids Division include research and de
velopment in Airborne communication, 
navigation and identification systems, 
Missile and satellite tracking and com-

munication, Antenna design, Amateur 
radio and Broadcast. 

Collins manufacturing and R & D in
stallations are also located in Burbank 
and Dallas. Modern laboratories and re
search facilities at all locations ensure 
the finest working conditions. 

Your placement office will tell you 
when a Collins representative will be 
on campus. 

For all the interesting facts and fig
ures of recent Collins developments 
send for your free copies of Signal, pub
lished quarterly by the Collins Radio 
Company. Fill out and mail the at
tached coupon today. You'll receive 
every issue published during this school 
year without obligation. 

COlliNS RADIO COMPANY o CEDAR RAPIDS, IOWA e DAllAS, 'tEXAS illll BURBANK, CAliFORNIA 
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L£thography 

Letterpress 

P laternaking· 

Typesetting 

Creative Art 

Depa'l·trnent 

Binding and 

Mailing 
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PRESS 

315 FIFTH AVENUE SOUTH * MINNEAPOLIS 15, MINNESOTA 
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He: "You've a faculty for making 
love." 

She: "No, just a student body." 

"The laundry made a mistake and 
sent me the wrong shirt. The collar 
is so tight I can hardly breathe." 

"No wonder. You've got your head 
through a buttonhole." 

A wealthy man, ambitious to be
come a conductor, engaged a sym
phony orchestra in preparation for a 
concert. It wasn't long before the 
musicians realized that he knew lit
tle about music. Finally, the enraged 
kettle-drummer cut loose with a long 
roll in the middle of a quiet passage. 

The conductor flushed and de
manded, "Who did that?" 

An optimist is a guy who opens a 
fifth in a crowd and saves the cork. 

Dean to Freshman: "What's your 
name?" 

Freshman: "I'm Gladys Zell." 
Dean: "I'm happy too, but what's 

your name?" 

Policeman (producing notebook): 
What's your name?" 

Motorist: "Aloysius Alastair Sypri
an." 

Policeman (putting notebook 
away): "Welt don't let me catch you 
again." 

The firing squad was escorting a 
Russian comrade to his place of exe
cution. It was a dismal march in a 
pouring rain. 

"What a terrible morning to die/' 
muttered the prisoner. 

"What are you kicking about?" 
asked the guard in charge. "We gotta 
march back in it." 
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A husband and wife were asleep. 
About 3:00 a.m., the wife dreamed 
of secretly meeting another man. 
Then she dreamed she saw her hus
band coming in. In her sleep, she 
shrieked: "Heavens! My husband!" 
Her h u s b a n d , awakened by her 
shriek, leaped out the window. 

"What a splendid fit/' the tailor 
said as he carried another epileptic 
out of his shop. 

A gravedigger absorbed in his 
thoughts dug a grave so deep he 
could not get out. Came nightfall and 
his predicament became more and 
more uncomfortable. He shouted for 
help and finally attracted attention 
of a drunk. The drunk looked in the 
grave and finally distinguished the 
form of the uncomfortable grave
digger. "No wonder you're cold," he 
said. 11You haven't any dirt on you." 

A group of prohibitionists looking 
for evidence of the advantages of 
total abstinence were told of a man 
of 102 who had never touched a drop 
of the stuff. They rushed to his home 
for a statement. After propping him 
up in bed and guiding his feeble 
hand along the d ott e d line, they 
heard a violent commotion in the next 
room-furniture being broken, dishes 
smashed, and the shuffling of feet. 

"Good heavens, what's that?" 
"Oh," whispered the old man as 

he sank exhausted to the pillow, 
"that's Pa, drunk again." 

"Stopped your grandma from slid
ing down the banister yet?" 

"last week. Wound barbed wire 
around it." 

"That stop her?" 
11 No. Sure slowed her down 

though." 

Slogan on a crematorium door: 
"WE'RE HOT FOR YOUR BODY.'' 

Who was that lady I saw you with 
last night, George? 

That was not a lady, that was my 
brother. He plays piano on TV. 

Sigma Nu: "I went out with a girl 
last night who really had something.'' 

Beta: 11So?" 
Sigma Nu: "I think I've got it." 

Most girl's bathing suits aren't as 
big as a postage stamp, but they still 
deliver the males. 

Origin of the Charleston: When a 
Scotsman tried to pick the lock on a 
pay toilet. 

When a girl says that she's got a 
boyish figure, it's u s u a I I y straight 
from the shoulder. 

"Don't you ever advise me to buy 
a bright green suit again." 

"Why not?" 
"I stopped on the street to yawn, 

and two people tried to push letters 
into my mouth." 

A Scotsman had to send an urgent 
telegram, and not wishing to spend 
more money than necessary wrote 
like this: "Bruises hurt erased afford 
erected analysis hurt too infectious 
dead.'' 

The Scotsman who received it im
mediately decided it was: "Bruce is 
hurt. He raced a Ford. He wrecked it 
and Alice is hurt too. In fact she's 
dead." 

A bulletin board outside a church 
announced, Sunday Service-"Do you 
know what Hell is?" 

Underneath was printed in smaller 
letters-"Come and hear our organ
ist." 

He: "Drinking makes you beauti
ful." 

She: "But I don't drink." 
He: "No, but I do." 

He was so bashful he took mistle
toe along on his honeymoon. 

She: "Daddy is so pleased to hear 
you are a poet." 

He: "Fine. He likes poetry?" 
She: "Not at all, but the last friend 

of mine he tried to throw out was an 
amateur boxer." 
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Engineer Larry Klivans reviews the results of a computer· 
simulated ground checkout of Radioplane Division's 
near-sonic RP-76 rocket-powered ta_rget drone. Formerly 

at Norair Division, Larry came to Radioplane in 1955. At 
31, he is Manager of the Division's 140-man Electronic 
Support Group, is working toward his doctorate at UCLA. 

YOUNG E GINEERS ARE ORTHROP'S NE S AKERS! 
Northrop Corporation's dynamic and diversified corporate struc
ture creates an ideal work climate for forward-thinking scientists 
and engineers. Our three autonomous divisions are all in Southern 
California- are all headed by progressive management eager to 
examine and try new ideas. 
Let's assume that you are a man who can qualify for one of our 
engineering teams - a man who can create history! 

YOU'll EARN what you're worth, get increases as often as you earn 
them- based on your own individual achievements. Our salary 
structure is unique in the industry; our vacation policy extra-liberal, 
as are all of our other fringe benefits. 

YOU'll LEARN while you earn, with no-cost and low-cost education 
opportunities at leading Southern California institutions- earn ad
vanced degrees and keep abreast of latest technological advances 
in your own chosen field. 

YOU'lL WORK with men who are acknowledged leaders in their fields 
- men chosen for their own capabilities and for skills in guiding 
and developing the creative talents of younger men. And, these 
are men who delegate authority, assuring your fair share of credit 
for engineering triumphs. 

YOU'll BE flEXIBLE-able to apply your talents to the work you enjoy, 
in the field best suited to your own inclination and ability. Northrop 
Corporation and its divisions offer wide diversity, with over 30 
operational fields to choose from. All offer challenge aplenty
opportunity unlimi,ted! 

NOVEMBER, 1959 

RADIOPLANE DIVISION. Creator of the world's first drone family; has 
produced and delivered tens of thousands of drones for all the U.S. 
Armed Forces. Now developing ultra-advanced target drone sys
tems for weapon evaluation, surveillance drone systems, and mis
sile systems. 

NOP.Tr.:JNICS DIVISION. Pioneer in celestial and inertial guidance. 
Currently exploring infrared applications, airborne digital com
puters and interplanetary navigation; developing ground support, 
optical and electro-mechanical, and data-processing equipment. 

NORAIR DiVISION. Creator of SAC's intercontinental USAF Snark 
SM -62. Currently active in programs for the ballistic recovery of 
orbiting man; flight-testing the USAF T-38 supersonic trainer; 
readying the N-156F NATO-SEATO fighter for flight tests. 
NOW WRITE! Get full information on Northrop Corporation and all 
of its Divisions. Then choose the division that offers you the most 
challenge. To reserve your spot where news is happening, write: 
Engineering & Scientific Personnel Placement Office, Northrop 
Corporation, P.O. Box 1525, Beverly Hills, California. 
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This huge resecm::h center at Whiting, Indiana, is only 
part of Standard Oil's research facilities. A recently 
completed technical service and quality control lab-

oratory, not shown here, is the largest laboratory of 
its kind in the country. In addition, large research 
laboratories are operated by several affiliates. 

Where the fuels of the future are born! 

From time to time, we are asked if gasoline 
and oil today really are better than they were 
five or ten years ago. People can't see the 
difference, smell it, or feel it. 

The answer is an emphatic yes. And this 
aerial view of Standard Oil's research center 
at Whiting, Indiana, is graphic evidence of 
the extensive research work that goes on be
hind the scenes day in and day out. 

Thousands of research experts-chemists, 
engineers, and technicians-work together in 
Standard's modern laboratories, improving 
present fuels and lubricants and developing 
new ones for cars that will not be a reality 
until about 1965! Rocket fuels, too, are being 
developed. Standard's development of clean-

burning, highly-reliable solid fuels has been a 
real contribution to America' smissileprogram. 

Since our first research laboratory opened 
69 years ago, research scientists of Standard 
Oil and its affiliated companies have been re
sponsible for many major petroleum advances 
-from making a barrel of oil yield more gas
oline to discovering a way to revive almost-dry 
wells. Each process had the effect of adding 
billions of barrels to America's oil reserves. 

At Standard Oil, scientists have an oppor
tunity to work on a wide variety of challeng
ing projects. That is one reason why so many 
young men have chosen to build satisfying 
careers with Standard Oil. 

STANDARD OIL COMPANY 
910 SOUTH MICHIGAN AVENUE, CHICAGO 80, ILLINOIS 

THE SIGN OF PROGRESS .•• 

THROUGH RESEARCH 
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... a hand in things to come 

probing the atom ... for you 

The boundless energy of the uranium atom means a brighter future 

Every day brings the benefits of atomic energy closer to our 

dailY uvJng. It presents a whole new field of exploration for scientists all 

over the world. A longer, healthier life is hopefullY ahead as radiation is help-

)ng doctors learn rnore about the basic processes of life by revealing hoW 
certain elernents are put to work by the body. The controlled rays of the 

atorn are also being used to pin-point rnalignant tissues for subsequent treat

ment. And radiation studies of hoW plants absorb nutrition frorn sun and 

soil are showing the way to irnproved food supplies. 
These are but a few of the vital jobs being done by radioisotopes 

-radioactive rnaterials created in atornic reactors at Oak Ridge, Tennessee 

... the great atornic energy center operated by Union carbide for the U.S. 

Atornic Energy Commission. The people of Union Carbide will continue 

their pioneering research in atomic energy-and in the vital fields of alloys, 

carbons, chemicals, gases and plastics-to bring you a brighter future. 

NOVEMBER, \959 

Learn about the opportunities 
at Union Carbide in carbons, 
chemicals, gases, metals, plastics 
and nuclear energy. Literature 
is available at your placement 
office or write to V. 0. Davis, 
Union Carbide Corporation, 30 
East 42nd Street, New York 

17, N.Y. 

... a nand 
in things to co:rne 
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holds lead firmly 
at any length you 
want. lead can't be 
pushed back into 
barrel- and won't 
twist in sharpener. 

-:m-~.mg 

~iii~OOW'll!iif0 

L__SATON·fiNIS.H 
~METAL GRIP IS 

knurled for easier 
holding. Its extra 
length gives mora 
accurate control, 
less finger tension. 

NE"V! 
THE ANODIZED 
ALUMINUM BAR
REL is unbreaka
ble And it can't 
roll off the board 
because it's hexa
gon-shaped. 

\1 
0 

PUSH-BUTTON in· 
stantly releases the 
chuck's grip on the 
lead at the touch of 
th.e thumb. It's col· 
ored for quick iden
tification of grade. 

This lifetime lead holder for just 

@ 

All-metal construction 
makes it the buy of a lifetime. 

PENCILS, LEADS AND HOLDERS 

EAGlE PEt.JCI!.. COMPANY, DANBURY, CONN. 
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"See this jewelry?11 said the soror
ity pledge. 11 lt once belonged to a mil
lionaire/' 

11Gosh,11 gasped an impressed sis
ter, 11What was his name?11 

11Woolworth," the pledge replied. 

"You say his breath is bad?11 

"Is it bad? Why, last Halloween 
they pushed him over three times." 

~'What makes people walk in their 
sleep?" 

"Twin beds." 

A wealthy farmer decided to go to 
church one Sunday. After service, he 
approached the preacher with much 
enthusiasm. 

11 Reverend, that was a d a m n e d 
good s e r m o n you gave; damned 
good." 

Reverend: "I'm glad you liked it, 
but I wish you wouldn't use those 
terms in expressing yourself." 

Farmer: "I can't help it, Reverend. 
I still think it was a damned good ser
mon, and I was so impressed that I 
put a hundred dollar bill in the col
lection." 

Reverend: "The hell you did!'' 

Lecturer: If I talk too long, it's be
cause I forgot my watch and there's 
no clock in this hall. 

Voice from the audience: There's a 
calendar behind you. 

"Uncle, what's a bachelor?11 

11Well, John, a bachelor is a man 
who always went out on double dates 
in college.11 

Wife to husband: "You swore ter
ribly at me last night in your sleep/' 

Husband: 11Who was asleep." 

The bright engineer looked long 
and thoughtfully at the q u est i o n 
which read: "State the number of 
tons of coal shipped out of the United 
States in any given year.11 Then his 
brow cleared and he wrote: 11 1492-
none." 

A man took his very talented dog 
into a producer's office and put it 
through an hour long routine of quot
ing Shakespeare and singing difficult 
operatic arias with perfect pitch. 

"Pretty good!" said the producer, 
after it was a II over. 11let's see her 
legs." 

Here I sit and fuss and fret 
While my seat is getting wet. 
It's enough to make me fume; 
Teacher, can't I leave the room? 
Why delay me when you know 
That I simply have to go? 
Really teacher, I'm not feigning, 
My car top's down and it is raining. 

The music in the joint was so bad 
that when a waiter dropped a tray 
of dishes, eve r yo n e got up and 
started dancing. 

It's better to be broke than never 
to have loved at all. 

Englishman: "I say, what are they 
doing?" 

American: "Dancing.11 

Englishman: "They get rna rried 
later, don't they?" 

Answers To ctober Brain Teasers 
1. 55 sheep. The interval between jumps is 10/9 of 

a minute. Therefore, there are 60 + 10/9 or 54 
such intervals in an hour. 54+1=55 

2. "Change horses." 

3. 151, 3705. 

4. 6 - 2 (9)% [21J3 - 1], 

2 (9)% [2% - 1] 

5. 0 to 4 3% 

6. 5A2 (3.14)3 

7. Put it in a box one yard square. 
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HUGHES MASTERS FELLOWSB-UPS. The Hughes Masters Fellow
ship Program offers unusual opportunities for academic training 
leading to a master's degree ... and, in addition, provides each fellow 
with practical experience in the professional field of his choice. 

Approximately one hundred new awards will be made by Hughes in 
1960 to qualified applicants who possess a bachelor's degree in 
science or engineering. Additional awards are open to qualified appli
cants interested in business administration and education. 

Hughes conducts extensive research and development in the scientific 
and engineering fields. While working for Hughes, fellows may be 
assigned to such areas of Research & Development as: mic:rowave 
devices, parametric amplifiers, masers, infrared search and track 
systems, microminiaturization, antenna arrays, simulation methods, 
propagation, data handling, human factor analysis--and to a 
variety of engineering areas such as guided missiles, weapons con
trol systems and systems analysis. 

A selected group of award winners will be offered a fUll STUDY 

PROGRAM. Participants in this program will receive fellowships that 
permit them to attend an outstanding university on a full time basis 
during the regular academic year with a substantial stipend. 

Other award winners will be assigned to the WORK STUDY PROGRAM 
and will attend a university sufficiently near a facility of the Hughes 
Aircraft Company to permit them to obtain practical experience, in 
a professional field of their choice, by working at the company part 
time each week. An appropriate stipend will also be awarded. 

After completion of the Master's Program, fellows are eligible to apply 
for HUGHES STAFF DOCTORAL FELLOWSHIPS. 

The classified nature of work at Hughes makes eligibility for security 
clearance a requirement. 

Closing date for applications: January 15, 1960. 

How to apply: Write Dr. C. N. Warfield, Scientific Education, Hughes 
Aircraft Company, Culver City, California. 

Creating a new world 

with ELECTRONICS 

-----------------------~ I I 
I 

HUGHES : 
I 

~----------------------J 
©1959, HUGHES AIRCRAFT COMPANY 
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·use Professional 

Tools 

:NO'W 

Blade Gold graphite, 

or LOCKTITE with 

NO SLIP~ SPIRAL GRIP 
lead bolder uB~d 

Bluck Gold Imported 
9030 Castell Leud. 

Nothing is more 
important to you in the 
formative phase of your 
education than to develop 
professional habits. 
A.W.FABER Black Gold 
graphite has helped 
countless thousands of 
seasoned Pros acquire 
the "golden touch". 
It is available to you 
either in the world
renowned Castell wood 
pencil or in the Spiral 
Grip TEL-A-GRADE 
LOC KTITE with degree 
indicator. 
Black Gold graphite tests. 
out at more than 99% 
pure natural carbon. 
It is smooth, grit-free 
and black as a raven's 
wing. It takes a long, 
keen point and resists 
heavy pressure in 
drawing or drafting. 

Whether your talents are 
creative or interpretive, 
you'll do better work 
once you acquire the 
"golden touch" with 
professional Castell 
tools. 20 superb degrees, 
8B to lOH. Pick up 
some Castells at your 
convenient supply 
store today. 

A.W. FABER -CAS1E1L 
PENCIL CO., INC. NEWARK 3, N.J. 
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The doctor was interviewing the 
last patient in his off i c e when a 
woman rushed in crying: uDoctor! 
Come quickly. My husband has swal
lowed a mouse!" 

"Get back to him,'1 said the doctor, 
11and try waving a piece of cheese in 
front of his mouth. 1111 follow/ 1 

Five m i n u t e s later the doctor 
reached the house. A man was lying 
on the settee with his mouth wide 
open, while an hysterical woman was 
waving a herring close to his mouth. 

11You foolish woman/1 he cried. 
11

1 

told you to use cheese.11 

11 1 know that,'1 she shrilled, 11 but 
I've got to get the cat out first/ 1 

11Who you shovin'?11 

"Dunno. What's your name?11 

Mother: (to Junior returning from 
the first day in school) 11Did you learn 
anything today?11 

Junior: (disgustedly) 11 Naw, I gotta 
go back tomorrow." 

An aging farmer who had little pa
tience with prankish children finally 
succumbed to the wiles of his young 
and attractive house keeper, the 
mother of a seven-year-old brat. Soon 
after the marriage she took off for 
the big city to do some personal shop
ping. Upon her return some days 
later she asked her son how he got 
along with his new father. 

11Just fine," exclaimed the boy. 
"Every morning he took me out on 

the lake in a rowboat and let me 
swim back/' 

"Heavens - isn't that a long dis
tance for you to swim?11 his mother 
gasped. 

"Oh, I made it all right,'' said the 
boy. 

"Only trouble I had was getting 
out of the bag/' 

Bob: "Want to b u y s o m e hair 
tonic?'1 

Rob: "Why are you selling h a i r 
tonic when you have no hair?" 

Bob: "What1
S wrong with that? 

know a man who sells brassieres!" 

"I didn't raise my daughter to be 
fiddled with," exclaimed the pussycat 
as she rescued her kitten from the 
violin factory. 

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 

WE BIND 

Medical 

Chemical 

Magazines 

Theses 

Pamphlets 

Textbooks 

law Reviews 

COVERS - ALBUMS - BLANKBOOKS 

Made to your specifications 

ERIC 
Bl 

s 
ERY 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. FE. 6-5765 
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Energy conversion is our business * 

NOVEMBER, 1959 

Heat lost except at absolute zero? 

A measure of disorder? 

A statistical probability of state? 

The gradient of a scalar? 

Macrocosmic phenomenon or 
microcosmic, too? 

The fundamental concept of entropy 
is involved in many phases of our 
technology. Hence we have a funda
mental need to know everything we 
can about its significance. This 
knowledge is critical to our work of 
energy con version. 

Thus we probe and inquire, search 
without wearying - call upon the 
talents of General Motors Corpora
tion, its Divisions, and other indi
viduals and organizations- for a 
complete appreciation of all phases 
of scientific phenomena. By apply
ing this systems engineering con
cept to new research projects, we 
increase the effectiveness with 
which we accomplish our mission
exploring the needs of advanced 
propulsion and weapons systems. 

Want to know about YOUR opportunities on 
the Allison Engineering Team? Write: Mr. R. C. 
Smith, College Relations, Personnel Dept. 

Division of General Motors, 
Indianapolis, Indiana 
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I 
Edited by GARY LAMONT 

1. Three candidates for membership in the Baker X == -2, X == 45 
-17 Street Irregulars were given the following test: they 

were told that each would be blindfolded and a hat 
would be put on his head. The hat might be either 
black or white. Then the blindfolds would be re
moved so that each might see the colors of the hats 
worn by the other two. Each man who saw a black 
hat would raise a hand. The first to infer correctly 
the color of his own hat would be admitted to mem
bership. 

The test was duly carried out. Black hats were 
put on all three men. The blindfolds were removed, 
and of course, all three raised a hand. Presently one 
man said, "My hat must be black." He was taken 
into the club. How did he do it? 
2. An FBI agent has eight silver dollars of identical 
appearance, and notes that one of them is a counter
feit, weighing less than the others. If he employs a 
balance, what is the least number of weighings nec
essary to determine the counterfeit? 
3. The first expedition to Mars found the ruins of a 
civilization. After much study, the explorers were 
able to translate the Martians' mathematics. Upon 
making one of their first literal translations, they 
found the following: 

36x2 - 16x - 224 == 0 
for which the Martians had the answer: 

Question: What is the difference between the Mar
tian and Earth mathematics? 

4. Among some old papers the following bill was 
found: 

72 Turkeys $-67.9-
The first and last digits of the number that repre
sented the total price of these fowls are replaced here 
by blanks, for they have faded and are now illegible. 
What was the price of a single turkey? 

5. A man in a small hotel had no money to pay for 
his room, but expected a large sum in 24 days. He 
had a valuable watch chain with 23 links and per
suaded the innkeeper to accept one link per day as 
security. In what lengths could he divide the chain 
by cutting only two links and meeting his obligation 
without ever allowing the innkeeper to hold more 
than his due? 

6. Two basketball teams are playing a series of 
games with the understanding that first team win
ning four games wins the series. They have played 
two games, and the Bluesox have won both. What is 
the probability of the Bluesox winning the series? 
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From research to finished product-

Photo raphy wor s with th r 

Sparks fly as the plant photographer 
records a grinding technique for study. 

Photoelastic stress analysis helps the design engineer 
pinpoint areas requiring extra strength. 

Giant machines produce a flow of photo-exact engi
neering drawings-save countless hours of drafting 
time. 

Today photography plays many important roles in 
industry. It speeds engineering and production pro
cedures. It trains and teaches. It sells. In whatever 
work you do, you will find photography will play a 
part in improving products, aiding quality controls 
and increasing business. 

Careers with Kodak 
With photography and photographic processes becoming 
increasingly important in the business and industry of 
tomorrow, there are new and challenging opportunities at 
Kodak in research, engineering, electronics, design and 
production. 

If you are looking for such an interesting opportunity, 
write for information about careers with Kodak. Address: 
Business and Technical Personnel Dept., Eastman Kodak 
Company, Rochester 4, N.Y. 

EASTMAN KODAK COMPANY 
Rochester 4, N .. Yo 

Color transparencies on 
the production line aid ., 
operators in assembly 
operations-save time 
and reduce errors. 



Q. Mr. Savage, should young engineers 
join professional engineering socie
ties? 

A. By all means. Once engineers 
have graduated from college 
they are immediately "on the 
outside looking in," so to speak, 
of a new social circle to which 
they must earn their right to be
long. Joining a professional or 
technical society represents a 
good entree. 

Q. How do these societies help young 
engineers? 

A. The members of these societies 
-mature, knowledgeable men
have an obligation to instruct 
those who follow after them. 
Engineers and scientists-as pro
fessional people-are custodians 
of a specialized body or fund of 
knowledge to which they have 
three definite responsibilities. 
The first is to generate new 
knowledge and add to this total 
fund. The second is to utilize 
this fund of knowledge in service 
to society. The third is to teach 
this knowledge to others, includ
ing :v:oung engineers. 

Q. Specifically, what benefits accrue 
from belonging to these groups? 

A. There are many. For the young 
engineer, affiliation serves the 
practical purpose of exposing his 
work to appraisal by other scien
tists and engineers. Most impor
tant, however, technical societies 
enable young engineers to learn 
of work crucial to their own. 
These organizations are a prime 
source of ideas- meeting col
leagues and talking with them, 
reading reports, attending meet
ings and lectures. And, for the 
young engineer, recognition of 
his accomplishments by asso
ciates and organizations gener
ally heads the list of his aspira
tions. He derives satisfaction 
from knowing that he has been 
id~ntified in his field. 
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Interview with General Electric's 

Charles F. Savage 

Consultant- Engineering Professional Relations 
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Q. What contribution is the young en
gineer expected to make as an ac
tive member of technical and pro
fessional societies? 

A. First of all, he should become 
active in helping promote the 
objectives of a society by prepar
ing and presenting timely, well
conceived technical papers. He' 
should also become active in 
organizational administration. 
This is self-development at work, 
for such efforts can enhance the 
personal stature and reputation 
of the individual. And, I might 
add that professional develop
ment is a continuous process, 
starting prior to entering col
lege and progressing beyond 
retirement. Professional aspira
tions may change but learning 
covers a person's entire life span. 
And, of course, there are dues to 
be paid. The amount is grad
uated in terms of professional 
stature gained and should al
ways be considered as a personal 
investment in his future. 

Q. How do you go about joining pro
fessional groups? 

A. While still in school, join student 
chapters of societies right on 
campus. Once an engineer is out 
working in industry, he should 
contact local chapters of techni
cal and professional societies, or 
find out about them from fellow 
engineers. 

Q. Does General Electric:: encourage par
ticipation in technical and profes
sional societies? 

A. It certainly does. General Elec
tric progress is built upon cre
ative ideas and innovations. The 
Company goes to great lengths 
to . establish a climate and in
centive to yield these results. 
One way to get ideas is to en-
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courage employees to join pro
fessional societies. Why? Because 
General Electric shares in recog
nition accorded any of its indi
vidual employees, as well as the 
common pool of knowledge that 
these engineers build up. It can't 
help but profit by encouraging 
such association, which sparks 
and stimulates contributions. 

Right now, sizeable numbers of 
General Electric employees, at 
all levels in the Company, belong 
to engineering societies, hold re
sponsible offices, serve on work
ing committees and handle im
portant assignments. Many are 
recognized for their outstanding 
contributions by honor and 
medal awards. 

These general observations em
phasize that General Electric 
does encourage participation. In 
indication of the importance of 
this view, the Company usually 
defrays a portion of the expense 
accrued by the men involved in 
supporting the activities of these 
various organizations. Remem
ber, our goal is to see every man 
advance to the full limit of his 
capabilities. Encouraging him to 
join Professional Societies is one 
way to help him do so. 

Mr. Savage has copies of the booklet 
"Your First 5 Years" published by 
the Engineers' Council for Profes
sional Development which you may 
have for the asking. Simply write to 
Mr. C. F. Savage, Section 959-12, 
General Electric Co., Schenectady 
S,N. Y. 

*LOOK fOR other interviews dis
cussing: Salary .. Why Companies 
have Training Programs • How to 
Get the Job You Want. 
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1st Award-$4,000-Student Class 
Niels Jorgen Gimsing, Hattensens Aile 11, Copenhagen, Denmark 
Technical University of Copenhagen (Graduate) 

and 
Hans Nyvold, Ulrikkenborg, Aile 62, lyngby, Denmark 
Technical University of Denmark (Graduate) 

These students on $9,000 for bridge designs 
American Bridge Division of United States Steel 
recently awarded $44,000 in world-wide competition 
for the best designs of small steel bridges. Professional 
engineers and college engineering students partici
pated. Designs came in from 50 states and 40 foreign 
countries. From these entries, 15 winners were chosen, 
eight professional awards and seven student awards. 
They were selected under the supervision of the 
American Institute of Steel Construction. The judges 
were prominent consulting engineers and architects. 
They judged the designs on the basis of originality, 
economy, appearance and the utilization of steel. The 
bridges had to carry two-lane traffic over a four-lane 
interstate highway in accordance with AASHO stand-

ards. In addition to the winners, many of the designs 
entered were so outstanding that they will be pub. 
lished later. 

Bridge design is a good example of what can be 
done with steel and imagination. But, it's only one 
example. There are thousands of other uses for steel 
• .. and it takes thousands of men to make and sell 
steel. If you want to know about engineering oppor
tunities at U.S. Steel, write to United States Steel, 525 
William Penn Place, Pittsburgh 30, Pennsylvania. 

USS is a registered trademark 

United States Steel 

2nd Honorable Mention-$1,000-Student Class 

1st Honorable 
Mention-$2,000 
Student Class 
James C. Costello 

21 Leeson Park, Dublin, • 
Ireland University 
College, Dublin, 

: 3rd Honorable 
: Mention-$500 
: Student Class 
: Troy R. Roberts 

• Route 5, Neosho, 
: Missouri 
• University of Missouri 
: School of Mines and of the National 

University of Ireland • James A. Wood Jack A. Berridge William 0. Evers : Metallurgy (Graduate) 

Graduates of California State Polytechnic College, 
San Luis Obispo, Calif. 

•oeee••o•eeeiii0801111110.8Et0000GS00GI00G$111t1GO<toe•eoooeoctooeeetoe&OOIIIOOOG009tit000IIIIII0800$800111008GICIOOIIIOIIIOOOIIIOOit$800eoGIIIIIIOO 

3rd Honorable 
Mention-$500 
Student Class 
Harland C. Zenk 

Truman, Minnesota 
South Dakota State 
College (Graduate) 

3rd Honorable 
Mention-$500 
Stu dent Class 
Albert C. Knoell & : 
Rodger K. Gieseke: 

Drexel Institute of • 
Tech. (Graduates) • 
Philadelphia, Pa. 

3rd Honorable 
Mention-$500 
Student Class 
Joseph A. Yura 

629 North 23rd St., 
Allentown, Penna. 
Duke University 
(Graduate)
Durham, N.C. 
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At the General Motors Research Laboratories, physicists employ 

radioactive isotopes and other ultra-modern techniques and tools 

in their search for new scientific knowledge and an understanding 

of the many laws of nature that continue to perplex mankind. 

Although a lot depends on a man's ability, enthusiasm and 
growth potential, there's every chance for advancement in 
many fields for General Motors scientists and engineers. There's 
virtually no limit to opportunity at GM. Fields of work are 
as varied as radioactive isotope research, astronautics, auto
mobiles, aircraft engines and inertial guidance systems-to 
mention but a few. 

If you wish to pursue postgraduate studies, GM offers financial 
aid. And since each GM division is autonomous yet related, 
you can grow in two directions-up through your own division, 
or to the side to other divisions. 

For an exciting, rewarding career, see your Placement 
Officer or write to General Motors, Salaried Personnel Place
ment, Personnel Staff, Detroit 2, Michigan. 

GENEllAL MOTORS 
GM positions now available in these fields for men holding Bachelor's, Master's and Dodor's degrees: Mechanical, 

Electrical, Industrial, Metallurgical, Chemical, Aeronautical and Ceramic Engineering • Mathematics • Industrial 

Design • Physics • Chemistry • Engineering Mechanics • Business Administration and Related Fields 
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The new Ramo-Wooldridge Laboratories in Canoga 
Park, California, will provide an excellent environment 
for scientists and engineers engaged in technological 
research and development. Because of the high degree 
of scientific and engineering effort involved in Ramo
Wooldridge programs, technically trained people are 
assigned a more dominant role in the management of 
the organization than is customary. 

The ninety-acre landscaped site, with modern build
ings grouped around a central mall, contributes to the 

academic environment necessary for creative work. The 
new Laboratories will be the West Coast headquarters 
of Thompson Ramo Wooldridge Inc. as well as house 
the Ramo-Wooldridge division of TRW. 

The Ramo-Wooldridge Laboratories are engaged in 
the broad fields of electronic systems technology, com
puters, and data processing. Outstanding opportunities 
exist for scientists and engineers. 

For specific information on current openings write 
to Mr. D. L. Pyke. 

THE RAMO-WOOLDRIDGE LABORATORIES 
8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 
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Sir James Jeans ... on the quest for I~nowledge 

"Yet we may reHect that physics and philosophy are at 

most a few thousand years old, but probably have lives 

of thousands of millions of years stretching a\vay in front 

of them. They are only just beginning to get under way, 

and we are still, in Newton's words, like children playing 

with pebbles on the sea-shore, while the great ocean of 

truth rolls, unexplored, beyond our reach. It can hardly 

be a matter for surprise that our race has not succeeded 

in solving any large part of its most difficult problems in 

the first millionth part of its existence. Perhaps life would 

be a duller affair if it had, for to many it is not knowledge 

but the quest for knowledge that gives the greater interest 

to thought,..... to travel hopefully is better than to arrive." 
,..... Physics and Philosophy, 1942 

THE RAND CORPORATION, SANTA fifONICA, CALIFORNIA 
A nonprofit organization engaged in research on problems related to national security and the public interest 
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Westinghouse Metallurgists, Dr. M. J. Fraser(foreground) and Dr. H. W. Weart, prepare to photograph a molten alloy sample as one step 
in the determination of liquid-solid interfacial energy. These direct experimental measurements are the first of the1r kind ever attempted. 

The Metallurgy Lab helps when you need a 
new alloy to make your idea practical 

The Metallurgy Lab helps Westinghouse engineers solve 
problems involving the need for special alloys and other 
new materials. If an engineer's idea requires a new kind 
of material to withstand high temperatures or one with 
unusual magnetic or thermoelectric properties, the men 
in the Metallurgy Lab may be able to develop it for him. 

This laboratory, one of the largest of its kind in the 
country, uses both basic and applied research to come 
up with a spectrum of new materials with a variety of 
properties. One typical activity is the development of 
alloys of high melting point metals like tungsten, tan
talum and niobium for use in reactors. Another is a study 
of deformation and fracture, which will add to the store 
of metallurgical knowledge engineers in other depart
ments can call on to solve their specific problems. 

The young engineer at Westinghouse isn't expected 
to know all of the answers. The work we do is often too 
advanced for that. Instead, each man's abilities and 
knowledge are backed up by that of specialists like those 
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in the Metallurgy Laboratory. Even the toughest prob
lems are easier to solve with this kind of help. 

If you have ambition and real ability, you can have a 
rewarding career with Westinghouse. Our broad prod
uct line, decentralized operations, and diversified tech
nical assistance provide hundreds of challenging 
opportunities for talented engineers. 

Want more information? Write to Mr. L. H. Noggle, 
Westinghouse Educational Department, Ardmore & 
Brinton Roads, Pittsburgh 21, Pennsylvania. 

YOU CAN BE SURE ... IF ITS 

WATCH WESTINGHOUSE LUCILLE BALL· OESI ARNAZ SHOWS 
CBS-TV FRIDAYS 
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How to put wings on a warehouse 

Giving overseas air bases what amounts to local warehouse service on 
important parts is an Air Force objective. Its present system has slashed 
delivery schedules up to 20 times ... saved taxpayers several billion dollars 
over the past decade. To improve it further, Douglas has been selected to 
develop specifications for a comprehensive Material Handling Support 
System involving better communications, control, cargo handling and 
loading, packaging and air terminal design. Douglas is well qualified for 
this program by its more than 20 years in all phases of cargo transport. Air 
logistics is only one area of extensive Douglas operations in aircraft, missile 
and space fields in which outstanding openings exist for qualified scientists 
and engineers. Write to C. C. LaVene Box 600-Y, Douglas Aircraft Company, 
Santa Monica, California. 

Schuyler Kleinhans and Charles Glasgow, Chief Engineers of the Santa 
Monica and Long Beach Divisions, go over air transport needs relating 
to advanced cargo loading techniques with 0- LAS 

Donald W. Douglas, Jr., President of 

MISSILE AND SPACE SYSTEMS II! MiLITARY AlRCRAFT Ill DC-8 JETLINERS B CARGO TRANSPORTS B AIRCOMB Ill GROUND SUPPORT EQUIPMENT 
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AT RAYTHEON fim me 

Scientific imagination 

focuses on . . . RADAR ... 

SONAR ... COMMUNICATIONS ••• 

MISSILE SYSTEMS ... 
ELECTRON TUBE TECHNOLOGY ••• 
SOLID STATE 

Challenging professional assignments are of
fered by Raytheon to outstanding graduates 
in electrical engineering, mechanical engin
eering, physics and mathematics. These as
signments include research, systems, devel
opment, design and production of a wide 
variety of products for commercial and mil
itary markets. 

For specific information, visit your place
ment director, obtain a copy of "Raytheon 
... and your Professional Future," and ar
range for an on-campus interview. Or you 
may write directly to Mr. John B. Whitla, 
College Relations, 1360 Soldiers Field Road, 
Brighton 36, Massachusetts. 

Excellence in Electronics 
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He must be given credit for every 

machine activated, even indirectly/ 

by alternating current. 

u 

• 

by PAUL W. KIRCHOFF 

HARLES Proteus Steinmetz, possibly the greatest 
name in the development of electrical power, 
was born on April 9, 1865, in Breslau, Germany. 

At birth, handicapped by the deformities common 
to the Steinmetz family for generations, this young 
genius was to lead one of the most colorful careers in 
the history of science. 

In 1866, his mother died of cholera, and a grand
mother was brought into the house to care for the 
children. The deformed child became very spoiled 
due to his fragile condition and his increasingly ob
vious deformities. His mind became very active at 
an early age, and his childhood inventions lead to 
ruined carpets and broken furniture. These antics 
were taken rather calmly by the grandmother who 
could not bring herself to punish her bright young 
charge. 

At the age of four years, the boy was sent to 
kindergarten. The first attempt lasted until noon of 
the first day, because the teacher refused to give in 
to his every whim. His father allowed him to stay 
home for another year. Steinmetz finally became ac
customed to the school, primarily because he saw 
in it a chance to excel, despite his poor physical 
equipment. He became an exceedingly bright scholar 
and the scope of his know ledge increased by leaps 
and bounds. The curriculum consisted mainly of 
Latin (at five years of age), and Greek and Hebrew 
(at age seven). Subjects such as arithmetic, algebra, 
and geometry, although offered, were not mandatory. 

At the age of eight Steinmetz was ready to enter 
gymnasium (roughly equivalent to our high school). 
Here again, classical concepts were taught with little 
or no education in the sciences. Since very few stu
dents got through these rigorous courses, graduation 
from gymnasium was heralded with as much pomp 
and formality as our present college commence
ments. 

MINNESOTA TECHNOlOG 



The ceremonies included an oral final examina
tion of students given in public. Steinmetz looked for
ward to this occasion as an opportunity to show up 
the rest of his more athletically inclined classmates, 
and even bought a formal dress suit for the occasion. 
His instructors decided that such a superior student 
would not need to undergo the final. This was a ter
rible blow to young Steinmetz, as he looked upon 
this as his last opportunity to gain personal recogni
tion. The unworn suit became a symbol of the brink 
between h~mself and normal boys, and was neatly 
folded and put away. Steinmetz never bought nor 
wore another formal suit. 

The lad entered Breslau University at the start 
of the next semester. The university of that day was 
just a collection of ordinary buildings unembellished 
by close cropped lawns ·and manicured hedges. The 
students were housed in private homes. No such 
thing as college spirit existed, and in fact, apathy 
was encouraged. The student came to learn, stayed 
to learn, and got his degree when learning was ac
complished. Steinmetz plunged into his university 
life with complete burial in the tremendous amount 
of knowledge to be absorbed. For the first year he 
seldom left the confines of the university. Then, in 
need of companionship, he joined a society of mathe
maticians. The meetings consisted of the reading and 
discussion of a paper on higher mathematics, fol
lowed by refreshments of beer, bread, and sausages. 

The student who aspired to an engineering degree 
in the latter part of the 19th century had to excel 
in all branches of science. Only after the completion 
of his formal education could he specialize in one 
field. Thus, Steinmetz received a broad education, 
but showed a high skill in mathematics and elec
tricity. Breslau was one of the few universities that 
offered courses in electricity at that time. Much of his 
electrical knowledge came from the papers read at 
the mathematical society meetings. 

During one of the meetings of the society, Stein
metz was lured to a meeting of a socialist club com
posed mostly of university students. The meeting 
stirred him to join the movement, mostly as a means 
of becoming involved in the drama, secrecy, and 
intrigue that he had missed in childhood. As in 
everything he did, he threw himself wholeheartedly 
behind the movement. The club operated quietly for 
nearly a year, but gradually the government authori
ties began to suppress the Socialists. 

The club leader, Steinmetz's close friend, was ar
rested. The government had no real case against 
the prisoner, but relied on conflicting statements by 
club members and their leaders to gain conviction. 
Since the prisoner was a university student, he was 
allowed to receive books from the university library 
in his cell. Steinmetz, writing· in lemon juice on the 
fly leaves of the books, acquainted the leader with 
the statements made by the other club members. His 
friend was finally released. 

Next, the authorities arrested the editor of the 
Socialist newspaper, and convicted him of anti-gov
ernmental statements. Steinmetz took over the edi
torship, and when warned by the university presi-
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dent to keep clear of the movement or face expulsion 
from school, he installed an illiterate party member 
as editor for a front. After several arrests and re
leases of the member, police finally discovered that 
he couldn't read, much less write. 

Just before Steinmetz was to receive his Ph.D. 
with honors, a warrant was issued for his arrest. A 
friend on the university staff warned him to flee. 
Steinmetz packed his few belongings, including his 
doctors thesis, and fled by an indirect route to Zurich, 
Switzerland. He enrolled in the Polytechnic Institute 
of Zurich, where he met a young Danish-American, 
Asmussen, who sold him on the opportunities in the 
United States. Steinmetz consented to accompany 
his new friend to the promised land. 

Late in 1889 the two reached New York. Stein
metz was allowed to enter the country only after 
Asmussen vouched for his education and potential 
financial stability. They settled in a fiat in Brooklyn, 
and Steinmetz immediately buried himself in mas
tering the English language. In two months he 
learned enough of the language to land a job as 
draftsman at Osterhead and Eichmeyer of Yonkers, 
New York, manufacturers of hat-making machinery 
and electrical devices. His starting salary was $12 
a week. 

At this time, the design of electrical machinery 
was a hit-or-miss proposition. Any math used was 
cut to a minimum because of the designers' inability 
to cope with it in the more refined methods. Such 
men as Edison were toying with new uses for elec
trical power, in an equally hit-or-miss fashion, and 
the American Institute of Electrical Engineers 
(AlEE) served as a sounding board for new devices 
and methods. When Steinmetz felt he had mastered 
the language sufficiently to present his ideas in an 
understandable form, he joined the AlEE. He took 
no active part in the meetings for quite some time, 
but abhorred the nonmathematical approach of the 
other members. Finally, during the reading of a 
paper on alternators by Thorburn Reid, he became 
extremely upset by the lack of third harmonic con
sideration. He stood up and voiced his opinion in no 
uncertain terms. After all, this was an insult to his 
beloved mathematics. The sight of this little hunch
backed man was enough to startle anyone. Add to 
this his broken English, which was inclined to slip 
into German when he became excited. When the 
laughter had subsided, the lecturer informed Stein
metz that the third harmonic terms made mathe
matics unmanageable and were of little consequence 
anyhow. 

Instead of risking further humiliation by contin
uing the discussion, Steinmetz returned home and. 
started to work on the problem. Two months later he 
presented the paper to the institute. He read it at 
the next regular meeting of that body. The mathe
matics involved stunned the audience, but all pres
ent recognized that here was the first major break
through in the design of electrical machinery. 
Steinmetz's ego was saved, but more important, he 
was transferred to the electrical design department 
of Osterhead and Eichmeyer. 

(Continued on page 30) 
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Blast Furnace Application 

Investigating the blast furnace process with ra
dioactive isotopes started at Novo-Tula Experimen
tal Metallurgical Plant near Moscow in 1951. Several 
other pig iron producing plants have continued these 
investigations. 

In studying movement of burden materials, radio
isotopes are introduced into a granule of ore, coke or 
lime. The tagged granule is then traced through the 
furnace by radiation counters strategically placed 
along the furnace shell, or by radioactivity measure
ments of pig iron or slag samples. At Novo-Tulsk 
P 32 radio-isotopes (as Fe3P) and Fe59 (as an oxide) 
were added to the sinter before agglomeration. 
Baked sinter mass was broken into 2 to 3-inch pieces, 
and added to the furnace charge. Coke lumps were 
tagged with Fe59 and Ce141 isotopes by saturating in 
salts of these elements. 

An alternative method irradiates burden com
ponents in a nuclear reactor. This method is prom
ising for tagging the ore particles, since it is difficult 
to tag the ore without affecting its mechanical prop
erties. 

Movement to the blast furnace materials is de~ 
termined by two methods. In one scheme, the total 
time cycle from charging of the stock into the top 
cone to its arrival at the smelting area and solution 
in the molten iron can be measured. Tracer materials 
are introduced at the stock line at a definite interval 
before the iron is tapped, and the time cycle deter
mined from the radioactivity measurements of the 
iron. This method does not require placement of 
radiation detectors and other special equipment, but 
it also does not provide information on local rates of 
descent. 

A more advanced method measures the rates of 
descent at eight furnace locations. Radioactive gran
ules are introduced at the stock line at a definite dis
tance from the furnace enterline. To measure radia
tion, counters are placed at six furnace levels and 
two tuyeres. 

. - . - .. , 
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As tagged ore, coke and lime travel through the 
furnace, their radioactivity is gradually registered 
at each level. Rate of travel is determined by measur
ing the time intervals between the maximum radia
tion intensities registered for each level, or by inten
sity increases from one level to another. 

Radiation detectors can be placed outside of the 
shaft shell in the furnace lining or inside the fur
nace. The first version provides longest life and 
accessibility, but passage of radiation through the 
furnace lining greatly weakens its intensity. Granule 
radioactivity 1nust be about 400 millicuries to in
crease the sensitivity of the measurements. Place
ment of radiation detectors in the furnace lining does 
not require openings in the furnace walls and pro
duces good results with tracers of about 1 to 10 milli
curie intensity. 

In the third version, detector probes are intro
duced into the furnace for 5 to 20 minutes, and tracer 
intensity requirements are lower than in the preced
ing method. 

Isotopes have been used to study mixing and 
movement of molten materials in the hearth of fur
naces in an attempt to improve pig iron quality. They 
are introduced into the liquid pig and slag in the 
furnace hearth, through the furnace tuyers, or by 
placement in the bottom brickwork. Radioactivity 
measurements of the slag and iron samples indicate 
the nature and rates of the molten materials in the 
furnace hearth. 

Brickwork Wear 

A method for studying and controlling furnace 
bottom wear is shown in Fig. 1. It is intended to 
signal excessive brickwork wear, prevent break
downs, and time furnace repairs. 

A 30-millicurie radiation source (1) is placed into 
the lower layer of brick in an ampule; a detector is 
placed into the water-cooled tube (2); 0.5 millicurie 
radiation sources are placed at (3); and other detec
tors ( 4) are located in the water-cooled probes con
nected to the controllers and recorders at a common 

Fig. 1 

Investigating wear 

in a blast 

furnace bottom 
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pulpit. Changes in the radiation intensity reported 
by the detectors signal the destruction of the brick
work area under control. 

A device for controlling the fill level is being 
tested at orie of the largest Soviet iron plants, the 
Dzerzhinsky Works near Moscow. First, 200-milli
curie Co60 sources are placed at the maximum charge 
level. The counters, wired to the control booth, are 
placed at four locations. Whenever the charge level 
falls below any of the radiation counters, it records 
the increased intensity, and a signal lamp lights up 
at the control pulpit. According to engineers at Dzer
zhinsky (where such a device has been in operation 
since May 1958), it equalizes the rate of material 
travel and effects more uniform furnace operation. 

The Dzerzhinsky mill has also developed an auto
matic measuring device for density of sintered coke. 
In this process radiation from the source passes 
through a coke layer in a weighing funnel and is 
measured by a detector connected with a continuous 
recorder. Maximum radiation absorption indicates 
increased coke losses with the slag, as much as 11 to 
13 tons of coke was lost through the slag notches. 
Since the coke in the hearth is about 2400 to 2600° F., 
considerable heat is lost from the furnace. Designers 
of this device expect to increase furnace production 
and decrease coke consumption by automatic com
pensation for coke and sinter density variations. 

Steelmaking Research 

Winkler and Chipman at Massachusetts Institute 
of Technology were the first to use P 32 to study 
dephosphorization equilibria, yet Soviet researchers 
have been using radioactive isotopes to investigate 
dephosphorization and desulphurization, plus scrap 
melting, slag formation, and the formation of impuri
ties in openhearth and electric furnace steelmaking. 
By tagging the phosphorus and sulphur-containing 
ingredients with P 32 and Sil5 isotopes, distribution 
of these elements between the iron and slag and 
their transition and solution heat effects were deter
mined. 

A method of using residual slag from the previous 
heat to aid dephosphorization was evaluated by 
tracer studies in a recent Soviet experiment. An 
ampule containing a 25-millicurie mixture of radio
active P 32 and iron powder was placed into the slag 
blanket. The isotope distributed itself through the 
slag and part of it entered the metal, the amount 
being proportional to the slag-metal distribution co
efficient of phosphorus. Radioactivity measurements 
of the slag samples, taken at intervals throughout 
the heat cycle and correlated with the phosphorus 
content of the refined steel, determined the amounts 
of residual slag which floated to the metal bath 
surface during the meltdown period. 

Scrap melting rate was determined by introduc
ing iron or cobalt isotopes into the last ladle of pig 
iron added to the furnace. Decreases in the radiation 
intensity of samples from the openhearth determined 
melting rate. 

The lime, ore and pig iron charging order was 
studied by tagging the lime with Ca45

, ore with P 32, 
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and iron with Co60• The dephosphorization rate was 
increased and the length of the meltdown period 
shortened by interspersing the lime layers with the 
ore, and by placing the lime deeper. 

The Russians found that by "tracing" the electric 
furnace transformer steel, it is possible to determine 
desulphurization. They also found that desulphur
ization could be achieved with soda-ash and calcium
aluminum slags. 

It is known that the rapid formation of a slag 
of correct composition is important for the success
ful melting of steel. To determine the conditions of 
slag formations in an openhearth furnace, layers of 
lime, pig and ore were tagged with Ca, Fe, and P 
isotopes. The nature and rate of slag formation and 
the effects of ore-to-lime distributions in the charge 
were determined from radiation intensity measure
ments. A modification of the tracer method, isotope 
dilution, is used to study slag formation. This method 
determines amounts too small to be measured by 
chemical or spectroscopic methods, or which cannot 
be quantitatively separted from other materials in 
a system. A carefully measured amount of isotope 
is introduced into the slag or liquid metal in a defi
nite ratio to the amount of "stable" atoms of the 
same element present. After the isotope is uniformly 
distributed, the change in this ratio, as determined 
by radioactivity measurements, will establish the 
unknown amount of element originally present. The 
Azovstal Works uses this method to determine the 
effects of special slags, oxygen and briquetting of 
charge materials. 

Steel Pouring and Solidification 

Solidification rates of rimmed and killed steels 
under various cooling conditions are being studied 
in Russia by adding isotopes to the solidifying layers 
in the ingot mold. "Tagged" and "untagged" steel 
boundaries are detected later by contact radiography 
of templets cut from ingots. Relationships between 
the teeming rate, height of the ingot mold, and de
gree of solidification at various intervals after filling 
of the mold are established for ingots up to 6 tons. 

Application of Ag110 isotope at the Chelyabisk 
Pipe Works reduced the pilger-mill pipe reject rate 
from 44% to 15%. Rejections were due to lamina
tions, blisters, eccentricity and blow holes. Since 
laminations and blisters were the principal defects, 
it was suspected that they resulted from nonmetallic 
inclusions collecting under the oxidized outer crust 
of the ingot to form a lap on the ingot surface. This 
produced laminations and blisters when the ingot 
was rolled into pipe. 

To check this theory and trace the defect origin, 
Ag110 was added to powdered coke as AgN03, then 
dried, and agglomerated into particles about 1 mm. 
in diameter. The particles were added to the ingot 
crust immediately on its formation. Radioactivity 
of the ingot surface, the intermediate pierced prod
uct, and the finished pipe was measured by Geiger
Mueller detectors, by the method shown in Fig. 2. 
Laps with porosity and inclusion concentrations, 
laminations and blisters were indicated by intensity 
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maximums, and the mechanism of their formation 
determined. 

To eliminate these laps, tar-soaked wooden hoops 
were placed into ingot molds under the hot tops and 
this reduced the reject rate to 15%. 

Rolling of Steel 

As part of their drive towards automation, Soviet 
rolling mills have been adopting betagages to control 
thickness of steel sheet and strip. While the material 
travels between the radiation source and the detec
tor, the amount of gamma radiation that is absorbed 
gages the thickness being measured. The instrument 
automatically compensates for changes in tempera
ture, humidity, effect of dust particles, and other 
external factors. 

Three types of gages have been designed. The 
first type uses T1204 of 10 to 20 millicuries activity 
for gagging material in the 5 to 150 micron range; 
the second uses Ce144 ( 5 millicuries) or Sr90 for 50 
micron to 1-mm. material; and the third uses In192 

of 5 curies activity for sheet which is 2 to 10 mm. 
thick. Russian experience with the first two gages 
shows accuracies within + or - 1.5% of the meas
ured thickness, they also show accuracy of + or -
150 microns for the third type of gage, provided the 
material is stationary. 

The Russians are working on more rapid acting 
and accurate gages, to meet the demands of increased 
rolling speed and stricter tolerances, using scintilla
tions counters with periodic correction during inter
vals between the measurements. 

Metalh.srgical Research 

Adding tracers to the melt, or bombarding it in 
a reactor (with subsequent measurements of radio
activity or autoradiographic techniques), makes it 
possible to determine the distribution of elements 
in a comparatively small area of an alloy. 

These methods have been extensively used by 
Soviet researchers to determine the manner in which 
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Fig. 2 

Geiger-Mueller 

Detector 

for Radioactivity 

elements are distributed in alloys. Other studies have 
determined atomic mobilities in solid solutions and 
the influence of alloying elements on the properties 
of alloys. The mobility of the solvent atoms is one 
of the main factors affecting structural changes in 
solid solutions, and their behavior under stress and 
at elevated temperatures. Addition of alloying ele
ments leads to changes in atomic interactions, and 
hence in the properties of alloys. 

Artificial radioactive isotopes are used by the 
Russians to measure directly the diffusion coeffi
cients of the alloy base elements. Calculation of the 
diffusion coefficient requires that the concentration 
change and the depth of the diffusion layer be meas
ured at the same time. The work is precise, and 
radio-isotopes help by allowing minute concentra
tions of the diffusing substance to be determined. 
The substance to be investigated is mixed with the 
isotope and deposited on the specimen surface from 
which it penetrates into the layer underneath. Thin 
layers are then mechanically removed from the 
specimens and their intensities measured. 

The autoradiograph method is based on the effect 
of radiation upon a photographic emulsion. To obtain 
distribution of elements in an alloy, a thin section 
of an alloy containing a radiographic substance is 
prepared. Contact with the photographic plate emul
sion then produces a mirror image of the radioactive· 
distribution. This method is extremely sensitive .. 

In addition to these extensive uses in steel re""" 
search the Russians have used radio-isotopes in_ 
weldi~g research. They have also determined behav
ior of liquid titanium in graphite crucibles to select 
correct thermal and time cycles for titanium melt
ing, used Co60 to evaluate the homogeneity of the 
mechanical mixture of iron powders, and studied 
wear of motor parts and machine tools. 

While space is lacking to list all of the many 
uses that the Soviets have made of radioactive iso
topes, this brief outline shows that they have made 
great advances. Their experience and ability in 
isotope use appears to be fully comparable to ours. 
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Purity Plus- Hughes Products Division engineer checks 
semiconductor materials to insure purity. 

• 
I I 

To test Einstein's general theory of relativity, scien
tists at the Hughes research laboratories are devel
oping a thirty pound atomic maser clock (see photo 
at left) under contract to the National Aeronautics 
and Space Administration. Orbiting in a satellite, 
a maser clock would be compared with another 
on the ground to check Einstein's proposition that 
time flows faster as gravitational pull decreases. 

Working from the new research center in Malibu, 
California, Hughes engineers will develop a MASER 
(Microwave Amplification through Stimulated 
Emission of Radiation) clock so accurate that it 
will neither gain nor lose a single second in 1000 
years. This clock, one of three types contracted 
for by NASA, will measure time directly from the 
vibrations of the atoms in ammonia molecules. 

Before launching, an atomic clock will be syn
chronized with another on the ground. Each 
clock would generate a highly stable current with 
a frequency of billions of cycles per second. Elec
tronic circuitry would reduce the rapid oscillations 
to a slower rate in order to make precise laboratory 
measurements. The time "ticks" from the orbiting 
clock would then be transmitted by radio to com
pare with the time of the clock on earth. By meas
uring the difference, scientists will be able to check 
Einstein's theories. 

In other engineering activities at Hughes, research 
and development work is being performed on such 
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Exit cones capable of withstanding temperatures of 6000° F. 
represent one example of advanced engineering being performed 
by the Hughes Plastics Laboratory. 

• • 
1 I 

projects as advanced airborne systems, advanced 
data handling and display systems, global and spa
tial communications systems, nuclear electronics, 
advanced radar systems, infrared devices, ballistic 
missile systems ... just to name a few. 

The rapid growth of Hughes reflects the continuous 
advance in Hughes capabilities-providing an ideal 
environment for the engineer or physicist, whatever 
his field of interest. 

ELECTRICAL ENGINEERS AND PHYSICISTS 

Members of our staff will conduct 

CAMPUS INTERVIEWS 
FEBRUARY 8 and 9, 1960 

For interview appointment or informational 

literature consult your College Placement Director. 

@ 1959, HUGHES AIRCRAFT COMPANY 

HUGHES AIRCRAFT COMPANY 

Culver City, El Segundo, Fullerton, Newport Beach 
Malibu and Los Angeles, California; 
Tucson, Arizona 
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HEMISTRY commands a vital role in the manufac
ture of paper. The two types of chemically pro
duced pulp that we will be concerned with are 

the kraft and sulfite types. 

Pulp stock produced by the chemical process is 
marked by a vigil of constant, precise control. 

The basic steps in which wood chips are cooked 
in digesters and pulp preparation prior to running 
on the paper machines, find the raw material skill
fully guided through a tremendous metamorphous 
in the conversion into paper. 

Pulp stock by the kraft process utilizes the 
action of alkaline compounds to transform the chips 
into fibers, while acid obtains the identical results 
in the sulfite process. Characteristics that can be 
built into the stock by the different pulping proc
esses is one of the means by which the paper pro
ducing industry develops diversification of its line 
of forest products. 

Production of acid for the sulfite process is initi
ated by an endothermic reaction. Raw sulfur is liqui
fied by the application of an intense heat. The liquid 
sulfur will combine with oxygen to form 802 • Sulfur 
dioxide, in the presence of a base (limestone) , reacts 
to form a solution of calcium bisulfite with an excess 
of 802• This is the acid used. 

Conical in shape, the digester measures 15' x 50'. 
It is in this huge apparatus that wood chips-one to 
two inches in diameter- are "cooked." Resting on 
its apex and extending upward sometimes three 
:floors, the digester is equipped with a concave base 
15' in diameter. Closely resembling the old house
hold pressure cooker lid, with its numerous fasten
ers, the base of the digester on the top :floor is fitted 
with a massive four by forty-eight inch cast iron 
lid. The inner surface of the digester is lined with 
an acid and heat resistive brick. Lead could not be 
used because it does not expand and contract uni
formly with temperature variation. 

The digester charging cycle is set in motion by 
funneling wood chips from bins on the fourth :floor 
into the digester through the lid opening. For this 
phase gravity is not 100% reliable and steam pres
sure is added--assuring the effectiveness of the wood 
chip phase. 

Midway through the wood chip phase the acid 
pumps automatically begin their cycle, pumping pre
heated acid from the acid accumulators into the 
digester at the apex. Gases and acids vented off 
during the charging and cooking cycles are shunted 
to the accumulator. Also, acids from previous "cooks" 
are drained off to the accumulator where they serve 
to strengthen the acid for future cooks. This recir
culation effects the equilization of temperatures be
fore the actual cooking starts, which is imperative 
for greater chip penetration and a more effective 
cook. 

The chip phase is automatically terminated at 
23 cords of chips. Gasketing with a lap of sulfite 

(Continued on page 36) 
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From rnaments To irp/anes 

by TOM CLARK 

ODA Y PLASTICS have gained a new prominence and 
importance in our lives. We see them being used 
in the manufacture of almost everything from 

dishes to airplanes. During the past 20 to 25 years, 
great steps have been made in the production and 
perfection of plastic products. 

Perhaps one of the first and better known forms 
was styrene or styrol resin which was produced in 
England in 1839. Due to difficulty and cost of manu
facturing, this product was not developed till nearly 
one hundred years later in the United States. In 1937, 
Dow Chemical and Bakelite Corp. began manufac
turing styrene resins. Many new markets for the 
product opened quickly and production grew rap
idly. The varied uses for plastics seemed to multiply 
overnight. 

The actual plastics are forms of polystyrenes. 
These can be formed by polymerization, which is the 
combining of large groups of the same molecule, of 
styrene. Chemically, syrene is vinyl benzene 
(C6H5Ch: Ch2). 

This can be and has been polymerized in many 
ways, both experimentally and commercially. Here 
we will be concerned with one of the industrial prep
arations. 

First of all, the styrene monomer is prepared from 
ethyl benzene (C6H5C2H5). Ethylene (H2C: CH2) is 
passed through benzene (C6H6) which contains a 
catalyst aluminum chloride. This gives you ethyl 
benzene which is changed to styrene by dehydro
genation, or removal of two hydrogens from the 
ethyl radical. This is accomplished by passing the 
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ethyl benzene in the vapor phase over activated oxide 
catalysts. This method of producing styrene has been 
so successful that there has been little or no interest 
in finding new methods. This styrene is then purified 
and stored to be used in polymerization. There are 
various methods of polymerization. Four of them 
are: bulk, solution, emulsion, and suspension poly
merization. These all have their various good and 
bad points, depending on what type of compound is 
to be polymerized. 

Bulk polymerization of styrene has evolved from 
tin-plated cans as reaction vessels to complex ma
chines for continuous operation. Here, removal and 
temperature control are big problems in this proc
ess, so temperature cycles have been designed for 
adequate control of this operation. Styrene is main
tained first at 125° C for 32 hours which gives a 
polymer content of 80%. This product is then passed 
through a jacketed tube with the temperature grad
ually increasing to 215° until 95% polymerization has 
occurred. The product is then milled at 225° C at 
reduced pressures. 

In general, bulk methods of preparing polysty
rene gives products of higher clarity and purity, but 
agitation and control are difficult. The suspension 
method gives polymers of superior heat resistance 
but lower clarity. Difficulties with uniform stirring 
limit the size of suspension reactors and discourage 
continuous operation. Emulsion polymerization is 
fast and simple, but gives less pure polymers. 

Large molecules of polystyrene are relatively 
inert. This is an obstacle in determining structure, 
but it is a distinct advantage in plastic applications. 
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Even when polystyrene is reactive to a reagent, the 
reaction is sluggish. This is due to the resonance 
of the reactive group in the polystyrene along the 
chain. At higher temperatures both bromine and 
chlorine will attack the molecule substituting in the 
main chain. The bromine reaction has been used to 
advantage in production of low molecular weight 
polystyrenes which are found to be relatively inert 
to strong acids such as nitric and sulfuric. 

Polystyrenes are resistant to strong alkalies and 
are stable to many oxidizing agents. It is not reactive 
with hydrogen halides and most reducing agents. 
Therefore, reagent bottles for these solutions are 
often made of polystyrene. 

Polystyrene may be yellowed by the action of 
light or photo-oxidation. This can be avoided by ad
dition of effective stabilizers, such as cyclic amines 
or amine alcohol. 

The styrene materials are excellent injection 
molding materials and are offered in a wide selection 
of colors with crystal clarity and excellent finish. 
These materials have a high resistance to water, 
alcohol, and most acids. Their electrical properties 
are extremely useful because of the low dielectric 
loss and permanence of the electrical properties 
under conditions of high humidity or even total im
mersion in water. Excellent light transmission and 
high internal light reflection are important charac
teristics of the material. Good surface hardness, 
rigidity, and dimensional stability are some of the 
other valuable properties of this versatile plastic. 
These, and the following properties, help to make 
the polystyrene moldings superior to other molding 
materials. 

Physical Properties 

Specific gravity-1.07 
Tensile strength (PSI) 
Impact strength (F.P. energy) 

(to break) . 
Flexure Strength (PSI) 
Modulus of elasticity (PSI) 
Shrinkage (In per in.) 
Distortion under heat 
Water absorption (318 hrs.) 

(2W' disc=) 
Index of refraction 
Rockwell hardness 
Thermal coefficient of linear 

expansion (per °C) 

TABlE 1 

Compression 

5,500-6,500 

.20-.35 
6,500-7,500 
.4-.6xl06 
.004-.005 
175° F 
. 05% 

1.592-1.597 
M85-M92 

65-75x10-6 

TABLE 2 

lnjedion 

6,500-7,000 

.4-.6 
1 ,000-19,000 
.37 5-.425x 106 
.002-.008 

Electrical Properties Range 
Dielectric strength-at 60 cycles. ___ , ____________________________ 500-525 
Volume resistivity (Myohm ems.) ________________________________ over 109 

Arc resistance (Sec.) ----------------------------------------------------120-140 
Power factor-at 60 cycles ------------------------------------------·0002-.0003 

at 1,000 cycles ------------------------------------.0002-.0003 
at 1,000,000 cycles ------------------------------ 11 11 

at 10,000,000 cycles ---------------------------- 11 

at 50,000,000 cycles ------------------------ ___ 11 
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Dielectric constant-at 60 cycles __________________________________ 2.5-2.6 

at 1 000 cycles ---------------------------- 11 11 

at 1 ,000,000 cycles -------------------- " 11 

at 10,000,000 cycles -------------------- " 11 

at 50,000,000 cycles -------------------- 11 11 

Loss Factor-at 60 cycles ____________________________________________ .00005-.00008 

at 1000 cycles ----------------------------------------
at 1,000,000 cycles ------------------------------ _ 
at 10,000,000 cycles ------------------------------
at 50,000,000 cycles --------------------------------

TABLE 3 
Chemical Properties 
Resistance to nonoxidizing acids ----------------------------- Excellent 
Resistance to oxidizing acids ------------------------------------ Discolor slightly 
Resitance to alkalis ------------------------------------------------------ Excellent 
Resistance to Hydrofluoric acid --------------------------------- Good 
Dis!iolved or Attacked by: 
Styrene Ethyl acetate Ethylene Chloride 
Benzene Turpentine "Cellosolve" solvent 
Toluene Gasoline "Cellosolve" acetate 
Dioxane Ethyl Benzene Carbon Tetrachloride 

Unaffected by: 
Acetic acid 
Formic acid 
Butanol 

Potassium hydroxide .30% 
Ethylene diamine 
Writing inks 

Photographic 
chemicals 

Octyl alcohol 
Sodium Hydroxide 30% 

Salt water 
Bleaching solution 

Most fats, animals 
and vegetable oils 

Polystyrenes have the following limitations: They 
are attacked by organic solvents and some oils. They 
will discolor after long exposure. The greatest defect 
are their brittleness, especially their limited resist
ance to impact. Also, their resistance to heat may 
differ due to internal molding strains. 

Polystyrene has become the number one injection 
molding plastic and is used in the manufacture of a 
great number of articles. 

Its remarkable properties make some of its appli
cations novel and interesting. Due to its inactivity 
with acids (or as acid bottle caps), an important use 
is the storage of hydrofluoric acid. Laboratory equip
ment can also be made of this plastic. 

High quality clarinet reeds are molded of this 
moisture-resisting material, providing excellent tone 
quality. It is used in gift packages and for decorative 
automobile parts because of its clarity and stiffness. 
Many refrigerator parts are made of this material 
because of its lack of moisture absorption and main
tenance of physical strength at low temperatures. 
Due to its great clarity it may be used to transmit 
light, and in some cases, used in inexpensive optical 
pieces . 

The extremely low power factor led to its use in 
radio and high frequency electrical apparatus. The 
high dielectric quality is used to an advantage in 
condensers. Its chemical resistance has opened new 
possibilities in wet batteries, since polystyrene con
tainers can be used to house strong electrolytes. 

Scientists engaged in the research and develop
ment of this product look forward to many more new 
and revolutionary applications in all fields of engi
neering. 
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IBM Engineer Richard R. Booth 

explores electronic frontiers 

to develop new, faster and 

larger storage devices 

for tomorrow's computers .. 

Computing time cut from six months to one day 

"My job is to design and develop new, high-speed 
storage devices for a powerful new computer that 
will perform, in one day, operations requiring six 
months on present equipment," said Dick Booth 
as he began a typical day recently. A product de
velopment engineer at the IBM Laboratories in 
Poughkeepsie, N.Y., he started his morning with a 
conference on a product of great interest to him: a 
magnetic core storage device with a nondestructive 
read-out feature. For an hour, he discussed with 
circuit design engineers the logical devices needed 
for the register-such as magnetic core drivers and 
sense amplifiers. Should such devices not be avail
able, the group would work on designs for new ones. 

Dick Booth next met with members of the Mag
netic Materials Group to establish specifications for 
the magnetic core memory elements to be used in 
the register. He also discussed with the group the 
development of equipment to test the memory 
elements. "This magnetic core register is based on 
an original idea of mine," he explained. "When you 
have a worthwhile idea, you will be given a free 
hand in proving it out, backed by IBM's resources 
-plus the assistance of skilled specialists." 

t t I 

Increasing responsibility 

At 10:30, Dick Booth reviewed the status of the 
entire project with the two engineers, two tech
nicians, and one logic designer who make up his 
team. "My present position is staff engineer," he 
explained. "It's the second promotion I've had 
since I joined IBM three years ago with a B.S. E. E. 
degree from the University of Illinois. I know that 
there are plenty of other opportunities to move 
ahead. Furthermore, parallel advancement oppor
tunities exist for engineers in either engineering 
development or engineering management." 
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Preparing for the future 

In the afternoon, Dick Booth went to the 704 Coma· 
puting Center to supervise some complex preci
sion computations. "You see how quickly the 704 
arrives at the answers," he said. "The computer 
being developed is expected to multiply more than 
500,000 fourteen-digit numbers a second and add 
them at the rate of one million a second. The com
puter may be used for design computations for 
reactors, as well as calculations of satellite be
havior. Of course it should have hundreds of other 

applications." 
At 3:30 P.M., Dick Booth attended a weekly class 
on Theoretical Physics that lasted until 5:00. After
ward, he commented, "You know, IBM offers 
excellent educational opportunities both in gen
eral education and for advanced degrees. One of 
the engineers in my group has just received his 
Master's degree from Syracuse University, after 
completing a postgraduate program given right 
here at the IBM Laboratory." 
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A chance to contribute 

As he was leaving for the evening, he said, "Yes, 
I'd recommend an IBM career to any college gradu
ate who wants to exercise his creative ability. IBM 
will appreciate his talent and he'll have the oppor
tunity to work with specialists who are tops in: 
their fields. I doubt that he'd be able to find a 
more sympathetic and stimulating atmosphere. 
Furthermore, he'll have the added incentive of con
tributing to vitally important projects ... projects 
that will take him to the frontiers of knowledge in 
computer electronics." 

* * * 
Talented college graduates will find exciting, re
warding careers at IBM. Excellent opportunities 
are now available in Research, Development, Man
ufacturing, Applied Science, Sales, and Adminis
tration. Find out from your College Placement 
Office when our interviewers will next visit your 
campus. Or, for information about careers of in
terest to you, write to: 

Manager of Recruitment 

IBM Corporation, Dept. 839 

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

® 
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Electra for Anti-sub Warfare 

LOCKHEED Aircraft. Corporation announced. receipt 
of a contract valued at more than $10,000,000 
from the U. S. Navy authorizing pre-production 

work on the P3V-1 Electra anti-sub1narine warfare 
patrol plane. 

Herbert Caldwell, assistant general manager for 
Navy projects at Lockheed's California Divis~on, s~id 
the new contract will provide funds for eng1neenng 
production design for the prop-jet sub-hunter. 

"We regard this as an encouraging step toward 
award of a production order to follow our successful 
P2V-7 Neptune piston-and-jet plan," he said. 

Caldwell explained that the Navy contract, cover
ing "substantially increased" work duri~g the :n~xt 
12 months will permit such manufactunng achv1ty 
as production planning and master tooling layout. 

An aerodynamic prototype of the ASW Electra 
has been flying since August 29. It will continue air 
work during the next year to prove systems com
patibility, and for evaluation leading toward final 
design decisions. 

The P3V -1 will be fitted with four Allison T56-A-
10W engines, developing a total of 18,000 h.p. at take
off. The power plants are military developments of 
the Model 501-D13 used on the commercial Electra. 

The first American prop-jet ASW plane will have 
a top speed exceeding 460 m.p.h. While it can cruise 
nearly 100 per cent faster than the Neptune, the new 
ASW plane can fly at less than 150 knots. The n~:V 
design features low altitude and Ion? ~ange capabili
ties required for extended search m1sswns. 

Caldwell pointed out that it has short-field capa
bilities permitting operation from small advanced 
bases-and range enough for mid-ocean searches. 

"Depending upon its mission, the P3V-1 can fly 
with complete controllability at white-cap level or 
operate at altitudes above 30,000 feet," he said. 
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It will be equipped with the most modern elec
tronic searching devices in the world, including 
advanced underwater sound detection equipment 
and a magnetic anamoly detector, which locates 
metallic objects by noting changes in the earth's 
magnetic field. Armament will include the latest air
borne anti-submarine weapons. 

Economics, Not Nostalgia 

HE ELECTRIC car, which passed from the American 
scene in the 1920's may be on its way back, mod
ernized and transformed into the "car-of-the-

future." 

The possible renaissance of the battery-driven 
automobile has nothing to do with nostalgia for the 
good old days. It's simply a matter of economics. The 
electric car of tomorrow, as visualized in automotive 
and engineering circles, will be cheaper to operate 
than today's gasoline-powered automobiles. What's 
more, it will be practically trouble-free, eliminating 
costly service bills. 

Key to the successful development of this eco
nomical electric "dream car" may well be the 
sintered-plate, nickel-cadmium battery which is al
ready widely used in jet aircraft, missiles, merchant 
ships and scores of industrial and household appli
cations. 

Sonotone Corporation, Elmsford, N. Y., a major 
manufacturer of sintered-plate, nickel-cadmium bat
teries, and American Motors Corporation recently 
announced a joint research program to study the 
feasibility of developing a modern version of the 
electric car of yore. 

The short life of conventional batteries doomed 
earlier attempts to build a practical, low-cost elec
tric car. The sintered-plate, nickel-cadmium battery 
does not have this drawback; it can be expected to 
last the life of the car. At the same time, it can be 
charged considerably quicker than . other batteries. 
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Each cell is made up of plates of carbonyl nickel 
powder, developed for this purpose by the Inter
national Nickel Company, sintered on a foundation 
of nickel wire mesh. The resulting rugged, but por
ous, structure reliably retains the active material, 
giving long life, and provides the large, effective 
plate area needed to permit high charge and dis
charge rates. 

The biggest hurdle on the road to a feasible, 
economical electric car is to find a way to extend 
the range of the power plant and still keep the 
vehicle small and light. At the present time, batter
ies need recharging after less than 100 miles of 
travel. To overcome this problem, American Motors 
and Sonotone are exploring the feasibility of em
ploying a generator driven by a small auxiliary 
gasoline engine to constantly recharge the battery 
during operation. The one- or two-cylinder engine 
would use only a small amount of gas to keep the 
battery on constant charge during operation of 
the car. 

Besides saving on gas and maintenance the elec
tric car visualized by the researchers would be sim
plicity itself as far as operation is concerned. The 
speed of the electric motor propelling the car would 
be controlled by a foot accelerator. Even operation 
of the gasoline motor-generator would be automatic, 
requiring no action by the driver. Controls on the 
car would consist of a steering wheel, the accelerator, 
the brake and a lever to put the car in reverse. 

Nickel oxide is the active material in the positive 
plate of the nickel-cadmium battery; metallic cad
mium in the negative. The electrolyte is a 30-per
cent-by-weight solution of potassium hydroxide in 
distilled water. The battery requires only a few 
drops of water a year. It can hold its charge and be 
charged and discharged under the most extreme 
temperature changes, ranging from desert heat to 
sub-zero cold. Thus, a car equipped with the battery 
would start im1nediately in any kind of weather. 

Space Chameleons 

PACE SATELLITES may soon lay claim to the cha
meleon's valuable ability of changing its color 
for protection. 

The idea involves the application of a heat sensi
tive coating for satellite skins to control internal 
temperature while the vehicle is whirling through 
space. 

Devised by Rudolf X. Meyer, a scientist in the 
Physical Research Laboratory at Space Technology 
Laboratories, Inc., Los Angeles, the coating will 
change color, thereby controlling the heat absorption 
and radiation qualities of the satellite. The idea is 
based on the well-known phenomenon that light col
ors reflect heat, while dark ones absorb it. 

Meyer stated that by applying his new coating 
the temperature inside the vehicle's shell would 
automatically be kept uniform. As the temperature 
of the satellite increases, its skin would become light 
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in color, thereby allowing more heat to be reflected 
into space. Should the payload's internal tempera
ture take a downward turn, the skin would become 
dark in color, thereby absorbing more radiation. 

According to Meyer, the coating can either take 
the form of a paint-like substance or a plastic applied 
in several layers. He stated that he found about 35 
substances while carrying out preliminary research 
which have this "chameleon" ability at the required 
temperature level. For instance, one particular coat
ing changes with increasing temperature from red 
to yellow. In the case of polymer compounds, use is 
made of the reversible transition from the sol state 
to the gel state as the temperature increases. 

The importance of protecting satellite payloads 
from temperature extremes was dramatically 
brought home to STL scientists during the flight of 
Pioneer 1 which traveled some 70,000 miles from the 
earth last October. For that experiement they calcu
lated conditions under which the satellite instru
ments had to operate and a fixed temperature control 
paint pattern was applied. As a result, when the 
satellite went slightly off course, temperature condi
tions changed, no adjustment was possible and some 
of the instrumentation failed. 

Had Meyer's coating been available when the 
Pioneer I satellite was constructed, it might still be 
in orbit and giving vital information today. 

Telephone to Space 

N EXPERIMENTAL ground station for sending and 
receiving telephone messages by way of man~ 
made satellites is taking shape on a hilltop in 

Holmdel, N. J. 

The station, under construction by Bell Telephone 
Laboratories on Crawford Hill, could point the way 
to a network of terminals for sending phone calls 
and live television to distant parts of the world. 
These stations would "bounce" radio signals off 
dozens of "sky-mirror" satellites. 

The station will include control buildings and 
two large antennas for communication experiments 
with objects in outer space. One of the uses of the 
installation will be to take part in communication 
projects sponsored by the National Aeronautics and 
Space Administration. 

One of the projects at Holmdel will test the qual
ity of radio signals transmitted between stations on 
opposite sides of the United States by means of 
reflections from a satellite. 

AI though single telephone channels will be used 
in the experiment, the objective is to determine 
whether television's "broadband signals" (the equiv
alent of about 900 telephone channels) could also 
be transmitted. 

Such broadband signals cannot now be carried 
over present submarine cables, and cannot be trans
mitted directly by radio between widely separated 
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points because the signals are blocked by the earth's 
curvature. 

The microwave radio signals to be used in the 
experiment will be analyzed to obtain information 
about transmission effects. The data also will be 
studied to discover the reflection characteristics of 
satellites in orbit. 

The satellite experiments probably will be pre
ceded by test transmissions of signals using the 
moon as the reflector. The signals will be received 
and transmitted between NASA's jet propulsion 
laboratory tracking station at Goldstone, California, 
and Bell Laboratories, some 2300 miles apart. 

Heart of these communications experiments will 
be the antennas and the transmission techniques. 
The Holmdel installation will include a dish-shaped 
commercially available antenna to transmit signals, 
and a horn-shaped antenna will be the receiver. The 
latter antenna was designed by Holmdel engineers 
and is a large version, adapted for tracking, of the 
horn-reflector antenna which was originated some 
years ago at Holmdel for radio relay use in the Bell 
System. 

The horn-reflector design permits the antenna to 
receive radio energy from essentially one direction, 
and less than one-millionth as much from other 
directions. The result is greater concentration on 
the wanted signal and less pickup of "noise" fron1 
other directions, especially the radiation from the 
ground, than for conventional antennas. 

In conjunction with the horn, a highly sensitive 
receiver is required. The receiver will utilize ex
tremely low-noise amplifiers, either a pair of "para
metric amplifiers" or "masers," or a combination of 
one each. The central element of a parametric ampli
fier is a semi-coductor. Maser is short for "Micro
wave Amplification by Stimulated Emission of 
Radiation." The central element is a ruby crystal 
contained in a liquid helium "refrigerator" at a 
temperature approaching absolute zero-about 460 
degrees below zero F. 

One of the initial and crucial problems in these 
experiments will be tracking speeding satellites pre
cisely, and for this purpose Bell Laboratories will 
devise its own special equipment. Data predicting 
the "passes" of satellites will arrive in coded form 
and the new equipment will rapidly convert the 
information into a fonn suitable for controlling the 
antennas. 

Pin-sized Thermometer 

TINY but highly accurate thermometer that can 
measure temperatures near the coldest known to 
man has been developed at Bell Telephone Lab

oratories at Murry Hill, New Jersey. 

Scientists say it might be used in a space vehicle 
to report the very low temperatures beyond the 
earth's atmosphere. 
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This diminutive device, called a germanium re
sistance thermometer, is shorter than an ordinary 
straight pin. But despite its small size, it can read 
temperatures close to absolute zero, known to sci
entists as the unattainable ultimate in cold. This is 
-459.6 Fahrenheit or 273.1 centigrade degrees below 
zero. In contrast to other devices used for measuring 
great cold, it will remain accurate despite repeated 
alternating from room temperature to near abso
lute zero. 

Bell Labs scientists are using these accurate little 
thermometers in studying how various materials 
behave at extremely low temperatures. Many of 
these materials are now-or some day might be-
used in the telephone business. 

Here's how the scientists use the device to observe 
the temperature of materials being tested in extreme 
cold: They attach it to the material and run a small 
known amount of electricity through its heart, part 
of a single germanium crystal with a bit of arsenic 
in it. The germanium's resistance to the flow of elec
tricity increases rapidly as the temperature drops. 
They can determine how cold the material gets by 
reading a resistance meter which they attach to the 
thermometer. 

Acoustic Feedback Reduction 
A new electronic method developed by Bell Tele

phone Laboratories will minimize "howling" in in
door public address systems, and permit volume to 
be doubled. 

The method copes with "acoustic feedback," the 
return of room reverberation to the microphone and 
thus again to the amplifiers. The result of feedback 
is howl. 

The Bell System does not manufacture public 
address systems, nor does it plan to manufacture 
the feedback control equipment. The method, how
ever, may be of value to the Bell System in intercom 
systems and hands-free telephones. 

Permitting a two-fold increase in the loudness 
of a conventional p.a. system without introducing 
howl, the method will also to a large degree offset 
variations in amplification. The variations could be 
caused by the heating up of amplifiers, different 
positions of the speaker or entertainer, and changes 
in the listening audience. 

The new method of countering distracting and 
exaggerated room reverberations is the work of 
Manfred R. Schroeder, who directs acoustics re
search at Bell Laboratories. In 1954 he formulated 
a theory of sound pressure fluctuations inside a 
room. This theory forms the basis of his invention. 
Dr. Schroeder's discovery resulted from studies in 
acoustics, the science of sound. 

Key to the present development is a device 
called a "frequency shift modulator." Electronically, 
it shifts all frequency components of an incoming 
sound by five cycles per second, an amount that can't 
be heard for speech and most types of music. 
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THE PURPOSE of the American Insti
tute of Physics, University of Min

nesota Student Chapter, is to advance 
and diffuse know ledge of the Science 
of Physics and its application to hu
man welfare. Membership is open to 

all University students with a physics major or mi
nor. Meetings are held approximately once every 
two weeks. At these meetings we have a guest speak
er who will give a talk on some phase of physics. 

This year we have held three meetings. At our 
first meeting, October 14, our guest speaker was Dr. 
George Freier. Dr. Freier gave an interesting talk 
entitled "The Earth's Electric Field." He has worked 
with the Van de Graaf Generator doing experiments 
in low-energy nuclear physics. Lately his research 
has been concerned with the electronic field of the 
earth. 

At our second meeting, November 4, we had an 
interesting talk entitled "The Role of the Theoreti
cal Physicist" given by Dr. Warren B. Cheston. Dr. 
Cheston was at the University of Utrecht, in the 
Netherlands, during the 1958-59 school year. His re
search has been concerned with the quantum me
chanics of large particle systems. 

At our third meeting we were honored to have 
as our guest speaker Dr. Sydney Chapman. Since 
1951, Dr. Chapman has been the advisory scientific 
director and visiting professor of Geophysics at the 
University of Alaska. Since 1955 he has been a mem
ber of the research staff of the high altitude observa
tory of the University of Colorado. Dr. Chapman was 
also the chairman of the Central Committee for the 
International Geophysical Year. He has done re
search on the physics of the upper atmosphere, mag
netic storms, and the properties of gasses around the 
sun. Dr. Chapman gave a very interesting talk end 
titled "The Inter-planetary Gas and the Earth's 
Outermost Atmosphere." 

Later on this year we hope to have talks by Dr. 
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J. R. Winckler on Cosmic Ray Research at the Uni
versity of Minnesota, and Dr. E. P. Ney on his work 
on the eclipse of the sun in Africa this last summer. 

THE REGULAR November meeting of 
the ASAE, Student Branch of the 

University of Minnesota, was held on 
November 9, 1959. 

The meeting was called to order at 
7:30 by President Walter Stumpf. 

The main business of the evening was a discussion 
on the sale of car license plates and the election of a 
new secretary. It was decided that the sale of car 
license plates should be a project for the ASAE again 
this year. The sale of plates started on November 
23, and will continue until the second week of Jan
uary, in Coffey Hall on the St. Paul campus. James 
Sutherland was elected secretary to replace Otto 
Korth who did not return to school this year. 

The Alpha Epsilon Honor Society, which has just 
been organized, was explained by the Society's 
newly elected president, Walter Stumpf. Other mem
bers of the Society's Executive Committee are James 
Reese, vice president, and David Nelson, secretary
treasurer. 

For the program, Mr. A. P. Balzer of the Balzer 
Manufacturing Co. of Mountain Lake, Minnesota 
gave a very interesting talk on the birth, growth, 
and development of a small industry, and its place 
in the business world of today. Mr. Balzer also 
showed a movie of some of the equipment manufac
tured by his company. 

On Wednesday, November 11, eighteen members 
of the ASAE Student Branch drove to Owatonna, 
Minnesota for a visit to the Owatonna Manufactur
ing Company. A guided tour of the plant and a look 
at some new farm equipment proved to be very 
interesting. The visit was topped off by a coffee hour 
and discussion period. 

(Continued on page 44) 
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Automatic systems developed by instrumentation 
engineers allow rapid simultaneous recording 

of data from many information points. 

Frequent informal discussions among analytical 
engineers assure continuous exchange of ideas 

on related research projects. 

Under the dose supervision of an engineer, 
final adjustments are made on a rig for 

testing an advanced liquid metal system. 

t t 
The field has never been broader 
The challenge has never been greater 

Engineers at Pratt & Whitney Aircraft today are concerned 
with the development of all forms of flight propulsion 
systems-air breathing, rocket, nuclear and other advanced 
types for propulsion in space. Many of these systems are so 
entirely new in concept that their design and development, 
and allied research programs, require technical personnel 
not previously associated with the development of aircraft 
engines. Where the company was once primarily interested 
in graduates with degrees in mechanical and aeronautical 
engineering, it now also requires men with degrees in 
electrical, chemical, and nuclear engineering, and in physics, 
chemistry, and metallurgy. 
Included in a wide range of engineering activities open to 
technically trained· graduates at all levels are these four 
basic fields: 
ANALYTICAL ENGINEERING Men engaged in this 
activity are concerned with fundamental investigations in 
the fields of science or engineering related to the conception 
of new products. They carry out detailed analyses of ad
vanced flight and space systems and interpret results in 
terms of practical design applications. They provide basic 
information which is essential in determining the types of 
systems that have development potential. 
DESIGN ENGINEERING The prime requisite here is an 
active interest in the application of aerodynamics, thermo
dynamics, stress analysis, and principles of machine design 
to the creation of new flight propulsion systems. Men en
gaged in this activity at P&WA establish the specific per
formance and structural requirements of the new product 
and design it as a complete working mechanism. 

EXPERIMENTAL ENGINEERING Here men supervise 
and coordinate fabrication, assembly and laboratory testing 
of experimental apparatus, system components, and devel
opment engines. They devise test rigs and laboratory setups, 
specify instrumentation and direct execution of the actual 
test programs. Responsibility in this phase of the develop
ment program also includes analysis of test data, reporting 
of results and recommendations for future effort. 
MATERIALS ENGINEERING Men active in this field 
at P&W A investigate metals, alloys and other materials 
under various environmental conditions to determine their 
usefulness as applied to advanced flight propulsion systems. 
They devise material testing methods and design special 
test equipment. They are also responsible for the determina
tion of new fabrication techniques and causes of failures or 
manufacturing difficulties. 
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Exhaustive testing of full-scale rocket engine thrust chambers is 
carried on at the florida Research and Development Center. 
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For further information regarding an engineer
ing career at Pratt & Whitney Aircraft, consult 
your college placement officer or write to Mr. 
R. P. Azinger, Engineering Department, Pratt & 
Whitney Aircraft, East Hartford 8, Connecticut. 

PRATT & W'HITNEY AIRCRAFT 
Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS - East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER- Palm Beach County, Florida 
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Doctor Lambert is my instructor; I shall not pass. 

He maketh me to exhibit mine ignorance before 
the whole class. 

He lowereth my grade. 

Yea, though I walk through the corridors of 
knowledge, 

do not learn. 

He trieth to teach me. 

He writeth the equations before me in hopes 
that I will understand them. 

He bombardeth my head with integrations; 

My slide rule freezeth up. 

He maketh me rely on my past knowledge; 

He assureth me I know the Taylor Series frigid. 

He telleth me to make obvious assumptions, 

And to relyeth not upon the given answers. 

Surely piecewise linear models shall follow me 

all the days of my life. 

And I shall dwelleth in EE 187 forever. 
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Interested in computers, computer technology and ap
plications? Then you should investigate Western Elec
tric as a place to build your career. Telephony today is 
built around computers. The telephone cross-bar switch 
is basically a computer. Electronic switching gear uses 
computer principles. 

At its new engineering research center and at most 
of its 25 manufacturing locations, Western is relying 
more and more on computers in doing its main job as 
manufacturing and supply unit for the Bell Telephone 
System. In its other major field-Defense Communica
tions and Missile systems - the use of computers and 
computer technology is widespread. 

You'll discover quickly that opportunities with 
Western Electric are promising indeed. Here company 
growth stands on a solid base, and your own growth, 
too. We estimate that engineers will find 8,000 super
visory jobs open to them in the next ten years. There 

will be corresponding opportunities for career building 
within research and engineering. Progress is as rapid as 
your own individual skills permit. And Western Electric 
maintains both full-time all-expenses-paid graduate 
engineering training and tuition refund plans to help 
you move ahead in your chosen field. 

Opportunities exist for electrical, mechanical, indus• 
trial, civil and chemical engineers, as well as in the 
physical sciences. For more information get your copy 
of Consider a Career at Western Electric from your 
Placement Officer. Or write College Relations, Room 
2000, Western Electric Company, 195 Broadway, New 
York 7, N. Y. And be sure to arrange for a Western 
!Electric interview when the Bell System team visits your 

Principal manufacturing locations at Chicago, 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.; Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla.; Teletype Corporation, Chicago 14, Ill. and Little Rock, Ark 
Also Western Electric Distribution Centers in 32 cities and Installation headauarters in 16 cities. General headquarters: 195 Broadway, New York 7. N. Y. 
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STEINMETZ 

(Continued from page 9) 

He now became embroiled in transformer and 
motor development. His work was based solidly on 
math, and resulted in fewer trials, less error, and 
better machines for less money. He was continually 
hampered by the lack of reliable data on the steel 
used in the construction of the electrical devices. To 
correct this deficiency, he began to work on the 
mathematics of a generalization of the hysteresis 
phenomena. 

On January 19, 1892, his Law of Hysteresis was 
read before the AlEE. As usual, Steinmetz lost his 
audience, but when the paper was published it was 
recognized as the second major breakthrough in 
electrical machine design. Thus, at 28 years of age, 
Steinmetz took his place in the front rank of his 
contemporary engineers. 

The great increase in his popularity brought a 
change in his character. He no longer was so con
scious of his physical deformities, but became proud 
of them as an indication of the great brain they had 
fostered. He also became extremely aware of his 
adopted country. 

Soon after he read his paper for the AlEE, he 
heard his name pronounced by a native German. The 
sound was so un-American that he tore up the pay 
receipt he was signing and started to fill out a new 
one. When he came to the place for his signature, he 
paused a moment and then put down the most 
American version of his given name, Karl, that he 
could think of. The friend informed him that all 
Americans had middle names. Steinmetz reasoned 
that the names August and Rudolph, which he had 
carried since his birth, were just too German for an 
American. At that moment an engineer that had 
attended Breslau University with him walked into 
the room. The former schooln1ate called him by a 
nickname that he had received while at the univer
sity. This seemed like an ideal middle name to the 
little scientist. On the third payroll receipt appeared 
the name Charles Proteus Steinmetz. 

During the 1890's the electrical industry was 
largely in the hands of the inventors. That is, each 
inventor manufactured his own device, and there 
was little control over the machines and appliances 
produced. In 1892, the Edison Electric Co. and the 
Thompson-Houston Co. merged to form the General 
Electric Company, and began to buy up all the pat
ents necessary to make some sort of order out of the 
chaos that had developed. Many of the essential ones 
were owned by the Eichmeyer Co., so General Elec
tric bought out the company complete with Stein
metz. Though he didn't like the idea, Steinmetz 
agreed with Eichmeyer, his friend and benefactor, 
that the move was of the greatest advantage to all 
concerned. The little man with the big brain packed 
up his belongings for the fourth time of his life, and 
moved to Lynn, New York, the site of the new G.E. 
plant. 

His first assignment was to promote the practica-
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bility of alternating current by improving trans
formers and motors. In 1893, he was sent to preside 
over the G.E. exhibit at the Chicago Worlds Fair. 
When he got back to Lynn, he discovered that the 
whole engineering staff was being moved to the new 
G.E. plant at Schenectady, New York. When he got 
there, he finally had time to complete work on his 
symbolic method of dealing with alternating current. 
The book detailing the method was written in three 
parts-Theory, Theory and Practice, and Practice. 
The manuscript, when presented to the International 
Electrical Congress, took up almost a cubic foot of 
space. Although baffled by the appearance of such 
a large paper, the directors assigned Steinmetz an 
audience room and allowed him an hour in which to 
read his work. Before the first half hour was gone, 
Steinmetz's audience, completely baffled by the tech
nical language, deserted the speaker. The reading 
was continued, however, when another group of en
gineers drifted in after the completion of a more 
popular lecture. Steinmetz lectured for the assigned 
hour plus two ten-minute extensions, and finally 
closed his reading with the words, "Gentlemen, I 
hope you have been interested. I ain almost half way 
through the introduction." 

Although recognizing the importance of the work, 
the International Electrical Congress did not have 
the money to publish such a large manuscript, so 
for the next four years, Steinmetz was the only per
son that knew and could use this revolutionary 
method. Finally, J. N. Leonard dug it out and pub
lished it. This work established Steinmetz as the 
"Miracle of Schenectady." 

In 1894, Steinmetz was named the head of the 
G.E. calculating department. He was not an admin
istrator and allowed the department to run itself. It 
soon became expedient to get an active administra
tor for the department, but the dilemma of what to 
do with Steinmetz arose. To demote him could only 
offend the only living man who understood the sym
bolic method which held G.E. above its competitors. 
Steinmetz was finally made consulting engineer, 
given a modest salary, an expense account for ap
paratus and assistance, and the run of the labora
tories. It has never been revealed what his salary 
was other than that it was sufficient for his needs. 
Finding the regular laboratories too crowded and 
noisy for his taste, Steinmetz had a private labora
tory built in the G.E. housing development near 
Schenectady. As the work at the laboratory in
creased, Steinmetz found it was necessary to ask 
for an assistant. 

A young engineer by the name of Hayden was 
sent to him. Steinmetz became attached to his 
assistant; and when Hayden got married, Steinmetz 
asked him and his wife to live in the house that was 
being built on the front of the lot where the labora
tory was located. In this way, Steinmetz got the 
family he had always wanted. 

The same year Steinmetz built a rest camp on 
the Mohawk river. The porch of the house projected 
out over the river. Steinmetz had mental reserva-

( Continued on page 32) 
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happ_ening 
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FIND OUT MORE about 
the young engineers and 
scientists who are making the 
news happ_en at Northrop. 

WRITE TODAY for 
information about Northrop 
and all of its Divisions. 

Engineering & Scientific 
Personnel Placement Office 
Northrop, P.O. Box 1525 
Beverly Hills, California 
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Where Do You Want To Work? If your interests lie in 
the fields of electronics or the aircraft/missile indus
tries, you will want to join the outstanding scientists 
and engineers in Southern California-the electronic, 
aircraft/missile center of the world. 

Where Do You Want To live? If you work at Northrop 
you 'U be able to spend your leisure at the Pacific 
beaches, in the mountains, on the desert. You'll enjoy 
an active life in Southern California's incomparable 
year-round climate. 

Want Top Salary? Northrop's salary structure is 
unique in the industry. At Northrop you'll earn 
what you're worth. With this growing company 
you'll receive increases as often as you earn them. 
And these increases will be based on your own indi
vidual achievements. Northrop's vacation and fringe 
benefits are extra liberal. 
Want Advanced Degrees? At Northrop you'll con
tinue to learn while you earn with no-cost and low
cost' education at leading Southern California insti
tutions. You'll earn advanced degrees and keep cur
rent with latest advances in your own chosen field. 

Want To Work With Leaders? Your Northrop col
leagues are acknowledged leaders in their fields
men chosen for their capabilities and their skills in 
guiding and developing creative talents of younger 
men. These are men who delegate authority, assure 
you of fair share of credit for engineering triumphs. 

Want The Challenge Of Opportunity? At Northrop 
you will apply your talents to the work you enjoy 
- in the fields best suited to your inclination and 
ability. You'll work with the newest, most-advanced 
research and test equipment. At Northrop and its 
Divisions you are offered a wide diversity of over 
30 operational fields from which to choose. 

In Which Of These 3 Divisions Would You Like To Work? 
NORAIR DIVISION is the creator of the USAF Snark 
SM-62 missile now operational with SAC. Norair 
is currently ·active in programs of space research, 
flight-testing the USAF-NorthropT-38 Talon trainer 
and Northrop's N-156F Freedom Fighter. 
RADIOPLANE DIVISION, creator of the world's first 
family of drones, produces and delivers unmanned 
aircraft for all the U.S. Armed Forces to train men, 
evaluate weapon systems, and fly surveillance mis
sions. Today Radioplane is readying the recovery 
system for Project Mercury. 
NORTRONDCS DIVDSION is a leader in inertial and astro
nertial guidance systems. At Hawthorne, Nortronics 
explores infra-red applications, airborne digital com
puters, and interplanetary navigation. At Anaheim, 
N ortronics develops ground support, optical and 
electromechanical equipment, and the most ad
vanced data-processing devices. 

C CJ R P 0 R A T I CJ N Beverly Hill~; 
California 

31 



STEINMETZ 

(Continued from page 30) 

tions concerning the stability of the construction. 
To test its worth before he endangered himself, he 
invited a group of fellow engineers and their wives 
to a party at the camp. He had a punch bowl placed 
well out on the porch, and then made mental notes 
of the number of people near the outside edge of 
the porch at one time. When he was satisfied that 
the porch would hold, he crossed to the outside edge, 
and proudly looked out his new windows for the 
first time. Thus works a great mind. 

In 1901, Steinmetz was elected president of 
AlEE, and in 1902 was made Master of Arts by 
Harvard University. A year later, he was made Doc
tor of Philosophy of Union College of Schenectady, 
and was asked to become Professor of Electrical 
Engineering. He was probably the most original 
and at the same time the most disconcerting lecturer 
ever to hold a professorship. He was often lecturing 
on topics that were yet to be assigned, or ones that 
ordinary students would never meet in his college 
career. He retained the professorship for ten years, 
and during this time, continued to draw his regular 
salary from G.E. 

The publicity given Steinmetz in the newspapers 
increased as the world relied more and more on 
electricity. A whole new picture of Steinmetz devel
oped, one which was not true in most respects. The 
little engineer started to believe the stories, and 
developed a new egotistical attitude toward himself. 
Armed with this new self-confidence, he began to 
look at the world around him. Colored by the social
istic background of his college days, his view of the 
world made interesting copy for the newspapers. 
In those days, Socialism was taken with a grain of 
salt by the people of the United States. The Social
ist Party was generally weak and existed more as 
a sounding board for the major parties than as an 
elector of officials. 

In 1911, a converted Dutch minister joined the 
Socialist party and was elected mayor of Schenec
tady. He appointed Steinmetz the chairman of the 
Board of Education. Temperamentally, Steinmetz 
was not fitted for the job. He had very little expe
rience in meeting people and no experience in poli
tics. Even after the Socialist mayor became a Demo
crat, Steinmetz was kept on the Board of Education, 
but he made little progress towards his socialistic 
ideals of a public school system. In 1922, he received 
the Socialist Party nomination for New York State 
Engineer. He was defeated but carried double the 
vote of any other Socialist candidate on the ticket. 

The outbreak of World War I placed an even 
greater strain on the little man's socialistic ideas. 
How could he remain true to his beloved America 
when she took sides against his native Germany? 
His solution was to vent his wrath against the Rus
sian anarchy. When the United States entered the 
war as one of the allies, Steinmetz's statements 
began to approach treason. As his circle of friends 
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began to evaporate, he withdrew into the only safe 
relations he knew, those of mathematics. 

When the war was finally settled and the world 
became normal once again, Steinmetz decided to 
regain his public prestige with one great experiment. 
He decided to make his own lightning. He loaded 
his laboratory with dynamos, giant capacitors, insu
lators, and a strange network of copper wire. Al
though he was deathly afraid of a live wire of any 
sort, he conducted this experiment with no outside 
help. He even set off his first man-made lightning 
bolt with no one around. Then he arranged a public 
demonstration complete with a scale model of a 
small town, and invited the press and many of the 
leading scientists, engineers, and inventors to wit
ness the event. When the minute announced for the 
demonstration arrived, Steinmetz touched a con
cealed switch which put the machinery in motion. 
At the exact time announced previously, the second 
bolt of man-made lightning smashed the spire of 
the church in the tiny town, and left the gathering 
in awe. The demonstration had the desired effect. 
The name of the little wizard again made the front 
page of every newspaper in the nation. 

As a result of this new publicity, Steinmetz re
ceived several requests for public appearances. He 
announced that he would appear in Los Angeles. 
He soon had an entire tour of the west lined up, with 
speaking engagements in most of the significant 
cities. All these activities in his 58th year were too 
much for his heart. At the end of the tour he was 
confined to bed. On October 26, 1923, he died. 

A new butler was receiving his instructions for the 
evening. "from seven to eight,11 instructed Mrs. Much
money, //you are to stand at the ballroom entrance and 
call the guests1 names as they arrive/1 

//What jolly fun that will be/1 replied the butler. "I 
know a couple of beautsJI1 

An E.E. student swallowed his glass eye and rushed 
to the health center. The doctor peered down the unfortu
nate fellow 1s throat and exclaimed, 'Tve looked into a 
lot of stomachs but this is the first one that ever looked 
back at me/' 

One of the· last of the Hatflelds came down from the 
hills and sought a doctor. "Better come and look at my 
son-in-law/1 he said tersely. "He ain't been doin' so good 
since I shot him Tuesday." "That beats all/' said the doc
tor. "I always knew you Hatflelds was quick on the trig
ger, but this is the first time I e·ver heard of one of you 
shootin' a member of his own family/' Hatfield looked 
hurt. "Believe me, doc," he said, "When I shot him he 
wosn1t!'' 

'
1My little boy ate half the dictionary the other day, 

and we gave him a whole bottle of castor oil." 

'
1 How is he g~tting along?'1 

"We haven't had a word out of him since yesterday.11 
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Engineers ho qualify to fill these chairs 
are on the road to filling res nsible iobs 

with a growing com ny in a growing indust 

8 American Air Filter Company is one of the world's 
pioneers in the field of "better air." Starting 30 years ago 
as a manufacturer of air filtration equipment only, it has, 
through a planned program of product development, attained 
the unique position of being the one company in its industry 
that can take the complete over-all approach to the customer's 
air problems. In brief, this means supplying and coordinating 
all the proper products to filter, cool, heat, clean (control 
process dust), move, exhaust, humidify and dehumidify air. 

"Better Air", while a big business today, is still in its 
infancy. N arne any industry, any building type, and you have 
a present or potential user of AAF equipment. Other well
known trade names in the AAF family are Herman Nelson, 
Kennard and Illinois Engineering. At present, AAF operates 
ten plants in Louisville, Moline, Ill., St. Louis, Chicago and 
Montreal, Canada. 

THIS KIND O!F 
ENGINEIERUNG DIEGREIE • • • 

+ 
••• QUA!l.BFIIES YOU FOR 

THIS KIND OF JOB 

+ 
Mechanical- Engineering, Sales or Manufacturing 
Electrical -Engineering or Sales 
Industrial -Manufacturing or Sales 
Civil -Sales 

e 

fORMAl!. FTVE-MONTH TRAINING COURSE 

Your first job at AAF will be to complete a full five-month 
course in its technical training school. This is a complete 
and carefully planned course covering every phase of this 
business of better air and is under the direction of Mr. James 
W. May, a recognized authority on air handling problems and 
presently a member of the board of directors of ASHRAE. 
Classes, held in special, air conditioned quarters, are sup
plemented by field trips to visit AAF plants and observe 
on-the-job applications of equipment. 

YOUR FUTURE DS AU-IMPORTANT TO AA!F 

AAF prides itself on attempting to match the man to the 
job. During your training period you will have contacts 
with key company personnel. Your personal desires as to type 
and location of job are given every consideration. AAF is big 
enough to provide opportunities galore-small enough to 
never lose sight of the personal touch that adds satisfaction 
along with success. 

A representative of AAF will be on your campus soon to 
interview students interested in learning more about the 
opportunities with this company. Consult your Placement 
Office for exact date. 

® 

~mer1can IF ilter 
BETTER AIR IS OUR BUSINESS 
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Atlas missile, built by Convair (Astronautics) Division of General Dynamics Corporation as prime contractor. 
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RCA ElECTRONICS 
CUTS DO N 
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To our missile experts, "is it ready" is al
most as important as "how far can it go.'" 
For retaliatory power, missile crews must 
be able to launch a maximum number of 
missiles in rapid fire order. 

America's intercontinental ballistic mis
sile, the Atlas, had already proved itself 
for distance on a 5500-nautical-mile range. 
But checkout and launching took several 
hours. So the next step in turning the mis
sile into an operational weapon was to· 
make it ready for quick action. RCA was 
selected to build an electronic system that 
would radically reduce the countdown 
time at the Atlas Operational Bases now 
under construction. 

Now, in a matter of minutes, this elabo
rate electronic system can determine if 
any part needs attention-or signals that 
the missile will be ready to go. 

This automatic checkout equipment 
and launch control system for the Atlas is 
one more of the many ways in which RCA 
Electronics works to strengthen our 
national defense. 

RADIO CORPORATION 
OF AMERICA 



SHEET OF PAPER 
(Continued from page 17) 

pulp, the lid is bolted firmly in place. At 2700 gal
lons of acid, the acid pumps shut off, and steain 
pressurization to 70 pounds per square inch begins. 
It is during the last phase of the charging cycle that 
excess gases and acids are first vented off to the 
accumulator. This venting action continues during 
the entire cooking cycle. 

The sulfite pulp cooking cycle requires eight 
hours within a temperature range of 140 to 145 
degrees C. An average of 12 tons of pulp is produced 
from one cook. 

Pulp is removed from the digester to the blow 
pits by huge blowers. Shallow and vast in base area, 
the blow pit has a false bottom which facilitates 
:fluent drainage of acids and wash water. Once again 
to avoid the corrosive action of metals due to acids, 

Fig. 1: Charging floor during chip cycle. 

(Photos courtesy of Minnesota and Ontario Paper Company) 

the blow pits are constructed of wood. After a thor
ough washing in these pits, the relatively clean pulp 
is sluiced off to the bull chests by high-pressure 
hoses. 

Accepted stock may :flow from the primaries, in 
this case the bull chest, to any number of processes, 
depending upon the needs of the mill. 

Sulfate Is An Alkaline Process 

Sodium sulfate is used to produce the cooking 
liquor for the kraft or sulfate process. The sulfate 
process is more rapid than other pulping processes, 
and therefore is less damaging to the cellulose in 
the fibers. Sulfate pulp has. the characteristics of 
high strength needed to produce such products as 
wrapping, converting, and bag papers. 

In general, the charging and cooking cycles of 
the digester for the sulfate process closely parallels 
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that for the sulfite process. The alkaline compounds, 
or white liquor are under a pressure of 90 to 95 psi 
and at a temperature of 180 to 185 degrees C. This 
condition dissolves the intercellular matter of the 
wood, leaving the cells or fibers resembling a non
uniform crystal lattice structure. The average cook
ing time for the kraft process is less than half of 
that required for the sulfite process. 

After each cooking the liquor is drained off into 
diffusers and the pulp is moved to the pits. The 
pulp is washed, screened and then :flows into storage 
chests called primaries. 

Returning to the white liquor used for cooking 
the wood chips, we find its composition consists of 
sodium sulfide, hydroxide, sulfate and carbonate. 
The activity of the cooking stems from hydroxide 
and sulfide. During the cooking cycle the white 
liquor is transformed into a new composition-black 
liquor. 

The "black liquor" is the original "white liquor" 
containing organic matter, moisture, and carbonates. 

After separation from the pulp to the diffuser, 
the black liquor flows into storage vats to await 
transfer to the evaporators. From the evaporators, 
after a limited evaporation, the emulsive strong 
black liquor :flows to a second storage vat where it 
is combined with salt cake. Burning in the kraft 
recovery kiln, the salt cake and strong black liquor 
mixture is reduced to form sulfide. As an economical 
measure, the unused heat from the furnace is uti
lized in the boilers to produce steam for the mill. 
Flowing from the recovery furnace, the now green 
liquor enters the causticizing tank where slaked 
lime is added. The green liquor entering the causti
cizing tank contains principally sodium sulfide and 
carbonate. Hydroxide is formed from the mixture 

(Continued on page 40) 
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I T'S an and-friction bearing that's geometrically de· 
signed to give true rolling motion- and precision

made to live up to that design. Here's how you, as an 
engineer, can benefit from Timken® bearings: 

A Tapered design enables a Timken roller bearing 
o to take any combination of both radial and 

thrust loads. You'll often find that one Timken bearing 
does the load-carrying job of two ball or straight 
roller bearings. 

B Full line contact between rollers and races gives 
o Timken bearings extra load-carrying capacity. 

This enables a design engineer to cram maximum 
capacity into minimum space. And Timken bearings can 
be pre-loaded for accurate gear or spindle alignment. 

C Case carburization makes the steel of Timken 
e bearing races and rollers hard on the outside 

BETTEB ... NESS rolls on 
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to resist wear, tough on the inside to resist shock. 
This prolongs the life of Timken bearings. And the 
steel we start with is the best. It's nickel-rich for 
toughness. 

What is Better .. ness? It's our word for the 
result of the ceaseless American urge to make machines 
that do more, do better, do faster. Our engineers help 
make Better-ness possible. They've pioneered every 
major tapered roller bearing advance. And they work 
right at the drawing board with engineers of every 
major industry. It's exciting, rewarding work with a 
future. 

If you would like to help create Better-ness on our 
engineering team, write Manager, College Relations, 
The Timken Roller Bearing Company, Canton 6, Ohio. 

® 

tapered roller bearings 
First in bearing value for 60 years 
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A 
Hamilton Standard has conducted a vast product 
diversification program which has made it a leader 
in the field of aerospace equipment. 

Established skills in . . . 
Fluid Dynamics 
Hydraulics 
Electronics 
Metallurgy 
Vibration 
Mechanics 

Combustion 
Heat Transfer 
Thermodynamics 
Astrophysics 
Aerodynamics 
Thermoelectricity 

. . . are being brought to bear on a varied list of 
new products such as: 
MinlRcooler- A tiny (10 ounce) device for cool
ing infrared detection equipment to minus 350°F. 
The coolers have endless applications in missile 

I E '' 

guidance, mapping, surveillance by orbiting satel
lites, etc. 

SOLAR CELL- A small concave dish-like device 
with a highly polished surface used to convert the 
energy of the sun's rays into electrical energy. 
One potential use is power generation for earth 
satellites. 

Other recently designed and developed products 
are: 
ANTI-LUNG which reverses the cycle of the 
human lung to reconstruct the atmosphere in a 
space vehicle or submarine 

A REFRIGERATOR with no moving parts 

A TOOL that slices diamonds like cheese 

THUS ADVANCED "PRODUCT PLANNING UNLIMITED" MEANS "ENGINE-ERING FUTURES UNLIMITED" 

write to R. J. Harding, Administrator- College Relations for a full 
color and illustrated brochure "Engineering for You and Your Future" 

Manufacturers of: 
Starters 

DIVISION Of 

BRADLEY FIELD RD., WINDSOR LOCKS, CONN 

Engine Controls Hydraulic Equipment Electronic Controls and Instrument Systems 
Propellers Environmental Conditioning Systems Ground Support Equipment 
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When a jet lands, wheel bearings undergo tem
perature changes from -40° up to 450°. 
Above, Dr. Richard H. Leet, who helped de
sign a grease that could withstand such pun
ishment, is shown working in the Standard 
Oil research laboratory. 

Rockets and missiles have moving parts that 
must be lubricated at temperatures from -65° 
to 450°. Another special Standard Oil grease 
can do this job without breaking down. 

!DECEMBER, 1959 

At one time, grease used in wheel bearings of supersonic jet planes would melt during landings-would even 
catch fire! Now this has been solved by a revolutionary new grease developed by Standard Oil research. 

eet the man who put the grease 
in greased lightning! 

When men started probing into space and flying used in industry, serving more efficiently and 
at speeds faster than sound, they met a new more economically than previous greases under 
and baffling lubrication problem. conditions of extreme heat and extreme cold. 

Existing greases were good either in cold or 

heat, but not in both. A grease was needed that 
would not break down under extreme changes 
in temperature-from bitter cold one minute to 
blow-torch heat the next. 

Lubrication experts in the research labora
tories of Standard Oil, headed. by Dr. Richard 
H. Leet, had foreseen the need for such a grease. 
And when America's future jet growth hinged 
on the development of a revolutionary new 
grease, it was ready-as the result of a five-year 

research project. 

Because of the unique qualities and great 
versatility of this new grease, it is also being 

It is another example of a major contribu
tion to progress from Standard Oil's research 
laboratories. Other examples of the same thor
ough and painstaking research are the gaso· 
lines and oils millions of motorists buy daily at 
Standard service stations throughout the 
Midwest and Rocky Mountain region. 

What Makes A Company A Good Citizen? 

One gauge is a company's usefulness ... its con
tribution to the general welfare. Through re
search, Standard constantly strives to develop 
products that will strengthen America's defenses 
and help millions of people in their work, in their 
homes, and on the road-today and in the future. 

STANDARD OIL ~OMPANY 
THE SIGN OF PROGRESS ... 

THROUGH RESEARCH 
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SHEET OF PAPER 
(Continued from page 36) 

of green liquor and slaked lime. This liquor is per
mitted to settle, enabling decanting of the calcium 
carbonate. With the completion of this step it is 
known as white liquor and ready for reuse. 

Climaxing the innumerable steps necessary to 
convert raw material into a sheet of paper is the 
intricately detailed final step of running stock over 
the paper machines. The tremendous speed of this 
final step is in great contrast with the slowness of 
previous operations. The time it takes from milky 
liquid in the head-box to the finished rolls is about 
one minute. 

Up to this point, no problem of great magnitude 
has been encountered when compared to the one 
which now must be met-the ultra high speeds of 
the paper machines. A break in the continuous sheet 
anywhere along the paper line can be costly. 

Draining, squeezing, heating, and ironing of the 
liquid stock to free it of water and press it into a 
finished sheet is the basic operation of the paper 
machine. To accomplish this extraction of water, 
the paper machine consists of 5 basic parts. These 
parts are the head-box, fourdrinier wire, presses, 
dryers and calender stack. 

Newsprint consists of 80 per cent groundwood 
pulp, and 20 per cent sulfite pulp. Strength is ren
dered to the sheet of newsprint by the strong, fibered 
sulfite pulp. 

The two types of pulp are pumped to the mixer. 
Here an alum solution to aid in slime control is 
added, as is color and other chemicals. The mixed 
stock flows by gravity to the machine tank and 
mixing pump where it is diluted by white water. 
Pumped to the bird screen at the head of the paper 
machine, the pulp undergoes its final refinement. 
These rotary screens isolate and remove any lumps 

or foreign matter which may have escaped the nu
merous screenings up to this point. Passing through 
the bird screens, the accepted stock flows to the 
head-box on the paper machine. Serving a dual pur
pose as a reservoir and a controller, the head-box 
will retain stock at a predetermined level which will 
enable it to produce an exact rate of flow with the 
fourdrinier wire. 

At the bottom of the box a flow evener maintains 
an even, smooth flow of stock from the box across 
its entire length. The stock at this point is approxi
mately 98 per cent water. Looking down from above 
the head box, one can see the fourdrinier wire run
ning out from under the box. Utilizing a combination 
process of free drainage and a suction action, the 
phosphor-bronze screen of 60 strands per inch re
moves a sufficient amount of water to initiate the 
formation of a layer of fibers. 

At this point, we have the initial formation of a 
sheet of paper. 

Dimension-wise, the top surface of the fourdrinier 
wire is approximately 40 x 80 feet, depending upon 
the size of the machine. The top surface is supported 
by a "breast roll" at the head box and a driving or 
suction roll at the opposite end. A series of table 
rolls support one-third of the length from the head 
box end which makes up the forming surface. Suc
tion boxes under the remaining two-thirds length 
produce a suction action to leave a thin sheet of 
fibers at the suction roll. The water removed at this 
point, about 20 per cent, is returned to the white 
water system. 

Leaving the high-speed wire, the thin sheet takes 
its first step alone. The first press felt leads it be
tween the first two rolls and squeezes more water 
from the sheet. The second pair of rolls consists of 
a granite and rubber combination which further 
knits the fibers. At this point the sheet still retains 

(Continued on page 48) 

Fig. 3: Paper machine: Wet end to dry end. 
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e's n Here is a partial list of the 
unsurpassed variety of ca
reer opportunities at Allis
Chalmers: 

I lis- I 
II 

I r 
rs Types of iobs 

Research 
Design 
Development 
Manufacturing 
Application 
Sales 
Service 

He has confidence born of knowing where he's going and how he's 
going to get there. The graduate training program at Allis-Chalmers 
helped him decide on a specific career- and he had a choice of many. 
He knows his future is bright because Allis-Chalmers serves the growth 
industries of the world . . . produces the widest range of industrial 
equipment. He is confident of success because he is following a suc
cessful pattern set by Allis-Chalmers management. 

Industries 
Agriculture 
Cement 
Chemical 
Construction 
Electric Power 
Nuclear Power 
Paper 
Petroleum 
Steel 

Equipment 
Steam Turbines 
Hydraulic Turbines 
Switchgear 
Transformers 
Electronics 
Reactors 
Kilns 
Crushers 
Tractors 
Earth Mover$ 
Motors 
Control 
Pumps 
Engines 

Diesel 
Gas 

Fields 
Metallurgy 
Stress Analysis 
Process Engineering 
Mechanical Design 

High Voltage Phenomeno 
Nucleonics 
Electronics 
Hydraulics 
Insulation, Electrical 
Thermodynamics 

from GTC to HVI P" 
The graduate training course 
helps you decide on your "Very 
Important Position," by giving 
you up to two years of theoretical 
and practical training. This course 
has helped set the pattern of ex
ecutive progress since 1904. For 
details write to Allis- Chalmers, 
Graduate Training Section, Mil
waukee 1, Wisconsin. 
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BUILDING, AMERICAN SOCIETY FOR METALS, Novelty, Ohio, east of Cleveland. 
Architect: JOHN TERENCE KELLY. Consulting Engineer: MAYER AND VALEN· 
TINE. General Contractor: GILLMORE-OLSON COMPANY. Plumbing and 
Heating Contractor: SPOHN HEATING & VENTILATING COMPANY, Dome 
Design: R. BUCKMINSTER FULLER, SYNERGETICS, INC, 

Imagination shows in the building 
- practical planning in the choice of Jenkins Valves 

Metals Park ... dramatic new Headquarters of the 
American Society for Metals, is a showcase for the 
wonderful world of metals. 

The geodesic dome, "world's largest space lattice,n 
required thirteen miles of tubing and rods in open
work trellis. It stands as a monument to man's imag
ination in. the use of the raw elements of the earth, 
as symbolized in the circular Mineral Garden below. 
At Metals Park, metals are everywhere and every
thing- providing an ideal background for ASM's 
many services to 30,000 members in the metal 
industry. 

SOLO THROUGH LEADING OIST:R16UTOR$ EVERYWHE;RE 

You would expect men of metals to choose metal 
products of superiority for their headquarters. And 
they did- including Jenkins Valves for all plumb
ing, heating and air conditioning lines. They had 
good reason: superior metals give Jenkins Valves 
the extra stamina that makes them famous for long 
life and dependability. 

Whenever a building is planned with the future in 
mind, it's wise to specify or install Jenkins Valves. 
They're the practical choice to assure longtime 
efficiency and economy - and they cost no more. 
Jenkins Bros., 100 Park Ave., New York 17. 
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ENGINEERING GRADUATES-YOUR 

Stabilized in orbit, the space vehicle is pre
pared to perform the functions for which it was 
designed. With experience, you will establish 
your reputation as a professional engineer and 
will thus be qualified to assume more and more 
technical respon'sibili ty. 

At McDonnell- young engineers will find 
the opportunity to train for the particular type of 
work they enjoy most: to assume increasing re
sponsibility as they become ready for it; to have 
their efforts carefully, fairly, and impartially 
evaluated; and be compensated accordingly. 

Learn more about our company and com
munity by seeing our Engineering. Representa
tive when he visits your campus, or, if you 
prefer, write a brief note to: Raymond F. Kaletta 

Engineering Employment Supervisor 
P. 0. Box 516, St. Louis 66, Missouri 

John H. Suchan, BSCE, Iowa State U., '51, Supervisor Strength 
Engineering, standing to the left; and Floyd J. Smith, Jr., BSME, 
U. of Illinois, '49, Project Mercury Test Coordinator, are seen here 
discussing orbit velocities required for Project Mercury, manned 
space capsule. 
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Starting Salaries 
The Engineers and Scientists of America 

has conducted a further study of the 
trends of starting salaries for newly grad .. 

uated engineers. From the data available 
we have prepared recommended mini .. 

mum starting salaries for various levels 
of experience and class standing. 

Copies of this recommended minimum 
standard have been sent to your Dean of 
Engineering, Engineering Library, Place .. 
ment Director, and Chairmen of the 
Student Chapters of the various Tech .. 

nical Societies. 

We would be happy to send you a com .. 
plimentary copy upon request. 

Engineers and Scientists of America 
Munsey Building 

Washington 41 D. C. 

The preacher was expounding on his subject: "Who 
has the most money to spend?" He cried, "Who has the 
biggest car? ... the saloon keeper! Who has the finest 
fur coat? ... The saloon keeper's wife! And who pays 
for all this? ... You do, my friends, you do!" 

Several days later a man and his wife who had been 
in the audience stopped the preacher on the street and 
thanked him for the good advice they received from the 
sermon. 

"I'm glad, indeed, that you've given up drink," said 
the preacher. 

"Well, it isn't that/' ventured the man, "we bought 
ourselves a saloon." 

Did you hear about the engineer with the water
proof, shockproof, unbreakable, anti-magnetic watch? 

He lost it. 

She: Do you think this skirt is too long? 
He: Either that or you didn't get into it far enough. 

Prof: "Mr. Jones, I hate to tell you, but your son is a 
moron." 

Jone·s: "Where is he? I'll teach that young pup to join 
a fraternity without consulting me." 
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SOCIETY SHORTS 
(Continued from page 25) 

THE SociETY for the Advancement of 
Management is looking forward to 

a great year. We were fortunate to 
have Stan Peterson, E. C. Thompson, 
and Jim Tellman, a trio of executives 
from Remington Rand, speak at our 

first meeting. Stan presented a talk on "How to De
velop Yourself for a Management Job." Afterwards 
the group shot questions at all three men concerning 
their opinions on what makes a leader. At our sec
ond 1neeting James B. Nilsen of the School of Busi
ness Administration gave a talk on "Planning Your 
Personal Investment Program." Mr. Nilsen explained 
there is no formula for investing. 

The organization has 40 members at the present 
time. Membership is open to students of all majors 
interested in the art and science of management. 

The student chapter is closely associated with the 
senior chapter. Each year, the senior chapter spon
sors the Buddy Program and a joint meeting spe
cifically for the benefit of the student chapter mem
bers. Also, the Industrial Relations Conference spon
sored by the senior chapter is free to student mem
bers. 

Anyone seeking information about S.A.M. is 
urged to come to Room 15 ME. 

THE STUDENT Chapter of the Ameri
can Society of Mechanical Engi

neers is founded for the professional 
development of engineering students 
and to promote fellowship among its 
members. 

Among the activities of the ASME are, monthly 
meetings with speakers on professional and technical 
topics, field trips to various plants in the Twin Cities 
area, and E-Day. There also is a Regional Conference 
of the student chapters in the spring. This spring it 
will be held in Milwaukee. One student from each 
chapter is eligible to present a paper and compete 
for a cash award. 

Membership is still open and anyone interested 
in joining, working on any committees, or in pre
senting a paper at the Regional Conference, may 
drop into our office, Room 15 ME, any time. 

THE NEW U. of M. Student Chapter 
of the American Institute of Indus-

A 1 1 E trial Engineers was presented with its 
national charter on Friday, October 
23. Mr. Arthur Aronson, National 
vice president and Midwest represen-

tative of AIIE, made the presentation. 
Since receiving its charter, the chapter has had 

several interesting meetings, including a tour of 
Brown and Bigelow's Minneapolis plant and an in
formative talk and demonstration of Minneapolis 
Honeywell's new "Datamatic 1000" computer. 

All Mechanical and Electrical engineering stu
dents that are taking the Industrial Engineering op
tion are eligible for membership in the student 
chapter of AIIE, and are cordially invited to attend 
our meetings. 
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• Flight data systems are essential equipment for 
all modern, high speed aircraft. In the AiResearch 
centralized system, environmental facts are fed to a 
central analog computer (above), which in turn indi
cates to the pilot where the aircraft is, how it is 
performing, and makes automatic control adjust-

ments. Pioneer in this and other flight and electronic 
systems, AiResearch is also working with highly sen
sitive temperature controls for jet aircraft, autopilot 
systems, submarine instrumentation, transistorized 
amplifiers and servo controls for missile application, 
and ion and radiation measuring devices. 

EXCITING FIELDS OF INTEREST 

FOR GRADUATE ENGINEERS 

Diversity and strength in a company offer the engi
neer a key opportunity, for with broad knowledge 
and background your chances for responsibility and 
advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 

Other major fields of interest include: 

• Missile Systems-has delivered more accessory 
power units for missiles than any other company. 

AiResearch is also working with hydraulic and hot 
gas control systems for missiles. 

o Environmental Control Systems-pioneer, leading devel
oper and supplier of aircraft and spacecraft air con
ditioning and pressurization systems. 

• Gas Turbine Engines-world's largest producer of small 
gas turbine engines, with more than 8,500 delivered 
ranging from 30 to 850 horsepower. 

Should you be interested in a career with The 
Garrett Corporation, see the magazine eeThe Garrett 
Corporation and Career Opportunities" at your Col
lege placement office. For further information write 
to Mr. Gerald D. Bradley ..• 

THE CORPORATION 

?liResearch anufaduring Divisions 
Los Angeles 45, California "Phoenix, Arizona. 

Systems, Packages and Components for: A I R C RAFT, M I S S I L E, N U C LEA R AN D I N DUST R I A L A P PLICA T I 0 N S 
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YOUR TASK FOR THE FUTURE 

Since its inception nearly 23 years ago, 
ihe Jet Propulsion laboratory has given 
ihe free world its firsttactical guided mis· 
sile system, its first earth satellite, and 
its first lunar probe. 

tier will advance at an accelerated rate. 
The preliminary instrument explora· 

tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 

will be made of the moon and the plan· 
ets and of the vast distances of inter· 
planetary space; hard and soft landings 
will be made in preparation for the time 
when man atlastsetsfooton newworlds. 

In the future, under the direction of the 
National Aeronautics and Space Admin· 
jstration, pioneering on the space fron· 

In this program, the task of JPl is to 
gather new information for a better un
derstanding of the World and Universe. 

46 

"We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of geffing 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 

"Who can tell what we will find when we get to the planets? 

Who, at this present time, can predid what potential benefits 
to man exist in this enterprise? No one can say with any accu· 
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
are obligated to do these things, as human beings!' 

OR. W. H. PICKERING, Director, JPB. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

.JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA, CALiFORNIA 
Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 

INFRA-RED • OPTICS • MICROWAVE • SERVOMECHANISMS .. COMPUTERS'" LIQUID AND SOLID PROPULSION • ENGINEERING MECHANICS 
STRUCTURES " CHEMISTRY" INSTRUMENTATION " MATHEMATICS AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 

MINNESOTA TECHNOLOG 



SI PERTI E T QUESTIO 
TO ASK THE ALCOA RECRUITER 
WHE HE VISITS MI ESOTA 

Here's What You May Want to Ask About Opportunities at Alcoa 

1. Where can I go in Alcoa with my type of degree? 
2. In what part of the country would I be located? 
3. What kinds of training programs will I participate 

in at Alcoa? 
4. What are my starting salary prospects? 
5. Will Alcoa pay my moving expenses? 
6. What are my chances for advancement with Alcoa? 

And Here's What We Answero· 
1. There are openings at Alcoa each year for graduates 
with many types of degrees. Graduates in mechanical, 
metallurgical, electrical, industrial, chemical and civil 
engineering have a wide choice of opportunities in engi
neering, production, research, development or sales 
engineering. There also are openings for chemists for 
research and for business administration and liberal 
arts graduates in accounting and sales. 

2. Geographical location will depend on your field. New 
engineering, production and accounting employees are 
assigned to one of 30 Alcoa operating locations through
out the nation. New sales engineering and sales ad
ministration employees, after completing a six-month 
training program, go to one of Alcoa's 72 sales offices. 
If your field is sales development or process develop
ment, you will be located in New Kensington, Pa., or 
Cleveland, Ohio. Main research laboratories are located 
in New Kensington, with branches in Cleveland, East 
St. Louis, Ill., Massena, N. Y ., and Chicago. 

3. Alcoa has a training program for each new employee. 
Engineering and production training involves orienta
tion and rotation of assignments for approximately one 
year. Sales training is conducted in sales offices and in 
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nine plant locations over a six-month period. Account
ing training calls for rotation of assignments for 18 to 
24 months. 

4. Alcoa's starting salaries are competitive with those 
of other companies. An initial salary is established for 
a basic four-year degree. Additional credit is given for 
outstanding personal qualifications, advanced educa
tional training, military service and previous work ex
perience. Future salary progress is based on your own 
performance and growth potential. 

5. Alcoa pays transportation and moving expenses for 
you and your family. This applies to your first and all 
subsequent assignments. 

6. Alcoa personnel policies assure individual recogni
tion for you. They include regular performance apprais
als, individual opportunity for advanced management 
training, confidential and individual salary considera
tion and promotion entirely from within the company. 

If you'd like to find out more about employment oppor
tunities with Alcoa, contact your placement officer to 
arrange a campus interview. Mutual interest will result 
in further interviews at an Alcoa location. For more 
details immediately, write Manager, College Recruit
ment, 810 Alcoa Building, Pittsburgh 19, Pa., for the 
new booklet, A Career for You With Alcoa. 

Your Guide to the Best in Aluminum Value 

For exciting drama watch "Alcoa Presents" every 
Tuesday, ABC-TV, and the Emmy Award winning 

%t,,,;,w;M''""'1""'"""x"g'%""'''"'''"''''"""""' "Alcoa Theatre" alternate Mondays, NBC-TV 
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LAB ANALYST (top) operates 
a carbon determinator for 
checking carbon content of 
bearing steel. Bottom , tech
nician tests ball life with ball 

CONTROI..i.IED ATMOSPHERE FURNACE used for determining heat 
treating specifications in Fafnir's metallurgical laboratory. 

fatigue testing machine. From Fafnir Research today, 
the bearings u need tomorrow! 
Ball bearing requirements in many areas of 
industry are growing fantastically complex. 
Materials and lubricants used in bearings 
today are inadequate for certain foreseeable 
needs. To help find answers to such vital 
problems, engineers at The Fafnir Bearing 
Company are provided with the most up
to-date facilities for ball bearing research 
and development, including a completely 
modernized metallurgical laboratory, and 
highly refined devices for testing bearings, 
bearing materials, components, and lubri
cants. From such resources, and unceasing 

experiment, new and better Fafnir ball 
bearings are ''born". That is why - when 
future progress reaches "turning points" -
chances are Fafnir will have a bearing on it! 
The Fafnir Bearing Co., New Britain, Conn. 

Write for booklet, "Fafnir Formula For Solving 
Bearing Problems" containing description of Fafnir 
engineering, research and development facilities. 

I 
BALL BEAI!IUNGS 
MOST COMPLETE LINE IN AMERICA 

Salesman: I sell underthings to 
people in nudist colonies. 

Bartender: What kind of under
things would they be using? 

Salesman: Cushions. 

Give an athlete an inch and he'll 
take a foot. But let him take it. Who 
wants athlete1s foot? 

"So you're the new teacher? Well, 
I'm the father of the child you're go
ing to have next fall." 

Professor: "Didn't you have a 
brother in this course last year?" 

Student: "No1 sir. It was I. I'm tak
ing it over again." 

Professor: "Extraordinary resem
blance, though ... extraordinary/' 

The village fair was all agog over 
its annual spelling bee. One by one 
the contestants dropped out until only 
two remained, the town lawyer and 
the stableman. Eve r yo n e waited 
breathlessly for the word which 
would decide the match. It came. 

"How do you spell 'auspice'?" 

The stableman lost. 

SHEET OF PAPER 
(Continued from page 40) 

approximately 70 per cent of its original moisture. 
Carried on an endless woolen pad to the first of 

the drying rolls, the sheet leaves the woolen pad 
and is taken up on an endless canvas felt through 
the dryer. The drying rolls are hollow iron cylinders 
about 5 feet in diameter, and arranged in a double 
tier the entire length of the machine. Fed with 
high pressure steam, the hot cylinders drive the 
moisture from the sheet. An "S" arrangement of the 
rolls holds the sheet against the rolls over a maxi
mum roll surface area. 

From the stacks the finished sheet of paper is 
roll wound to the desired diameter. When this pre
determined roll diameter is reached, the sheet is 
broken, and a new roll started immediately. With 
paper being produced at the rate of 2500 feet per 
minute, imagine if you can, how fast the new roll 
is automatically started. 

Emerging from the dryers at the dry end of the 
machine, the sheet now contains only 8 per cent of 
its original moisture. Considered a sheet of paper at 
this point, the sheet has a rough surface and is of 
considerable thickness. 

In the calender stacks, the sheet is resurfaced and 
reduced to the proper thickness. The calender stacks 
consist of a series of highly polished steel rolls, 
much the same as the wringer rolls on the family 
washing machine. The bottom roll is the driving roll, 
and the hollow top roll rides freely. Heat and weight 
provided by the top roll does the surfacing and 
thinning of the sheet. The length of the series of the 
calender stacks depends upon the desired quality 
of newsprint. 
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Fig. 4: Automatic controlled rolling of 
the sheet of paper. 
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The word space commonly represents the outer, airless regions of the universe. 
But there is quite another kind of "space" close at hand, a kind that will always 
challenge the genius of man. 

This space can easily be measured. It is the space-dimension of cities and the 
distance between them ... the kind of space found between mainland and off
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance-above all, 
Sikorsky is concerned with the precious "spaceway" that currently exists be
tween all earthbound places. 

Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve
hicles that can prove to be tomorrow's most versatile means of transportation. 

Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet. 

For. information about careers with us, please ad
dress Mr. Richard l. Auten, Personnel Depqrtment. 

One of the Divisions of United Aircraft Corporation 

STRATFORD ... CONNECTICUT 
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Prof: I say there, you in the auto
your tubular air container has lost its 
rotundity. 

Soph: What? 
Prof: I said, the cylindrical appa

ratus which supports your vehicle is 
no longer symmetrical. 

Soph: Come again. 
Prof: The elastic fabric surrounding 

the circular frame whose successive 
revolutions bear you onward in space 
has not retained its pristine round
ness. 

Soph: What1s that? 
little Boy: Hey/ bud, you gotta flat 

tire. 

Appearances are deceiving. When
ever you see a big house without any 
plumbing there is usually something 
behind it. 

Boss: 11Shame on you. Do you know 
what we do with office boys who tell 
lies?11 

Boy: 11Yes, sir, when they get old 
enough the firm sends them out as 
salesmen.11 

A man who moved into a well-to
do, but stuffy neighborhood, was 
mowing his lawn one hot day with 
his shirt off. After several minutes 
had passed a patrol car pulled over 
to the curb and the cop walked over 
to the man. 

11 Don't you know you're breaking 
the law?l/ growled the cop. 11We don't 
allow indecent exposure in this neigh
borhood.11 

The man, convinced he was acting 
perfectly innocently, shrugged his 
shoulders/ which exasperated the 
cop. 

11Why, what would people say if 
your wife mowed the lawn dressed 
like that?11 

11They1d say I married her for her 
money/' the man replied. 

11Madam, I am representing the 
Goat Mountain Wool C o m p a n y. 
Would you be interested in some 
coarse yarns? 11 

11Sure, let1s hear a couple.11 

so 

11Now sir. You've applied for a job 
as switchman. What would you do if 
you saw two trains approaching on 
the same track?11 

1111d throw the lever and switch one 
onto another track.11 

11And if the lever was jammed?'1 

1111d turn the signals to red by 
hand." 

"And if the signals were jammed?" 
"I'd grab a red flag and run out 

on the track." 
"And if the engineer didn 1t see 

you?11 

"I'd send for my sister.11 

"Your SISTER? What could she do?" 
''Nothing. She loves to watch train 

wrecks." 

Mother: "Now/ Evelyn, what did 
you do when the E.E. kissed you last 
night?'' 

Daughter: "Well, when I wanted to 
scream, I couldn 1t; and then when I 
could, I didn 1t want to." 

A Texas oil man was visiting New 
York. His city friend showed him all 
the sights/ including the Empire State 
Building. 

"Isn't that a gigantic structure'?" 
asked the friend. 

"Naw, that ain't so big," drawled 
the Texan, "We got outhouses in 
Texas bigger than that." 

"Well," drawled back the New 
Yorker, "I guess yuh need 'em." 

An engineer of a large instrument 
company was looking over drawings 
and specifications for a new instru
ment which had been ordered by one 
o.f the firm's largest clients. Attached 
to the paper were the coded instruc
tions, "Mil TDD-41.11 Not being famil
iar with these designations, the engi
neer looked in his technical journals, 
but was unable to find them. Finally 
he placed a long-distance call to the 
customer. 

"Would you mind telling me what 
'Mil TDD-41' means?" he asked. 

"Sure, I'll tell you/' the customer 
said. 111t means/ 'Make it like the 
damned drawing for once.'" 

"Do you believe engineers like con
ceited coeds better than the other 
kind?" 

"What other kind?" 

Social Worker: 11Sir, would you be 
interested in contributing something 
to the old ladies' home?" 

Spendthrift: 11Sure, I'll send my 
mother-in-law over tomorrow.11 

Wife: "Joe, get out of bed this min
ute. I he·ard a mouse squeak." 

Joe: "Whattam I supposed to do
oil it?11 

The thrifty Scotsman asked the 
bank for a loan of a dollar and was 
told he must pay four per cent inter
est at the end of the year. 

"That's four cents?" asked the 
Scotsman. 

11 Do you have any security?" asked 
the banker. 

11 1 do. fifty thousand dollars in U.S. 
bonds.11 

The bank accepted the bonds and 
gave him the dollar. At the end o·f a 
ye·ar, the Scotsman came back with 
a dollar and four cents to clear up 
his debt and asked for his fifty thou
sand in bonds back. 

As he returned the bonds, the 
banker askedr 11

1 don't want to be 
personat but if you have all these 
bonds/ why did you have to borrow 
a dollar?" 

11Well/' replied the Scotsman, "do 
you know any other way I can get a 
safety deposit vault for four cents a 
year?" 

Then there was the Army wife 
whose husband had been in the 
South Pacific for three ye,ars. She 
started receiving letters from him in 
which he told of the beautiful South 
Sea Island belles, and of their grow
ing fascination for him. 

Worried at thisr she went to her 
physician for advice. "Well,11 said the 
doctor, 11There is a chemical that can 
be introduced into a man's food to 
lessen his natural emotions. Here's a 
prescription; get some of this and put 
it into some cookies or candy/ then 
send them to him and see what hap
pens." The wife got the chemical and, 
wishing to be certain 1 put a triple 
dose of it into some cookies, which 
she sent to her husband. She didn1t 
get another letter from him for seven 
months. When a letter finally arrived, 
she opened it hurriedly with trem
bling fingers. The letter began: 

"Dear Friend ... " 
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NEW PRODUCTS LEAD TO BETTER JOBS AT DUPONT 

COULD YOU AKE A BETTER BATH I G SUIT? 

DECEMBER, 1959 

The suits these girls are wearing are 
made of nylon, the first truly synthetic 
fiber. It is a product of DuPont re
search. Pure research. Applied research. 
And research in manufacture, research 
in product improvement. All require 
many types of skills. 

You may not discover a new fiber, but 
as a technical man you can profit well 
anyway. For once a product-any prod
uct-is discovered, hundreds of technical 
men go to work. Pilot plants are de
signed. Operating procedures are devised. 
New plants are built. Manufacturing 
methods are improved. Product quality 
is worked on, hacked by DuPont's policy: 
Let's make it better ... still better ... 
even better. Discovery is but the start
ing shot; these later activities are the 
game. The players? Men of every tech
nical specialty. 

You'll find a teamwork atmosphere at 

DuPont. Others have. Maybe that's 
part of the reason half of DuPont's 
profits today come from products un
heard of twenty-five years ago. 

If you join DuPont, the men who have 
worked on new products and ways to 
make them are the men who will teach 
you. You will be given an actual project 
assignment almost at once, and you will 
begin to learn your job by doing it. Ad
vancement will come as rapidly as your 
abilities permit and opportunities de
velop. For DuPont personnel policy is 
based firmly on the belief in promotion 
from within the company strictly on a 
merit basis. 

For more information about career 
opportunities at DuPont, ask your place
ment officer for literature. Or write us. 
E. I. du Pont de Nemours & Co. (Inc.), 
2420 Nemours Building, Wilmington 98, 
Delaware. 

Better Things for Better Living •.• through Chemistry 
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I 
Edited by GARY lAMONT 

1. Four sailors and a monkey have spent the day 
gathering coconuts which they decided to divide 
equally the next day. It happens that each sailor 
mistrusts the others, and each one steals out alone 
during the night to get his share. Each divides the 
pile he finds into four equal parts and takes his 
share away. In each case there is one odd coconut, 
which is given to the monkey. On the following day 
they meet and divide the remaining pile into four 
equal parts of which each one takes one part and 
again there is one left which they give to the mon
key. How many coconuts in the original pile? 
2. What is the largest number that can be expressed 
using three integers? 
3. A certain farmer received an order for four 
crates of eggs. The order stated that the number of 
eggs in any two crates was to be a perfect square, 
and that the number in the whole four crates must 
be a perfect square also. What is the smallest num
ber of eggs that the farmer can put in the crates? 
4. A boat is carrying cement blocks in a small pond. 
It capsizes and the blocks drop into the pond. The 
boat is righted and emptied of water. Question: 
Will the level of the pond rise or drop? 
5. What is the smallest number in which the digits 
are reversed when 2 is added to its double? 
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6. An ant goes 150 miles south from a point, then he 
turns right ninety degrees and travels 149.6 miles. 
He then makes another ninety degree turn and 
travels 150 miles. However, he has returned to his 
original location. How? 
7. A tank has three drains. If No. 1 is opened, the 
tank will drain in 15 minutes. If No. 2 is opened, 
it takes 30 minutes, while if No. 3 is used, it takes 
45 minutes. How long will it take with all three 
opened? 

Answers To No1r. Brain Teasers 
1. If I wore a white hat then II would know that 

he himself had a black hat or III would not have 
raised his hand. Thus III could infer that his 
own hat was black because II's hand was raised. 
When neither II nor III spoke up presently I knew 
his hat could not be white. 

2. Two. 
3. Martian's number system goes from 0-7. 
4. $5.11 
5. The man cut the fourth and eleventh links, leav

ing sections of 3, 6, and 12 links, plus the two 
single, cut links. 

6. 3j8 for 4 games, 5j16 for 5 games. 

I EER'S B 
ain Engineering 
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There's hardly a spot in business and 

industry today where photography does 

not play a part at simplifying or easing 

work and routine. It works in research, 

on the production line, in the engineer

ing and sales departments, in the office. 

And everywhere it saves time and costs. 

You will find it valuable in whatever 

you do. So be sure to look into all the 

ways it can help. 

EASTMAN KODAK CO PANY 
Rochester 4, N.Y. 

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, sales, 
and production. 

If you are looking for such an inter

esting opportunity, write for informa

tion about careers with Kodak. Address: 

Business and Technical Personnel 

Department, Eastman Kodak Company, 

Rochester 4, N. Y. 

Design problems are studied and solutions 
suggested by high-speed rnotion pictures that 
slow down motion so that it can be studied. 

Production line assemblers, working 
from photographic color transparencies, 
quickly and accurately connect the 
intricate maze of multi-colored wires. 

Photographs play a major role in providing 
management with an up-to-date record of 
physical facilities-plants, branches and 
sales offices. 



Q. Mr. Savage, should young engineers 
join professional engineering socie
ties? 

A. By all means. Once engineers 
have graduated from college 
they are immediately "on the 
outside looking in," so to speak, 
of a new social circle to which 
they must earn their right to be
long. Joining a professional or 
technical society represents a 
good entree. 

Q. How do these societies help young 
engineers? 

A .. The members of these societies 
-mature, knowledgeable men
have an obligation to instruct 
those who follow after them. 
Engineers and scientists-as pro
fessional people-are custodians 
of a specialized body or fund of 
knowledge to which they have 
three definite responsibilities. 
The first is to generate new 
knowledge and add to this total 
fund. The second is to utilize 
this fund of knowledge in service 
to society. The third is to teach 
this knowledge to others, includ
ing young engineers. 

Q. Specifically, what benefits accrue 
from belonging to these groups? 

A. There are many. For the young 
engineer, affiliation serves the 
practical purpose of exposing his 
work to appraisal by other scien
tists and engineers. Most impor
tant, however, technical societies 
enable young engineers to learn 
of work crucial to their own. 
These organizations are a prime 
source of ideas- meeting col
leagues and talking with them, 
reading reports, attending meet
ings and lectures. And, for the 
young engineer, recognition of 
his accomplishments by asso
ciates and organizations gener
ally heads the list of his aspira
tions. He derives satisfaction 
from knowing that he has been 
identified in his field. 

S31dOJ 'i: 

One of a series* 
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Q. What contribution is the young en .. 
gineer expected to make as an ac:a 
tive member of technical and pro
fessional societies? 

A. First of all, he should become 
active in helping promote the 
objectives of a society by prepar
ing and presenting timely, well
conceived technical papers. He 
should also become active in 
organizational administration. 
This is self-development at work, 
for such efforts can enhance the 
personal stature and reputation 
of the individual. And, I might 
add that professional develop
ment is a continuous process, 
starting prior to entering col
lege and progressing beyond 
retirement. Professional aspira
tions may change but learning 
covers a person's entire life span. 
And, of course, there are dues to 
be paid. The amount is grad
uated in terms of professional 
stature gained and should al
ways be considered as a personal 
investment in his future. 

Q. How do you go about joining pro
fessional groups? 

A. While still in school, join student 
chapters of societies right on 
campus. Once an engineer is out 
working in industry, he should 
contact local chapters of techni
cal and professional societies, or 
find out about them from fellow 
engineers. 

Q. Does General Electric:: encourage par
ticipation in technical and profes
sional societies? 

A. It certainly does. General Elec
tric progress is built upon cre
ative ideas and innovations. The 
Company goes to great lengths 
to establish a climate and in
centive to yield these results. 
One way to get ideas is to en-
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courage employees to join pro
fessional societies. Why? Because 
General Electric shares in recog
nition accorded any of its indi
vidual employees, as well as the 
common pool of knowledge that 
these engineers build up. It can't 
help but profit by encouraging 
such association, which sparks 
and stimulates contributions. 

Right now, sizeable numbers of 
General Electric employees, at 
all levels in the Company, belong 
to engineering societies, hold re
sponsible offices, serve on work
ing committees and handle im
portant assignments. Many are 
recognized for their outstanding 
contributions by honor and 
medal awards. 

These general observations em
phasize that General Electric 
does encourage participation. In 
indication of the importance of 
this view, the Company usually 
defrays a portion of the expense 
accrued by the men involved in 
supporting the activities of these 
various organizations. Remem
ber, our goal is to see every man 
advance to the full limit of his 
capabilities. Encouraging him to 
join Professional Societies is one 
way to help him do so. 

Mr. Savage has copies of the booklet 
"Your First 5 Years" published by 
the Engineers' Council for Profes
sional Development which you may 
have for the asking. Simply write to 
Mr. C. F. Savage, Section 959-12, 
General Electric Co., Schenectady 
5,N. Y. 

*lOOK FOR other interviews dis
cussing: Salary • Why Companies 
have Training Programs • How to 
Get the Job You Want. 
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Some pollen isn't 
to be sneezed .at 

... it may be clue to oil! 

What a 500-million-year-old 
spore looks like magnified. 

One of nature's most 
closely-guarded secrets 
is being unraveled to
day by the painstaking 
efforts of research 
scientists working 
with clues millions of 
years old, some dating 
back as far as 500 mil
lion years. 

Scientists feel certain that vast supplies of oil lie 
undiscovered beneath the earth's surface. Only a few 
scattered and skimpy clues to its whereabouts exist. 
Fossils of plant and animal life are among the most 
important. But with the skill of an expert, nature has 
covered the trail well. In many areas, the better known 
fossils can't be found! 

Constantly searching for new clues, science "detec
tives" in the laboratories of Pan American Petroleum 
Corporation, a Standard Oil affiliate, have turned to 
the invisible pollen and spores that fill the air to the 
discomfort of hay fever sufferers. (Spores are similar 
to pollen and also can cause hay fever symptoms.) 
But these pollen and spores no longer peril allergy 
victims, for they have been embedded in rock for 
millions of years. 

These microscopic traces of plant life form the 
missing link, telling scientists the same story they 
normally get from the larger plant and animal fossils. 
Because of this new study, extensive areas, once 
passed over, have been opened to re-exploration. 
Scientists expect new oil discoveries will be made. 

As the result of such trail-blazing research work 
America's proved underground oil reserves have grown 
larger, prices have remained reasonable, and America 
has been assured an adequate supply to keep its 
defenses strong. 

WHAT MAKES A COMPANY A GOOD CITIZEN? 

Responsibility for the future is inherent in good citizen
ship. One way a company candischarge this obligation 
is through research aimed at expanding America's 
resources and assuring future generations the benefits 
we enjoy today. 

STANDARD OIL fjOMPANY 
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l<arl Pearson o .... on mystery versus ignorance 

'"Does science leave no mystery? On the contrary, 

it proclaims mystery where others profess knowl

edge. There is mystery enough in the universe 

of sensation and in its capacity for containing 

those little corners of consciousne ic,ji\Jroject 

their own products. of order an ·aw and reason, 

into an unknown and unknowable world. There 

is mystety enough here, only let us clearly distin

guish it from ignorance within the field of possible 

knowledge. The one is impenetrable, the other 

we are dai]y subduing." 

so-~ Grammar of Science, 1892 

THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 
A nonprofit organization engaged in research on problems related to nati!(!)lniiiJ security and the public interest 
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W. J. Burnham of Westinghouse's Electronics Lab controls the evaporation of germanium metal in a low pressure atmosphere. The 
germanium smoke collects on a glass disk producing a thin film semiconductor of the type to be used in telemetering systems. 

Is a semiconductor 
sk the men in the 

lm the answer? 
lectronics Lab 

The Electronics Laboratory helps the Westinghouse en
gineer use the latest tools in the electronics field and 
works to develop new ones for his special projects. If a 
Westinghouse engineer needs a new semiconductor film 
for a satellite telemetering system, or a highly sensitive 
tube for a new kind of TV camera, he can call on this 
group of experts for help. 

The lab is currently doing work with infrared imaging 
devices, molecular electronics, sound transmission in 
water and air, parametric amplification of microwaves, 
plasma physics, thermionic power conversion and light 
emission. Nearly all of its work is in support of engineers 
and scientists in other departments of the company. 

At Westinghouse the young engineer isn't expected to 
know all the answers. Our work is often too advanced 

for that. Instead, each man is backed up by specialists, 
like those in the Electronics Lab. 

If you have ambition and real ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportunities 
for talented engineers. 

Want more information? Write to Mr. L. H. Noggle, 
Westinghouse Educational Department, Ardmore & 
Brinton Roads, Pittsburgh 21, Pennsylvania. 

YOU CAN BE SURE .... IF mTi; -
ouse 

MINNESOTA TECHNOLOG 
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AT RAYTHIEON&a .. ® 

Scientific imagination 

focuses on ... RADAR ... 

SONAR ... COMMUNICATIONS ••• 

MISSILE SYSTEMS ... 
ELECTRON TUBE TECHNOLOGY ••• 
SOLID STATE 

Challenging professional assignments are ofa 
fered by Raytheon to outstanding graduates 
in electrical engineering, mechanical engin
eering, physics and mathematics. These as
signments include research, systems, devel
opment, design and production of a wide 
variety· of products for commercial and milq 
itary markets. 

For specific information, visit your place
ment director, obtain a copy of "Raytheon 
... and your Professional Future," and ar
range for an on-campus interview. Or you 
may write directly to Mr. John B. Whitla, 
College Relations, 13 60 Soldiers Field Road, 
Brighton 3 6, Massachusetts. 

Excellence in Electronics 
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OUTSTANDING PROFESSIONAL OPPORTUNITIES AVAILABLE 

TO GRADUATING SCIENTISTS AND ENGINEERS 

NASA plans, directs and conducts the Nation's 
aeronautical and space activities for peaceful pur
poses and the benefit of all mankind. 

NASA's efforts are directed toward discovering 
new knowledge about our universe and formu
lating new concepts of flight within and outside 
the earth's atmosphere. Through the application 
of the resulting new knowledge and supporting 
technology, we will gain a deeper understanding· 
of our earth and nearby space, of the moon, the 
sun and the planets, and ultimately, of inter
planetary space and the distant galaxies. 

NASA is now engaged in research, development, 
design, and operations in a wide variety of fields, 
including: 

Spacecraft " Aircraft " Boosters " Payloads 
Flight dynamics and mechanics " Aeroelasticity 
Launching and impact loads" Materials and struc
tures " Heat transfer • Magnetoplasmadynamics 
Propulsion and energy systems: nuclear, thermal, 
electrical, chemical" Launching, tracking, naviga
tion, recovery systems" Instrumentation: electrical, 
electronic, mechanical, optical " Life support sys
tems • Trajectories, orbits, celestial mechanics 
Radiation belts '" Gravitational fields .. Solar and 
stellar studies " Planetary atmospheres " Lunar 
and planetary surfaces • Applications: meteor
ology, communications, navigation, geodesy. 

Career Opportunities 
At NASA career opportunities for graduates 

with bachelor's or higher degrees are as unlimited 
as the scope of our organization. Because of our 
dynamic growth and diversified operations, ex
cellent opportunities for personal and professional 
advancement are available for graduates with 
majors in: 

Engineering: Aeronautical, Mechanical, Electronic, 
Electrical, Chemical, Metallurgical, Ceramic, Civil, 
Engineering Mechanics, Engineering Physics 
Science: Astronautics, Physics, Electronics, Chem
istry, Metallurgy, Mathematics, Astronomy, Geo
physics 

For details about career opportunities, write 
to the Personnel Director of any of the 
NASA Research Centers listed below or 
contact your Placement Officer. 

NASA Research Centers and their 
locations are: 
e langley Research Center, Hampton, Va. 
e Ames Research Center, Mountain View, Calif. 
e lewis Research Center, Cleveland 35, Ohio 
e Flight Research Center, Edwards, Calif. 
e Goddard Space Flight Center, Washington 25, D.C. 

National Aeronautics and Space Administration 

MINNESOTA TECHNOlOG 



OW is tomorrow-minded 

Take just one for-instance: Plaquemine. Some five 
hundred acres of Louisiana sugar cane country once. 
Stately oaks and magnolias. Today they're still 
there. But growing harmoniously with them are the 
vivid contemporary colors of the new plant-the 
Dow reds and greens, gleaming whites, Confederate 
gray, businesslike black. They blend in with the 
oaks and magnolias to provide one of America's 
most modern and distinctive plant vistas. Along 
with the forward-looking products and the people 
who produce them, this tomorrow-minded Dow 
plant is a part of the new face of the new South. 

Plaquemine is located in one of the nation's fastest
growing concentrations of chemical manufacture. 
This now bustling Evangeline country offers abun
dant natural resources, an excellent network of 
transportation, good accessibility to great and 
developing markets and communities. And, perhaps 

most important of all-Old Man River-the limit
less Mississippi, with its never-ending source of 
fresh water and its gate to the ocean-going trade 
routes of the world. 

Today's Plaquemine is a symbol of Dow's tomorrow
minded growth-at one of the fastest rates in the 
industry. To keep pace with its output of products, 
new and old, Dow plants are building nationwide. 
Says the Chairman of the Board of Directors: "We 
build in boom times to keep up with the demand; 
we build in slump times for the future." And Dow 
continues to build its plants, products and people 
always with tomorrow in mind. 

If you would like to know more about the Dow 
opportunity, please write: Director of College 
Relations, Dept. 2425FW, THE DOW CHEMICAL 

COMPANY, Midland, Michigan. 

THE DOW CHEMICAL COMPANY~ MIDLAND, MICHIGAN 
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Guided tour 
of the 

solar system 

The new NASA Thor-boosted research rocket, DELTA, now being con
structed by Douglas, will set up big signposts for further space explorations. 
Combining elements already proved in space projects with an advanced 
radio-inertial guidance system developed by the Bell Telephone Laboratories 
of Western Electric Company, DELTA will have the versatility and accuracy 
for a wide variety of satellite, lunar and solar missions. Douglas insistence 
on reliability will be riding with these 90 foot, three-stage rockets on every 
shoot. At Douglas we are seeking qualified engineers to join us on this and 
other equally stimulating projects. Write to C. C. LaVene, Box 600-Y, Douglas. 
Aircraft Company, Santa Monica, California. 

Maxwell Hunter, Asst. Chief Engineer-Space Systems, goes over a 
proposed lunar trajectory with Arthur E. Raymond, 

Senior Engineering Vice President of U LAS 
MISSILE AND SPACE SYSTEMS Ill MILITARY AIRCRAFT II DC-8 JETLINERS Iii CARGO TRANSPORTS Ill AIRCOMB Iii GROUND SUPPORT EQUIPMENT 
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Energy conversion is our business 

JANUARY, 1960 

A method of doing work? 

A change of state? 

Regimentation of random motion? 

Organized degradation of matter?' 

Is it reversible? 

Because we are constantly preoccupied 
with energy conversion. we are interested 
in energy in all its forms- solar, nuclear. 
thermal, mass. magnetic, electrical. me
chanical and radiant. 

And in our attempts to convert one form of 
energy into any other form, we search for 
methods which will give us the greatest 
amount of energy output from the smallest 
possible input. 

To aid us in our efforts, we call on a myriad 
of talents and capabilities: General Motors 
Corporation, its Divisions, other individuals 
and organizations. By applying this sys
tems engineering concept to new projects. 
we increase the effectiveness with which 
we accomplish our mission - exploring 
the needs of advanced propulsion and 
weapons systems. 

Want to know about YOUR opportunities on 
the Allison Engineering Team? Write: Mr. R. C. 
Smith, College Relations, Personnel Dept. 

Division of General Motors, Indianapolis, Indiana 



by RONALD J. MOE, Phys. '62 

I
N 1922, Marquis Pateras Pescara, of Spain, built an 
engine to power a helicopter he had constructed. 
He called it the free-piston engine (FPE) or gasi

fier. Although it failed to make his helicopter fly, it 
did attract wide attention in other countrys. Ger
many used the FPE as an air compressor on their 
U-boats during World War II. Marquis Pescara sold 
his patents in 1926 to a Swiss engineering group. Two 
French firms, S.I.G.M.A. and S.E.M.E., are now lead
ing manufacturers of the FPE. 

The term "gasifier" is a descriptive one, for its 
main job is to supply hot, high pressure gas. The 
high pressure gases it produces are run through a 
gas turbine to provide power to the turning shaft. 

Essentially, all the FPE does is replace the com
pressor and combustion chamber of the conventional 
gas turbine engine. There are two reasons for this 
more round-about method of turning fuel into ex
panding gases. (1) The FPE can operate at very 
high compression ratios (30: 1 to 50: 1) producing 
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Fig. 1 

Schematic diagram of the 

free-piston engine. 

DELIVERY VALVES 

TURBINE 

highly efficient combustion of almost any fuel. (2) 
The FPE as a gasifier has characteristics that result 
in lower turbine temperatures and pressures. This 
not only eliminates a major problem of the conven
tional gas turbine, that of heat dissipation, but also 
makes it possible to use non-strategic metals in the 
turbine construction. 

There are many advantages afforded by the free
piston engine over the conventional gasoline and 
diesel engines as a locomotive power source. Several 
United States companies have recently shown inter
est in it. They include such companies as Baldwin
Lima-Hamilton, Cooper-Bessemer, General Motors, 
and the Ford Motor Company. 

Ford has an experimental tractor, the Typhoon, 
powered by a FPE. General Motors has an automo
bile, the XP-500. The Cleveland Diesel Engine Divi
sion of G. M. installed a 6000-hp FPE turbine power 
plant in the converted liberty ship "William Pat
terson." 

Construction 
The engine is basically a two-cycle diesel engine 

with a built in air compressor for scavenging. Scav
enging is the term used for the process of removing 
exhaust gases from the chamber after the compres
sion stroke. As the schematic diagram in Fig. 1 
shows, the opposed diesel pistons are connected di
rectly to the larger compressor pistons. The pistons 
are of equal and symmetric stroke with the power 
cylinder between them. 

The compressor cylinders located at both ends of 
the center housing are single acting and inward 
compressing. Valves are of the reed type, so valving 
is accomplished automatically as in a conventional 
air compressor. 

The end spaces in each compressor cylinder are 
called the "bounce" chambers and store energy for 
the return piston stroke after ignition. Air pressure 
in the bounce chambers is controlled automatically 
by a stabilizer mechanism that adjusts the pressure 
according to the instantaneous power output of the 
engine. 

JANUARY, 1960 

INTAKE PORT 

FUEL INJECTOR 

DIESEL PISTON 

COMPRESSOR PISTON 

BOUNCE CYLINDER 

COMPRESSOR CYLINDER 

- """----~ EXHAUST PORTS 

DRIVE SHAFT 

The two reciprocating piston masses are con
nected by a mechanical linkage that equalizes any 
slight force differences due to friction, wear, and 
intake air pressure. This synchronizing linkage does 
not limit the piston stroke. The linkage oscillatory 
motion actuates the fuel injection pumps. 

Fuel is injected by an accumulator-type fuel in
jection pump. Starting is accomplished by introduc
ing a fixed quantity of high pressure air into the 
bounce chambers from a starting pressure tank. 

A wide range of motor sizes is possible with the 
free-piston engine, from relatively small automotive 
power plants of 100 to 300 hp. to huge shipboard and 
power station installations up to 10,000 hp. 

An outstanding feature in the construction of 
the FPE is the ability to combine two or more en
gines into a single installation. This variety of total 
horsepower output is available using practically 
identical components. G.M.'s marine installation 
aboard the "William Patterson" consists of six gasi
fiers on a common piping system. One of the gasifiers 
may be shut down for maintenance with little loss 
of performance from the installation. This is a highly 
desirable feature for power station applications. 

Operating Cycle 
The unique operation of the gasifier can be simply 

described. The pistons are forced together by a corn
pressed air starter, and fuel is injected into the 
superheated air between them. Driven apart by com
bustion, they bounce against cushions of trapped air 
at each end and are driven together again to start 
another cycle. 

The big outer pistons (compressor pistons) do 
another job on the inward stroke. They force com
pressed air into a chamber around the cylinder. This 
air blows through the cylinder when ports are 
cleared by the outgoing pistons, scavenging the gases 
and supplying pure air for the next combustion. Both 
gases and scavenging air are led to a "surge tank" 
that evens out the pulsations of the engine and deliv
ers a continuous :flow of gas to the turbine. 

(Continued on page 50) 
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by ROBERT l. KASTER, E.E. 162 

ATURAL RESOURCES can be segregated into two 
groups. First, those which require centuries to 
develop. Secondly, those that nature can pro

duce in a few decades. In the first group are found 
mineral ores, natural gas, oil, coal, etc. Vegetation of 
all forms comprises the second group. With a little 
reflection we find that man is extremely dependent 
upon resources from both groups. 

As civilization becomes more complex and the 
standard of living continues to soar, the drain on the 
second group of resources-namely our forests-be
comes even greater. The problem is an obvious one. 
How can we enjoy our forests both commercially and 
publicly and yet perpetuate them? Today, it appears 
that the solution to this dynamic problem is within 
our grasp. 

The science of forest management has developed 
very effectively in recent years. Public and private 
foresters have established minimum standards to be 
maintained in the harvesting of timber. 

Private enterprise, dedicated to marketing a su
perior line of merchandise, finds it extremely advan
tageous to pursue a well-orientated program of 
research and experimentation. Such a research is 
necessary in the highly competitive manufacture of 
forest products in order to successfully minimize 
cost, maximize output, reduce prices and still realize 
a profit. Once high quality becomes a characteristic 

(Continued on page 34) 
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war innesotans sk: 

FIRST Honorable Mention and a cash award of 
$10,000 for their joint professional entry in the 
Steel Highway Bridge Design Competition, spon-

sored by American Bridge Division of United States 
Steel Corporation, have two lVIinnesotans asking, 
"Anyone for bridges?" 

The two men, Donald H. Olson, Two Harbors, 
Minnesota, and J orgen Tvilstegaard, Minneapolis, 
received the award for their entry of a strut-framed 
steel structure which arches in a single span over a 
four-lane divided highway. 

One of the outstanding features of their design is 
that no support is required at the center of the span. 

14 

by ROBERT T. EDEll, E.E. 160 

The absence of this center support benefits the high
way traveler in two ways: it removes a potential 
safety hazard, and it gives a clear view of the road 
ahead at all points. As an added safety feature, the· 
end-support piers are placed well away from the 
shoulders of the divided highway. 

In describing other features of their entry which 
contribute to its strength, beauty, and overall econ
omy, the designers pointed out that, "The deck is. 
placed in, rather than on, the girders to increase 
their interaction, allow the reinforcing to be welded 
to the top flange for connectors, and reduce overall 
height. The deck acts as a two-way slab with edges. 

MINNESOTA TECHNOlOG 



Jorgen 
Tvilstegaard 

stiffened by the curb beam." They went on to point 
out further that, "High-strength steel is used in the 
center of the frames to avoid abrupt changes in sec
tion, that cover plates would dictate, and to keep the 
moment of inertia low," and that, "The far-end sup
ports are jacked slightly to produce initial compres
sion in the deck. This should be done before the deck 
has cured, and before final grouting." 

Mr. Tvilstegaard, who just recently moved to 
Minneapolis, was born in Copenhagen, Denmark on 
January 5, 1931. He attended the Gentofte State High 
School and graduated in 1948 with a major in physics 
and mathematics. He then went on to the Technical 
University of Denmark and graduated in 1955 with a 
Master's Degree in Civil and Structural Engineering. 
In 1956 Mr. Tvilstegaard came to the United States 
to accept a position with a consulting engineering 
firm in Denver, Colorado. Since 1958, he has been 
working as a structural engineer for the architec
tural and engineering firm of Thorshov and Cerny 
in Minneapolis. 

Mr. Olson, a lifelong resident of Minnesota, was 
born in Two Harbors on February 26, 1931. He re
ceived his high school diploma from Two Harbors 
High School in 1948, and then went on to attend the 
University of Minnesota, from which he received a 
B.S. degree in Civil Engineering in 1952, and a Mas
ter's degree in 1954. His major course of study was in 
structural engineering. Mr. Olson spent a year and 
a half as an instructor at the University of Minne
sota, and, until recently, was also associated with the 
firm of Thorshov and Cerny. At the present time, he 
is continuing his studies at the University of Delft 
in the Nether lands. 

The Bridge Design Competition was held under 
the auspices of the American Institute of Steel Con
struction, and offered fifteen professional and stu
dent awards totaling $44,000. More than three hun
dred entries from the United States and abroad were 
submitted. It is estimated that more than 41,000 
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bridges will be needed for the network of interstate 
and defense highways the nation will build in the 
next fifteen years, and the object of the competition 
was " ... to stimulate more imaginative, effective, 
and economical use of strong, modern steels in over
pass structures that must bridge super highways at 
frequent intervals." 

In a statement made in connection with the an
nouncement of the award winners, Mr. A. J. Pad
dock, president, American Bridge Division, United 
State Steel Corporation, explained the need for more 
modern, economical bridge design and expressed the 
hope that this contest would, " ... stimulate the en
gineer to turn his talents to this area." Mr. Paddock 
went on to say that, "The originality of designs and 
the broad understanding of the concepts of economy, 
production and erection found in the entries dispel 
any doubts about the free world's ability to turn 
out alert, creative and dedicated engineers. The com
posite of scores of effective engineering ideas sub
mitted in the competition gives our nation a vast 
reservoir of new concepts for its highway program
to keep it the finest highway system in the world. 

"All of this is especially good news. For the last 
couple of years we have been told that we have 
fallen behind the Iron Curtain countries in our en
gineering abilities. I am personally pleased that the 
results of this competition confirm my belief that we 
always have had the cream of the engineering crop 
-and that so long as we have a free climate in which 
to grow-our engineers will continue to be among 
the world's finest. 

"All of us owe a debt of gratitude to the hundreds 
of men who spend long hours at their drawing 
boards and who have unselfishly made their crea
tions available to their colleagues across the country." 

Donald Olson 
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This plastic bubble protects the antenna of a 
radically new aerial three -dimensional radar 
defense system. 

Sensitive to the inadequacies of conventional radar 
systems, engineers at Hughes in Fullerton devised 
a radar antenna whose pointing direction is made 
sensitive to the frequency of the electromagnetic 
energy applied to the antenna. This advanced tech
nique allows simultaneous detection of range, bear
ing and altitude ... with a single antenna. 

Hughes engineers combined this radar antenna with 
"vest-pocket sized" data processors to co-ordinate 
antiaircraft missile firing. These unique data proc
essing systems provide: 

1. Speed-Complex electronic missile firing data was 
designed to travel through the system in milli
seconds, assuring "up-to-date" pinpoint position
ing of hostile aircraft. 

2. Mobility-Hughes engineers "ruggedized" and 
miniaturized the system so that it could be mounted 
into standard army trucks which could be de
ployed to meet almost any combat problem-even 
in rugged terrain. 

3. Reliability- By using digital data transmission 
techniques, Hughes engineers have greatly re
duced any possibility of error. 

Result: the most advanced electronics defense 
system in operation! 

Falcon air-to-air guided missiles, shown in an en
vironmental strato chamber are being developed and 
manufactured by Hughes engineers in Tucson, Arizona. 

Reliability of the advanced Hughes systems can be in
sured only with the equally advanced test equipment 
designed by Hughes El Segundo engineers. 

Other Hughes projects provide similarly stimulating 
outlets for creative talents. Current areas of Re
search and Development include advanced airborne 
electronics systems, advanced data processing 
systems, electronic display systems, molecular elec
tronics, space vehicles, nuclear electronics, electrolu
minescence, ballistic missiles ... and many more. 
Hughes Products, the commercial activity of Hughes, 
has assignments open for imaginative engineers to 
perform research in semiconductor materials and 
electron tubes. 

Whatever your field of interest, you'll find Hughes 
diversity of advanced projects makes Hughes an 
ideal place for you to grow ... both professionally 
and personally. 

ELECTRICAL ENGINEERS AND PHYSICISTS 

Members of our staff will conduct 

CAMPUS INTERVIEWS 
FEBRUARY 8 and 9, 1'1f.O 

For interview appointment or informational 

literature consult your College Placement Director. 

@ 1959, HUGHES AIRCRAFT COMPANY 

~----------------------------~ 
I I The West's 
I I 
I ~~~fu 

: : advanced 

I I ELECTRONICS L ____________________________ j 

HUGHES AIRCRAFT COMPANY 

Culver City, El Segundo, Fullerton, Newport Beach, 
Malibu and Los Angeles, California 
Tucson, Arizona 
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he n ineering Graduate and His 

by JAMES B. DOUGHER, E.E. 160 

HAT WILL I be doing during my first year as an 
engineer? This question is probably foremost 
in the mind of every graduating senior. There 

are many vague answers to the question-designing 
missile parts, building bridges, working on comput
ers. But exactly what does an engineer do-hour to 
hour, day to day? 

In an effort to find the answer, I interviewed a 
1959 graduate of the University of Minnesota, John 
Heggestad. He works as a mechanical engineer of 
Procter and Gamble's Central Engineering Division 
in Cincinnati, Ohio. I asked John for a complete 
run-down on how he got the job, when and where 
he started work, what his training program con
sisted of, and what type of work he has been doing. 

Interview 
John's first contact with the company was in 

early January, 1959, when he received a letter from 
, them. It was, in effect, an invitation to interview 

them when they were on campus. As he recalls, 
John didn't think any more about it, but he did 
include P & Gin the sixteen or so companies that he 
interviewed. These companies included manufac
turers of aircraft, automatic controls, and consumer 
products. 

Because job hunting was very good last year, 
John received a trip offer from everyone he inter
viewed except the aircraft companies on the West 
Coast. They made their job offers directly by mail, 
which probably explains why their starting offers 
were slightly higher. 

The final choice was tough. John had good offers 
from many types of companies located in all parts 
of the country. Finally he chose P & G. Their inter
view methods had impressed him, they offered inter
esting work in his field, and although the starting 
salary was $50 per month below his top offer, it was 
well above average. 

About the first of May, John sent his acceptance 
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John Heggestad, BME, U. of M. 1959, gathers background material 
for a report to management on his current project. 

letter to P & G and his letters of rejection to the other 
companies. 

On July 13, John Heggestad reported to the Engi
neering Division of the company, where he was as
signed to the Food Packaging Equipment Depart
ment. He spent most of Monday, Tuesday, and 
Wednesday learning his way around. During these 
three days he met and talked with every section and 
department head in the Engineering Division, in
cluding the division head. Each of these men went 
into detail about his group's function and its relative 
position within the overall picture of company oper
ations. 

First Work Assignment 
Thursday, John received his first project. He was 

to develop a semi-automatic case packer for Crisco. 
Its success would mean a considerable savings to the 
company by removing one person from each Crisco 
packing line. He spent the rest of the day talking to 
the people most directly connected with packing 
Crisco, trying to pick up as much background mate
rial as possible. 

The case packer was John's project; he was re
sponsible for its success or failure. As it turned out, 
after a total elapsed time of about four months, the 
case packer was a success. 

Friday, John toured P & G's manufacturing plants 
in Cincinnati and their two nearby research centers. 

By now I had a good idea of what John Hegge
stad's first days with the company were like, so I 
talked to some of his contemporaries who were 
chemical, electrical, and civil engineers. 

The first man I talked to was Don Zepp, a '59 
graduate in Chemical Engineering from Penn State. 
As a member of the paper equipment department, 
his first project was to improve the drying drum, a 
machine which dries the paper as it comes from the 
paper forming machine. The thing had a tendency 
to blow up! Other projects Don has worked on in
clude: increasing the capacity of the vapor absorp-
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tion system located over the drying drum, conduct
ing seminars on paper making for other engineers 
in his section, and searching for new fabrications 
for pipes in an effort to eliminate corrosion. 

Mel Hensey, a civil engineer from the University 
of Cincinnati, had as his first project the building of 
an addition to the Sacramento warehouse. He han
dled everything from the feasibility study and the 
size and layout planning, to the follow-up work con
cerning modifications in the fire-sprinkler system. 
Subsequent jobs have included reinforcing old build
ings to hold new equipment, and building new sani
tation features into the food processing plants. 

Dick Hamilton, an electrical engineer from Car
negie Tech, never saw his first project. It was part of 
a feedback system which one of the plants wanted 
to use in controlling the syrup flow on a peanut but
ter process line. 

A late delivery by the vendor threatened to delay 
start up of the line by several weeks, so Dick was 
assigned the project. He was to determine if any of 
the surplus equipment available could be adapted 
for temporary use. Working from drawings and spe
cifications of present equipment and of the equip
ment on order, Dick decided that one of the surplus 
units could be modified. He could do this by chang
ing the air flow in the pneumatic section and by 
adding fixed resistors in the electrical section so that 
the inpedances would match the existing equipment. 
Dick sent his recommended modifications to the 
plant where they could effect the needed changes. 
The last he heard, the device worked so well that 
they canceled the original order. 

Perhaps Dick's biggest project thus far has been 
to handle all the electrical work on two new cake 
mix packaging lines. Each of these lines has a car
toner, filler, packager, sealer, metal detector, case 
packer, high-speed checkweigher (scale), and sev
eral conveyors. Dick designed the installation and 

(Continued on page 20) 
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FIRST YEAR IN INDUSTRY 
(Continued from page 19) 

the control system; and he specified the power sup
ply, the motor controls, the interlocking timing con
trols, the photoelectric controls, and the safety fea
tures which had to be in the system. In addition to 
this he has been working on other smaller projects 
in the food packaging department. 

Individual Training Program 

In addition to working on his projects, John Heg
gestad participated in group and individual training 
programs. On Monday, July '20, he began his indi
vidual training program under the guidance of his 
section head. During this program John learned 
everything he could about the department; its com
position, what it does, how it fits in with the other 
departments in the division, what products it is re
sponsible for, and how the product flows through 
its processes. He learned about every production line 
and its equipment. 

"Of course," John explained, "you can never learn 
everything about all the production lines. When my 

John Heggestad talks to the production foreman about 
the problems connected with developing a 

semi-automatic case packer for Crisco. 

section head thinks I know enough about the depart
ment, I will have finished the formal training. If I 
had remained in the Crisco section, I would probably 
be finishing training next April. However, in Novem
ber I was switched over to packaging Duncan Hines 
prepared mixes. This means I have a revised indi
vidual training program which I will probably finish 
next September or October." 

This part of the training is not very formal in that 
it consists mostly of following through on the list of 
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John seeks the advice of a fellow engineer, Don Zepp/ 

and a design draftsman. 

activities mentioned in the program. John quoted 
some of these from his present training program: 

1) Become familiar with the packing room lay
outs in all P & G food plants. 

2) Know the P & G principles of layout and how 
they apply to prepared mix packaging. 

3) Maintain a knowledge of the latest designs of 
commercial equipment by visiting packaging 
shows, usually held in New York and Chicago. 

Group Training Program 

To find out more about the training programs for 
new engineers I talked with the division training 
supervisor. He explained that the end objective of 
the training is to "teach the new engineer to do the 
job assigned to him. In other words," he said, "we 
train him to the point where he can handle, with 
only a normal mnount of supervision, any job which 
comes into his section. We do this by carefully con
trolling the productive assignments which he re
ceives." 

In addition to his personal training, each new en
gineer participates in a group training program con
sisting of twenty 3-hour meetings. At these meetings, 
men from other divisions in the company explain the 
products and processes in their division, and when
ever possible, they arrange tours of their particular 
production facilities. If there is no tour, one of the 
new men explains some project he has which is con
nected with the product discussed that day. In this 
way, the new men take an active part in their own 
training meetings. 

Up to this point, John had talked about his proj
ects and his training, but now he gave me an hour 
by hour, day by day breakdown of what he did all 
week. As an example, he gave me a diary-like ac
count of his previous week. 
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MONDAY 
8:00- 9:00 Correspondence: Letter from Bartelt 

Engineering Corp. saying they cannot 
ship that cartoner for 30 days because of 
the steel strike. Make note to talk with 
boss and probably write letter. Also 
contact Buying Department, Project 
Department, and plant of the delay. 
Write for information on a new filling 
machine. 

9: 00-11: 00 Two- hour training with supervisor. 
Talked about uses to capital, production 
line problems, and feasibility studies. 

11:00-12:30 Check on operation of fillers. Talk with 
the mechanical foreman about filling 
problems. 

12:30- 1: 15 Lunch with section head. Discuss last 
Saturday's golf game, Oscar Robertson, 
and the University of Cincinnati's bas
ketball team. 

1: 15- 3: 00 Study filling machine blueprints; try to 
think of new indexing mechanism. Talk 
over with mechanical department staff 
assistant at next desk. 

3:00- 3: 15 Break. 
3: 15- 4:00 Talk with the group leader in produc

tion engineering about the filler prob
lem. Came up with three possible solu
tions. Investigate tomorrow afternoon. 

4:00- 4:30 Talk with Electrical Department on any 
ideas they may have on filler problem. 

TUESDAY 
8:00-11:00 Group Orientation meeting: Talks 

given by Mr. Lockeman and Mr. Byrd of 
the Technical Service department on 
their department's function in the Engi
neering Division. Question-answer ses
sion followed. 

11:00-12:30 Write and edit bi-weekly report on 
present filling problem. (Required of all 
first-year men and their supervisors.) 

12:30- 1: 15 Lunch. 

John and 'Don watch the case packer in operation. 
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1:15- 4:30 Obtain all available data on the three 
possible solutions discussed with pro
duction engineer yesterday. Contact 
local sales representative of commercial 
equipment available. Draw schematic of 
each plan. Draw up rough cost of each. 
Discuss with supervisor. 

6:30 Bowl in P & G's bowling league. Rolled 
180--sure helped the average! 

WEDNESDAY 
8:00- 9:30 Determine justification for each of three 

solutions to filler problem. Contact Esti
nlating Department for cost varification. 
Check with plant on manpower savings. 

9:30-11: 00 Scratch plan one--too expensive. Revise 
other two and discuss with supervisor. 

11:00-12:30 Set up other two plans for preliminary 
report to management. Discuss with su
pervisor. 

12:30- 1:15 Lunch. 
1:15- 2:30 Review specifications for case sealer to 

be inspected at Emhart Mfg. Co. in 
Hartford. Discuss specification changes 
with supervisor. 

2:30 Leave for airport. Fly to Hartford to in
spect case sealer. 

All day 
THURSDAY 

Run pre-shipment inspection test at Em
hart Mfg. Co. Fly back to Cincinnati. 

FRIDAY 
8: 00- 9: 00 Write and edit report on inspection trip 

and present to supervisor. Write memo 
Buying Department saying that the ma
chine is ready for shipment. 

9:00- 9:30 Review management's proposals on the 
filler problem. Make necessary revi
sions. Gather up all material for presen
tation to associate manager of manufac
turing, food products. 

9:30-10:30 Meeting with associate manager of 
manufacturing, department head, and 
supervisor to discuss the two solutions 
to the filler problem. 

10:30-12:30 Begin answering, in report form, all 
management's questions which were not 
answered in meeting on filler problems. 
Cover scrap, repair, and expense costs. 
Contact Cost Department (Information 
in other areas okay for present time.) 

12:30- 1:00 Lunch. 
1:00- 3:30 Collect information on management's 

question. Discuss with supervisor. 
3:30- 4:30 Begin writing report to management. 

John, like many other new engineers in industry, 
has an interesting and varied work schedule. Each 
day brings a new challenge to his abilities, and the 
end of each day brings a satisfying sense of accom
plishment. He knows that in some small way, at 
least, his professional services are benefiting man
kind. 
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E ARE ALL familiar with the fact that 70 percent 
of the earth's surface is composed of water. The 
United States is tied together with the other 

nations of the Free World by a sea alliance which 
depends for its existence upon the use of this vast 
expanse of water. There are, at any one time about 
2500 ships operating in the Atlantic Ocean and Med
iterranean Sea alone, supplying the Free World with 
goods and strategic materials which we need for 
survival. The sea lanes are the arteries of the Free 
World Alliance; should these arteries be cut, the 
Free World, as we know it, would shrivel and die. 
Control of the sea must be assured by Naval power 
in order that we may continue to be free. 

To operate, maintain, and support its active fleet 
of ships, the Navy must have a vast network of 
shore facilities. This includes, in part, facilities for 
the training of men for shipboard duties; the supply 
of food, ammunition, and other vital materials; the 
design, construction, repair, and maintenance of 
ships, planes, and their supporting bases; and a net
work of radio facilities. It is the job of the Civil 
Engineer Corps officer to supervise the design, con
struction, and maintenance of these shore facilities 
required to support the fleet. 

The CEC is a relatively small organization of 
about 1500 Naval officers, known for convenience as 
CEC officers, practically all of whom are professional 
engineers. They are responsible for the design, con
struction, and maintenance of the Naval shore estab
lishment. 

Perhaps a brief history of this group would help 
as background, in order to understand how it fits 
into the Navy. In 1842, Congress decided that graving 
docks (drydocks) were required for the repair of 
Naval ships. As a result, a civil engineer was hired 
to construct the first dock. This civil engineer and 
his few assistants remained in the Navy as ci,vilians 
administering construction for the Navy until 1867 
when a few were commissioned as Naval officers. 
In 1881, the CEC was comprised of one captain, two 
commanders, and several junior officers. 

During the two world wars, the Corps was greatly 
expanded to construct the shore facilities required 
to support the fast-growing fleet. During the Second 
vVorld War, the Construction Battalions ("Seabees") 
were born, in order to construct rapidly the overseas 
bases required for the fighting forces to move swiftly 
and to mount their sledgehammer blows against 
the enemy. The exploits of the "Seabees" are now 
history. The "Seabees" were then and are now com
manded by officers of the Civil Engineer Corps on 
a rotational duty basis. 

Today, the Civil Engineer Corps is composed of 
approximately 1500 officers who are graduate engi
neers, most of whom have advance degrees and are 
professionally registered or licensed. Their degrees 
include civil, structural, mechanical, electrical, 
mining, architectural, petroleum, and electronics. 

The work performed by the Corps runs practi
cally the entire gamut of engineering. Engineering 

(Continued on page 44) 
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by Cdr. C. K. URLASS, CEC, USN 
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D.]. Dumin (E. E. '57) earned his degree at Johns Hopkins. An Associate Engineer at IBM, he is doing original work in the 
design and testing of thin film circuits. Two of his ideas in this field have been filed upon for patents. 



T IVE L 
FUT RE 

The metals now being utilized in thin film development have 
been known and used for centuries. But dormant within these 
metals has been their quality of superconductivity at extremely 
low temperatures. Only when research({rs were able, with 
great ingenuity, to create certain relati~ns between metals 
and changes in their basic structures, could these supercon
ducting qualities be utilized. But n1uch ren1ains to be done 
at this moment, especially in the application of thin metallic 
films to practical working devices. 

Development Engineers at IBM are at work daily on the 
problem. They envision the replace1nent of today's electronic 
logic elements with modules of amazing responsiveness, dura
bility, and simplicity. The extremely sn1all size of these modules 
and their low power requirements will be important factors 
in shaping the electronic syste1ns of the future. 

Closely allied on this work are engineers of practically every 
specialty. Only by bringing the talents and abilities of people 
of many fields to bear on the unique problems of thin film devel
opment, will progress be consistent with objectives. Engineers 
at IBM expect to obtain these objectives, and once they are 
obtained, to set new ones. 

If you think you might be interested in undertaking such truly 
vital and interesting work, you are invited to discuss your 
future with IBM. 

Our representative will be visiting your campus soon. He will 
be glad to talk with you about the many opportunities in vari
ous engineering and scientific fields. Your Placement Director 
can give you the date when our representative will next visit 
your campus. 

® 
INTERNATIONAL BUSINESS MACHINES CORPORATION 

For further information about opportunities at IBM, write, outlining your 
background and interests, to: Manager of Technical Employment, Dept. 
844, IBM Corporation, 590 Madison Avenue, New York 22, New York. 
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by THOMAS M. CLARK, ChernE. '61 

A dispute with no 

winners ... THE 

STEEL STRIKE 

APPY NEw YEAR comes at midnight on December 
31, but this year thousands of men and their fam
ilies had their "Happy New Year" sometime 

around midnight on January 3, when the lords of 
labor and industry finally got together. They brought 
to an end one of the longest and most crippling 
strikes in our country's history. The 116-day-old steel
workers strike, held to this figure by a government 
injuction, created hardships for a great many people. 
The shutdown of the American steel industry dealt 
a far reaching blow to the economy and business of 
our nation, not only affecting steel workers, but also 
thousands of workers in other industries dependent 
on the production of steel. 

Its effects spread throughout our economy like 
ripples from a stone tossed into a pond. Those ripples 
reached far beyond the steel companies and the 
steelworkers union. 

Here in Minnesota, the strike affects many people. 
First of all, there are the miners of the great iron 
ranges of the state. These men, or a great majority 
of them, were not in favor of a strike. They were 
satisfied with what they had and were looking for
ward to a good year. The country had just come out 
of a mild recession during which many of these men 
worked very little, if at all. I know, because I stood 
in unemployment lines most of the summer of 1958 
with men who had worked for 10 to 20 years in the 
mines. They were not working then and had not 
worked for many months. 

There had been another strike not so long ago. 
Not a long strike, as it only lasted about a month, but 
a strike from which most of these men had regained 
but a small portion of what they had lost. 

Upon completion of this previous strike I talked 
to many of the working men. In asking them who 
had actually gained by the strike, I found that many 
of them shared this point of view, "We don't know 
quite who won, MacDonald or U. S. Steel, but we 
know that we lost as we always do." 
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Looking at the figures I could not help but agree 
with them. The wage hike of approximately $4 per 
week was practically lost before the men saw it. 
An increase in union dues, to help pay for Mr. Mc
Donald's doubling his salary, more taxes, and vari
ous other payments, practically consumed the whole 
increase. 

Then came the increase in the cost of steel, fol
lowed by an increase in the cost of living. Thus, there 
was no possible chance of making up the money he 
had lost by being out of work. These people could 
not afford a strike, much less a long one. But, as far 
as I can see, no one actually asked these men what 
they wanted. The union had no strike vote, or at 
least they didn't ask the men, "do you want to strike 
or don't you?" But then these men are only a small 
number of the steelworkers union. 

There are some 16-18,000 men on the Range. Com
pared to the half million on strike they are the tail 
on the dog. This tail is wagged only when the dog 
wants to wag it. The strike then began! 

As can be assumed, the strike caused many hard
ships for the men and their families. Thousands of 
them went deeper into debt and lived on relief. I've 
talked to businessmen who had fellows offer to work 
for them for as little as 50 cents an hour, just so they 
could feed their families. 

There were many people who had put money 
away for some special reason such as a vacation, col
lege for their son or daughter, or even for their re
tirement. They may have managed to make it 
through the strike on their own, but by the end most 
or all of their savings had been spent. These men 
have lost a lot during this strike. Most of this will 
never be regained no matter what the settlement is. 

The retail sales of the area were also hard hit. 
The grocer, baker, dentist, etc. were all pinched as 
more and more paychecks were lost by the men. 
These paychecks amount to about 2 million dollars 
per week. Much of this went into retail sales in the 
community. Even the industrial suppliers and con
tractors were hit hard. All purchasing by the com-

-panies stopped before and during the strike. A week 
or so prior to the strike a letter was sent out to all 
these companies informing them to stop all ship
ments of goods on order until further notice. For one 
mining company alone, over 2 million dollars, which 
would have been spent, was not, because of the 
strike. This 2 million is just a drop in the bucket 
compared to the total amount which was not spent 
by all the companies combined. Thus, with no money 
coming in, these small companies had to lay off many 
of their employees, putting more men out of work. 

But, among all this darkness, there were some 
rays of light on the Range. There are two or three 
non-union companies operating in the area. Inci
dentally, or for matter of record, these companies 
pay their men equivalent or higher salaries than the 
union scale. These men had no desire at all to join 
the union because they would be going backward. 
These companies shut down at the beginning of the 
strike due to the past pattern of resistance of union 
people not to allow anyone to produce ore during 
a strike. 
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During past strikes they did maintenance work, 
but all attempts to operate had met with resistance. 
One of these independents found that there was a 
market for their ore, as 15% of the nation's steel pro
duction was still operating. These mills were operat
ing due to special clauses in their contracts, by being 
in a different union, or by being independents. After 
being shut down for several weeks, this company 
began to ship stockpiled ore. 

These operations affected picketing of the rail
road tracks by the union. The railroad decided not 
to have their men cross these picket lines. By law 
the railroads are obligated to furnish all possible 
services their customers desire, so the National La
bor Relations Board was called upon. 

The Board took the issue to the Federal Court, 
and the court issued an injuction against the picket
ing of the railroads. Thus, the stockpiled ore was 
shipped. 

A meeting of all steel employees was then called 
and the men were asked if they would like to resume 
operations. Even with outside pressure from the 
union and their neighbors, over 80% of the men 
wanted to go back to work. Work schedules were 
made out for the next week. Still the men encoun
tered mass picketing and work was not started. They 
were sent home because of threats by the picketers. 

Again they went to court, this time to a state 
court, to stop the interference of the pickets. They 
won again as the law states that NOBODY, except 
the government, has the right to prevent ingress 
and egress from an operation. The union has NO 
right at all to close up a plant or an operation. The 
property owner has complete rights of that property. 
I think you will find this quite well exemplified right 
now in Albert Lea, Minnesota. The company finally 
got back in operation. Due to the loss of time in 
court, they only operated about three weeks before 
the entire industry was called back by the Taft
Hartley Injunction. 

I think the Minnesota strike has a great effect on 
the state as a whole, or in a sense, the university. 
You will find that the iron mining industry pays a 
great load of the tax burden in our state and without 
this money, our state's economy suffers. Last year 
during the minor recession, in the neighborhood of 
15 million dollars were lost in taxes on iron ore. Since 
the state supports the university, this becomes a 
problem to us. Perhaps this could have been one 
of the reasons why our tuition was raised once again. 
The strike could very well lead to another loss in 
taxes and another possible raise in tuition for the 
students. 

Throughout the nation, the workers' losses were 
much the same as those in Minnesota, only on a much 
larger scale. During all this time, the steel industry 
was also losing money at the rate of millions of dol
lars per week. So you can see that all the stakes in 
this strike were high whether they were economic or 
human. 

With the losses from both sides, and to the coun
try, you cannot help but wonder what the vital is-

(Continued on page 58) 
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D, DRING THE latter part of fall quarter 
as one of the .regularly scheduled 

professional leadership and develop
ment programs (Pl and D), Mr. Har
old Westin of the Civil Engineering 
Department presented an extremely 

informative and stimulating talk on "Lawsuits." In 
another area, the air-traffic control officer at Wold
Chalnberlain Airport spoke on the challenging prob
lems facing air-traffic control. With these two exam
ples it is clear how the Pl and D program helps to 
bolster the understanding and awareness of a Theta 
Tau. Accordingly, several outstanding speakers are 
scheduled for winter quarter. Socially, the annual 
winter formal will be January 30 at the White Pine 
Inn. Theme parties and Sunday afternoon pizza par
ties also appear on the current social calendar. 

The "basketballers" established themselves in fine 
form during the pre-Christmas tourney, and seek 
new victims this quarter. Abundant interest in ath
letics has resulted in formation of handball, bowling, 
ping-pong, and volleyball teams as well. 

Seven students-Gary Lamont, Phys.; Herman 
Gollwitzer, ME; Richard Smith, Aero; David Lack
mann; CE; David Wrede, ME; Millard Harrison, EE; 
and Larry Felsign, ME-recently·became new active 
members of Theta Tau, which is a professional engi
neering fraternity. 

Being constantly on the alert for new members, 
Theta Tau plans a continuing active rushing pro
gram for winter and spring quarter. 

SIGMA ALPHA Sigma, open to stu-
5 I G MA · dents in all branches of engineer
ALPHA ing and the physical sciences; has as 

its purposes, the advancement of the 
SIGMA physical sciences and technical pro

fessions and to foster a spirit of cul
ture among men engaged in them. 

A small fraternity, Sigma Alpha Sigma has thir
teen actives. The officers are: President-A! Green
berg; V.P.-Isaac Berger; Secretary-Stan Brodsky; 
Treasurer-Gene Paymar; Corresponding secretary 
-Mel Bush; Sergeant-at-arms-Dave Samsky. Other 
actives are Jim Gordon, Gene Katz, Joe Katz, Shel 
King, Ron Lazarus, Dan Lieberman, Phil Pickman. 
On January 5, five men started pledging. They are 
Chuck Barry, Dean Blehert, Ray Dab bah, Norton 
Permuth, and Tom Wexler. As part of their pledge 
project, they will be required to do some research 
on the chapter's history. 

At a cultural meeting during the fall quarter, Dr. 
Bernard Gelbaum of the SLA Math Department 
gave us a most interesting talk on the theory of 
games. Many more of· such cui tural meetings are 
planned for the future. Social events included a 
theater party and a New Year's Eve party. For this 
quarter, a sleigh ride is being planned. On Feb. 2, 
the Founders Day banquet will be held at the 
Standard Club. It is thrown by the alumni in honor 
of the pledges. The spring formal, to be held on May 
14, is Sigma Alpha Sigma's more elaborate affair. 
Among other things, awards are presented and the 
new actives are honored. 
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AlEE 

IRE 

FouR AlEE-IRE meetings are sched
uled for Winter Quarter. They 

will be held at 12: 30 in Room 4, ME 
on January 13, January 27, February 
17, and March 2.-The annual election 
of officers will be held at the March 

2nd meeting. ·.. · 
An impressive number of hew members joined 

AlEE-IRE during Fall quarter. In all, there were 74 
new members. If anyone is interested in joining 
during Winter quarter, there are more application 
forms available in Room 33 EE. You can also get 
information on the activities of our organization 
there. Membership is open to anyone in Electrical 
Engineering. 

The sectional judging of entries in the AlEE 
Student Paper contest will take place in March. 
Cash prizes and trips to the District and National 
competition are awarded to the winning entries. 
The contest affords a fine opportunity to gain expe
rience in preparing and presenting of technical 
papers. See one of the officers of our club for com
plete information on rules and awards. 

THE STUDENT chapter of the Ameri
can Institute of Industrial Engi-

A II E neers now has a chapter room located 
in the rear of M.E., 180, which is the 
Industrial Engineering Lab. After a 
little renovation, the chapter room 

provides an office for the chapter and a convenient 
gathering spot for I.E. option students between 
classes. At the last meeting the chapter voted to pur
chase a coffee urn which is now in use. 

The January 20 meeting of the Chapter included 
a talk on interviewing for employment given by a 
representative of Minnesota Mining and Manufac
turing Co. 

MINNESOTA TECHNOlOG 



HORT 

All Mechanical and Electrical engineering stu
dents that are taking the Industrial Engineering 
option are eligible for membership in the student 
chapter of A.I.I.E., and cordially invited to attend 
our meetings and come to the chapter room to get 
acquainted. 

THE STUDENT Chapter of the Society 
for the Advancement of Manage

ment began winter quarter with an 
enthusiastic speech by Mr. Frank 
Schiel, Director of Personnel at Su
per-Valu. Mr. Schiel presented a talk 

on "Profit Sharing." He explained how Super-Valu 
has recently revised its profit-sharing plan to more 
effectively benefit the Corporation and all the em
ployees. Some of the objectives of this plan are to 
reduce employee turnover, to provide an individual 
pension plan, and to reward the employee more di
rectly for his efforts. Studies are also being made on 
methods of direct incentive, but a satisfactory solu
tion has not yet been found. After his speech Mr. 
Schiel answered many questions on the plan and its 
operation. 

The chapter is looking forward to the beginning 
of this year's Buddy Program, sponsored by the 
senior chapter. The Buddy Program offers the 
opportunity for each student member to meet with 
a senior chapter member. The senior chapter mem
ber explains his duties as a manager and some of 
the difficulties and problems he must meet. 

Also on the agenda this quarter is the Industrial 
Relations Conference. The conference is sponsored 
by the senior chapter for all managers and is free 
to all student members. 

Anyone interested in further information on our 
future programs is urged to come to Room 15, ME. 
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THE AMERICAN Society of Agricul
tural Engineers, Student Branch, 

held its final meeting of the fall quar
ter on Tuesday, December 1, with 
President Walter Stumpf presiding. 

Jim Sutherland, MSA Representa
tive, read a letter from the MAS Intercollegiate 
Commission in which they urged everyone's cooper
ation in extending our best hospitality to the NSA 
National Executive Committee which will meet on 
our campus December 26-31. The commission urged 
their cooperation again in August of 1960 when the 
National Summer Congress will be meeting on our 
campus. 

A progress report from Ken Swanson, Chairman 
of the 1960 auto registration committee, indicated 
that license plate sales were rather slow. Since the 
deadline for purchase of the 1960 plates without 
penalty is January 11, Ken was sure that sales would 
increase. At any rate, this committee is preparing 
for the mad rush which they hope will materialize 
sometime after January 4. 

President Stumpf read a letter received from the 
American Society of Agricultural Engineers in 
which they urged all students interested in technical 
writing to submit articles for competition in the 
student paper contest. The winning papers will be 
presented at the annual meeting to be held at Ohio 
State University in June 1960. President Stumpf 
also announced the winter meeting of A.S.A.E. to 
be held in Chicago, December 16-18. 

The Recreational Committee, Fred Bergsrud as 
chairman, was appointed. Their Committee is re
sponsible for all recreational night, one of the high
lights on our program for the winter quarter. 

Professor A. J. Schwantu, head of the Agricul
tural Engineering Department, expressed a desire 
for members of the student branch to go out and 
attempt to contact high school students in an effort 
to promote Agricultural Engineering. Several mem
bers indicated they would do something about this 
during the holidays. 

The next meeting of the A.S.A.E. Student Branch 
was held January 12. This was also the annual Agri
cultural Engineers Student-Faculty meeting. The 
students were the guests of the faculty at this meet
ing, and it afforded an opportunity for new students 
to get acquainted with the faculty as well as their 
fellow classmen. 

Mr. Ken Westerberg, President of Consulting 
Agricultural Production Engineers of Savage, Min
nesota, was the guest speaker. Mr. Westerberg's 
company specializes in crop drying and condition
ing, materials handling, ventilation, and air condi
tioning. Mr. Westerberg gave a very interesting talk 
on the roll he feels Agricultural Engineers will have 
in the future. 
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Low Frequency- High Safety 

NEW AND revolutionary instrument landing sys
tem for aircraft is under development by Boeing 
Airplane Company. It weighs less than 10 

pounds and costs only a fraction of present systems 
in operation. 

The Boeing technique requires only the addition 
of two small units to automatic direction-finding 
equipment (ADF receivers) currently used on most 
aircraft plus two radio "homer beacons" on the 
ground. A patent application on the system has been 
filed by Boeing and S. B. Luftig, a research engineer 
in the company's advanced design-avionics section. 

Present all-weather navigation, approach and 
landing systems require ground-based radar or very 
high frequency (VHF) radio navigational aids, cost
ing millions of dollars each and normally found only 
at major improved fields. 

The Boeing system had its beginning in 1958 
when research engineers at the Wichita Division 
,were tossed this problem: Develop a method of low 
altitude navigation and landing aircraft on unim
proved fields in zero-zero conditions without the aid 
of lights, complex ground equipment and ground 
station personnel. In addition, the equipment on the 
ground had to be lightweight, inexpensive, extreme
ly portable and operable by untrained personnel. 

Because of its line of sight limitations, VHF radio 
transmission is extremely restricted at low altitudes. 
Due to this, Boeing researchers turned to low fre
quency channels. By solving two problems, the low 
frequency signal's tendency to follow the earth's 
curvature would make it ideal for low altitude com
munications. 

The problem areas were: Static encountered on 
low frequency channels can induce bearing, or head
ing inaccuracies. Also, during "blind" landings the 
pilot doesn't have time to continually compute his 
position__;__ information normally provided by the 
more complex ground stations. 

The basic Boeing idea calls for installation of two 
"homer beacons" on the ground. Transmitting a 
-steady, low frequency signal, one beacon would be 
placed on the centerline of the runway's departure 
end and the other at a known distance to the left or 
right at the approach end. 

edited by DANIEL F. BRYAN 

To operate with the beacons, the airplane's stand
ard ADF receivers would need a special filter and 
coupler-both weighing less than six pounds. The 
filter, after screening information coming out of the 
ADF, provides the system with a true heading. 

The coupler, a tiny but critically accurate "brain," 
then examines all available data and supplies the 
same intelligence to the pilot, except for altitude, 
that normally is given by ground-based navigational 
and landing aids. 

Signals from the beacons are channeled through 
the new system to an instrument continuously show
ing the pilot his exact location in reference to the 
runway regardless of the wind. The "third dimen
sion," continual and exact altitude information, is 
supplied by the plane's radar altimeter while the 
ADF coupler reports constantly the number of feet 
remaining before touchdown. 

Correlating his altitude and distance-to-touch
down information with what he sees on a visual dis
play instrument, the pilot can bring his aircraft 
down safely without ever looking outside. 

Air Conditioning Painted On 

£ 'J HERMO-LAG," a revolutionary new product, devel-
oped by Emerson Electric, has been selected 

after exhaustive tests by the National Aeronautical 
and Space Administration for use on test capsules 
for the man-in-space program. Numerous applica
tions of Thermo-lag presently under advanced test
ing include the Minute-Man inter-continental ballis
tic missile, the Polaris submarine-launched ballistic 
missile, the Samos satellite and the X-7 hyperveloc
ity research vehicle. 

Thermo-lag is the name given to a revolutionary 
new family of compounds applied like paint that 
reduce and control the temperature of materials or 
instruments subjected to intense heat. It works on 
a completely different principle from any other ma
terial currently in use for this purpose. 

It dissipates heat by vaporizing in the same man
ner that dry ice vaporizes. It is this process, known 
as sublimation, which makes Thermo-lag so effec
tive and so different from any other available process 
or material. 

Sublimation is the name used to describe the 
phenomenon of evaporation of a solid directly into 
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a gas. The phenomenon takes place at a certain 
temperature which remains steady regardless of the 
rate of heating encountered. With Thermo-lag this 
temperature can be accurately predetermined over a 
wide range of values. 

Consequently, Thermo-lag can be prepared not 
only to provide protection from heat, but to keep 
the temperature of the object being protected at a 
specified temperature. It can also be tailored to 
meet virtually any anticipated heat control condi
tion. 

Although Thermo-lag has many commercial pos
sibilities, it was developed primarily to keep the 
structures of missiles and space craft relatively cool 
while being exposed to a heat environment of 
thousands of degrees. 

It additionally is a means of greatly reducing 
the weight of rocket motors, either by permitting 
the use of less metal or by making it practical to 
use lighter structural materials while maintaining 
the same structural strength. 

Unlike other similar materials, Thermo-lag re
quires no adhesive or bonding material but bonds 
itself molecularly to the material to which it is 
applied. Since it is simply sprayed or brushed on, 
it can be applied to any shape structure and requires 
no expensive molds or forms. Tests so far indicate 
that it can be applied to virtually any material. 

Thermo-lag is being used as a protective coating 
on the man-in-space Little Joe capsules now being 
tested by NASA at their Wallop's Island test station. 
It has also been used on their Cajun research vehicle. 
Tests are under way at the McDonnell Aircraft 
Company to investigate the use of Thermo-lag as a 
protective coating on the Project Mercury man
carrying capsule. 

Thermo-lag, the registered copyright name for 
the new compound, is proprietary to Emerson Elec
tric, having been developed entirely at the com
pany's expense. Patents are pending on Thermo-lag 
and its applications. 

Rubbe.r, Rubber Everywhere 

AUTOMOBILE TIRES that need no air, simple rocket 
engines that need no expensive valves or tanks, 

and smaller "humps" under the floor of cars. These 
are some of the improvements promised by research 
in the rubber and plastics industry during the past 
few years. The conclusions were contained in a 
paper scheduled for presentation at the Annual 
Meeting of the American Society of Mechanical 
Engineers in Atlantic City. The author of the paper 
is Leora E. Straka, research librarian for the Good
year Tire and Rubber Company. 

Airless tires would be achieved by filling the 
space inside the tire with a special urethane foam, 
somewhat similar to the spongy material used as 
"crash panelling" on some automobile dashboards. 
There is no immediate prospect, however, of com
mercial production of such tires. 

"Research and development investigations on 
polyisoprene rubber has also been proceeding in 
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Russia. First news of the Russian synthesis of nat
ural rubber appeared in 1957. Since that time a 
number of Russian technical publications have ap
peared covering the properties and test data of 
their 'SKI' and natural rubber accounts for the 
large degree of agreement in their mechanical prop
erties. However, they state that since these rubbers 
are not identical there are certain differences in 
their properties; in some properties 'SKI' will be 
inferior to natural rubber while in others it will be 
equivalent or its superior." 

As to aircraft tires capable of absorbing the 
enormous shocks of high speed landings: High 
speed jet aircraft tires made entirely with polyiso
prene rubber and capable of withstanding landing 
speeds up to 250 miles per hour have passed rigid 
durability tests that qualify the man-made rubber 
for jet aircraft service. These tires also successfully 
withstand temperatures in excess of 250° F. This 
is an almost instantaneous heat build-up generated 
by high speed landings. 

A wire brush-like tire, containing no rubber, 
no fabric, and needing no inflation, is capable of 
withstanding temperatures from 1000° F. to 2000° F. 
that might be encountered by a space craft reenter
ing the earth's atmosphere. The tire which has 
twisted wire treads that look like a wire polishing 
wheel, weighs about 40 lbs. The wire tire has a 
number of advantages over the simple skid pads 
that are used on some recoverable missiles. It ab
sorbs runway irregularities better, doesn't get so 
hot, and gives much better directional and braking 
control. 

A special group of synthetic rubbers, known as 
"adduct" rubbers have inspired a special applica
tion. "A proposed application of adduct rubber has 
been in the construction of a giant blimp which may 
be the first nuclear aircraft. Dacron cloth coated 
with adduct rubber would cover the 4.5 million 
cubic foot body of the airship. The material can 
withstand 100,000,000 roentgens of radiation and has 
aging and diffusion characteristics equal to those 
of present coatings. 

"In June of this year, a new rubber-based mate
rial was announced for use in atomic powered 
planes and other vehicles which can shield the crew 
and passengers from neutron radiation. The new 
rubber will take over the job that is normally han
dled by heavy concrete and water shield:s in station
ary atomic plants. In the power units for planes, 
lead shields still will be required to absorb the 
deadly gamma rays. Preliminary tests show the 
rubber will withstand at least 100 million roent
gens of radiation with no apparent deterioration." 

For rockets, great promise is held out by solid 
fuels that permit cheaper simpler rocket engines. 
These have been made possible by synthetic rubbers 
which themselves burn, adding to the fuel supply, 
and which can be mixed with higher energy fuels 
while in a liquid state then poured into rocket 
engines and cooled. 

(Continued on page 42) 
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Automatic systems developed by instrumentation 
engineers allow rapid simultaneous recording 

of data from many information points. 

Frequent informal discussions among analytical 
engineers assure continuous exchange of ideas 

on related research projects. 

Under the dose supervision of an engineer, 
final adjustments are made on a rig for 

testing an advanced liquid metal system. 

t t 
The field has never been broader 
The challenge has never been greater 

Engineers at Pratt & Whitney Aircraft today are concerned 
with the development of all forms of flight propulsion 
systems-air breathing, rocket, nuclear and other advanced 
types for propulsion in space. Many of these systems are so 
entirely new in concept that their design and development, 
and allied research programs, require technical personnel 
not previously associated with the development of aircraft 
engines. Where the company was once primarily interested 
in graduates with degrees in mechanical and aeronautical 
engineering, it now also requires men with degrees in 
electrical, chemical, and nuclear engineering, and in physics, 
chemistry, and metallurgy. 
Included in a wide range of engineering activities open to 
technically trained graduates at all levels are these four 
basic fields: 
ANALYTICAL ENGINEERING Men engaged in this 
activity are concerned with fundamental investigations in 
the fields of science or engineering related to the conception 
of new products. They carry out detailed analyses of ad
vanced flight and space systems and interpret results in 
terms of practical design applications. They provide basic 
information which is essential in determining the types of 
systems that have development potential. 
DESIGN ENGINEERING The prime requisite here is an 
active interest in the application of aerodynamics, thermo
dynamics, stress analysis, and principles of machine design 
to the creation of new flight propulsion systems. Men en
gaged in this activity at P&WA establish the specific per
formance and structural requirements of the new product 
and design it as a complete working mechanism. 

EXPERIMENTAL ENGINEERING Here men supervise 
and coordinate fabrication, assembly and laboratory testing 
of experimental apparatus, system components, and devel
opment engines. They devise test rigs and laboratory setups, 
specify instrumentation and direct execution of the actual 
test programs. Responsibility in this phase of the develop
ment program also includes analysis of test data, reporting 
of results and recommendations for future effort. 
MATERIALS ENGINEERING Men active in this field 
at P&W A investigate metals, aiioys and other materials 
under various environmental conditions to determine their 
usefulness as applied to advanced flight propulsion systems. 
They devise material testing methods and design special 
test equipment. They are also responsible for the determina
tion of new fabrication techniques and causes of failures or 
manufacturing difficulties. 
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Exhaustive testing of full-scale rocket engine thrust chambers is 
carried on at the Florida Research and Development Center. 

JANUARY, 1960 

For further information regarding an engineer
ing career at Pratt & Whitney Aircraft, consult 
your college placement officer or write to Mr. 
R. P. Azinger, Engineering Department, Pratt & 
Whitney Aircraft, East Hartford 8, Connecticut. 

PRATT & W'HITNEY AIRCRAFT 
Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS - East Hartford 
FlORIDA RESEARCH AND DEVElOPMENT CENTER - Palm Beach County, Florida 
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(Continued from page 13) 

of a line, continuity is maintained through continued 
research. And, of course, an ample supply of the 
proper raw materials is vital. 

When a firm invests five million dollars in one 
machine, three obvious things come to the mind of 
the economy-oriented industrial engineer: profit 
maximization, quality improvement and output ac
celeration. The investment of $5,000,000 or more in 
one machine is common in the pulp and paper in
dustry. For example, the Minnesota and Ontario 
Paper Company (Mando) recently initiated the 
operation of a paper machine, the cost of which 
slightly exceeded that quoted above. Auxiliary facil
ities needed to effect the operation cost an additional 
$15,000,000! 

If profit from such an investment is to be realized, 
a fluctuation in the flow of raw materials cannot be 
tolerated. On the heels of this statement comes a 
canvassing question: What is being done to insure a 
steady flow, quality and quantity wise, of raw mate
rials and yet prevent that crew cut look from coming 
to our forests? 

Being one of several manufacturers of forest 
products in the state of Minnesota, The Minnesota 
and Ontario Paper Company alone processes six mil
lion trees annually. Cut in eight-foot lengths and 
placed side by side, this represents a "log-walk" from 
the Atlantic to the Pacific. Or, this represents the 
merchantable and usable stand from 60,000 acres of 
productive forest land. 

This volume of wood must be available this year. 
Next year, and every year, six million trees are the 
least amount of wood that must be ready. 

If there was just volume to contend with, the for
€st manager's problem would be difficult enough. But 
of this six million trees total, about 3,300,000 of these 
trees must be spruce and balsam, over 1,500,000 pop
lar trees are needed, and about 1,200,000 jackpine 
trees go into kraft and groundwood papers. Another 
i tern to be considered is the time and place where 
these trees must be in order to be available in quality 
and quantity when needed for the mills at Interna
tional Falls, Fort Frances and Kenora. 

Further, these trees can be neither too small nor 
too large. For some processes they must be well sea
soned and for other processes green wood is desired, 
and common to all this they must be reasonably 
sound. 

These variables are forced on the manufacturer 
for several reasons. One of the di\rersification which 
the manufacturer must build into his line of products 
in order to attract a maximum number of consumers 
and to provide marketing flexibility. 

Growing trees isn't as simple as one may be led 
to think. In sixty-eight years-the average age of 
trees determined by the manufacturers of forest 
products-there are a number of agents which can 
:kill the tree before it reaches harvestable age. Birds 
and rodents consume seeds in unbelievable numbers. 
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Fig. No. 1 

Harvesting only mature trees improves forest potential. 

If a seed does germinate the new shoot must compete 
with the surrounding grass and brush for the avail
able moisture and sunlight. If it survives this ob
stacle, the sprout stands the possible loss of its lead
ers to deer and rabbits. If this happens, the tree will 
suffer a retardation of growth and a permanently 
deformed physical structure. 

Insects of several species, and in vast numbers, 
attack trees and result in stunted growth or even 
death to great numbers. Depending upon species, 
some trees are extremely susceptible to disease after 
middle age. These fiber-destroying agents account 
for tremendous timber losses. 

Trees have many other natural enemies. The 
beaver builds dams, and trees are killed by flooding. 
High winds sometime flatten huge areas of timber. 
Fire is still the most destructive element in our for-

(Continued on page 40) 

Fig. No. 2 

Minnesota forests contribute 200 million dollars a year 

in terms of processed value. Mondo wood yard 
at International Falls. 
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AND DICK ASLO SKI 
They're tram.rnission engineers with Michjgan Bell 
Telephone Company in Detroit. Bumell graduated 
from Western Michigan in 1951 with a B.S. in 
Physics, spent four years in the Navy, then joined 
the telephone company. His present work is with 
carrier sy8tems, as they relate to Direct Distance 
Dialing facilities. 

Dick got his B.S.E.E. degree from Michigan 
in 1956 and came straight to Michigan Bell. He 
is currently engineering and administering a pro
gram to utilize new, transistorized repeater ( ampli
fier) equipment. 

Both men are well qualified to answer a ques
tion you might well be asking yourself: "What's 
in telephone company engineering for me?" 

SAYS DICK: 

"There's an interesting day's work fo:r you every 
day. You really have to use your engineering train
ing and you're always working with new develop
ments. Every time Bell Laboratories designs a new 
and more efficient piece of equipment, you are 
challenged to incorporate it in our system effec
tively and economically. For example, I have been 
working on projects utilizing a newly developed 
voice frequency amplifier. It's a plug-in type
transistorized- and consumes only two watts, so it 
has lots of advantages. But I have to figure out 
where and how it can be used in our sprawling 
network to provide new and improved service. 
Technological developments like this :really put 
spice in the job." 

SAYS BURNELL: 

"Training helps, too-and you get the best. 
Through an interdepartmental training program, 
you learn how company-wide operations dovetail. 
You also get a broad background by rotation of 
assignments. I'm now working with carrier sys
tems, but previously worked on repeater ( ampli
fier) projects as Dick is doing now. Most 
important, I think you always learn 'practical engi
neering.' You constantly search for the solution 
that will be most economical in the long run." 

There's more, of course-but you can get the 
whole story from the Bell interviewer. He'll be 
visiting your campus before long. Be sure to sit 
down and talk with him. 

BELL TELEPHONE COMPANIES 
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They say music and art can 
soothe the savage bea,st, and if 
so, our Miss January is the 
Technolog's nomination for 
champion man and beast tamerm 

JANUARY, 1960 

Pictured here enjoying her favorite hob
bies, Mary Jo Doyle, SLA sophomore and 
education major, finds painting and music 
rewarding pastimes. 

Also an E-Day Queen candidate last 
year, she represented Mines and Met. 

Mary Jo hails from Minneapolis and is 
a 1958 graduate of West High School. 

A finalist in the Miss Southdale contest 
this year, she has done professional mod
eling at Dayton's for the past two years. 

She's our choice for the perfect pace
breaker, and we hope yours. 
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complete instrumentation for NASA's Project Mercury 

I I 
The reality of McDonnell's manned sat

ellite will be a great milestone in NASA's 
exploration of space. Collins Radio Com
pany is proud to participate in Project 
Mercury by supplying the complete elec
tronics system, including orbital radio 
voice communication, a command system 
for radio control, a telemetry data system, 
a Minitrack beacon system, a transponder 
beacon system for precision tracking, and 
a rescue radio voice and. beacon system. 

Collins needs engineers and physicists to 
keep pace with the growing demand for its 
products. Positions are challenging. Assign
ments are varied. Projects currently und~r
way in the Cedar Rapids Division include 
research and development in Airborne 
communication, navigation and identifica-

COlLINS RADIO COMPANY et CEDAR RAPIDS, IOWA 
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tion systems, Missile and satellite tracking IPI!IIUI I!UIUII 
and communication, Antenna design, Ama- II II 
teur radio and Broadcast. II II 

II II 
Collins manufacturing and R & D in- Iii II 

stallations are also located in Burbank II II 
and Dallas. Modern laboratories and re- II II Iii • 
search facilities at all locations ensure the 11 II 
finest working conditions. II II 

II II 
Your placement office will tell you when 11 Professional Placement, II 

a Collins representative will be on campus. Iii Collins Radio Company, c-2. II 
II Cedar Rapids, Iowa II 

For all the interesting facts and figures II II 
of recent Collins developments send for II Please send me each Collins Signal published II 

II during this school year. II 
your free copies of Signal, published quar- 11 11 
terly by the Collins Radio Company. Fill II Name II 
out and mail the attached coupon today. II II 
You'll receive every issue published during · II II 

II Address II this school year without obligation. 11 Iii 

: City State : 

II II 
Iii College or University II 
Iii II 

: Major degree Minor I 
II II 
Iii Graduation date II 
D II 

e DAllAS, TEXAS e BURBANK, CALIFORNIA ·~·~~~~~~~~~~···~~~~~· 
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The word space commonly represents the outer, airless regions of the universe. 
But there is quite another kind of "space" close at hand, a kind that will always 
challenge the genius of man. 

This space can easily be measured. It is the space-dimension of cities and the 
distance between them ... the kind of space found between mainland and off
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance-above all, 
Sikorsky is concerned with the precious "spaceway" that currently exists be
tween all earthbound places. 

Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve
hicles that can prove to be tomorrow's most versatile means of transportation. 

Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet. 

For information about careers with us, please ad
dress Mr. Richard LAuten, Personnel Department. 

One of the Divisions of United Aircraft Corporation 

STRATFORD, CONNECTICUT 
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ests, and probably the most astounding thing is that 
90 per cent of all fires in this area are man caused. 

This all adds up to the fact that growing timber 
is a complicated business involving careful long
range planning and continuous effort. However, as 
long as man can integrate his ever-increasing scien
tific knowledge and practices with the nonsubstitu
tional functions of nature, our forests will never face 
extinction. 

What action is needed to insure this six-million
tree raw material supply for the Minnesota and On
tario Paper Company? The answer, of course, does 
not lie in any one act, but a series of interrelated 
practices and techniques. In short, a comprehensive 
program of forest management. 

Considerable progress has been made in manage
ment of forest lands-progress looking most cer
tainly toward a substantial increase in the annual 
cut permissible. 

Fig. No. 3 

Periodic remeasurement of trees in sample plots provides 
basic data for projection in Mondo's continuous 

forest inventory system. 

Because of the extensive landholdings of public 
agencies in Minnesota, it is virtually impossible for 
a manufacturer of forest products to own all the land 
from which it must draw its permanent supply of 
wood. Therefore, it must supplement its own wood 
with wood obtained from various types of govern
ment lands as well as wood from lands under private 
ownership. In Canada the Crown owns the public 
lands and issues 21-year cutting rights on these lands. 
An effective program has been set up by which Man
do works closely with other landowners to help them 
improve the yield on their lands. 

To grow as much wood as possible on a given area 
of land and so regulate the cut so it is kept in balance 
with growth, is the objective of the forest manage
ment program. 
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No, a tree is not planted for every one that is 
harvested, and for very sound reasons. 

Imagine, if you can, the cost of an operation to 
plant six million trees each year. Also, our forests 
generally reproduce themselves by natural means. 
The role of forest management is to aid nature in 
whatever manner is economically feasible, to plan 
and regulate cutting so that the forests develop and 
reproduce themselves by natural means. The overall 
effect of such programs is far greater growth and 
reproduction than might be achieved by planting 
alone. 

Nature is aided by man in three different ways. 
There are: improvement of seed beds by scarifying 
the soil, partial cutting, and cutting at the proper 
time. All suitable areas must be kept in growth, be
cause if a cut-over area stands idle for ten years, the 
possible yield from this delay is reduced by 15 per 
cent. Therefore, where natural reproduction doe~ not 
restock old cut-over areas it becomes imperative to 
plant in order to obtain maximum yield. Thus idle 
areas are put into production. 

The yield can be increased through cutting tim
ber that is at its quality peak. If permitted to stand 
beyond this point the tree will not grow as rapidly 
and it will begin to deteriorate. Loss to insects and 
diseases are reduced by harvestirig the timber as it 
reaches maturity, because over-mature stands be
come easy prey for insects, diseases and fire. 

Thinning of forests through regulated cutting 
eliminates the crowding of trees and permits better 
growing conditions. 

Forest management consists of working' with na
ture and not against her. Nature must be ~iven the 
opportunity to use her complex, put efficient, means 
of reproduction to the best adva'fitage. This,is accom
plished when the ravages of insects, diseases, and fire 
are brought under control and' the forests are re-
turned to a healthy condition. , 

Under a program of continuous inventory, Mando 
has at its disposal critical information regarding its 
wood supply. This program, involving the applica
tion of sampling techniques to forest inventory, is 
new and unique in this field. 

In the early 1950's Minnesota and Ontario Paper 
Company started the program referred to as the 
"Continuous Forest Inventory System." It was not 
known at the outset how effective this program 
would be. In the fall of 1956, however, a remeasure
ment was completed and a great deal of vital infor
mation was revealed, further emphasizing the po
tency of the new methods. 

To go back to the beginning, this system provides 
a continuous record of the amount, condition, and 
growth of timber. 

Measurement at frequent intervals reveals 
changes in the forests, such as losses from cutting, 
fire, insects, diseases, animals and storm damage, and 
the growth and development since the last measure
ment. 

Due to the impracticality of measuring each tree 
on an area of some 280,000 acres of company lands, 

(Continued on page 48) 
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ANOTHER WAY RCA 
SERVES BUS I NESS 

THROUGH 
ELECTRONICS 

Princeton, N. J: Today the area around this historic educational center is one of the country's foremost communities of scientific research. 

RCA Electronics helps build a new capital of science 

at Princeton~ N .. ""'" 

Explorers once looked for new opportunities beyond 
the mountains and the oceans. Today, our frontiers 
are somewhere out in space or deep inside the 
atom. The modern explorer is the research scientist. 
He seeks new ideas, new knowledge. 

Research has been an important activity at RCA 
ever since it was founded in 1919. And eighteen 
years ago many scattered operations were united 
in the RCA David Sarnoff Research Center, which 
set the pattern for a new capital of industrial re
search at Princeton, N. J. Here, RCA provided 
gifted men with fine facilities-and created a eli-

mate in which research thrives. Since then, many 
other institutions dedicated to research in a variety 
of fields have been erected in the area. 

From RCA's vision has grown a reservoir of 
scientists and research men whose achievements 
put electronics into service on an ever-broadening 
front, and with such success that RCA means elec
tronics-whether related to international communi
cations, to the clearest performance of television in 
color or black-and-white, radio and stereophonic 
music or to national defense and the electronic 
conquests in space. 

RADIO CORPORATION OF AMERICA 

The RCA David Sarnoff Research Center, dedicated in 1942, was one 
of the first industrial laboratories established in the Princeton area 
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FEATURES 

(Continued from page 31) 

New Aid' In Polyethylene 

Manufacture 

TOYS FOR children, insulation for 
highway construction, transpar

ent food-packaging material! These 
divergent applications indicate the 
wide range and versatility of poly
ethylene, a plastic that seems des
tined for even broader use in the 
near future. 

Industry spokesmen estimate 
that production of polyethylene 
will reach one billion pounds by 
1960. 

Volume manufacture of this plas
tic is complicated, however, by its 
high sensitivity to contamination. 
Stainless steel equipment is help
ing solve the problem of moving 
large quantities of polyethylene ef
ficiently and with minimum con
tamination. 

Pneumatic polyethylene-convey
ing equipment manufactured by 
Dracco Division of Fuller Com
pany, Cleveland, Ohio, utilizes 
stainless steel rotary locks to con
trol the movement of the plastic 
from conveying system to process
ing equipment. Stainless casting 
for the locks are supplied by Alle
gheny Ludlum Steel Corporation. 

A rotary lock is similar in design 
to the paddle wheel on an old-fash
ioned riverboat. The rotor, divided 
into four or more compartments, 
feeds material at a uniform rate 
from a hopper to a chute or bin and 
prevents a back-surge of air. 

Allegheny Ludlum casts- from 
Type 302 stainless steel-the rotors 
and bodies for both the 15-inch and 
18-inch Dracco locks used in poly
ethylene manufacturing plants. As 
an indication of the weight of the 
castings, the 15-inch rotor weighs 
182 pounds, its body 417 pounds. 
This lock measures 23 inches high 
by 21 inches wide, and moves an 

average of 3000 to 5000 pounds per 
hour. 

Stainless steel, with its hard, 
smooth surfaces, will not chip and 
contaminate polyethylene during 
its passage through the lock. If 
metal or rust became entrained in 
the product, it would be unsuitable, 
for example, for cable insulation, 
as a commercial film or for chil
dren's toys. Smoothness of the 
metal also prevents material from 
catching or hanging up on the in
side surfaces. 

Optical MissUe Tracking 

A CHALLENGE to the photo-optical 
industry was presented October 

26 in the opening paper of the an
nual convention of the Society of 
Photographic Scientists and Engi
neers in Chicago, Illinois. 

Dr. Clair W. Bemiss of the Radio 
Corporation of America's missile 
test project, Patrick Air Force 
Base, outlined future requirements 
of photographic missile tracking 
systems if they are to compete with 
latest electronic data censors. 

He said more stringent require
ments dictated by "refined" mis
siles and satellites call for greatly 
improved accuracy and immediate 
availability of flight-metering data. 

Until now, determination of ve
locity, acceleration, and flight posi
tion information has depended 
largely upon photo-optical systems. 
A major breakthrough is needed in 
missile tracking "state-of-the-art," 
Dr. Bemiss said. 

He outlined latest examples of 
photo-optical telemetering that 
could lead to improvements. These 
include such ideas as portable and 
remote operation of ballistic cam
eras for global satellite tracking. 
Similar improvements should be 
sought in other existing systems 
and for relatively unused regions 
of the spectrum such as the infra
red, Bemiss said. 

Photo-scientists must also devel
op reliable systems to provide the 
necessary information in periods 
ranging from a fraction of a second 
to a maximum of a few hours, he 
emphasized. 

(Continued on page 52) 
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h r do you want to wor 

These 2 answers may shape your future 

AT NORTHROP you will be offered a wide diver
sity of over 30 operational fields from which to 
choose. You will apply your talents to the work you 
enjoy-in the fields best suited to your inclinations 
and ability. 
You will work with the newest and most-advanced 
research and test equipment. 
You will work with acknowledged leaders in their 
fields-men who are chosen for their capabilities and 
their skills in guiding and developing the talents of 
younger men. You will like the way they delegate 
authority and assure you of your fair share of credit 
for engineering triumphs. 
You will earn top salary. Northrop's salary structure 
'is unique in the industry.With this growing company 
you will receive increases as often as you earn them, 
and these will be based on your own individual 
achievements. You will discover, too, that Northrop's 
vacation and fringe benefits are extra liberal. 
And you will continue to learn while you earn at 
Northrop with no-cost and low-cost education. At 
leading Southern California institutions, you will 
earn advanced degrees and keep current with the 
latest advances in your own chosen field. 

CORPORATION 

NEWS IS HAPPENING AT NORTHROP 

JANUARY, 1960 

IN SOUTHERN CALIFORNIA you will work 
in the electronic, aircraft/missile center of the world. 
You will join the outstanding scientists and engi
neers who continually advance Southern California's 
dynamic leadership in these fields of the future. 
When you work at Northrop you will be able to 
enjoy your leisure the year around. Close to the 
beaches and the mountains, you'll enjoy an active 
life in Southern California's incomparable climate. 

Now- as you plan your future, you owe it to yourself to 
consider these 3 Divisions of Northrop. 

NORAH~ DIVISION is the creator of the USAF Snark SM-62 
missile now operational with SAC. Norair is currently 
active in programs of space research, flight-testing the 
USAF-Northrop T-38 Talon trainf;!r and Northrop's N-156F 
Freedom Fighter. 

RADIOPlANE DIVISION, creator of the world's first family 
of drones, produces and delivers unmanned aircraft for 
all the U.S. Armed Forces to train men, evaluate weapon 
systems, and fly surveillance missions. Today Radioplane 
is readying the recovery system for Project Mercury. 

NORTRONICS DIVISION is a leader in inertial and astro
nertial guidance systems. At Hawthorne, Nortronics ex· 
plores. infrared applications, airborne digital computers, 
and interplanetary navigation. At Anaheim, Nortronics 
develops ground support; optical and electromechanical 
equipment; the most advanced data-processing devices. 

Find out more about the young engineers and scientists 
who are making the news happen at Northrop. 

WRITE TODAY for information about Northrop 
and all of its Divisions. 

Engineering & Scientific Personnel Placement Office 
Northrop, P.O. Box 1525, Beverly Hills, California 
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planning is conducted on a global basis to locB.te 
suitable sites for Naval installations required for the 
accomplishment of assigned missions. At existing 
Naval bases, engineering planning is performed to 
determine what modifications must be made andjor 
what additional facilities are required for changing 
missions and weapons. For all facilities which must 
be constructed for the Navy, the Civil Engineer 
Corps either performs the design with its own design 
organization, or awards an architect-engineer con
tract for the design of the facilities and then super
vises the A-E's work under the contract. After the 
facilities are designed, the Civil Engineer Corps con
tracting officers let construction contracts for the 
construction and then administer the contract and 
inspect the work performed. For facilities which 
must be built on land not owned by the Government, 
they purchase the required land or obtain a lease 
for its use. Once the facility has been constructed, 
they provide officers for operation and adequate 
maintenance, including everything from providing 
janitorial services to procuring utilities, making re
quired alterations andjor rehabilitation, painting, 
and performing repairs. 

The present Naval shore establishment has a 
value of about $17 billion and includes operating 
bases, shipyards, air stations, and supply, training, 
medical, and research facilities located all over the 
world. This tremendous plant value is supplemented 
each year with a total of approximately $4 million 
worth of new Naval shore-establishment construc
tion. 

Obviously, these 1500 officers could hardly do all 
of the work required by themselves. Therefore, they 
have a staff of approximately 18,000 civilians and 
5,000 "Seabees" located all over the world. The offi
cers of the Civil Engineer Corps, plus the entire 
organization, are directed by what is known as the 
Bureau of Yards and Docks. This parent organization 
is composed of about 60 Civil Engineer Corps officers 
and 900 civilians. (It derives its name from the origi
nal dock constructed in 1842 for which the first civil 
engineer was hired.) 

The CEC officer is primarily an engineering ad
ministrator-a supervisor of others, both Naval per
sonnel and civilians. He uses his broad engineering 
education and experience to make decisions pertain
ing to engineering matters. His duties and responsi
bilities vary from time to time according to the job 
that he is assigned; and as he goes from one assign
ment to another, he gains a wider experience than 
most engineers can expect during their entire 
careers. 

The junior office in the Civil Engineer Corps is 
assigned responsibility and the authority to go along 
with it as fast as he can assume it. Customarily he 
is given much more responsibility than he could 
expect if working for a civilian engineering firm. 
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Typical exmnples of the variety of the work that 
he may be given are as follows: 

As a Public works Officer at a Naval activity such 
as an air station, a shipyard, or a supply depot, his 
job is somewhat similar to that of a city manager 
of a city. He is charged with the maintenance and 
upkeep of all of the buildings and roadways, of the 
sanitary facilities and communication lines, and in 
addition he maintains the automotive and construc
tion equipment fleet and is housing administrator 
for the family quarters that are owned and operated 
by the Navy. 

As an Officer in Charge of Construction, he ad
ministers construction contracts which vary in size 
from a relatively small $50,000 or $60,000 alteration 
job to an existing building to construction contracts 
for up to $15 million or more. He inspects the work 
of a civilian contractor to make sure that the Navy 
gets the results for which it is paying. To do this, 
he may have a staff of from four to 20 or more 
civilian inspectors and other assistants. 

With the "Seabees," the CEC officer is in charge 
of all types of construction. His job here is very much 
like that of the construction supervisor for a large 
construction contractor. Here he learns to actively 
direct field operations. 

At a District Public Works Office, he comes in 
contact with all of the phases of engineering men
tioned previously, for in each such office there are 
divisions which handle the planning, design, con
struction, real estate, maintenance, and operations 
of all the facilities within a given geographical area. 
In such an office, a junior officer is assigned as an 
assistant to a senior officer; and. he is given respon
sibilities approximately equal to those of an assistant 
to one of the vice presidents of a large architectural
engineering firm. The CEC officer's job in a District 
Public Works Office is that of an engineering ad
ministrator. He must direct and approve work which 
is accomplished within his division. Here, also, a 
great variety of experience is obtained, dealing with 
the administration of engineering personnel and 
engineering problems. 

Another type of work is found in the Bureau of 
Yard and Docks located in Washington, D. C. Here 
the CEC officer is called upon to make decisions 
which become policy in conducting engineering for 
the entire Naval shore establishment. 

Civil Engineer Corps officers are administering 
the construction of the world's largest radio tele
scope which will soon be used to study outer 
space, to advance research on the characteristics 
of the earth's atmosphere and to conduct geodetic 
and geomagnetic studies of the earth itself. The 
"Big Dish," as it is known, will be able to inter
cept and concentrate faint radio waves from billions 
of light years in space; this information will be 
correlated with existing knowledge obtained from 
studies of what can be seen through a telescope to 

(Continued on page 48) 
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KENT R. VAN HORN, Director of 
Research, Ph.D., Yale University 

RICHARD C. WILSON, Assistant 
Manager of Distribution, B.S. in 
Aeronautical Engineering, Uni
versity of Kansas 

THOMAS R. GAUTHIER, Cleve
land Works, Chief Metallurgist, 
B.S. in Chemical Engineering, 
Iowa State University 

IN MM 
s 

HARRY SUMNER, Sales Engineer, B.S. in Business 
Administration, University of South Carolina 

LAWRENCE M. DUNN, Manager of 
Automotive Engineering Sales, B.S. in 
Mechanical Engineering, Iowa State 
University 

GUSTAV 0. HOGLUND, Division Chief of Alcoa Process Development Labora· 
tories, B.S. in Aeronautical Engineering, University of Michigan 

faith. It's in the future of a metal. Aluminum. 

all are department heads at Aluminum Company of America. They all started with Alcoa as young men fresh 
of college. They all have prospered as Alcoa has prospered. 

all have received their promotions on merit ... the same merit which has contributed signally to Alcoa's status 
Twentieth Century's outstanding corporate success story. 

the prospects for a new employee at Alcoa are even brighter, even more challenging than they were when these 
went to work. This is because the prospects for Alcoa and for aluminum are brighter. 

dynamic future in this kind of corporate environ
interests you, contact your placement officer to 

an interview. For more details, write for our 
booklet, A Career For You With Alcoa. Write 

,._ ...... ,. ...... .,. .. "' Company of America, 810 Alcoa Building, 
19, Pa. 

Your Guide to the Best in Aluminum Value 

For exciting drama watch "Alcoa Presents" every 
Tuesday. ABC-TV, and the Em my Award winning 
!'Alcoa Theatre" alternate Mondays, NBC-TV 
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DEANE KEUCH 
Purdue University '53 

EANE KEUCH, one of 136 Dunham-Bush sales 
engineers, knows the advantages of being associated with a 
dynamic young company with extensive product lines. 

Following his engineering studies at Purdue, Deane joined 
Dunham-Bush as a trainee and soon became an application 
engineer. After a relatively short time he was assigned his own 
territory, working out of the Cleveland area sales office. 

In calling on consulting engineers, architects, plant engineers, 
wholesalers, contractors and building owners, Deane (like all 
Dunham-Bush sales engineers) finds it reassuring to be backed by 
his area office and the facilities of Dunham-Bush laboratories. 

Equally reassuring is the availability of complete lines. The range 
' of Dunham-Bush refrigeration products runs from compressors 

to complete systems; the range of air conditioning products 
extends from motel room conditioners to a hospital's entire air 
conditioning plant. The heating line is equally complete: from a 
radiator valve to zone heating control for an entire apartment 
housing project. The Dunham-Bush product family even includes 
specialized heat transfer products applicable to missile use. 

If you'd like to know more about the company 
that offers "Sales Engineering Unlimited", send for a copy of 
"This is Dunham-Bush". 

AIR CONDITIONING, REFRIGERATION, 

HEATING PRODUCTS AND ACCESSORIES 

un us , Inc. 
WEST HARTFORD 10, ® CONNECTICUT, @ U. S. A. 

SALES OFFICES LOCATED IN PRINCIPAL CITIES 
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uoh/ what a funny cow," the chic 
young thing from the city told the 
farmer. "Why doesn't it have any 
horns?'1 

"There are many reasons/' the 
farmer replied, "why a cow does not 
have horns. Some do not have them 
until late in life. Others are dehorned, 
while still other breeds are not sup
posed to have horns. This cow does 
not have horns because it is a horse.'l 

A young lad was leading a rather 
small, low yellow cur along the side-· 
walk near his house when he was. 
confronted by a man with a ferocious 
looking bulldog of considerable sta
ture. The man, looking at the little 
yellow animal snarled out, "little 
boy, if you don't get that dog out of 
my way I am going to release my 
bulldog and he will tear your dog 
up." 

Suddenly, without the slightest for
cast, the little yellow dog reached out 
and bit off the bulldog's leg with a 
resounding "chomp/' 

"My God!" what kind of a dog do 
you have there?" the astonished man, 
yelped. 

"Well, I'll tell you mister, before t 
cut off his tail and painted him yel
low, he was an alligator. 

If all the freshmen in the world were 
placed in a line holding hands, they 
would reach more than halfway 
across the ocean. 

A lot of people are in favor of this 
scheme. 

Overheard in the cocktail lounge 
of the United Nations building: "My 
country can lick any country in the 
place!'~~, 

An Englishman once took a trip to 
Ireland to inspect an estate that he 
had inherited. As he was walking· 
through one of the gardens of the· 
estate, an Irish farmer approached; 
him and asked, "How did you ac
quire this land?" 

"I inherited it from my father/ 1 was. 
his answer. 

"How did your father get it?11 

"He inherited it from his father/' 
"How did he get it?11 

"He inherited it from his father. 11 

1'How did his father get it?11 asked: 
the Irishman. 

"He fought for it.11 

"Take off your coat/' 
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Student Frank e analyzes the 

pectrum of skills built into 
a ilton tandard products 

Some engineering specialties that contribute 
to creating this engine control: 

8 FLUID DYNAMICS 

8 HYDRAULICS 

8 ELECTRONICS 

8 METALLURGY 

8 VIBRATION 

e MECHANICS 

OTHER PRODUCTS 

DEVELOPED BY 

THIS INTEGRATION 

OF VARIED SKILLS: 

ELECTRONIC 
fLIGHT CONTROLS 

TURBO PROP 
CONTROLS 

JANUARY, 1960 

e CONTROL DYNAMICS 

e STRESS ANALYSIS 

• SERVO MECHANISMS 

JET ENGINE 
STARTERS 

ENVIRONMENTAl 
CONTROLS 

HYDRAULIC 
PUMPS 

MODEL JFC 12 ... 11 FUEL CONTROL is, typically, 
the result of the Hamilton Standard "task force of talents" 
concept now producing so many ingenious, space-con
quering devices for advanced aircraft, missiles and space 
vehicles. The unit above is standard equipment on the 
highly successful Boeing 707 Jet Transport. This light
weight (60 lbs.), complex (about 1200 parts), and sensitive 
unit delivers 16,000 gallons of fuel in 7 hours-sufficient 
to drive a car 240,000 miles-the distance to the moon! 

Incoming students like Frank G. can use their engi
neering knowledge immediately at Hamilton Standard by 
contributing, as members of small design, analysis or proj
ect groups to the development of a product. There is 
virtually no limit to the types of engineering background 
required at Hamilton Standard, and no limit. to the chal
lenging applications that await these talents. 

Write to R. J. Harding, Administrator-College Relations, 
for full color, illustrated brochure: 

HAMILTON STANDARD 
A DIVISION OF 

UNITED AIRCRAFT CORPm 
BRADLEY FJELD ROAD, WINDSOR LOCKS, CONN. 
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learn more about outer space. It will cost more than 
$79 million, will stand 665 feet high (height of a 
50-story building), will weigh 20,000 tons, and will 
have a parabolic circular reflector 600 feet in diam
eter which will be movable in any direction. The 
"Big Dish," located in Sugar Grove, West Virginia, 
is scheduled for completion in 1962. 

Another example of construction presently being 
administered by officers of the Civil Engineer Corps 
is the new Naval hospital at Great Lakes, Illinois. 
Costing approximately $15 million, this building 
will be 15 stories high. It will contain the necessary 
administrative spaces, operating rooms, and labora
tories to support a hospital of 1500 beds and will 
contain ward-room space for 800 of the 1500-bed 
eventual capacity. When completed, the hospital will 
provide medical service to Army, Air Force, Marine 
Corps, Coast Guard, and Naval personnel in the 
Ninth Naval District. 

This year, the Civil Engineer Corps will receive 
approximately 60 engineering students from the 
U. S. Naval Reserve Officer Training Corps pro
grams at various engineering colleges throughout 
the United States and will receive approximately 
280 officers from the Officer Candidate School located 
at Newport, Rhode Island. The officer candidate 
program is open to college graduates with a bach
elor or higher degree in the engineering fields men
tioned before and who are within the age limits of 
19 to 27 years. These men will serve four months at 
Officer Candidate School and, upon successful gradu
ation, will be commissioned as ensigns in the Naval 
Reserve, with an obligation to serve three years on 
active duty. Such active duty service not only ful
fills their military obligation but more importantly 
utilizes their engineering training and broadens their 
experience and enhances their professional stature 
while doing so. In addition, during this period they 
have the opportunity to apply for the regular Navy 
status and to make a career of this varied and 
exciting professional work. 

PUNCH CARDS 
(Continued from page~40) 

749 circular plots of one-seventh acre each were 
mathematically laid out over this vast area. These 
plots are permanent and are remeasured periodi-
cally. 

It has been further worked out so that each plot 
represents 350 acres of productive forest land. Each 
tree on a plot is a representative of 2,500 trees not on 
a plot. These plots are representatively located in 
Koochiching, Itasca, and St. Louis counties. 

The data collected from these plots is put on Inter
national Business Machine cards. One card is filled 
out for each plot. In addition to this, each merchanta
ble tree on each plot has its own card. Each tree card 
carries such data as species of the tree, size, vigor, 
defect, if any, and the amount of wood in the tree. 

Roughly speaking, some 14,000 individual tree 
cards are involved. Once the data have been col
lected it is processed by IBM machines. With this 
information at their disposal, management can ad
just its planning and make decisions quickly and 
scientifically. 

Here is an example of the type of information 
possible through this system. In Mando's Minnesota 
forest lands, every hour during a recent three-year 
period saw 170 trees grow into merchantable size, 
and when each year was ended, 1,489,200 trees have 
passed the five-inch DBH (diameter breast high) 
and have joined their merchantable partners in the 
forest. While this was going on, some trees lost their 
battle for survival because of disease, wind, sun, 
flood, insects, beaver or porcupine. 

As with human population, it is important to 
know the vital statistics of our growing trees. 

Indeed, a great change has been wrought in ap
praisal of our vast wilderness trees. This is one of 
several basic advances in the science of forest man
agement. 

With the advancing population and additional 
need for more and more cellulose fibers, intensive 
forest management must shoulder the responsibility 
for future progress. 

A midnight scene ... rain, sleet The big day was here. The wonder- Once upon a time, as the story 

... a drunk in a doorway ... a cop. 

Drunk: "I live here/' 

Cop: "Why don't you go in?" 

Drunk: "I lost my key." 

Cop: "Then ring the bell." 

Drunk: "I rang it an hour ago." 

Cop: "Ring it again." 

Drunk: "To hell with them; let 'em 
wait." 

"I certainly hope it doesn't rain to
day," one lady kangaroo remarked 

to another. "I just hate it when the 

children have to play inside." 
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ful gigantic bridge connecting two of goes, the fence between Heaven and 

the country's largest cities was being Hell broke down. Satan appeared at 

formally opened. At the height of the his side of 1he broken section and 

festivities, when thousands of people called out to St. Peter; "Hey St. Peter/ 

had thronged onto the bridge, the s'ince all the engineers are over on 

center span-with a crash heard for your side, how about sending a few 

miles-fell into the bay, a mass of to fix the fences?" 

twisted girders and human bodies. 

The frenzied mayor, seeing the engi

neer, dashed up to him, "look whaf' 

you have done!" 

The engineer, scratching his ear, 

replied, "I told Joe that decimal point 

was in the wrong place." 

"Sorry," replied St. Peter, "my men 

are too busy to fix fences." 

"Well then," said Satan, I'll have to 

sue you if you don't." 

St. Peter: "Guess you win; you've 

all the lawyers on your side." 
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YOUR TASK FOR THE FUTURE 

Since its inception nearly 23 years ago, 
the Jet Propulsion laboratory has given 
the free world its first tactical guided mis· 
sile system, its first earth satellite, and 
its first lunar probe. 

tier will advance at an accelerated rate. 
The preliminary instrument explora

tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 

will be made of the moon and the plan· 
ets and of the vast distances of inter
planetary space; hard and soft landings 
will be made in preparation for the time 
when rna n at last sets foot on new worlds. 

In the future, under the direction of the 
National Aeronautics and Space Admin· 
istration, pioneering on the space fron· 

In this program, the task of JPL is to 
gather new information for a better un· 
derstanding of the World and Universe. 

"We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 

"Who can tell what we will find when we get to the planets? 

Who, at this present time, can predict what potential beneFits 
to man exist in this enterprise? No one eon say with any accu
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
ore obligated to do these things, as human beings!' 

DR. W. H. PICKERING, Director, JPD. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

.JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
INFRA-RED" OPTICS" MICROWAVE'" SERVOMECHANISMS" COMPUTERS • LIQUID AND SOLID PROPUlSION • ENGINEERING MECHANICS 

STRUCTURES" CHEMISTRY • INSTRUMENTATION " MATHEMATICS AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 

JANUARY, 1960 49 



50 

I 
LE 

INTAKE AND EXHAUST 

These two phases occur simultaneously. 

COMPRESSION 

POWER 

THE FREE-PISTON ENGINE 
(Continued from page 11) 

In a straight diesel engine, the scavenging air is 
thrown away and its heat lost through the exhaust. 
This is one reason why the new engine may surpass 
even the diesel in fuel economy. 

The operating cycle of the free-piston engine is 
shown at the left. The three figures sh:::rw .Lntake, 
compression, power, and exhaust. 

The engine is started by suddenly spilling com
pressed air from a small accumulator into both 
bounce chambers. Since there is no flywheel or other 
rotating mass to resist acceleration, the engine al
most immediately attains the speed for which the 
fuel input and bounce chamber pressure are set. 
The mechanism almost jumps into action. 

Intake 
The pistons complete their outward travel in the 

first power stroke. At this point, intake air rushes 
into the power cylinder and mingles with the re
maining exhaust gases which pass on toward the 
turbine. During this instant the cylinder is scav
enged. 

Compression 
The pistons bounce inward on the compression 

stroke. Note that the air compressing pistons pump 
air into the scavenging air chamber where it remains 
under pressure until the intake ports in the combus
tion chamber are again exposed. 

Power 
Fuel is injected and starts to burn near the inner

most point of travel of the pistons. As soon as the 
pistons reverse direction on the power stroke, com
pressed air is trapped in the scavenging air cham
ber, and the inlet valves open to start refilling the 
air compression chamber. 

Exhaust 
The exhaust phase of the cycle and the beginning 

of the intake or scavenging phase occur an instant 
before the end of the power stroke. Hot, expanding, 
exhaust gases push out of the exhaust ports into the 
manifold leading to the turbine where rotation 
power is used. Throughout this half of the cycle, air 
is again drawn into the compression chambers on 
the inward faces of the air compressing pistons. 

Injection of fuel in the free-piston engine follows 
much the same pattern as in any diesel engine. For 
simplification of the illustrations no attempt has 
been made to show the fuel pumping and injector 
operating mechanisms. Free refers to the variable 
stroke of the engine. Actually, the pistons are con
nected by rods which operate through stuffing boxes 
in the compressor chamber walls. This serves two 
purposes. (1) To provide just enough restraint to 
keep any frictional disparity from allowing one pis
ton to travel farther or faster than the other (in 
which case they would be out of phase). (2) To pro
vide actuation for the fuel injection pump. 

Since the pistons are moving in opposite direc
tions at all times, the connection is made through a 
linkage forming a parallelogram. The fuel pump is 

(Continued on page 54) 
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Number Four in a Series 

JANUARY, 1960 

ENGINEERING GRADUATES-YOUR 

Just as the satisfactory recovery of an or
bital vehicle signals the success of a space 
project, you, as a professional engineer, will in 
time enjoy increased prestige in your company 
and community, a high standard of living, and 
personal pride in the knowledge that your con
tributions have advanced the art of aeronautical 
and space technology. 

At McDonnell-a large number of relatively 
young engineers are already enjoying the hall
marks of success mentioned above. You, too, can 
write your success story with us by taking ad
vantage of McDonnell's Stepping Stones to 
Space. 

Learn more about our company and com
munity by seeing our Engineering Representa
tive when he visits your campus, or, if you 
prefer, write a brief note to: Raymond F. Kaletta 

Engineering Employment Supervisor 
P. 0. Box 516, St. Louis 66, Missouri 

Illustrating McDonnell's youthful and dynamic management is 
John Yardley, age 34, Project Engineer-Project Mercury, John re
ceived his BSAE from Iowa State in 1944, and his MS Applied 
Mechanics Degree from Washington U., St. Louis, in 1950. 
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Take advantage of the 

EC 

The screw is a combination of two 
mechanical principles: the lever, 
and the inclined plane in helical 
form. The leverage applied to the 
nut combines with motion of the nut 
around the bolt to exert tremendous 
clamping force between the two. 

One of the greatest design errors 
today, in fact, is failure to realize 
the mechanical advantages that 
exist in standard nuts and bolts. 
Smaller diameters and less costly 
grades of fasteners tightened to 
their full capacity will create far 
stronger joints than those utilizing 
bigger and stronger fasteners tight
ened to only a fraction of their 
capacity. Last year, one of our engi
neers showed a manufacturer how 
he could save $97,000 a year simply 
by using all the mechanical advan
tages of a less expensive grade. 

When you graduate, make sure 
you consider the mechanical advan
tages that RB& W fasteners provide. 
And make sure, too, that you con
sider the career advantages RB& W 
offers mechanical engineers-in the 
design, manufacture and application 
of mechanical fasteners. If you're 
interested in machine design-or 
sales engineering, write us for more 
information. 

RUSSELL, BURDSALL & WARD 
BOLT AND NUT COMPANY 

Port Chester, N. Y. 
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(Continued from page 42) 

Two Reactors Operate In Parallel 

Two PRESSURIZED water reactors of 
the land-based prototype nucle

ar power plant for large surface 
ships have operated in parallel at 
full power at Idaho Falls, Idaho. 
The plant known as the A1W pro
totype, is the nation's first nuclear 
power plant to have two reactors 
powering one propeller shaft. De
signed as the forerunner of the 
power plants for two Navy com
batant ships now under construc
tion, the guided missile cruiser, 
Long Beach, and the aircraft car
rier, Enterprise, the AIW is the 
largest naval nuclear power plant 
in operation. Full power was 
achieved at 12: 37 p.m. (MST), Sep
tember 15, 1959. 

The A1 W prototype power plant 
was designed and developed by 
Westinghouse Electric Corporation 
at the Atomic Energy Commis
sion's Bettis laboratory, Pitts
burgh, in technical cooperation 
with the Naval Reactors Branch of 
the AEC. 

Philip N. Ross, general manager 
of the Bettis atomic power labora
tory, emphasized that the A1 W pro
totype full scale test of the reactor, 
reactory systems, steam plant sys
tems apparatus, and controls will 
provide important technical in
formation on over-all plant per
formance. 

The two Al W reactors along 
with all the primary coolant sys
tems are housed in an exact replica 
of a ship's hull section. Newport 
News Shipbuilding and Dry Dock 
Company, Newport News, Va., was 
responsible for the construction of 
the ship's hull and the installation 
of nuclear and propulsion plant 
components. 

The cruiser, Long Beach, which 
was launched July 14, 1959, will 
use two A1 W type atomic reactors 
in its propulsion plant, while the 

carrier, Enterprise, will utilize 
eight of these reactors. 

lnco's Ore Recovery Process 

THE GASEous selective reduction 
process employed by The Inter

national Nickel Company of Can
ada, Limited, at Copper Cliff, On
tario, as a stage in the recovery of 
high-grade iron ore from nickeli
ferous pyrrhotite, was described 
here by Paul Queneau of New 
York, vice-president of the com
pany's United States subsidiary, 
The International Nickel Company, 
Inc. A closely allied procedure, 
magnetic roasting of iron oxides, is 
considered to be one of the most 
promising methods for beneficiat
ing the low-grade iron ores of the 
Lake Superior region. 

Mr. Queneau presented the 30th 
Warren Lecture at the University 
of Minnesota Institute of Technol
ogy here. 

He said that large-scale magne
tizing roasting is being practiced 
at Inco's Iron Ore Recovery Plant 
at Copper Cliff, employing a novel 
process invented and developed by 
the company. In this procedure, 
pre-heated hematite is subjected to 
a controlled reducing roas~ in kilns 
13 feet in diameter, using gas gen
erated by the partial combustion 
of heavy fuel oil or natural gas in 
a concurrent gas-solid operation. 
These are the largest known gase
ous reduction kilns in the world. 

The hot hematite feed is pro
duced from nickeliferous pyrrho
tite in fluid-bed roasters 26 feet in 
diameter. The roasters incorporate 
another concept invented and de
veloped by Inco which results in 
uniquely high roaster capacity co
incidental with a high degree of 
sulphur elimination and a high
quality sulphur dioxide off-gas. 

After removal of nickel, copper 
and cobalt from the kiln product 
by leaching, the almost pure mag
netite is agglomerated on balling 
discs and fired on an 8-foot-wide 
traveling grate pellet sintering ma
chine. The final product consists of 
pellets one inch in diameter anal
yzing 68 per cent iron, considered 
to be the highest quality tonnage 
iron ore produced on the North 
American continent. 
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Hundreds do it every day, without ever leaving their 
company. Confined by an unimaginative management, 
they sink to the level of pencil pushers ... or slip-stick 
artists, 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 adwrhents to name a few. 

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 opportunities at 
LINDE, in research, development, production, sales, and 
staff positions, from your Placement Officer. A booklet, 
"'Look to LINDE for your future," is available hy address
ing J. J. Rotosky, Recruiting Dept., Linde Company, 
Division of Union Carbide Corporation, 30 East 42nd 
Street, New York 17, N.Y. 

OVER 50 YEARS OF LEADERSHIP 
The terms "Linde" and "Union Carbide" are registered trade-marks of UCC. 
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THE FREE·PISTON ENGINE 
(Continued from page 50) 

mounted at the center of the engine and is driven by 
a cam operated by this linkage. 

Advantages of the Free-Piston Engine 

Due to its high compression ratio, the free-piston 
engine will run on fuels ranging from 100 octane 
gasoline to crude oil. Experiments have shown that 
they will also run on whale oil, peanut oil, or cotton
seed oil if regular fuels are not available. Therefore 
the FPE could be called an omnivorous engine. 

The only variant in engine performance affected 
by the fuels seems to be power output, which varies 
directly as the heat content of the fuel being used. 
The high combustion temperature of the engine 
results in perfectly clean exhaust regardless of fuel. 
FPE fuel consumption matches the diesel, long 
hailed for efficiency, and engineers are confident 
they can do even better. 

The gasifier has a thermal efficiency of about 45%, 
and the turbine has an efficiency of about 80%. This 
gives an over-all efficiency of about 36%, which com
pares favorably with high-compression gasoline and 
diesel engines. 

One of the greatest advantages of the free-piston 
engine is the low exhaust gas temperature entering 
the turbine. Temperatures range from 450° to 900°F., 
considerably lower than regular gas turbine en
gines and even lower than the exhaust temperature 
of an automobile engine. This low temperature 
means that power turbines can be manufactured 
from non-critical alloys such as stainless steel, where 
the straight gas turbines require expensive alloys. 
The low temperature also allows freedom in the ar
rangement of the gasifier and turbine. 

The pinwheel in the regular gas turbine currently 
costs about as much as an entire automobile piston 
engine. Paul Klatsch, manager of the Mechanical 
Division of Ford Scientific Laboratories claims that 
in orders of 60,000, Ford should be able to purchase 
the free-piston turbine for $18. Other things equal, 
this might be the determining factor in any race 
between the two types of automobile power plants. 

Because the temperature is below the point at 
which sodium sulphate deposits start to form on the 
turbine blades, the engine may be run for thousands 
of hours on residual fuels with no turbine blade 
maintenance required. On a recent test, the GM-14 
experimental engine ran 4500 hours, full load, on 
Bunker C (residual) fuel without any emergency 
stops, without a change of cylinder lines or pistons, 
and with fuel economies that indicated an over-all 
(gasifier and turbine) thermal efficiency of about 
37%. 

General Motor's XP-500 experimental automobile 
attains excellent weight distribution by having the 
engine mounted in front and the turbine on the rear 
axle. No tunnel is necessary in the floor for the 
transmission and driveshaft. The gasifier exhaust is 
carried to the turbine through a 3%-inch insulated 
pipe running through the left frame member. Power 
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is carried from the turbine to the wheels through a 
de Dion type transmission unit. 

Due to the simple construction of the free-piston 
engine, it is easier to maintain than diesel or gasoline 
engines. The free-piston engine, having no crank~ 
shaft or connecting rods, needs no crankcase, there
fore eliminating oil dilution. No electrical system is 
needed for starting, but it is necessary for lights and 
minor accessories. Service life of the engine is ex
pected to be considerably better than other engines 
because of the absence of heavily loaded bearings. 

The engines in the "William Patterson" have ·a 
battery of six gasifiers which pipe gas to two turbines 
that drive the propellers. The engine's versatility 
is shown in the reverse mechanism. A valve on the 
gas duct is opened to bypass the gas "Around the 
corner" to a reverse turbine mounted on the same 
shaft. The same ingenious method could be used on 
automobile engines. General Motors predicted that 
this power plant would be 20% more efficient than 
steam engines or gas turbines of the same size. 

Ease of maintenance is a major advantage with 
the engine. It is relatively simple to assemble, and 
all parts can be made easily accessible for mainte
nance and inspection. The cylinders wear less be
cause there are no connecting rods to produce side 
thrusts. There is only one injector as compared with 
one for each cylinder in the diesel. A complete over
haul takes only a fraction of the mechanic-hours 
needed for diesel or gasoline engines. 

Free-piston engines are especially smooth run
ning. Near perfect balance is accomplished by merely 
having all oscillating or reciprocating parts the same 
weight. Because there is no torque developed in the 
gasifier the engine supports can be located without 
regard to torsional movement. 

Fig. 2 shows an operating characteristic which 
should prove extremely useful in traction applica
tions. Torque increases as speed decreases which 
makes the free-piston engine more suitable for 
heavy-duty tractors than the reciprocating engines 
used today. If used in railroad locomotives, the FPE 
would eliminate the need for electric or hydraulic 

(Continued on page 62) 
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A RESUME IS A TWO-PARTY AFFAIR 

Throughout your engineering career, the name 
of the first employer appearing on your resume 
can be as significant as your education. But, in 
selecting that first employer, you should also 
consider his resume. 
ITT is the largest American-owned world-wide 
electronic and telecommunication enterprise. 
To give you an idea of the breadth of our 
.activity ... there are 80 research and manu
facturing units and 14 operating companies in 
the ITT System playing a vital role in projects 
. of great national significance in electronics 
.and telecommunications research, development. 
production, service and operation. 
The scope and volume of work entrusted to us 
·by industry and the government opens a broad 
:range of highly diversified engineering and 

technical positions in all areas of our work ..• 
from tiny diodes to complex digital computer 
systems and a massive network of global 
communications. 
In addition to the opportunities fo~ work and 
association with distinguished engineers and 
scientists, our graduate education tuition re
fund program encourages engineers to continue 
their formal training . . . and the facilities 
for graduate work near ITT locations a:re 
superior . 
This is an all too brief resume. It would be 
hard to associate yourself with a company that 
offers the engineer greater choice of assign
ment. Write us about your interests- or see 
our representatives when they visit your 
campus. 

:INTERNATIONAL. TELEPHONE AND TELEGRAPH CORPORATION 

~67 Bre;»ad Street, New York 4, N.Y .. 

iFEDERAL ELECTRIC CORPORATION ;;p INTERNATIONAL ELECTRIC CORPORATION • ITT COMPONENTS 
'DIVISION • ITT FEDERAL DIVISION e ITT INDUSTRIAL PRODUCTS DIVISION • ITT LABORATORIES Gil 

:UNTELEX SYSTEMS, INC. e INTERNATIONAL STANDARD ELECTRIC CORPORATION e ITT KELLOGG 
lOIVISION e ROYAL ELECTRIC CORPORATION s AMERICAN CABLE AND RADIO CORPORATION e 

LABORATORIES AND MANUFACTURING PLANTS IN 20 FREE-WORLD COUNTRIES 
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e Lithog·raphy 

Letterpress 

8 Platenzaking· 

11 Typesetting· 

Creative Art 

Departnzent 

Binding and 

Mailing 
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You are looking at a photograph recently 

released by the Atomic Energy Commission. 
It shows the Commission's heavy water plant 
near the banks of the Savannah River in 
South Carolina. It is but one unit of an 
atomic energy project that covers more 
ground than the entire city of Chicago. 

This vast installation was built by Du Pont 
at government request in 1950 for cost plus 
$1. Still operated by Du Pont, it stands as a 
bastion of strength for the free world. Equally 
important, here are being expanded horizons 
of nuclear engineering which will eventually 
lead to better living for all of us. 

Like hundreds of other DuPont research 
projects, probing the mysteries of the atom 
has led to all kinds of new jobs. Exciting 
jobs. In the laboratory. In production. In 
administration. Good jobs that contribute 
substantially to the growth of Du Pont and 
our country's security and prosperity. 

What does all this have to do with you? 

For qualified bachelors, masters and doc
tors, career opportunities are today greater at 

E? 
DuPont than ever before. There is a bright 
future here for metallurgists, physicists, math
ematicians, electrical and mechanical engi
neers, and other technical specialists, as well 
as for chemists and chemical engineers. 

Perhaps you will work in the field of atomic 
research and development. But that is only a 
small part of the over-all Du Pont picture. 
Your future could lie in any of hundreds of 
areas, from the development of new fibers, 
films or plastics to the exploration of solar 
energy. Or in the sale and marketing of new 
products developed in these and many other 
areas. In any case, you will be given respon
sibility from the very start, along with train
ing that is personalized to fit your interests 
and special abilities. We'll help you work at 
or near the top of your ability. For as you 
grow, so do we. 

If you would like to know more about 
career opportunities at Du Pont, ask your 
placement officer for literature. Or write E. I. 
du Pont de Nemours & Co. (Inc.), 2420 
Nemours Building, Wilmington 98, Delaware. 

BETTER THINGS FOR BETTER LIVING ••• THROUGH CHEMISTRY 
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THE ETERNAL STRUGGLE 
(Continued from page 27) 

ues of this conflict were. They concern every Ameri
can citizen. 

First of all, both sides committed themselves long 
before the striking period. They both ran large ad
vertising campaigns expressing their views. When 
negotiations finally began, the struggle had already 
reached a stalemate and there was no way to undo it. 

Industry has been much too liberal since World 
War II. All of the previous five strikes had been 
settled quickly with the industry meeting labor's 
demands. This was due to government pressures, 
war, or good times. Thus, industry had passed over 
things that they felt were wrong just for the sake of 
a quick settlement. Finally, they decided that the 
union had gotten its way too easily and too long. 

The first and most basic issue is inflation. I think 
that everyone is aware of the persistent rise in the 
cost of living and the decline in the value of our 
dollar. 

We all know that every time the labor force gets 
an increase in wages, there is a corresponding in
crease in prices. This is referred to as "cost-push." 
We must also face the fact that prices are the effect 
of inflation and measure the degree of inflation but 
not its cause. Rising prices do not cause inflation 
any more than a thermometer causes temperature. 
The big thing is that the employment costs per man
hour has increased much more rapidly than produc
tion per man-hour. This difference must be account
ed for by raising prices. 

The steel industry, being one of the basic indus
tries, leads the way for other labor forces. Thus, the 
prices of other commodities go up and we are off on 
the merry chase once again with prices after wages. 

An inflationary increase was opposed also be
cause of competition. Steel is meeting stiffer compe
tition all the time from other materials. There is also 
the matter of foreign competition. During the past 
year, all foreign shippers of iron ore had the biggest 
year in their history. Also, foreign imports have been 
on a steady incline while exports have been on the 
same steady decline during the past few years. Just 
to cite one example, last year Japan bought scrap in 
the United States, shipped it back to Japan, reproc
essed it, and made reinforcing bars. These were 
shipped back to America and sold for $29 a ton less 
than the U.S. product. 

All during the strike this foreign ore has posed a 
problem for the small mining companies. The small 
mills and companies (which are their customers for 
ore) had been buying ore from Canadian, South 
American, and African mining companies. So, they 
are just as likely as not to continue buying frorn 
these countries in the future. 

Another log on the inflation fire is the high cost 
of upkeep and building of old and new plants and 
equipment. This, along with low government allow-
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ances for the rebuilding, have n1ade the companies 
sink very much of their profits back into the upkeep 
of the company. 

Then there was the issue of local working condi
tions. This covered a clause in the old contract which 
was very ambiguous. 

Mainly, the industry was trying to clear the way 
for management to make changes in operations in 
the interest of plant efficiency. They felt that by 
eliminating wasteful practices and improving pro
ductive efficiency, everyone would stand to benefit. 
This involved such things as starting times and proc
esses of doing simple operations in the plant or mine. 

These were the basic issues which deadlocked 
these two forces for 172 days in a bitter struggle for 
power. Finally, these men saw their way clear to 
make a settlement. I don't think we can rightly say 
who won or who lost, but we can say that we are 
happy that it is over. We hope that in some way all 
may regain part of the great amount that they lost. 

THE CENS R 
Dons black cloak, tall hat, halo. 
Gingerly picks up TECHNOLOG; wrinkles nose; 

sniffs. 
Reads first joke; frowns. 
Rereads joke very slowly: "Eat, drink, and make 

Mary." 
Rereads joke; changes "Mary" to "merry"; won

ders how editor can misspell such simple words. 
Rereads joke; sees no point; frowns. 
Spells out "M-A-R-Y"; carefully; decides must 

be a proper noun. 
Rereads joke very deliberately. 
Reads "Eat"; understands. 
Reads "Drink"; wonders what; ponders; decides 

must be stronger than buttermilk; cuts out "Drink." 
Reads joke: "Eat-and make Mary." 
Sees no point; frowns. 
Reads "make Mary"; remembers Mary is a proper 

noun; wonders who Mary is; ponders thoughtfully. 
Thinks of all "Marys" he knows; decides all must 

be proper nouns; frowns. 
Rereads joke; reads "make Mary" slowly; pon

ders; wonders how to "make" anybody; wonders if 
he ever "made" anybody; wonders if anybody ever 
"made" anybody else; frowns. 

Spells out "m-a-k-e" carefully; says "make" 
aloud; word leaves bad taste; expectorates. 

Cuts out "make"; reads joke; "Eat-Mary"; sees 
no point in eating Mary; doesn't know Mary; frowns. 

Decides getting too familiar with Mary. Cuts out 
"Mary." 

Rereads joke: "Eat"; wonders what; thinks of 
roast duck, watermelon, mustard; has stomach-ache; 
cuts out "Eat." 

Rereads joke; no joke left; thinks what-the-hell; 
wonders where joke is; wonders what joke was; 
scratches head with halo. 
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Test engineers (right) assemble high potential testing equipment. 
The complete installation (upper) consists of a completely enclosed 
electrostatic generator (on right) which has a current output of four 
milliamps and a voltage output of 600,000 volts. The electrostatic 
generator feeds into a current-limiting and discharge assembly in the 
lower left of the picture. 

t u 
The rapidly expanding needs for electric power place a premium on tech
nological knowledge to develop new concepts of design, operations and sys
tem protection. The high potential tester, above, is the only such unit in 
operation by aU. S. electric utility- another example of Wisconsin Electric 
Power Company's leadership in technological development. The Company 
has pioneered many engineering "firsts" in electric power because its policy 
has been to do its own design and development work. 

See our representatives when they visit your campus. Challenging jobs 
are open in your field of engineering with excellent opportunities for personal 
advancement. 

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. 
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At last, after months of intensive 
searching, we have stumbled upon 
the vast underlying difference be
tween those two bitterly opposed fac
tions of modern science, physics and 
engineering, and we hereby present 
to you the fruits of our untiring ef
forts in hopes of broadening your 
outlook on this phenomenal situation. 

The physicist claims that the inch, 
by definition, is that given length of 
thoriated tungsten wire .0563 mm. in 
diameter which when heated in ar
gon to a temperature of 1535.35 C 
in an evacuated atmosphere of 5.54 
em. of spectroscopically pure mercury 
by a current of pi amperes will emit 
exactly 8.965 x 1010 electrons per 
sec o n d , the measurements being 
taken under standard conditions. A 
renowned professor has determined 
this length accurately to seventeen 
decimal places. 

The plodding engineer, on the 
other hand, defines his inch as the 
distance between the first and second 
joints of his left forefinger. 

The latest Martian story is about 
one who landed in las Vegas. After 
watching a series of players pumping 
the arm of a slot machine, the Mar
tian stepped up to the slot machine 
and whispered, "I don't know what 
office you're running for1 buddy, but 
try to smile a little more when you 
shake those hands." 

The young man contemplated his 
second glass of beer. 

11How much beer do you sell a 
week?" he inquired. 

"About 40 kegs," the bartender re-
plied. 

"I'll tell you how you can sell 80." 

"Eighty kegs? How?" 

"Fill up the glasses!" 

11Use a bottle opener, Granny. 
You'll ruin your gums." 
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"Drink?" 

"No/' 

"No." 
11Well, do you eat hay?" 
110f course not!" 
11Gad, you're not fit company for 

man or beast/' 

Some girls are not afraid of mice, 
others have pretty legs. 

little Audrey, mad as hell, 

Pushed her sister in the well. 

Said her mother, drawing water, 
"Gee, Ws hard to raise a daughter." 

A Midwestern university held en
trance exams for a group of former 
Gl's. One question was "Name two 
ancient sports." A former sergeant 
racked his brain, finally came up with 
an answer that passed him. He wrote 
"Anthony and Cleopatra." 

A Texas oilman was visiting New 
York. His city friend showed him all 
the sights, including the Empire State 
building. 

"Isn't that a magnificent structure?" 
asked his friend. 

11Nothin," said the Texan. "I got an 
outhouse bigger'n that." 

The New Yorker looked him over. 
"You need it!11 he retorted. 

An Indian with young ideas man
aged to swap his 40-year-old squaw 
for two 20-year-old maidens at the 
annual tribal powwow. 

The next year he returned and 
asked for his former wife back. 

"Me not wired for two 20," he ex
plained. 

"The inner check," said the philoso~ 
phy prof, 11can be applied as well to 
our everyday lives. Observe, for ex
ample, the fly that has just alighted 
on my nose. I do not lose my temper, 
I do not swear, I do not blaspheme. 
I merely say, 'Go away, fly/ and, uh 
-Damn! it's a bee!" 

Two elderly ladies checked into a 
sporty new hotel in Miami Beach. The 
first thing they noticed was a furtive 
little man circulating from guest to 
guest in the lobby, whispering, and 
collecting money. They were told he 
was a bookie-a man who took bets 
on the horses. 

In vacation abandon, they decided 
impulsively to risk two dollars them
selves. They lost. That night one of 
the ladies tossed around in her bed 
and sighed so lugubriously that the 
other co u n se I ed her, "Becky, you 
shouldn't cry so over spilled milk. 
Stop worrying because you lost. It 
was only two dollars." "It ain1t losing 
I'm worrying about/1 Becky an
swered. "I was worrying about if we 
had won. What would we have done 
with the horse?" 

A man went to the bakery and 
asked that the baker bake a cake in 
the form of the letter S. The baker 
said he would need a week to pre
pare the necessary items. The cus
tomer agreed and returned a week 
later. Proudly the baker showed him 
the cake and-sure enough-it was 
shaped like an S. 

"But you misunderstood me/1 the 
customer said. "You made a block 
letter and I wanted script/1 

A week later the customer re
turned, and was delighted with the 
cake. 11Exactly what I wanted,11 he 
said. 

11Will you take it with you,11 asked 
the baker, 11

0r shall I send it to your 
house?11 

uoon't bother,'1 said the customer. 
"If you'll just give me a knife and 
fork I'll eat it right here/' 

Chemical Engineer (moaning at the 
bar): 11lt's terrible/ the cost of living 
has gone up to $4.18 a quart/1 
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Opportunities for professional recognition 
If you feel, as we do, that the publication of technical 
papers adds to the professional stature of the individual 
employee and his worth to his company, you will see why 
Allied encourages its people to put their findings in print. 
Some recent contributions from our technical staff are 
shown below. 

It's interesting to speculate on what you might publish 
as a chemist at one of our 12 research laboratories and 
development centers. The possibilities are virtually limit-

less, because Allied makes over 3,000 products-chemi
cals, plastics, fibers-products that offer careers with a 
future for chemists, chemistry majors and engineers. 

Why not write today for a newly revised copy of "Your 
Future in Allied Chemical." Or ask our interviewer 
about Allied when he next visits your campus. Your 
placement office can tell you when he'll be there. 

Allied Chemical, Department 16-R2 
61 Broadway, New York 6, New York 

SOME RECENT TECHNICAl PAPERS .AND TAlKS BY AlliED CHEMICAL PEOPlE 

"What is a Foam?" 
Donald S. Otto, National Aniline Division 

American Management Association Seminar on Polymeric 
Packaging Materials 

"Electrically Insulating, Flexible Inorganic Coatings on 
Metal Produced by Gaseous Fluorine Reactions" 

Dr. Robert W. Mason, General Chemical Research 
Laboratory 

American Ceramic Society Meeting, Electronic Division 

"Gas Chromatographic Separations of Closing Boiling 
Isomers" 

Dr. A. R. Paterson, Central Research Laboratory 
Second International Symposium on Gas Chromatography 

at Michigan State University 

"Correlation of Structure and Coating Properties of 
Polyurethane Copolymers" 

Dr. Maurice E. Bailey, G. C. Toone, G. S. Wooster, 
National Aniline Division; E. G. Bobalek, Case In
stitute of Technology and Consultant on Organic 
Coatings 

Gordon Research Conference on Organic Coatings 

"Corrosion of Metals by Chromic Acid Solutions" 
Ted M. Swain, Solvay Process Division 

Annual Conference of the National Association of 
Corrosion Engineers 

"Use of Polyethylene Emulsions in Textile Applications" 
Robert Rosenbaum, Semet-Solvay Division 
D. D. Gagliardi, Gagliardi Research Corporation 

American Association of Textile Colorists & Chemists 

"Isocyanate Resins" 
Leslie M. Faichney, National Aniline Division 

Modern Plastics Encyclopedia 

"Concentration of Sulphide Ore by Air Float Tables
Gossan Mines" 

R. H. Dickinson, Wilbert J. Trepp, J. 0. Nichols, 
General Chemical Division 

Engineering and Mining Journal 

"Urethane Foams" 
Dr. Maurice E. Bailey, National Aniline Division 

For publication in a book on modern plastics by 
Herbert R. Simonds 

"The Booming Polyesters" 
James E. Sayre and Paul A. Elias, Plastics and Coal 
Chemicals Division 

Chemical & Engineering News 

"7', 2', 4'-Trimethoxyfl.avone" 
Dr. Sydney M. Spatz and Dr. Marvin Koral, Na
tional Aniline Division 

Journal of Organic Chemistry 

"Physical Properties of Perfl.uoropropane" 
James A. Brown, General Chemical Research Lab
oratory 

Journal of Physical Chemistry 

"Sulfur Hexafluoride" 
Dr. Whitney H. Mears, General Chemical Research 
Laboratory 

BASIC TO 

AMERICA'S 

PROGRESS 

Encyclopedia of Chemical Technology 

i!UVOSIOii\IIS: BARRETT· GENERAL CHEMICAL • NATIONAL ANILINE • NITROGEN • 

PLASTICS AND COAL CHEMICALS • SEM ET-SOLVAY • SOLVAY PROCESS· INTERNATIONAL. 
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THE FREE-PISTON ENGINE 
(Continued from page 54) 

transmission systems resulting in savings in weight 
and cost. 

As an example, when plowing with today's recip
rocating engine tractor and hitting a tough spot, the 
engine slows down and loses power at the whe~ls. 
If the going is tough enough the tractor stalls. With 
the FPE, torque increases as the engine slows ~o~n; 
therefore, the more it slows down, the harder It digs 
in to do the job. 

Perhaps one of the most impressive examples of 
the excellent power to weight ratio of the free-piston 
engine is the following: The six 1250 hp. gas free
piston units, delivered to the U. S. Maritime Com
mission by the Cleveland Diesel Engine Division of 
General Motors, can produce, after deducting piping 
and turbine losses, a total of 6000 shaft horsepower. 
These units, which power the "William Patterson," 
occupy less space and weight, about 80 tons less, than 
the original 2500 hp. propulsion engines. 

Advantages of Free-Pis.ton Engine 
This engine also solves the acceleration problem 

created by the built-in fluid drive of the gas turbine. 
There is an awkward time lag as the power turbine 
catches up with the compressor turbine, but the 
free-piston engine, with its variable compression 
ratio, is so responsive that it accelerates even faster 
than conventional gasoline engines. 

Free-piston engines now in use weigh less than 
comparable diesels and more than gasoline engines, 
but they are so amazingly adaptable that these com
parisons have little meaning. Broadly speaking, the 
power of any free-piston engine could be doubled by 
making the pistons lighter, perhaps using aluminum 
instead of cast iron, thus increasing the engine speed. 
This unique convertibility means that the entire 
range of automotive horsepower could be covered by 
variations on a standard-size engine. 

Difficulties 
The principal design drawback of the free-piston 

engine for automotive propulsion appears to be the 
relationship between the power piston and the com
pressor piston. In the GMR4-4, for instance, the 
4-inch power pistons (with approximately 5-inch 
stroke) must be mated with 11-inch diameter com
pressor pistons. Nothing with a smaller area would 
do. The relationship in this case is very critical. 
This could be overcome, perhaps, by veeing the 
piston or by mounting two parallel discs on the same 
shaft, thus doubling the area. 

Until recently, free-piston engines would not 
operate on a fuel input of less than 25% of the full 
load requirements. Today, recirculation of the com
pressed scavenging air results in pre-heated com
bustion intake air such that combustion efficiency 
increases at lower compression ratios. 

The stroke is accordingly shortened and bounce 
chamber pressure is reduced. The engine can now 
loaf, where before it would have stalled on the lesser 
fuel input. Some free-piston engines running today 
can idle at 1/12 of the fuel required for full load. 

Lubrication problems were encountered, but the 
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development of special oils for the free-piston engine 
has removed this difficulty. 

Future of Free-Piston Engine 
At present most of the free-piston en~ine elec

trical generator installations are located I~ Euro~e 
where cheap electrical power is not as readily avail
able. Several single-cylinder sets are operated by 
firms in France, Tunisia, and Cuba, and twin-cylin
der sets of 1,400-kw. rating are in operation at 
Rheims and Ajaccio, France. A six-cylinder, 6,000-
kw. generator is in operation at Cherbourg. How
ever, it is doubtful that the free-piston engine will 
be used for power generation in this country except 
in small portable units. 

In 1955 about 80 free-piston engines were in 
operation in Europe for marine and stationary power. 
Associated British Engineering Ltd. was contracted 
to build the world's largest free-piston 36,000-kw. 
generator as part of the Singapore public utility 
system. 

The French Navy has in operation 21 minesweep
ers powered by free-piston engines. In this country 
the only marine application, at present, is the 6000-
hp. installation built into the "William Patterson." 
This is the largest marine installation in the world. 

To date, only the French have applied the free
piston engine to a railroad locomotive. S.I.G.M.A., 
in cooperation with Renault, built an experimental 
1,000-hp. locomotive which has completed 100,000 
miles running on the French National Railways 
since 1952. 

General Motors' revolutionary experimental au
tomobile, the XP-500, will undoubtedly lead to fur
ther research which may result in free-piston engine 
automobile production within a few years. Its poten
tial fuel economy, excellent performance character
istics, flexibility in space arrangement, and simpli
fied construction make it seem especially adaptable 
as an automobile engine. 

Like the diesel, the free-piston engine first proved 
itself in big installations of the "draft-horse" class. 
While it took diesel breeders about 35 years to pro
duce a "mule" class, there is every indication that 
the new free-piston engine will reach this status 
much earlier. Already committed to commercial pro
duction for ships and locomotives, General Motors 
will next develop heavy-duty automotive engines. 
International Harvester, also working on an engine, 
regards it favorably from the standpoints of per
formance, economy, simplicity, and operator comfort. 

There are still two goals in the development of 
the free-piston engine before it can be readied for 
production. The pistons should be able to be run at 
twice their present speed and double the power out
put, and automatic controls should be developed for 
the bounce pressure and for the maximum effective 
working stroke of the pistons. Today the pistons do 
pretty much as they want and need to be controlled 
to make then1 less "free," but more efficient. 

Meanwhile, the free-piston engine will become 
the workhorse in such vehicles as trucks and tractors 
before it will eventually appear on the automobile 
market. 

MINNESOTA TECHNOLOG 



~ Shown above is a freon refrigeration system for manned flight environmental control systems, Garrett 
the Boeing 707. Through its unique design, a 10-ton designs and produces equipment for air-breathing 
cooling capacity is provided at one-tenth the weight aircraft as well as the latest space vehicles such as 
of commercial equipment. The leading supplier of Project Mercury and North American's X-15. 

DIVERSIFICATION IS THE KEY TO YOUR FUTURE 

Company diversification is vital to the graduate engi
neer's early development and personal advancement 
in his profession. The extraordinarily varied experi
ence and world-wide reputation of The Garrett 
Corporation and its AiResearch divisions is supported 
by the most extensive design, development and pro
duction facilities of their kind in the industry. 

This diversification of product and broad engineer
ing scope from abstract idea to mass production, 
coupled with the company's orientation program for 
new engineers on a rotating assignment plan, assures 
you the finest opportunity of finding your most profit
able area of interest. 

Other major fields of interest include: 

.. Aircraft Flight and Electronic Systems-pioneer and 

major supplier of centralized flight data systems and 
other electronic controls and instruments. 

e Missile Systems- has delivered more accessory 
power units for missiles than any other company. 
AiResearch is also working with hydraulic and hot 
gas control systems for missiles. 

" Gas Turbine Engines- world's largest producer of 
small gas turbine engines, with more than 8,500 
delivered ranging from 30 to 850 horsepower. 

See the magazine, HThe Garrett Corporation and 
Career Opportunities," at your college placement 
office. For further information write to Mr. Gerald 
D. Bradley in Los Angeles ... 

THE CORPORATION 

?hResearch Manufacturing Divisions 
Los Angeles 45, California e Phoenix, Arizona 

Systems, Packages and Components for: A I R C RAFT. M I S S I l E, N U C lEAR A N D I N DUST RIAl A P PlICA T I 0 N S 
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I 
edited by GARY B. LAMONT, Physics 161 

1. In a certain area in South America there is a 
tribe which executes all white men that enter their 
kingdom. As it was, one day a missionary ventured 
into this area and was captured. To execute this 
poor fellow they decided either to boil him in oil 
or to shoot him with a poison arrow, depending on 
a certain condition which was the following: the 
missionary would make one final statement and 
depending whether it was true or false, they would 
boil him or shoot him respectively. However, he 
made one statement that so baffled the whole tribe 
that they let him go. What was his statement, assum
ing that the members of the tribe knew all? 

2. Hans, Reinze, Egbert, and Pedro are going fare
hunting tomorrow, on a boulevard that runs directly 
North and South, with no traffic lights. They esti
mate that equal numbers of pedestrians walk in each 
direction, at an average of four miles an hour. 

Hans says, "You're all crazy to use up gas 
cruising around all the time. I'm going to park 
beside the curb until a fare comes along." 

Beinzi says, "I'm going to cruise up and down at 
four miles an hour and I'll have twice your chance 
of picking up a fare." 

Egbert says, "Eight miles an hour for me, up and 
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down the boulevard; and I'll have twice as much_ 
chance as either of you." 

Pedro says, "I'm going to average twelve miles 
an hour and I'll have twice as much chance as Egbert. 
of getting a fare." 

Question: Are any of these gentlemen right? 

3. A circular steel band is constructed around the· 
earth at the equator and fastened rigidly to the· 
earth on its underside. The upper surface is lubri-
cated, and a second band is placed concentrically 
around the first. The outer band is set to rotating 
from east to west. Does this loosen or tighten the· 
outer band on the inner? 

4. Recently it was discovered that some person or· 
persons unknown had been starking fluges in the 
vicinity of Fort Lauderdale, Florida, using the name· 
R. Ciccola Black. Among the suspects questioned 
were Steele Flongen "The Flint" White, W. Cos
grove "Little Boy Blue," and Arci "Red" Matussi. 
Muckley Spleen, private eye, nose, throat and leg 
man was called in, and after due deliberation came· 
up with the following analysis: 

Either White is Black and Blue is not, or neither 
"The Flint" nor Mantussi is our man, or Black is 
either Blue or Red. Was Muckley right? 

E EER'S B 
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Photographs of parts, assemblies 
and models help both speed and 
accuracy in drafting. 

At Rohr Aircraft photog
raphy provides accurate in
structions for the intricate 
assembly of an 880 jet engine. 

From drafting board to final assembly ... 

hotography w-orks for the engineer 

Today photography has become an accepted, 
important tool in business and industry. It 
helps in product design, in engineering and 
developmenta in production, in quality control 
and in sales. 

Whatever your work in whatever field, you 
will find all along the line that photography 
will provide quicker, more accurate, and more 
economical methods of getting a job done. It 
will save you time. It will reduce costs. 

CAREERS WITH KODAK 

With photography and photographic processes 
becoming increasingly important in the business 
and industry of tomorrow, there are new and 
challenging opportunities at Kodak in research, 
engineering, electronics, design and production. 

If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address: Business and 
Technical Personnel Dept., Eastman Kodak 
Company, Rochester 4, N. Y. 

EAST AN K DAK CO PANY, Rochester 4, N. Y .. 



Q. Mr. Savage, should young engineers 
join professional engineering socie
ties? 

A. By all means. Once engineers 
have graduated from college 
they are immediately "on the 
outside looking in," so to speak, 
of a new social circle to which 
they must earn their right to be
long. Joining a professional or 
technical society represents a 
good entree. 

Q. How do these societies help young 
engineers? 

A. The members of these societies 
-mature, knowledgeable men
have an obligation to instruct 
those who follow after them. 
Engineers and scientists-as pro
fessional people-are custodians 
of a specialized body or fund of 
knowledge to which they have 
three definite responsibilities. 
The first is to generate new 
knowledge and add to this total 
fund. The second is to utilize 
this fund of knowledge in service 
to society. The third is to teach 
this knowledge to others, includ
ing young engineers. 

Q. Specifically, what benefits accrue 
from belonging to these groups? 

A. There are many. For the young 
engineer, affiliation serves the 
practical purpose of exposing his 
work to appraisal by other scien
tists and engineers. Most impor
tant, however, technical societies 
enable young engineers to learn 
of work crucial to their own. 
These organizations are a prime 
source of ideas- meeting col
leagues and talking with them, 
reading reports, attending meet
ings and lectures. And, for the 
young engineer, recognition of 
his accomplishments by asso
ciates and organizations gener
ally heads the list of his aspira
tions. He derives satisfaction 
from knowing that he has been 
identified in his field. 
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Q. What contribution is the young en
gineer expected to make as an ac .. 
tive member of technical and pro .. 
fessional societies? 

A. First of all, he should become 
active in helping promote the 
objectives of a society by prepar
ing and presenting timely, well
conceived technical papers. He 
should also become active in 
organizational administration. 
This is self-development at work, 
for such efforts can enhance the 
personal stature and reputation 
of the individual. And, I might 
add that professional develop
ment is a continuous process, 
starting prior to entering col
lege and progressing beyond 
retirement. Professional aspira
tions may change but learning 
covers a person's entire life span. 
And, of course, there are dues to 
be paid. The amount is grad
uated in terms of professional 
stature gained and should al
ways be considered as a personal 
investment in his future. 

Q. How do you go about joining pro
fessional groups? 

A. While still in school, join student 
chapters of societies right on 
campus. Once an engineer is out 
working in industry, he should 
contact local chapters of techni
cal and professional societies, or 
find out about them from fellow 
engineers. 

Q. Does General Electric: encourage par
ticipation in technical and profes
sional societies? 

A. It certainly does. General Elec
tric progress is built upon cre
ative ideas and innovations. The 
Company goes to great lengths 
to establish a climate and in
centive to yield these results. 
One way to get ideas is to en-

GE ER L 
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courage employees to join pro
fessional societies. Why? Because 
General Electric shares in recog
nition accorded any of its indi
vidual employees, as well as the 
common pool of knowledge that 
these engineers build up. It can't 
help but profit by encouraging 
such association, which sparks 
and stimulates contributions. 

Right now, sizeable numbers of 
General Electric employees, at 
all levels in the Company, belong 
to engineering societies, hold re
sponsible offices, serve on work
ing committees and handle im
portant assignments. Many are 
recognized for their outstanding 
contributions by honor and 
medal awards. 

These general observations em
phasize that General Electric 
does encourage participation. In 
indication of the importance of 
this view, the Company usually 
defrays a portion of the expense 
accrued by the men involved in 
supporting the activities of these 
various organizations. Remem
ber, our goal is to see every man 
advance to the full limit of his 
capabilities. Encouraging him to 
join Professional Societies is one 
way to help him do so. 

Mr. Savage has copies of the booklet 
"Your First 5 Years" published by 
the Engineers' Council for Profes
sional Development which you may 
have for the asking. Simply write to 
Mr. C. F. Savage, Section 959-12, 
General Electric Co., Schenectady 
5,N. Y. 

*LOOK FOR other interviews disa 
cussing: Salary _. Why Companies 
have Training Programs _. How to 
Get the Job You Want. 
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THIS IS THE ORLD'S BIGGEST TRUCK 

Your first impulse is to dive for the 

ditch when you see this mastodon of 

trucks roaring down the road. But if 

you were a contractor, you'd soon de

termine that this world's-largest

truck is an 18-wheel, 750-horsepower 

monster that can haul165 tons of pay

load each trip. 

The box and frame are built from a 

remarkable United States Steel grade 

called USS "T-1" Constructional 

Alloy Steel. It's more than three times 

stronger that standard steel, so they 

could use thinner, lighter sections. 

Result: They shaved 121h tons of 

dead weight from the trailer by de

signing with the new steel, a net 

weight savings of 25%. The savings 

went into extra payload capacity. 

Unlike most ultra-strong alloy 

steel, "T -1" Steel can be easily 

formed, and it can be welded in the 

field without fancy heat treating 

equipment. "T-1" Steel resists impact, 

corrosion, abrasion. And it retains its 

strength down to a hundred degrees 

below zero. "T-1" Steel's only one of 

the amazing high-strength metals pro

duced by U. S. Steel. 

U.S. Steel is constantly working on 

newer and stronger metals for the 

important jobs of the future. The suc

cess of this research and the applica

tion of these steels depends upon engi

neers. If you would like details of the 

many engineering opportunities in the 

steel industry, send the coupon. 
USS and "T-1 are registered trademarks 

United States Steel 

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

United States Steel Corporation 
Personnel Division 
525 William Penn Place 
Pittsburgh 30, Pennsylvania 

Please send me the booklet, "Paths of Opportunity." 

Name'-----------------------------------

Schooi'----------------------------------
Address ________________________________ _ 

City _______________ zone __ state, ______ __ 

I 

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



shaping the course of power 
. in hydraulics 

Genea·al Motors engineers measure the torque 

and efficiency characteristics of torque con

verter blade designs with high velocity fluid 

flow, using electronic measurement devices to 

solve for unknowns in highly complex mathe
matic design problems. 

What's your speciality, your first love in science and 

engineering? Astronautics? Automobiles? Electronics? 
Jet Power? Refrigeration? Basic Research? You'll find 

opportunities in all of these fields and many more at 

General Motors. Because GM is a company where you 

and your talent can really go places. There's no dead

ending here. You can go forward by working on a 

variety of challenging projects, moving up through 

your division, and there's also a possibility of moving 
across to other divisions. 

Interested in postgraduate studies? GM provides finan

cial aid. There's also a summer program for under

graduates. You gain work experience while vacationing 
from school. 

Get the story on a rewarding GM career from yout• 

Placement Officer or write to General Motors, Per
sonnel Staff, Detroit 2, Michigan. 

GE ERAL MOTOR 
GM positions now available in these fields for men holding Bachelor's, Master's and Doctor's degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical, 
Aeronautical and Ceramic Engineering" Mathematics" Industrial Design .. Physics" Chemistry" Engineering Mechanics .. Business Administration and Related fields 
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William Whewell .... on mind and matter 

•• ... these metaphysical discussions are not to be put in 

opposition to the study of facts; but are to be stimulated, 

nourished and directed by a constant recourse to experi

ment and observation. The cultivation of ideas is to be 

conducted as having for its object the connexion of facts; 

never to be pursued as a mere exercise of the subtlety of 

the mind, striving to build up a world of its own, and 

neglecting that which exists about us. For although man 

may in this way please himself, and admire the creations 

of his own brain, he can never, by this course, hit upon 

the real scheme of nature. With his ideas unfolded by 

education, sharpened by controversy, rectified by meta

physics, he may understand the natural world, but he 

cannot invent it. At every step, he must try the value 

of the advances he has made in thought by applying his 

thoughts to things." 
,...., Philosophy of the Inductive Sciences, 1847 

THE R A N D C 0 R P 0 R A T I 0 N, SA N T A Jo.i 0 N I C A, C A L IF 0 R N I A 
A nonprofit organization engaged in research on problems related to national security and the public interest 
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COVER: Our talented and prolific artist, Ron Morrin, has once again done the impossible. 

Given only three days to create a cover for our february issue, Ron produced the picture 
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consequences of that deadly game of nuclear experimentation. The article beginning on page 
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Westinghouse scientist Robert Sampson analyzes a special photoelastic model under polarized light to calculate 
the stresses which would be built up in an atomic reactor component now in the design stage. 

If your design must resist severe stress and 
shoe , the echanics Lab can help you 

Engineers at Westinghouse can count on the Mechanics 
Lab for expert advice and help on problems involving 
static or dynamic mechanics. If an engineer's design 
must withstand the shock of a missile blast, or the stress 
in an atomic reactor, the men in the Mechanics Lab will 
analyze it for him and point out ways to improve it. 

This laboratory supplements the work of engineers in 
all departments at Westinghouse. Its typical activities 
include studies of flow and combustion, heat transfer, 
lubrication, stress, and vibration ... studies aimed at 
solving today's specific problems, as well as building a 
store of knowledge for tomorrow. 

The young engineer at Westinghouse isn't expected to 
know all the answers ... our work is often too advanced 
for that. Instead, his abilities and knowledge are backed 

up by specialists like those in the Mechanics Laboratory. 
If you have ambition and ability, you can have a 

rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportunities 
for talented engineers. 

Want more information? Write today to Mr. L. H. 
Noggle, Westinghouse Educational Department, 
Ardmore & Brinton Roads, Pittsburgh 21, Pennsylvania. 

YOU CAN BE SURE ••• SF aTi; -
ouse 
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OUTSTANDING PROFESSIONAL OPPORTUNITIES AVAILABLE 

TO GRADUATING SCIENTISTS AND ENGINEERS 

NASA plans, directs and conducts the Nation's 
aeronautical and space activities for peaceful pur
poses and the benefit of all mankind. 

NASA's efforts are directed toward discovering 
new knowledge about our universe and formu
lating new concepts of flight within and outside 
the earth's atmosphere. Through the application 
of the resulting new knowledge and supporting 
technology, we will gain a deeper understanding 
of our earth and nearby space, of the moon, the 
sun and the planets, and ultimately, of inter
planetary space and the distant galaxies. 

NASA is now engaged in research, development, 
design, and operations in a wide variety of fields, 
including: 

Spacecraft " Aircraft • Boosters .. Payloads 
Flight dynamics and mechanics .. Aeroelasticity 
Launching and impact loads • Materials and struc
tures • Heat transfer • Magnetoplasmadynamics 
Propulsion and energy systems: nuclear, thermal, 
electrical, chemical • Launching, tracking, naviga
tion, recovery systems" Instrumentation: electrical, 
electronic, mechanical, optical • Life support sys
tems .. Trajectories, orbits, celestial mechanics 
Radiation belts " Gravitational fields " Solar and 
stellar studies " Planetary atmospheres " Lunar 
and planetary surfaces • Applications: meteor
ology, communications, navigation, geodesy. 

Career Opportunities 
At NASA career opportunities for graduates 

with bachelor's or higher degrees are as unlimited 
as the scope of our organization. Because of our 
dynamic growth and diversified operations, ex
cellent opportunities for personal and professional 
advancement are available for graduates with 
majors in: 

Engineering: Aeronautical, Mechanical, Electronic, 
Electrical, Chemical, Metallurgical, Ceramic, Civil, 
Engineering Mechanics, Engineering Physics 
Science: Astronautics, Physics, Electronics, Chem
istry, Metallurgy, Mathematics, Astronomy, Geo
physics 

For details about career opportunities, write 
to the Personnel Director of any of the 
NASA Research Centers listed below or 
contact your Placement Officer. 

NASA Research Centers and their 
locations are: 
o langley Research Center, Hampton, Va. 
e Ames Research Center, Mountain View, Calif. 
o Lewis Research Center, Cleveland 35, Ohio 
® Flight Research Center, Edwards, Calif. 
® Goddard Space Flight Center, Washington 25, D.C. 

National Aeronautics and Space Administration 
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makes big things happen 
e 

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 Gateway Center, 
Pittsburgh 22, Pennsylvania. 

PAINTS • GLASS • CHEMICALS 41» BRUSHES e PLASTICS e FIBER GLASS 
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Biggest thirst in the universe 

Each 6,000,000 pound thrust rocket ship now being planned for manned 
interplanetary exploration will gulp as much propellant as the entire capace 
ity of a 170 passenger DC-8 Jetliner in less than 4 seconds! It will consume 
1,140 tons in the rocket's approximately 2 minutes of burning time. Required 
to carry this vast quantity of propellant will be tanks tall as 8 story buildings, 
strong enough to withstand tremendous G forces, yet of minimum weight. 
Douglas is especially qualified to build giant-sized space ships of this type 
because of familiarity with every structural and environmental problem 
involved. This has been gained through 18 years of experience in producing 
missile and space systems. We are seeking qualified engineers and scien .. 
tists to aid us in these and other projects. Write to C. C. LaVene, Box 600~Y, 
Douglas Aircraft Company, Santa Monica, California. 

IMlSSIJ..E AND SPACE SYSTEMS 111 MILITARY AIRCRAFT II DC·S JETLINERS 111 CARGO TRANSPORTS II AIRCOMB II GROUND SUPPORT EQUIPMENT 
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RIGHT FROM THE START 
When piping costs come close to the 
million mark-when the installation is 
vast, and the leeway for error is small
a piping job must be right from the 
start to finish. Grinnell assures this 
through complete one-company control 
and responsibility. From interpretive 
engineering- through exclusive meth· 
ods of prefabrication and testing of pipe 
and hanger units-to precision assem· 
bly and delivery, the job is all done by 
Grinnell, as only Grinnell can do it. The 
result: installations of any size, at costs 
known before you start, with assured 
performance. Grinnell Company, Inc., 
Providence, R. I. 
Current Grinnell piping responsibilities. 
Enrico fermi Atomic Power Plant, Michigan; 
Ohio Power Company, West Virginia; National 
Aniline Division of Allied Chemical & Dye 
Corporation, Virginia; Memphis Light, Gas 
and Water Division, Tennessee; Aluminum 
Company of America, Indiana; South Carolina 
Electric & Gas Company, South Carolina; 
Duke Power Company, North Carolina; Union 
Bag-Camp Paper Corp., Virginia; Pennsylvania 
Power & Light Company, Pennsylvania; Holy· 
oke Water Power Company, Massachusetts. 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 

MINNESOTA TECHNOLOG 



Energy conversion is our business 

FEBRUARY, 1960 

Earth's attraction for a 
lightning bolt? 

+ or -, which is up? 

A resonant phenomenon? 

A singularity in a field? 

What is the nuclear "glue" 
for like charges? 

A better comprehension of charge 
is important to Allison because 
energy conversion is our business 
and charge is one keystone for this 
conversion work. Thus we have a 
deep and continuing interest in elec
trons, protons, positrons, neutrons. 
neutrinos-charge in all its forms. 

In its investigations, Allison calls 
upon the capabilities within General 
Motors Corporation and its Divisions. 
as well as the specialized talents 
of other individuals and organ· 
izations. By applying this systems 
engineering concept to new re· 
search projects, we increase the effec~ 
tiveness with which we accomplish 
our .mission-exploring the needs 
of advanced propulsion and weap
ons systems. 

Want to know about YOUR opportunities orr 
the Allison Engineering Team? Write: Mr. R. C. 

llB===- Smith, College Relations, Personnel Dept. 

Division of General Motors~ 
Indianapolis, Indiana. 
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The study of Logic creates a vtcwus circle, to 
know it you must study it, to study it you must 
know it. Women may not agree, but Logic is a nec
essary part of intelligent thought. 

10 

by JOHN L. POLLOCK, U.C. 161 

OGIC IS simply an attempt to describe the manner 
in which men think, an indispensable tool for all 
scientists and engineers whether they are aware 

of it or not. Without some knowledge of the rules of 
logic, anyone dealing with complex problems is 
prone to many common fallacies of reasoning. A lit
tle knowledge of logic is sufficient to forewarn one 
about such errors, and make them much easier to 
spot if they do take place. It is with this goal in mind 
that the study of logic has grown into a mature 
science. 

The first systematic attempt to discover the prin
ciples of logic took place as far back as the fifth cen
tury B. C. with the ancient Greek philosophers. The 
paradoxes of a Greek thinker, Zeno, probably had a 
lot to do with starting the whole thing. He is respon
sible for the famous paradox of Achilles and the 
tortoise: "Achilles was the fastest runner in all of 
ancient Greece. Now it seems obvious that he should 
be able to win a race with a tortoise, even if the 
tortoise is given a head start. But can he? The signal 
is fired and the race begins. First Achilles reaches the 
place from which the tortoise started, but by this 
time the tortoise has gone on to another point, 
slightly ahead. When Achilles reaches this second 
point, he finds that once again the tortoise has 
reached a point slightly beyond him. Each time as 
he goes on, he finds this repeated. Therefore, we see 
that Achilles can never really catch the tortoise. The 
tortoise will always remain slightly ahead of him." 

MINNESOTA TECHNOLOG 



There is actually a fallacy in this paradox, but 
the philosophers at that time were not so quick to 
:find it, because they had never concerned themselves 
with the study of logic. The fallacy lies in the use of 
the word "time" when talking about events. Each 
time Achilles reaches the point where the tortoise 
was before, it takes him less time than it did for 
the previous event. It will not take an infinite num
ber of these events for Achilles to catch the tortoise, 
but it will only take a finite time. 

Because philosophers did not have any ready 
answers for Zeno, they tried to find some, and so 
began the study of logic. The study of classical logic 
reached its pinnacle with the work of the famous 
Greek philosopher Aristotle, around the middle of 
the fourth century B. C. Classical logic is commonly 
referred to as Aristotelian logic. 

Since Aristotle's time logic has undergone some 
startling changes. Aristotle concerned himself solely 

·with the manipulation of words - modern logic is 
entirely symbolic. As a matter of fact, logic and 
mathematics are now considered to be simply differ
ent phases of the same thing. Modern symbolic logic 
is much more comprehensive than Aristotelian logic. 
There are certain arguments that could not be dealt 
with in classical logic. Modern logic allows us to 
formulate and deal with all of these. 

But in spite of these sweeping changes, the most 
important logic for most people to know is the logic 
of Aristotle-classical logic. Modern symbolic logic 
is far too cumbersome to be of much use in everyday 
life, but classical logic is subject to immediate use 
because it does not require translation into some 
special language all its own. The most important 
parts of classical logic are probably the syllogism, 
and informal fallacies. 

Informal fallacies are just what the name implies. 
They are fallacies committed in informal reasoning. 
They quite often appear to be perfectly justifiable, 
and only show their true colors upon closer exami
nation. It is important to be familiar with them so 
they will be recognized when encountered. 

Informal fallacies are generally classified as falla
cies of relevance and fallacies of ambiguity. Of the 
former, the most important fallacies, and the least 
obvious, are the "complex question" and what is 
called the "argument from ignorance." A complex 
question is actually two questions put together and 
made to appear as one. For example, "Have you 
stopped beating your wife?" It is obvious that some
thing is wrong with that question. If your answer 
is "yes," this immediately implies that you have 
beaten your wife in the past, and if you answer "no" 
the roof really falls in on you. No matter what your 
answer is, you are going to end up incriminating 
yourself. The reason for all this is simply that this 
seemingly innocent question is two questions in dis
guise. The first one is, "Did you beat your wife in 
the past?"; and the second is, "Do you beat your wife 
now?". As it is really two questions, it requires two 
answers, and if you are required to give just one 
answer you are liable to find yourself in trouble. This 
example is somewhat obvious, but really ingenious 
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questions of this nature can often be formulated by 
lawyers, or anyone else trying to get people to say 
things they don't mean. Take for example, its use in 
political campaigns: "Are you for Republicans and 
prosperity, or not? Answer 'yes' or 'no'!" In a case 
like that, any good Democrat had better just keep 
his mouth closed. 

The second of these fallacies bears the incon
grous Latin title "Argumentum ad Ignorantium," 
but it may simply be called "argument from igno
rance." This fallacy is committed whenever it is 
asserted that a proposition is true simply because 
it has not been proven false, or that it is false be
cause it has not been proven true. An example of 
this is the argument found in the Journal of the 
American Medical Association) "The chiropractors 
have failed entirely in their task to establish that 
their concepts have a scientific base. Therefore, the 
concepts of the chiropractors have no scientific base 
at all." This type of fallacy is also often found in 
philosophical arguments dealing with religion. 

One very common fallacy is that of equivocation, 
in which one word is used in different senses in the 
same context. Consider, "The end of a thing is its 
perfection. Death is the end of life. Therefore, death 
is the perfection of life." Here we are using the word 
"end" in different senses, and as such we are getting 
a rather strange conclusion. It is the meaning of a 
word in an argument that is important and not its 
spelling. Just because two words are spelled and 
pronounced the same way does not mean that they 
are the same word and may be used interchangeably. 

Similar to the fallacy of equivocation is the fal
lacy of amphiboly. This arises when the grammatical 
structure of a statement is such that its meaning is 
uncertain. If we were talking about a girl we know 
and said, "Loosely wrapped in a newspaper, she 
carried three dresses," people would not quite know 
how to take it. The grammatical structure of this 
statement makes it unclear. Rather devastating ar
guments can often be composed from such premises. 
You should always be certain that your meaning is 
clear to avoid giving people the wrong idea. 

Two fallacies especially dangerous to the tech
nical man are the fallacies of "Composition" and 
"Division." The fallacy of composition consists of the 
argument that, because the parts of something have 
a certain property, the whole must itself have that 
property. When we consider such notions as, "all 
of the parts of that house are painted gray, so the 
house itself must be painted gray," we may be in
clined to believe that such an argument is perfectly 
valid, but before you believe in it too strongly, con
sider another example of the same argument: "All 
of the parts of an ERA 1103 computer are quite small 
and light, so the computer itself must be quite small 
and light." (For those of you not familiar with the 
ERA 1103 computer, when fully assembled, it is 
about the size of a small house.) A second example 
is, "You enjoy walking alone. I enjoy walking alone. 
Therefore, we should enjoy walking alone together." 
Because of the subject matter with which he is 

(Continued on page 30) 
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A Disquieting Thought, 

ti 

This is the first of a two part series on the world's race for nuclear 
supremacy. Part one takes a critical look at some of the hazards inherent 
in this race, and part two will depict the efforts now being made to either 
slow or halt the rushing tide of nuclear armament. 

I N A RECENT issue of the fun and frolic magazine, 
PLAYBOY, an unusual editorial greeted its read
ers. With extreme seriousness the editorial grimly 

demanded the immediate and definite halt of all nu
clear test- the alternative they said- was possible 
premature death of our children, grotesque monsters 
for grandchildren, and eventually, extinction of man 
himself. Their fear, Strontium-90. 

It seems a startling stand from such a magazine, 
but is it really? Others have joined the chorus of 
alarm. 

A regular compilation of sobering facts, under the 
disquieting title, "These Precious Days," is being 
published by the NEW YORKER magazine. Their 
fear also, Strontium-90. 

There are other areas of unrest, but not many. 
Not near as many as the facts about Strontium-90 
seem to indicate there should be. Since the presiden
tial election of 1956, a curious press silence has re
mained over the possible horrors of this illegitimate 
isotope, and the entire question of radioactive con
tamination. A silence seemingly caused by either 
ignorance of the issue, or hopeful escape from the 
issue. 

Scientists have been on the trail of Strontium-90 
(Sr90 ) for the past twenty years. To date they have 
had little success in really determining the evasive 
properties of this atomic-age material, the black
sheep cousin to the strontium found in all plants. 
Discovered by scientists in laboratory analyses soon 
after they had split their first atom, Strontium-90 is 
not created directly from the splitting of uranium 
atoms in a nuclear detonation. Rather it is the third 
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by GERALD M. KNOX, B.A. '61 

link in the chain of radioactive decays which starts 
when Krypton-90 is born in the nuclear explosion. 
Technically known as the "noble gas," Krypton dif
fuses throughout the fireball and decays, forming 
Rubidium-90. Then Rubidium-90 transforms itself 
into Strontium-90, the deadly isotope of the harm
less, light metal element that quietly occupies its II 
A group-7 period spot on the blackboard of every 
chemistry classroom in the world. 

A 15-megaton nuclear explosion (a good-sized 
hydrogen bomb) releases close to 1100 pounds of fis
sion products. Along with Strontium-90 (about 80 
pounds) there are more than a hundred other fission 
products, such as Cesium-137 (Cs1137) and Cerium-144 
( Ce144) • Each of these atomic species decays expo-
nentially, and the mixture has an over-all decay rate 
of seven to ten. Seven hours after an explosion the 
radioactivity is only one tenth its original value, and 
in 49 hours its activity is down to one per cent. 
Scientists estimate that the total radioactivity of a 
15-megaton explosion after one day of decay is 6.65 
x 1010 curies. But Strontium-90 separately has an ex
ceedingly long average lifetime, close to 30 years. 
Because of its long life, the Strontium-90 radioactiv
ity remains relatively high for a good number of 
years. 

While many of the physical properties of Stron
tium-90 remain a partial mystery, its worldly activ
ity is being charted with increasing apprehension. 
In all the world and its atmosphere, there is but a 
single bucketful of the material. But it is the most 

(Continued on page 42) 
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Howard B. Loomis, Jr., P.E., is Senior 
Staff Engineer in the Engineering Depart
ment of General Mills, Inc. He is Secretary 
of the Minnesota Society of Professional 
Engineers, and a member of M.S. P. E., 
N.S.P.E., and A.S.C.E. 

Mr. Loomis received a Bachelor of Civil 
Engineering Degree for the University of 
Minnesota in 1951. While at the Univer
sity, he served as President of the Student 
Chapter of A.S.C.E. and was elected to Tau 
Beta Pi, Chi Epsilon and Plumb Bob. 
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by HOWARD B. lOOMIS/ JR. 

IN RECENT years, many engineering societies have 
conducted surveys on engineering salaries. Two 
of the more comprehensive reports are: "Profes

sional Engineers Income and Salary Survey-1958" 
published biennially by the National Society of Pro
fessional Engineers, and "Professional Income of En
gineers," and "Professional Income of Engineers-
1958" published by the Engineers Joint Council. 

These surveys indicate that there are many fac
tors which affect salary, such as geographic location, 
branch of engineering, field of employment, and ex-
perience. 

Geographical Significance 
As would be expected, there is a variation in sal

ary in various parts of the country. This is due in 
part to the supply and demand for engineering talent 
in the area, the cost of living, the concentration of 
industry, and many other factors. For the purpose of 
the N.S.P.E. survey, the country is divided into six 
regions as follows: 1-New England and Middle At
lantic, 2-South (including Puerto Rico), 3-Mid
west, 4-Plains, 5-Southwest, and 6-West. The 
variation in the median salary from the low to high 
region is about 18%. Fig. 1 shows the boundaries of 
the regions and the median salaries for the regions. 
Unfortunately, region 4, which includes Minnesota, 
had the lowest median salary of $9,190. 

Branch of Engineering 
Of particular interest to the younger engineering 

student is the structure of salaries by branch of en
gineering. The N.S.P.E. Income and Salary Survey 
of 1958 indicates the median incomes by major 
branches of engineering as follows: 

Chemical ...................................... $11,170 
Tvlining .......................................... 10,500 
Mechanical ................... ......... ...... 10,250 
Electrical ....... .. ........................... .. 10,270 
Civil ................................................ 9,620 
Other .............................................. 11,080 
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Fig. 1. Median engineering salaries, 

by region, for 1958. 

This spread, that is, with Chemical at the top and 
Civil at the bottom, is pretty well established. The 
N.S.P.E. surveys since 1952 and other surveys sub
stantiate this. 

field of Employment 

There are many fields in which engineers are 
employed. Major fields are: Industry, Education,, 
Consulting, Construction, and Government. Oppor
tunities in the various fields vary with economic 
changes, however it has been established by surveys 
that opportunities are generally better in some fields. 
The N.S.P.E. Survey indicated that the 1958 median 
salaries by major field of employment were as fol
lows: 

Construction & Contractors .................. $11,730 
Industry .................................................... 10,500 
Consulting Firms .................................... 10,460 
Education .................................................. 9,980 
Federal Government .............................. 9,840 
Public Utilities ........................................ 9,660 
County & Municipal Government ...... 8,740 
State Government .................................. 8,530 

Their statistics are general trends based on a na
tional survey. Each engineer is cautioned to weigh 
carefully the opportunities which are available to 
him in his area. A detailed study was made of the 
various industrial groups in the EJC Report "Pro
fessional Income of Engineers- 1958." The reader 
is referred to this report for more detailed informa
tion on a specific group. 

Experience factor 
Experience has a very significant influence upon 

the salary of an engineer. The effect of experience 
is shown in Fig. 2 from the EJC Report. In this 
graph, salary is plotted against year of entry into the 
profession, which can easily be converted into years 
of experience. You will note that the graph indicates 
a fairly constant rate of salary increase for the first 
ten years, then a decrease in rate for the next ten 
years, and then levels fairly flat after twenty years 
experience. The range of salary between the upper 
and lower decile widens with increase in experience. 

Recent Trends 
Since the first biennial survey conducted by 

N.S.P.E. in 1952, there has been a general increase in 
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Robert K. "Buck" Moffett, University of Ala
bama '55, knows from personal experience the 
opportunities engineering journalism can offer. If 
you're interested in growing within your chosen 
field, he's the man for you to contact. 
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men who can write .. e or learn to write; cover fast-breaking 
news around the world,@ develop into editors running top 
business and engineering magazines.'' 

"Buck" Moffett is looking for engineering graduates 
who can come up as fast in business and technical 
journalism as he did himself. 

Buck was trained on Business Week, Factory, and 
Fleet Owner, handling everything from rewrite to field 
assignments. With experienced McGraw-Hill editors 
to show him how, he rose rapidly from trainee to 
assistant editor to associate editor to managing editor 
of Fleet Owner. 

Now Assistant to the Editorial Director of McGraw
Hill, he's looking for engineering graduates who want 
to rise to the top of their industry-in publishing. 

This is no job for the engineer who wants to spend 
his life in a corner on one part of one project. You work 
with the new ... the experimental ... the significant. 

It will be up to you to interpret today's advanced 
developments for thousands of readers. Whichever 
McGraw-Hill magazine you're assigned to, an indus
try will be looking to you for the word on the latest 

ROBERT K. MOFFETT 

Assistant to the Editorial Director 
McGraw-Hill Publishing Company 

in that field-and what it may mean. 
In line with this, you may also be interested in the 

McGraw-Hill Tuition Refund Plan. All of our editors 
have the opportunity to continue their education in 
their chosen fields. The company pays half the cost. 
Physics, economics, aerodynamics-whichever will 
help you go the furthest in your career. 

Is writing experience required? It helps, but if you 
like to write-and engineering is your profession
that's the main thing. 

Buck Moffett will cover as many colleges as he can 
in person. Ask your placement director when he'll be at 
yours. If he hasn't been able to get your campus on his 
itinerary, write direct. Tell us about your background, 
college record, outside activities and why you would 
be interested in a career in engineering journalism. 

Write to: Assistant to the Editorial Director, 
McGraw-Hill Publishing Company, Inc., 330 West 
42nd Street, New York 36, New York. 

-~- P U B L I C .A T I 0 

McGRAW-HILL PUBLISHING COMPANY, INC., 330 WEST 42nd STREET, NEW YORK 36, N.Y. 
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HE FIFTEENTH century was a time of awakening 
in the arts. Little was known of science as it ex
ists today. Alchemists and astrologers guided the 

world leaders while blood letting and "witches 
brews" were the only cures for human ailments. 
Religion was all powerful and extremely jealous 
of its position. New ideas were branded as the work 
of Satan and freethinkers were called antichrist. 

Italy was divided into several Duchies with the 
Pope as the only unifying leader. Each Duke retained 
a court astrologer, a court alchemist, the usual com
plement of midgets and jesters, perhaps a witch or 
two, an artist, a musician, a military engineer, and 
several representatives of the Pope. The richer 
Dukes also supported a monastery in addition to the 
church and its staff. These church people, in addition 
to their ecclesiastical duties, made sure their Duke 
knew which of his people were attempting to further 
the budding interest in the natural and physical sci
ences. In many cases prison or worse awaited those 
that were reported. 

In this atmosphere of superstition, misknowledge, 
and mental apathy. Leonardo da Vinci was born on 
April 14, 1452 in the village of Vinci in the Floren
tine Duchy. He was the illegitimate son of a tavern 
waitress and a Florentine notary named Piero di Ser 
Antonio da Vinci. The boy's mother was forced to 
marry a poor day-worker, and his father induced to 
marry the older daughter of a respectable Florence 

family. 
"Little Nardo" as he was called, was taken into 

his paternal grandfather's house at Vinci. He attend
ed the school attached to the Church of Santa Pe
tronilla, but found little of interest in his studies. 
Most of the time he skipped school and explored the 
surrounding hills, investigating the wonders of na
ture. The birds were of special interest to him, and 
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Da Vinci's concept of arming 
the foot soldier. 

even then he tried to determine how they flew. This 
investigation was to endure throughout his life. 

Da Vinci was a tall, slender, powerfully built 
boy with long, golden-blond hair, a quick smile, and 
elongated hands. He was mild of temper with an ex
treme tenderness toward things of nature. His grand
mother was continually spoiling him while his grand
father, who spent much of his time in Florence, 
could not tolerate the boy's interests and was con
tinually scolding him. His schoolmates delighted in 
games such as tearing the wings off a butterfly and 
then laughing at its struggles. Da Vince could not 
stand such cruelty. All in all, he led a lonely life. 
The Florentine architect, Biagio da Ravenna, was 
building a large villa near Vinci, and da Vinci, hav
ing nothing else to do, visited the site frequently. 
The architect took notice of the boy because of his 
interest in the project. He began to instruct da Vinci 
in the basic principals of arithmetic, algebra, geome
try, and mechanics. His grandfather had little en
thusiasm for these "boyish whims" and at the age of 
thirteen, sent him to live with his father in Florence. 
There da Vinci became a pupil of Pialo del Pozzo 
Toscunelli, a famous mathematician, astronomer, and 
physicist. 

Da Vinci's father gave the boy a good education, 
wishing him to become a notary and heir to the 
family practice. Fiero da Vinci did not hinder the 
scientific education his son was receiving, but urged 
him to choose some profession with greater mone
tary value. Finally, in 1470, the father took some of 
da Vinci's drawings to Andea del Verrocchio, a mas
ter goldsmith, painter, and sculptor, who immedi
ately accepted the boy as a pupil. 

During the next seven years, da Vinci devel
oped rapidly as an artist. He worked on the idea 
that drawing relies on mathematics, "the mother of 
science," and in this way, he linked his two greatest 
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interests, art and science. These years also saw his 
father's third wife present the notary with two sons. 
She felt that these boys should become heir to the 
family practice and urged her husband to stop sup
porting Leonardo. In 1477 his father gave in, but 
only after he had arranged a good job for the artist 
in the court of Lorenzo de Medici. 

In 1482, da Vinci invented a many-stringed lute 
of silver, shaped like a horse's head. De Medici was 
so pleased with the instrument that he proposed that 
the inventor bring it, as a gift, to the Duke of Lom
bardy, Ludovico Sforza Moro. 

Before he left Florence, however, he wrote a 
letter to Duke Moro listing many of his newly de
signed war machines and promised to build them 
for the duke. He also promised to improve the archi
tecture of the castle and construct canals and aque
ducts in Milan, the site of the castle. 

He was made court artist and commissioned to 
do a statue in bronze of the duke's father, Francesco 
Sforza. The statue was finished in 1493. During the 
period between his arrival in Milan and completion 
of the statue da Vinci drew plans to break up the 
city and reconstruct it with improved sanitary fa
cilities. In 1485-86, he conceived plans for beautifying 
and strengthening the castle, and completing the 
Cathedral of Milan. Although records show that he 
received payment for the plans, none of the construc
tion was carried out. 

Da Vinci designed and built a flying machine at 
the same time that he was erecting the statue previ
ously mentioned and making the preliminary draw
ings for one of his greater artistic works, "The Last 
Supper." This painting adorned the walls of the re
fractory of the convent church of Saint Maria del 
Grazie in Milan, and was commissioned jointly by 
Duke Moro and the monks of the convent. It was 

(Continued on page 20) 
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TWO CENTURIES TOO SOON 

(Continued from page 19) 

completed in 1494, and was so well executed that it 
appeared, in perspective, to be a part of the church. 
The work is an outstanding example of the artist's 
use of geometric lines to lend realism to his paint
ings. Although done on a flat wall, the painting makes 
the viewer feel that the table is set in an alcove of 
the church. 

For the next four years da Vinci was occupied 
with the interior decoration of the Moro castle. In 
the process, he installed a system of listening tubes 
-an intercommunication system whereby the duke 
could overhear what went on in many rooms of the 
castle. In payment for this work, he was given a sub
urban garden named Porta V ercelli. He was made 
chief military engineer of Milan, and in this capa
city improved and maintained the canals and water-. 
ways of the duchy, thus making defense of the area 
easier. 

Still, in 1499, Milan was captured by Louis XII 
of France, leading an enormous army composed of 
troops from France, Venice, and the Papal estates 
in Rome. Da Vinci collected as much of his property 
as he could and fled to Florence, where he chose to 
wait until Moro could recapture Milan. In February, 
1500, at the head of an army of Swiss mercenaries, 
Moro recaptured the city only to be defeated two 
months later. Moro was captured and imprisoned 
in France. 

In 1502, da Vinci took the position of chief engi
neer for Cesare Borgia, Duke of Valentinois, who 
was trying to unite all of Italy under his rule. When 
statesmanship and subterfuge failed, he moved in 
with his army and devastated all who resisted him. 
Traveling with the duke, da Vinci got to see most 
of central Italy, surveying and mapping much of the 
area. By March, 1503, da Vinci was back in Florence, 
having tired of the barbarian tactics of Borgia. Ac-

cording to his notes, the artist met Niccolo Machia
velli early in 1503. Some historians suggest that this 
meeting may have resulted in da Vinci's desertion 
of Borgia. 

Back in Florence, da Vinci occupied himself 
chiefly in his art, completing the "Mona Lisa" in 
150'6 and attempting a painting which was to be an 
equal to "The Last Supper." The artist tried a new
ly devised method of heat curing the paint, but the 
experiment proved a dismal failure because the heat 
caused the colors to run and scale away from the 
wall on which they were applied. 

In the spring of 1506, da Vinci accepted an invi
tation to Milan and was subsequently given the title 
of painter and engineer-in-ordinary. Mid-1507 saw 
him back in Florence where he was involved in some 
legal problems arising from the death of his father. 
In 1512, he, his pupils, and his servants moved to 
Rome, and entered into the service of the house of 
1\f[edici. In 1514, he accepted the invitation of Francis 
I of France to move to Amboise where the castle 
Cloux and a "handsome pension" was given him. 

Late in 1518, he suffered a stroke which left him 
partially paralyzed . .Sensing that the end was near, 
he threw himself with nmewed vigor into the work 
on his flying machine. In his mind this was the most 
important project of his life, and when he realized 
that it could never be finished, he considered his life 
wasted. 

He suffered a second stroke in April and died on 
May 2, 1519. Among the things left unfinished was 
the sorting and rewriting of his notes collected over 
a period of more than forty years. The notes were 
locked in an attic of the castle, and only some deal
ing with his art were made public. 

If his notes had been deciphered and published 
at that time, the world of science would have been 
advanced by at least two centuries. Here were de
tails of experimental science covering a far greater 
scope than Bacon showed in 1600. Here were listed 

Da Vinci's sketch of the wing for his flying machine. 
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An anatomical study by Da Vinci. 

the laws of mechanics that Newton was to discov.er 
nearly two centuries later. Here slumbered details 
of steam propulsion (of a missile) that rivaled the 
discoveries of Watt. Experts agree that given some 
power such as petroleum even his flying machine 
would have worked. 

The notes of Leonardo da Vinci were finally de
ciphered during the last generation, but since few 
dates appeared on the pages, the period of his life 
which he devoted to the various projects could not 
be determined. Some of the most interesting ones 
are listed here. 

He spent a great deal of his time working on a 
flying machine designed from observations of birds 
in flight. The wings were propelled by pedals turned 
by the hands of the pilot. His feet were to act as rud
ders. A later design consisted of four wings which 
opened and closed, moved up and down, and swept 

PIVOT 

back and forth. They were geared so that there was 
a constant area available for support of the device. 
Although the wings did not rotate, the principles 
described in the notes bear an amazing resemblance 
to those of our present helicopter. The machine was 
built with the help of the court blacksmith, but was 
never tested because of da Vinci's dissatisfaction 
with details of the landing gear. 

He was an exponent of anatomy, and in the in
terest of art made many surface measurements of 
the human frame. Later, in the interest of science, 
he studied the human heart, brain, and digestive 
system. He is known to have dissected at least thirty 
human bodies and to have paved the way for Visa
lius, the restorer of anatomy. 

A1nong his notes were drawings and details of a 
camera obscura (similar to a periscope) which 
showed that he understood the phenomenon involved 
in its use. He may have constructed this instrument 
to help teach his students sketching of the human 
form. 

He designed and built six sets of locks which 
united all the canals of Milan. 

Capillary action was explained in his notes, but 
was never demonstrated publicly. He also knew a 
method of breathing under water but refused to tell 
of it because of the "evil nature of man." It can easily 
be seen how disclosures of this nature would be con
sidered works of the devil by the superstitious 
people of his time. 

He invented and used the first hygrometer. It 
consisted of a ball of wool which would change in 
weight as the moisture content of the air varied. To 
weigh the wool accurately, he designed the first self
indicating scale. It was a semi-circular dial sup
ported by a pivot at the center of its diameter. A 
plumb line attached to the same point hung across 
the dial face and served as a pointer. The addition of 
a scale pan and counterweight at opposite ends of 

(Continued on page 38) 

PLUMB LINE 

Da Vinci's Self-Indicating Scale. 
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Robert M. King (B.S. E., Princeton '57, M.S., Carnegie Tech) is investigating applications of the electronic computer in advanced cmnvut£~t: 
design. A skilled compute~· programmer, he has done original work in organizing programs that make possible computer self-diae.:no.sis~ 



HE GETS COMPUTERS TO 
DIAGNOSE THEIR N FAULTS 

With the increasing size and complexity of modern computers, one 
of the most interesting problems that engineers face is the rapid 
and efficient location of failures within the system. 

The method which they have found most practical is to use the 
speed and logical abilities of the computer itself to make the 
diagnosis. Programming computers to perform this function is the 
job of Robert M. King. 

The Diagnostic Technique 

He prepares programs for the computer which actually simulate 
the deductive processes of a man investigating the faults of the 
machine. Each program instructs the computer to exercise various 
segments of its circuitry in a logical order. 

The result of each test is checked against the correct result, stored 
in the computer memory, of previous tests of the same circuitry 
when in proper working order. If the results do not agree, ames
sage is automatically typed which indicates the failure and which 
component caused it. 

A computer is particularly adept at this job. It can take into con
sideration simultaneously a large number of factors. It can also 
work at very high speeds. Once a program is properly written, the 
computer makes no errors. Appropriately enough, diagnostic pro
gramming often aids in designing better computers. 

A Programmer's Background 

Computer programs are the result of ingenious applications of 
many intellectual qualities. Computer design and language are 
based on sound laws of logic. Therefore an important prerequisite 
is the ability to analyze complex problems and to deduce from them 
useful methods of solution consistent with machine requirements. 

If you think you might be interested in working in one of the many 
fascinating areas of computer programming, you are invited to 
talk it over with an IBM representative. The future can be as un
limited as the future of the computer itself. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 

Your Placement Officer can tell you when an IBM representative 
will visit your campus. Or write, outlining briefly your back
ground and interests, to: Manager of Technical Employment> IBM 
Corporation, Dept. 845, 590 Madison Avenue, New York 22 .. N.Y .. 
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INTER QUARTER at KHK has been 
operating smoothly as any of the 

new actives will testify. Four new ac
tives finished up their pledging activi

KAPPA ties the first week of the quarter and 
were initiated at a formal banquet at 

Worwa's in Northeast Minneapolis on January 18. 
They are Larry Finger, Alan Gross, Marvin Hanson, 
and Carlton Miller. Larry was the recipient of the 
Outstanding Pledge Award which is awarded to the 
outstanding pledge in each pledge class. We also wel
come two new pledges, Paul Koblas and Tom Hagen. 

Beta Chapter of KHK is again participating in 
intramural sports. Our bowling team is swinging 
into gear after just missing the playoffs last quarter 
by a slim two points. The basketball team won its 
first game to the tune of two minor casualties-a 
broken net and a broken pair of glasses. Both teams 
are reaching their peak as they head into the final 
stretch of the season. 

An outstanding event on the KHK calendar was 
the annual Founder's Day Banquet which was held 
on February 12 at one of the downtown hotels where 
actives, pledges, and alumni had an opportunity to 
exchange information of mutual interest. Coming up 
before the end of the quarter will be a dance. Details 
are currently being worked out. 

On January 25, we held our election of officers 
for the coming year. The new officers are: President, 
Duane Herold; Vice President, Jim Loken; Secre
tary, Earl Schumacher; Treasurer, Jerry Hagen. 
They are already performing their duties efficiently 
and promise to lead Kappa Eta Kappa toward ever 
increasing heights. 
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HORT 

edited by HOWARD W. BAYE1 E.E. 160 

THE souNDS of strings, voices, per
cussion, and laughter flowed around 

the room at Theta Tau's n'th annual 
Winter Formal which was held at the 
White Pine Inn in Bayport on Janu
ary 30. The tripping of the light fan

tastic was preceded by excellent servings of filet 
mignon and a pleasant social hour. A very enjoyable 
evening (and morning) was had by all, and the ap
pearance of many lovely corsages was only sur
passed by the presence of many eloquent damsels. 

At a recent Professional Leadership and Devel
opment meeting, Professor Robert Holt of the Uni
versity's political science department spoke to the 
fraternity about the present political situation and 
also on some of the history and background for the 
coming elections. His talk was followed by a question 
and answer session which proved to be highly edu
cational as well as enjoyable. These informative 
PL&D meetings are held every Monday night and 
are open to any interested engineer. 

Along the sporting line, Theta Tau is participat
ing in various intramural athletics which include 
basketball, bowling, handball, etc. The basketball 
team seems to be doing fairly well this quarter and 
hopes to place high up in the standings. In addition, 
the other sporting aspects are doing quite good. 

The February calendar includes a ski trip to 
Upper Michigan, a couple of toboggan parties, an 
alumni dinner, plus other social events. 

Congratulations to brother Jerry Bostrom on his 
recent marriage. (Another Theta Tau bites the dust.) 
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THE CHARTER meeting of the SGE 
(Society of Graduating Engineers) 

met at the Big Ten last Tuesday, Feb
ruary 9, 1960. The newly elected offi
cers are: 

R. J. Edmeyer, Chief Buyer 

R. J. McGee, Consumer Consumption Mgr. 

H. W. Baye, Honorable Elder 

R. T. Edell, Distribution Mgr. 

P. R. Tobias, Sanitation Mgr. 

Refreshments were served before, during, and 
after the meeting. Bob Edell poured. As far as can 
be remembered a good time was had by all. Newly 
accepted members are: AI Porter, John Olson, Jim 
Dougher, and Paul Kirchoff. It is believed that this 
society's membership will increase considerably in 
the next few months. 

AT THE noon meeting on Jan
uary 27, eighty AlEE-IRE 

members viewed two Bell 
Science films. "The Bell Solar 
Battery" described the princi

ples of operation of solar batteries, engineering prob
lems encountered in development, and some typical 
applications. "The Dew Line Story" told of the con
ception, the design, and the building of the early 
warning radar sites. 

Future meetings scheduled are: on February 11, 
a tour, for all graduating E.E. seniors, of the Audio 
Development Company including a dinner and a 
panel discussion about employment potentials; on 
February 17, a meeting, for all fourth year E. E.'s, 
where faculty members will answer questions about 
the 5th year curriculum and the 4th year B.S. pro
gram; on March 2, the final meeting of the winter 
quarter, election of officers will be held. 

The AlEE is completing plans for judging the 
Student Paper Contest. All members are urged to 
take advantage of the fine opportunity to gain expe
rience in preparing and presenting a technical paper. 
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THE AMERICAN Society of Mechanical 
Engineers was founded to further 

the professional development of its 
members, and to build a feeling of 
comradeship among them. Some of 
the activities we include, to further 

this aim, are monthly meetings at which we have 
some items of interest, and occasional field trips to 
industries in the Twin Cities area. 

At our January meeting, we had talks by five 
engineers who have been in industry for about seven 
years, who gave us some idea of what our first five 
years after graduation might be like. This was the 
second of an annual series of meetings designed to 
inform us of what we may expect when we enter in
dustry. 

Our February meeting featured a trip to Metal
lurgical Engineering, Inc., where we saw the nose
cone of the Jupiter missile, the largest ever to be 
heat treated. 

Of special interest is our April meeting which 
will be a joint meeting with the Senior Chapter, 
"Student's Night." Further information on this meet
ing can be obtained at our office in 15 M.E. 

In January, our field trip was to the Fluidyne, 
Inc. testing facilities at Elk River, where we ob
served the construction of several different types of 
wind tunnels, and observed one in operation. We also 
saw several of the models which they were testing 
or had tested. 

Several other trips are being planned, and we 
hope you will take advantage of this opportunity to 
visit and tour the many industries of special engi
neering interest in the Twin Cities area. 

ALPHA 

EPSILON 

ALPHA EPSILON, the newly formed 
Agricultural Engineering Honor 

Society, held its first formal dinner 
meeting on December 4, 1959 at the 
Townhouse Cafe. 

The purpose of this society is to 
give recognition on the basis of scholarship, leader
ship, and character; and to promote the profession of 
Agricultural Engineering. The organization of this 
society is an important milestone in the development 
of the relatively new field of Agricultural Engi
neering. 

The charter members of the Minnesota Gamma 
Chapter of Alpha Epsilon are: A. J. Schwantes, Hon
orary; A.M. Flikke, Honorary-Faculty Advisor; Wal.:. 
ter N. Stumpf, Pres.; James A. Reese, Vice Pres.; 
David V. Nelson, Sec.-Treas.; Patrick F. Flynn; and 
Deane M. Manbeck. 
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by AlAN J. HOLM, M.E. '61 

"Breathes there an engineer 
With soul so dead, 
Who never to himself hath said, 

'The hell with books, I'll have some 
fun instead!' '' 

DAY is the long awaited consolation to the shy 
and retiring engineer. It gives him the chance 
to tear himself away from his books and live it 

up. Actually the only engineer who answered the 
above description was turned over to the Foresters 
before "rigor-mortis" set in. 

E Day, 1960 will be on the 6th and 7th of May and 
is preceded by the Black Book Dance on April 22. 

The Black Book Dance, which will feature a 
celebrity, is a stag affair and will be in the main 
ballroom of Coffman Union. Men, this is a must! This 
is where some of the more desirous aspects of being 
an engineer come to light. Last year I saw a fifth year 
engineer running faster than Faubus in Harlem and 
hounded closely by five screaming coeds. 

Friday, May 6, the first day of E Day, will start 
off with a parade at 10:20 a.m. After absorbing this 
diversion from scholastic thought, we trot over to 
the rear entrance of the Main Engineering Building. 
Here one can view the queen crowning and predict 
how red she will be when St. Pat kisses her. At 11: 20~ 
a convocation will feature a prominent speaker. 
Buses will take you from the convocation to the 
picnic featuring free food, sports, and entertainment. 
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Engineering displays will be presented in the 
engineering buildings both Friday and Saturday, at 
the Open House. You and the members of your fam
ily are invited to tour this "open house." Finishing 
up the fest will be the E Day Brawl on Saturday 
night, May 7. The Brawl, a semi-formal affair, is a 
fitting end to the events. Unfortunately, after this 
fun-binge, LT. enrollment inevitably decreases by 
21 per cent. 

Would your club like to have a two-foot trophy 
good for beer guzzling and impressing the girls? 
It can be yours for winning the events. Altogether 
three big, shiny trophies will be awarded for E Day 
participation. All-participation trophies will be 
awarded to the Fraternities and to the Societies. 
Points are given for open house, button sales, parade 
floats, etc. and the top organizations win the trophies. 
Independents are under the fraternity division this 
year. The third trophy is awarded to the organiza
tion which wins the sports tournament. The tourna
ments will begin on Monday, May 1, and run 
throughout the week. Independent groups are en
couraged to join and anyone interested should con
tact James Loken (Pa 9-8879). 
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Perhaps the following outline will clarify the 
whole affair. 

E Day 1960 

April 22-9: 00 p.m. Black Book Dance 
A. 1500 Women 
B. Celebrity 

May 6-10:20 Parade (Get out of class) 
10:35 Activities 

A. Knighting (Sterb's certificates to 
graduates) 

B. Queen Crowned 
C. St. Pat Crowned 
D. Talk by Dean Spilhaus (Highlite) 

11:30 Convocation 
12:30 Picnic 

A. Bus Service 
B. Free Food 
C. Free Refreshments 
D. Sports Events 
All Day- Open House 

May 7- 9:00p.m. E Day Brawl 
A. Semi-formal 
B. Big N arne Band 
All Day- Open House 

Anyone interested in serving on an E-Day com
mittee, fill out the enclosed form and come to the 
general meeting on February 24 at 7 p.m. in Room 
4,M.E. 

E-DAY STAFF APPLICATION 

Name ................................................................................................................................. . 

Address ............................................................................................................................ .. 

Phone ........................................................... . 

COMMITTEES (Check preferences) 

Open House .......................................... ( ) Knighting .............................................. ( ) 

Black Book Dance & Brawl .............. ( ) Parade .................................................... ( ) 

Button & Hat Sales ............................ ( ) Tournaments ........................................ ( ) 

Posters .................................................... ( ) Office ...................................................... ( ) 

Picnic ...................................................... ( ) Publicity ................................................ ( ) 

Queens ...................................................... ( ) 

Place this form in the box in front of Technolog Office 
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Automatic systems developed by instrumentation 
engineers allow rapid simultaneous recording 

of data from many information points. 

Frequent informal discussions among analytical 
engineers assure continuous exchange of ideas 

on related research projects. 

Under the close supervision of an engineer, 
final adjustments are made on a rig for 

testing an advanced liquid metal system. 

t t 
The field has never been broader 
The challenge has never been greater 

Engineers at Pratt & Whitney Aircraft today are concerned 
with the development of all forms of flight propulsion 
systems-air breathing, rocket, nuclear and other advanced 
types for propulsion in space. Many of these systems are so 
entirely new in concept that their design and development, 
and allied research programs, require technical personnel 
not previously associated with the development of aircraft 
engines. Where the company was once primarily interested 
in graduates with degrees in mechanical and aeronautical 
engineering, it now also requires men with degrees in 
electrical, chemical, and nuclear engineering, and in physics, 
chemistry, and metallurgy. 
Included in a wide range of engineering activities open to 
technically trained graduates at all levels are these four 
basic fields·: 
ANALYTICAL ENGINEERING Men engaged in this 
activity are concerned with fundamental investigations in 
the fields of science or engineering related to the conception 
of new products. They carry out detailed analyses of ad
vanced flight and space systems and interpret results in 
terms of practical design applications. They provide basic 
information which is essential in determining the types of 
systems that have development potential. 
DESIGN ENGINEERING The prime requisite here is an 
active interest in the application of aerodynamics, thermo
dynamics, stress analysis, and principles of machine design 
to the creation of new flight propulsion systems. Men en
gaged in this activity at P&W A establish the specific per
formance and structural requirements of the new product 
and design it as a complete working mechanism. 

EXPERIMENTAL ENGINEERING Here men supervise 
and coordinate fabrication, assembly and laboratory testing 
of experimental apparatus, system components, and devel
opment engines. They devise test rigs and laboratory setups, 
specify instrumentation and direct execution of the actual 
test programs. Responsibility in this phase of the develop
ment program also includes analysis of test data, reporting 
of results and recommendations for future effort. 
MATERIALS ENGINEERING Men active in this field 
at P&W A investigate metals, alloys and other materials 
under various environmenta1 conditions to determine their 
usefulness as applied to advanced flight propulsion systems. 
They devise material testing methods and design special 
test equipment. They are also responsible for the determina
tion of new fabrication techniques and causes of failures or 
manufacturing difficulties. 
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Exhaustive testing of full-scale rocket engine thrust chambers is 
carried on at the Florida Research and Development Center. 

FEBRUARY, 1960 

For further information regarding an engineer
ing career at Pratt & Whitney Aircraft, consult 
your college placement officer or write to Mr. 
R. P. Azinger, Engineering Department, Pratt & 
Whitney Aircraft, East Hartford 8, Connecticut. 

PRATT & W'HITNEY AIRCRAFT 
Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS - East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER - Palm Beach County, Florida 
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LOGICALLY THINKING 

(Continued from page 11) 

working, the technical man must constantly be aware 
of the fallacy of composition. It can easily slip into 
his thoughts unnoticed, and wreck havoc with his 
conclusions. 

The fallacy of division is just the reverse of the 
fallacy of composition. One might assert that, be
cause the computer is quite large, its component 
parts must also be quite large. This would be com
mitting the fallacy of division. Another example 
that no one would ever take seriously is, "American 
Indians are disappearing. That man is an American 
Indian. Hence, that man is disappearing." 

A number of informal fallacies have now been 
demonstrated, but simply knowing what they are 
will not help if they are not used. They should serve 
to make a person aware of certain common types of 
errors in reasoning, and then, when similar examples 
are encountered, they will recognize what they are 
and treat them accordingly. 

Fallacies are generally committed when a person 
already knows what he wants to establish and then 
seeks to establish it by logical means. He wants to 
believe it, and so he is much more prone to accept 
an argument that will yield the desired conclusion 
even though it is not strictly kosher. The best way 
to avoid such errors is simply to be open-minded on 
the subject until you have heard the arguments and 
see where they lead. If you make up your mind 
before you even see the evidence you are not going 
to do a very good job of judging what is right and 
what is wrong. Thus, the primary rule of clear think
ing is simply to be open-minded. 

The fallacies just discussed were part of informal 
logic. The classical logic of Aristotle is part of what 
is called formal logic. The most important part of 
classical logic is the study of the syllogism. This is 
a particular form of deductive argument. In a deduc
tive argument the truth of the premises guarantees 
the truth of the conclusion. 

Actually, the correct name for what I have called 
a syllogism is a categorical syllogism. It is called 
this because its premises and ~onclusion are of a 
particular form called a categorical proposition. A 
categorical proposition is a statement like, "all men 
are mortal." There are four standard forms of cate
gorical propositions: 

1. All A are B. 
2. Some A are B. 
3. No A are B. 
4. Some A are not B. 

where A and B are any nouns. Type 1 is called a 
universal affirmative proposition. The others are 
particular affirmative, universal negative, and par
ticular negative, in that order. Most statements can 
be translated into some proposition of this form, 
though there are a few that cannot, and must be 
dealt with by the more advanced techniques of sym
bolic logic. 
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In order to talk about categorical syllogisms, 
logicians have invented several new terms. These 
are "quality," "quantity" and "distribution." The 
"quality" of a proposition is either affirmative or 
negative depending on whether it affirms or denies 
something. Thus, the quality of types 1 and 2 above 
is affirmative, while the quality of types 3 and 4 is 
negative. 

Categorical syllogisms begin with the words "all," 
" " " " Th d ll d . no, or some some. ese wor s are ca e quanti-
fiers. They determine what is called the "quantity" 
of the proposition. The quantity of types 1 and 3 is 
universal, and the quantity o£ types 2 and 4 is par
ticular. 

The term "distribution" is often somewhat diffi~ 
cult to understand. A proposition is said to distribute 
either its subject or predicate if it talks about all of 
the members of the class designated by that term. 
Take for example the proposition, "all horses are 
animals." This statement refers to every member of 
the class of horses, but it only refers to, or talks 
about, some of the members called animals. This 
is true _of all statements of type 1. Thus we say 
that this type of proposition distributes its sub
ject not its predicate. A statement of the second 
type is seen to make no statement about all of the 
members of any class. It talks about some of the 
members of the subject class, and some of the mem
b~rs _of the predicate class. The third type actually 
distnbutes both the subject and predicate. It makes 
an assertion about all of the members of the subject 
class, and at the same time talks about all of the 
m~mbers of the predicate class. The fourth type dis
tnbutes only the predicate. 

Upon examination of the above analysis, it can 
be ~een that the distribution of the subject of a cate
gonca! proposition is determined entirely by the 
quantity of the proposition, while the distribution 
of the predicate is determined by the quality. 

Often-times one categorical proposition can be 
transformed into another one of a different form 
without changing its meaning. When we do this we 
say that we are making use of certain rules of im
mediate inference. For example, to say "No dogs: 

t ". th ' ar~ ca s, IS e same as asserting, "No cats are dogs." 
This form of immediate inference is called conver
sion and is valid for any statement of the form of 
either. type 2 or 3_. All it consists of is simply inter
changing the sub] ect and predicate. 

Another important rule of immediate inference 
i~ ~hat of_ contradiction. This states that two propo
sitiOns With the same terms which differ in both 
quantity and quality cannot both be true, nor can 
they ~oth be false. The rule of limitation says that 
a particular statement may be inferred from a uni
versal statement. For example, if we know that all 
books are made to be read, then we may infer that 
any particular book is made to be read. The rule of 
obversion tells us that the predicate of a proposition 
may be replaced by its complement if the quality is 
changed too. The complement of a term consists of 
the same term with a noun in front of it. To illus-

(Continued on page 36) 
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a 
hat's ahead for y 

er y u join estern lectric? 
Anywhere you look - in engineering and other profes
sional areas - the answer to that question is progress. 
For Western Electric is on a job of ever-increasing 
complexity, both as the manufacturing and supply unit 
of the Bell System and as a part of many defense 
communications and missile projects. 

These two assignments mean you'll find yourself in 
the thick of things in such fast-breaking fields as micro
wave radio relay, electronic switching, miniaturization 
and automation. You may engineer installations, plan 
distribution of equipment and supplies. Western also 
has need for field engineers, whose world-wide assign
ments call for working with equipment we make for 
the Government. The opp01tunities are many - and 
they're waiting! 

You'll find that Western Electric is career-minded ... 
and you-minded! Progress is as rapid as your own indi
vidual skills permit. We estimate that 8,000 supervisory 
jobs will open in the next ten years- the majority to be 
filled by engineers. There will be corresponding oppor-

tunities for career building within research and engi
neering. Western Electric maintains its own full-time, 
all-expenses-paid engineering training program. And 
our tuition refund plan also helps you move ahead in 
your chosen field. 

Opportunities exist for electrical, mechanical, indus
trial, civil and chemical engineers, as well as in the 
physical sciences. For more information get your copy 
of Consider a Career at Western Electric from your 
Placement Officer. Or write College Relations, Room 
2000, Western Electric Company, 195 Broadway, New 
York 7, N. Y. Be sure to arrange for a Western Electric 
interview when the Bell System team visits your campus. 

Principal manufacturing locations at Chicago, 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.; Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla.; Engineering Research Center, Princeton, N. J.; Teletype 
Corp., Chicago 14, Ill. and little Rock, Ark. Also W. E. distribution centers in 32 cities and installation headquarters in 16 cities. General headquarters: 195 Broadway, New York 7, N.Y. 
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With the world in the 11shape11 it's in we've chosen 

this shapely young lass to divert our minds to happier 

thoughts. The TECHNOlOG'S choice for Miss February 

is pretty and trim lynn Stenzel. 

Seems we're not the only ones impressed with lynn's 

finer qualities as she held the title of Miss Alexandria 
of 1959. 

Miss February is pictured here with one of her favor

ite pastimes1 interpretive dancing. She's also majoring 

in theatrical arts in General College. 

If you're looking for a perfect Valentine try our nom

inee who lives at 419 Erie- Federal 1-247 6. 
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Student Frank G. pictures himself 
on a typical Hamilton Standard 

engineering assignment: environmental 
control system for onvair 8 

ENGINEERING EXCELLENCE of Hamilton Standard equipment 
is reflected by the selection of its air conditioning and pressuriz
ation system for the new Convair 880 jet. Frank G. readily sees 
the variety of engineering applications involved and learns that 
he would, as an engineer, participate in its development in one of 
the following groups: 

DESIGN ENGINEERING-Where the engineer, using technical 
skills in aerodynamics, thermodynamics, heat transfer, vibration, 
servo mechanisms and electronics, creates a working concept of 
the product to meet rigid specifications of performance, weight, 
size, reliability, cost and safety. Engineers shown at right are 
discussing stress analysis problems of the turbo compressor rotor 
system. 

ANALYSIS ENGINEERING-Where the engineer, acting as a 
consultant in applied research, derives and evaluates data on 
performance, structures, vibration and reliability. In addition, 
Frank G. finds that close liaison is maintained with project and 
design engineers, who incorporate this information in the devel
opment of the product. Such machines as the Philbrick Analog 
Computer,shownatright,facilitatecompilationoftechnicaldata. 

PROJECT ENGINEERING-Where the engineer's prime respon
sibility is coordinating all activity from design through qualifi
cation testing. Frank G. discovers this means "shirt sleeve" 
work at laboratory test facilities, verifying product specifications 
with analysis and design groups, working with experimental 
technicians and contact with customers and vendors. Electronic 
temperature control pictured at right, was developed by our 
autonomous Broad Brook Electronics Department. 
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For full color and illustrated brochure "Engineering for You and Your Future" 
write R. J. Harding, Administrator-College Relations 

ILT )S 
A DIVISION OF 

I E AI C F c 
BRADLEY FIELD ROAD, WINDSOR LOCKS, CONN. 
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Going up for e~good seeing." Un
manned balloon-observatory starts its 
ascent to take sunspot photos. "Project 
Stratoscope" is a continuing program 
of the Office of Naval Research and 
the National Science Foundation. 

FEBRUARY, 1960 

One of the sharpest photos ever taken of 
sun's surface. It, and hundreds of others 
taken by stratoscope, may answer mystery 
of violent magnetic disturbances on earth. 

ANOTHER WAY 

RCA SERVES 

YOU THROUGH 

ElECTRONICS 

Exact position of photograph in relation 
to the total sun surface is shown here. Plotting 
and photography of precise areas was made 
possible by airborne RCA television. 

RCA REPORTS TO THE NATION: 

RE ARKABlE NE PHOTOS UNlOCK 
YSTERIES OF SUN'S SUR CE 

Special RCA Television, operating from stratosphere, 
helps get sharpest photos of sun's surface ever taken 

Scientists recently took the first, 
sharp, searching look into the center of 
our solar system. It was achieved not 
by a missile, but by a balloon posted 
in quiet reaches of the stratosphere. 

The idea was conceived by astrono
mers at the Princeton University Ob
servatory. They decided that a floating 
observatory- equipped with a tele
scope-camera- would offer a stable 
••work platform" from which sunspots 
could be photographed free of the distor
tion caused by the earth's atmosphere. 

But ••Project Stratoscope" encoun
tered an unforeseen and major obstacle 
on its initial flight. A foolproof method 
was needed for aiming and focusing 
the telescope of the unmanned observ
atory. Princeton asked RCA to help. 

A special RCA television system was 
devised which enabled observers on the 

ground to view exactly what the tele
scope was seeing aloft. This accom
plished, it was a simple matter to 
achieve precise photography-directed 
from the ground by means of a separate 
RCA radio control system. 

The resulting pictures reveal sun
spot activities in unprecedented detail. 
They provide the world with important 
information regarding the magnetic 
disturbances which affect navigation 
and long-range communications. 

The success of ••project Stratoscope" 
is another example of RCA leadership 
in advanced electronics. This leader
ship, achieved through quality and 
dependability in performance, has al
ready made RCA Victor the most trusted 
name in television. Today, RCA Victor 
television sets are in far more homes 
than any other make. 

RADIO CORPORATION OF AMERICA 
THE MOST TRUSTED NAME IN ELECTRONICS 
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LOGICALLY THINKING 

(Continued from page 30) 

trate the rule of obversion, let us use the statement, 
"all men are mortal." The obverse of this is, "No 
men are non-mortal." These rules of immediate in
ference are of use in getting propositions into a 
particular form so that they can be used in a par
ticular syllogism. 

A categorical syllogism is defined as an argument 
having two premises and a conclusion, each of which 
are categorical propositions. Such a syllogism must 
contain exactly three different terms, each of these 
appears twice in the argument. An example of a 
,syllogism is the argument: 

All dogs are animals. 
No trees are animals. 
Therefore, no dogs are trees. 

In the above example, the word "animals" appears 
in both premises but not in the conclusion. This is 
called the middle term of the syllogism. The major 
premise is the premise containing the predicate of 
the conclusion (the major term) and the minor 
premise contains the subject (the minor term). 

It should be evident that there are many possible 
forms for syllogisms. The order of the major and 
minor terms and the middle terms may be inter
changed and the quantity and quality of the con
stituent propositions may be changed, each change 
yielding a new syllogism, some of which are valid 
and some of which are not. Herein lies the impor
tance of the syllogism-it is what is called a formal 
argument. 

If a particular syllogistic argument is valid for 
one set of subjects and prediaces, it is valid for all 
such sets, regardless of the subject matter. The 
validity of a syllogism is entirely independent on 
its subject matter. It depends only on the form of 
the syllogism. Take for example the argument used 
to demonstrate what a syllogism is. This has the 
form: 

All S are M. 
No Pare M. 
NoS are P. 

This is a valid form, and as such, no matter what we 
substitute for S, P, and M, the argument will be 
valid. We might use for instance: 

All marbles are small. 
No basketballs are small. 
No marbles are basketballs. 

This allows us to determine and demonstrate the 
invalidity of an invalid argument quite easily. 

When we are presented with a syllogistic argu
ment that we feel is invalid, all we have to do is 
find another argument of the same form for which 
the premises are true, but the conclusion is unmis
takably false. For instance, it might be argued: All 
of those men are believers in the superiority of the 
working class; all Communists are believers in the 
superiority of the working class; therefore, those 
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men are all Communists. To demonstrate the invalid
ity of this argument we might use the following 
argument which has the same form: All dogs are 
animals; all cats are animals; therefore, all dogs are 
cats. The second argument has the same form as the 
first, and its premises are both true, but the conclu
sion is obviously false. This shows that the first 
argument is also invalid, because the form itself is 
invalid. 

Because of the formal nature of the syllogism 
we can establish certain rules which will enable us 
to determine whether or not a given argument is 
valid, and it will apply to all syllogisms regardless 
of subject matter. These rules may then be applied 
when no suitable example can be found to refute 
the argument by the method demonstrated above. 
The use of these rules is somewhat more tedious, but 
it will always give the correct answer, and it has 
the further advantage that, while the previous 
method allowed us to establish invalidity but not 
validity, this new method enables us to establish 
both that a valid argument is valid, and that an in
valid argument is invalid. 

The rules can be stated quite simply. There are 
two rules of quality and two distribution rules: 

Ql. A valid syllogism must have at least one af
firmative premise. 

Q2. If either premise of a valid categorical syl
logism is negative, the conclusion must be negative. 

Dl. In a valid syllogism, the middle term must 
be distributed in at least one of the premises. 

D2. In a valid syllogism, no term can be distribut
ed in the conclusion which is not distributed in at 
least one of the premises. 

For example, in the syllogism about communists, 
both of the premises are affirmative, so it satisfies 
rule Ql. As such it also satisfied Q2. The middle term 
is "believers in the superiority of the working class." 
It is not distributed in either of the premises, so the 
syllogism violates Dl and is shown to be invalid. 

These rules will work for any categorical syllo
gism and give us a sure method for determining the 
validity of an argument if it can be phrased in the 
terms of a syllogism. Thus we see the powerful tool 
of syllogism. As a matter of fact, if one examines the 
arguments he normally encounters, he will discover 
that almost all of them are syllogisms. Often times 
they will not be in quite the right form, but are so 
close that it is no problem at all to translate them 
so that the rules for syllogisms are applicable. 

Before leaving syllogisms, it is interesting to note 
the reason that they are valid. Logicians have dis
covered that all valid syllogisms can be derived, 
with the help of the rules of immediate inference, 
from one simple rule called the rule of the syllo
gism. This rule is very obviously true. It says simp
ly, "If something is known to be true of all the mem
bers of a class of objects, it is true of every member 
of the class, taken individually." No one would dis
pute the inherent truth of this rule, so it is inter
esting to note that all valid syllogisms are based 
on it. 

(Continued on page 38) 
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A DOOR IS OPEN AT ALLIED CHEMICAL TO 

Opportunities for professional recognition 
If you feel, as we do, that the publication of technical 
papers adds to the professional stature of the individual 
employee and his worth to his company, you will see why 
Allied encourages its people to put their findings in print. 
Some recent contributions from our technical staff are 
shown below. 

It's interesting to speculate on what you might publish 
as a chemist at one of our 12 research laboratories and 
development centers. The possibilities are virtually limit-

less, because Allied makes over 3,000 products-chemi
cals, plastics, fibers-products that offer careers with a 
future for chemists, chemistry majors and engineers. 

Why not write today for a newly revised copy of "Your 
Future in Allied Chemical." Or ask our interviewer 
about Allied when he next visits your campus. Your 
placement office can tell you when he'll be there. 

Allied Chemical, Department 26-R2 
61 Broadway, New York 6, New York 

SOME RECENT TECHNICAL PAPERS AND TALKS BY AlliED CHEMICAL PEOPLE 

"What is a Foam?" 
DonaldS. Otto, National Aniline Division 

American Management Association Seminar on Polymeric 
Packaging Materials 

"Electrically Insulating, Flexible Inorganic Coatings on 
Metal Produced by Gaseous Fluorine Reactions" 

Dr. Robert W. Mason, General Chemical Research 
Laboratory 

American Ceramic Society Meeting, Electronic Division 

"Gas Chromatographic Separations of Closing Boiling 
Isomers" 

Dr. A. R. Paterson, Central Research Laboratory 
Second International Symposium on Gas Chromatography 

at Michigan State University 

"Correlation of Structure and Coating Properties of 
Polyurethane Copolymers" 

Dr. Maurice E. Bailey, G. C. Toone, G. S. Wooster, 
National Aniline Division; E. G. Bobalek, Case In
stitute of Technology and Consultant on Organic 
Coatings 

Gordon Research Conference on Organic Coatings 

"Corrosion of Metals by Chromic Acid Solutions" 
Ted M. Swain, Solvay Process Division 

Annual Conference of the National Association of 
Corrosion Engineers 

"Use of Polyethylene Emulsions in Textile Applications" 
Robert Rosenbaum, Semet-Solvay Division 
D. D. Gagliardi, Gagliardi Research Corporation 

American Association oj Textile Colorists & Chemists 

"Isocyanate Resins" 
Leslie M. Faichney, National Aniline Division 

Modern Plastics Encyclopedia 

"Concentration of Sulphide Ore by Air Float Tables
Gossan Mines" 

R. H. Dickinson, Wilbert J. Trepp, J. 0. Nichols, 
General Chemical Division 

Engineering and Mining Journal 

"Urethane Foams" 
Dr. Maurice E. Bailey, National Aniline Division 

For publication in a book on modern plastics by 
Herbert R. Simonds 

"The Booming Polyesters" 
James E. Sayre and Paul A. Elias, Plastics and Coal 
Chemicals Division 

Chemical & Engineering News 

"7', 2', 4'-Trimethoxyflavone" 
Dr. Sydney M. Spatz and Dr. Marvin Koral, Na
tional Aniline Division 

Journal of Organic Chemistry 

"Physical Properties of Perfluoropropane" 
James A. Brown, General Chemical Research Lab
oratory 

Journal of Physical Chemistry 

"Sulfur Hexafluoride" 
Dr. Whitney H. Mears, General Chemical Research 
Laboratory 

BASIC TO 

AMERICA'S 

PROGRESS 

Encyclopedia of Chemical Technology 

DSVWSIONS: BARRETT • GENERAL CHEMICAL • NATIONAL ANILINE • NITROGEN • 

PLASTICS AND COAL CHEMICALS • SEM ET-SO LVAY • SOLVAY PROCESS • INTERNATIONAl 
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LOGICALLY THINKING 

(Continued from page 36) 

Syllogism is a very simple argument form. It 
consists of just two premises and a conclusion. Of
tentimes we encounter arguments that derive their 
conclusions from many premises. As such, it might 
at first seem that the rules of the syllogism are not 
applicable to such an argument. However, these ar
guments can usually be translated to a long string 
of simple arguments, each one a syllogism. This 
shows that the syllogism is really a very general type 
of argument and forms the basis for most of our 
reasoning in very complicated arguments. It appears 
in many forms, but all of them can be translated to 
standard form syllogisms. 

An interesting offshoot of the syllogism is what 
is called the dilemma. Strictly speaking, the dilemma 
is not of much importance to formal logic, but it is 
nonetheless interesting. It owes its development to 
the time when logic was closely tied in with rhetoric. 
Essentially what a dilemma does is offer two choices, 
both of which lead to the same conclusion and then 
asserts that a person must choose one of these. No 
matter what choice your opponent makes, you still 
win your point. This can be extremely persuasive in 
the hands of a skillful debator. An example of a di
lemma is: "If we don't give economic aid to Lower 
Slobbovia, Russia will do so and they will become 
our enemy; if we do help them, they will be offended 
and will become our enemy; either we will help 
them, or we won't help them; therefore, Lower Slob
bovia will become our enemy." 

There are several rather technical ways to refute 
a dilemma. Possibly one of the most interesting is 
the case of Protagorus and his pupil Eulathus. Pro
tagorus was a teacher who lived in Greece in the 
Fifth Century B.C. He specialized in the teaching of 
lawyers. Eulathus was a poor student who could not 
afford to pay a tuition. He made a deal with Prota
gorus that he would not have to pay the tuition until 
he won his first case. But when Eulathus finished 
his education, he did not immediately go into prac
tice. Protagorus got tired of waiting and sued his 
former pupil for the money. When the trial began, 
Protagorus pleaded his case with a dilemma: 

"If Eulathus loses this case, then he must pay me 
(by the judgment of the court); if he wins this case, 
then he must pay me (by the terms of the contract). 
He must either lose or win this case. Therefore, 
Eulathus must pay me." 

Things looked pretty black for Eulathus, but ap
parently he had learned his lessons well, for he re
plied with the rebuttal: "If I win this case, I shall 
not have to pay Protagorus (by the judgment of the 
court); if I lose this case, I shall not have to pay 
Protagorus (by the terms of the contract, for then 
I shall not yet have won my first case). I must either 
win or lose this case. Therefore, I do not have to 
pay Protagorus!" There is a mistake in one of these 
dilemmas. If you had been a member of the jury, 
what would you have decided? 
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TWO CENTURIES TOO SOON 

(Continued from page 21) 

the diameter completed a scale which weighed ac
curately even on nonhorizontal surfaces. 

Among his early notes were discussions of light 
and shade, the relation of aerial perspective to depth 
perception, problems of transparency of nearby ob
jects to binocular vision, and the similarity of the 
eye to the camera (a very primitive camera he in
vented). 

He added a cylindrical glass chimney to his oil 
lamp to obtain steady burning. Then he enclosed the 
chimney in a water-filled glass globe. This provided 
a lens action that directed the light rays on his work 
area. He also devised a water lens to correct near
sightedness and recorded discoveries regarding hu
man vision. 

In the field of geology, he connected the existence 
of fossils on the mountain slopes with ancient 
changes of the level of the oceans. Sedimentary de
posits were also explained in the same way. He was 
the first to glimpse the theory of isostatic equilib
rium of the earth's crust-the mean density of the 
crust must be smaller under the mountains and 
larger under the oceans than under the low lands. 

Da Vinci was among the first to use structural 
engineering in his architectural designs. He detailed 
methods of determining experimentally the strength 
of beams, columns, and wires before they were in
corporated in the structure. His attempts at deter
mining internal forces and reactions of structural 
frameworks are the first recorded instances of what 
is now called structural analysis. 

These are but a few of the works of the great 
artist. Included in the notes are designs for war ma
chines, cannon, mortars, buildings, aqueducts, ships, 
hoists, spinning and weaving machines, and many 
others all much advanced for the period. Da Vinci's 
agile mind encompassed nearly all fields of science 
and engineering, but all this knowledge was lost to 
the war ld for two centuries because the people con
sidered it the ravings of a disciple of Antichrist. 

At three 0
1clock in the morning, the drunk returned 

home from a particularly rambunctious night of bac
chanalia. About five minutes after he opened the door 
his wife heard a loud crash in the living room. 

11George, what are you doing?11 she asked. 

//Teaching your damned goldfish not to bark at me/' 

* * * 

Two drunks wandered into a zoo and stopped in 
front of a lion/s cage. They stood watching the animal 
a few minutes and suddenly it let out a roar. 

11C1mon, lees go,11 said one of the men. 
11Go ahead if you want to,11 responded the other1 

'Tm gonna stay for the movie." 

MINNESOTA TECHNOLOG 



••• a hand in things to come 

Reaching into a lost --world 
... for a plastic you use every day 

Massive creatures once sloshed through endless swamps, feeding on 
huge ferns, luxuriant rushes and strange pulp-like trees. After ruling for 100 million 
years, the giant animals and plants vanished forever beneath the surface with 
violent upheavals in the earth's crust. Over a long period, they gradually turned into 
great deposits of oil and natural gas. And today, Union Carbide converts these vast 
resources into a modern miracle-the widely-used plastic called polyethylene. 

Millions of feet of tough, transparent polyethylene film are used each 
year to protect the freshness of perishable foods such as fruits and vegetables. Scores 
of other useful things are made from polyethylene ... unbreakable kitchenware, alive 

with color ... bottles that dispense a fine spray with a gentle squeeze •.• electrical 
insulation for your television antenna, and even for trans-oceanic telephone cables. 

Polyethylene is only one of many plastics and chemicals that Union 
Carbide creates from oil and natural gas. By constant research into the basic ele
ments of nature, the people of Union Carbide bring new and better products into 
your everyday life. 

Learn about the exciting work 
going on now in plastics, car
bons, chemicals, gases, metals, 
and nuclear energy. Write for 
"Products and Processes" 
Booklet H, Union Carbide 
Corporation, 30 E. 42nd St., 
New York 17, N. Y. In Canada, 
Union Carbide Canada Limited, 
Toronto. 

.... a hand 
in things to come 



o students ho ant to be 
F L high ay engineers 

There's a real need for qualified men in America's 
100 billion dollar highway program. It's a big job. 
For example, for the new Interstate Highway Sys

tem alone, 35,000 miles are still to be built. 

Choice assignments await engineers at every level. 
They will go to the men who prepare for them. 

As part of that preparation, you must have basic 
material on Asphalt Technology. For if you don't 
know Asphalt, you don't know your highways. 

Asphalt is the modern paving for today's and 

tomorrow's roads. Asphalt surfaces more than 

4/ 5ths of all roads and streets in the country. 

We have put together a special student portfolio 
to meet that need for information on Asphalt. It 
covers the Asphalt story, origin, uses, how it is 

SALARY SURVEY 

(Continued from page 15) 

engineers salaries. This is indicated by the median 
incomes for the following years: 

1952 ...................................... $ 7,850 
1954 ...................................... 8,460 
1956 ...................................... 9,490 
1958 ............ ................ .......... 10,000 

The trend indicated by these figures is due to many 
reasons, such as: increases in cost of living, general 
economic growth, supply and demand of engineering 
talent. It is expected that this trend will continue, 
at least for the next few years. 

Future of the Individual Engineer 
Statistics will not guarantee an engineer financial 

advancement. He' is generally the master of his own 
destiny in this area. To command an increase in 
financial remuneration, an engineer, like everyone 
else, must be able to produce more, or be of greater 
value to his employer. 

To be of greater value, the engineer must increase 
his knowledge and abilities through the participation 
in technical and professional societies, and commu
nity activities. He must keep abreast of technical 
developments by studying the periodicals and by 
taking extension courses. If an engineer makes an 
honest effort to be of greater value to his employer, 
financial recognition will follow. 

Since engineering is a profession, financial remu
neration is based on the performance and ability of 
the individual. Any attempt at collectivism reduces 
the good engineer to mediocrity. 
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specified for paving ... and much more. It is a 
worthwhile, permanent addition to your profes
sional library. 

It's yours, free. Send for it today. Prepare now for 
your future success. 

oeeeeeoeoeeooooeeeoeeoeooooeeoeeoeeosoeo 

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

• Gentlemen: 

., Please send me your free student portfolio on Asphalt 
" Technology. 

NAME CLASS ___ _ 

ADDRESS _______________ _ 

• CITV _____________ STAT~:..-__ 

• SCHOOL _____________________ _ 

.. 
eoeoooooeeeeoeoeeoeeo eoeeeooeoeeooooeeoe 

A buxom lady tripped on the stairs and broke her 

leg. The doctor put it in a cast and warned her that she 

wasn't to attempt going up or down stairs until it came 

off. four months later he removed the cast and pro

nounced her well on the way to recovery. 11Goody,. 

goody," gurgled the lady. "Is it all right for me to walk 

the stairs now?" 

"Yes," said the doctor, "if you will promise to be 

careful/' 

"I can't tell you what a relief it will be," confessed 

the lady. "It was such a nuisance crawling outside and 

shinnying up and down that drainpipe all the time!" 

* * * 

An amateur radio ham went delirious with excite

ment when he caught a newscast straight from Moscow 

on his set. "Our great athlete, Ivan Skvitch," the an

nouncer was booming, "has just smashed all existing 

world's records for the two-hundred-yard dash, the mile 

run, the five-mile run, and the hundred-mile-run, over

coming such formidable obstacles as a blizzard, a range 

of mountains, and complete lack of water." There was 

a moment's silence and then the announcer continued 

in more subdued tones, 11 Unfortunately, Ivan Skvitch's. 

fantastic performance was in vain. He was captured 

and brought back to Russia.11 
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take the ri ht steps to 
launch their en Lneering career 

CONVAIR .. POMONAG e Gin Southern California 

offers NEW PROGRAMS with excellent opportunities today for, Engineers. 
Convair-Pomona, created the Army's newest weapon, REDEYE, Shoulder Fired 
MISSILE and developed the Navy's ADVANCED TERRIER and TARTAR MISSILES 
and many other, still highly classified programs. 

Positions are open for Bachelors, Masters and Doctorate candidates in the fields 
of Electronics, Aeronautics, Mechanics and Physics. 

ADVANCEMENT opportunities are provided for the competent engineer as rapidly 
as his capabilities will permit in currently expanding programs. 

PROFESSIONAl ENVIRONMENT- CONVAIR-POMONA'S facility is of modern de
sign and completely air-conditioned. You will work with men who have pioneered 
the missile industry and are now engaged in some of the most advanced programs 
in existence. 

ADVANCED EDUCATION-Tuition refund is provided for graduate work in the field 
of your specialty. Company sponsored in-plant training courses offer the Engineer 
the finest of educational opportunities. 

CALIFORNIA LIVING- Suburban Pomona offers lower living costs and moderate 
priced property, unexcelled recreational facilities, freedom from rust! hour traffic 
and the ultimate in comfort and gracious living. 

Contact your placement office immediately 
to assure yourself of a campus interview 
with Convair-Pomona. 

If personal interview is not possible send 
resume and grade transcript to B. L Dixon, 
fnaineering Personnel Administrator, Dept. 
CM-512, Pomona, California. 

FEBRUARY, 1960 

I I 
Convair Division of 

Pomona, California 
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STRONTIUM-90 

(Continued from page 13) 

deadly bucketful of material in the history of man
kind. A single teaspoon could theoretically kill 30 
million people. 

Yet from a scientific viewpoint, the radiostron
tium hazard is a highly debatable subject. 

Scientists know that radioactive debris from a 
nuclear bomb is thrown into the upper atmosphere 
where it is swept around the world by high-altitude 
winds. Usually this radioactive material is dumped 
down to earth during its first trajectory around the 
planet. In some cases, notably the U. S.'s 1954 Bravo 
Tests the radioactive material remains suspended. 
The ~aterial will fall out, but the rate of fall out is 
unknown. 

Dr. Willard F. Libby, only scientist member of 
the Atomic Energy Commission (A.E.C.) has con
tended that Strontium-90 fall out is spread evenly 
over the earth's surface, and that the material floats 
in the atmosphere for many years, losing much of its 
radioactivity. In fact, states Dr. Libby, it takes at 
least four and a half years for just half the Stron
tium-90 in the atmosphere to drop out. 

Dr. Libby's estimate has recently been challenged 
by Maj. Gen. Herbert Loper, the Defense Depart
ment's top atomic-energy expert. Loper claims it 
takes only two years for half the total Strontium-90 
accumulated in the atmosphere to fall out. 
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• • • c:arry it with you wherever you go! 

Good news for draftsmen! New HIGGINS 
AMERICAN INDIA INK Cartridge always feeds 
the right amount of ink into pens and drawing 
instruments. No mess, no waste! 

Compact, rigid, plastic cartridge fits easily in 
pocket, purse or drafting sets. 

Stands on table, shelf, desk - won't roll off 
inclined drafting boards! Most convenient way 
to fill pens - and so economical! 

FILLS 
PENS 

_ FASTER, 

Ask your art or drafting 
supply dealer for this new item. 

HIGGIDS 
INFR CO., INC:. 

EASILY, 
NEATLY! 

Ironically, Strontium-90 fallout seems to be great
est where men band together to grow their food, 
namely in high precipitation regions. Since radio
strontium emits no gamma rays, it's not an external 
hazard to man, and is of potential danger only when 
taken into the body. The intake of radiostrontium 
occurs because it is a chemical cousin of calcium. 
Whenever calcium gains access to the body, it is al
ways possible that radiostrontium, providing it is 
present, may be carried along with it. In the same 
way radiostrontium may gain entrance to plants, 
hence to humans and animals. Growing children 
need a high-calcium diet for bone growth, and this. 
need is usually met by giving them dairy products. 
Grazing over relatively large areas of grassland, cat
tle serve as concentrators of fallout, producing dairy 
products which are contaminated with radiostron
tium. 

Because of its strange similarity to calcium, 
Strontium-90 enters the food supply of man, finding 
its way to the bones, where it eats at the marrow, 
sometimes causing bone cancer, and sometimes leu
kemia. Probably even more chilling is Strontium-
90's ability to produce artificial mutations in unborn 
children. The results of these mutations are un
known, yet Strontium-90 is possibly causing changes 
now that may not become apparent for two or three 
generations in the future. 

Recently, the A.E.C. reported the Strontium-90 in 
the soil of New York City had increased sevenfold 
since it was first measured in 1954. Concentration in 
milk and other foods were even more serious. The 
current "permissible level" for milk is 80 micromi
crocuries per liter. Last fall, Strontium-90 in milk at 
St. Louis rose to 20 uuc., or one-fourth the permis
sible level. In Fargo, N. D., it rose to 12 uuc., in 
Atlanta to 10 uuc., and so on throughout the nation. 

Here in Minnesota, the reports on wheat are 
highly disturbing. In samples from 1956, 1957, and 
1958, Strontium-90 levels are 107, 152, and 155 uuc . 
(the permissible level of 100). 

Dr. Jack Schubert, a world famous authority on 
radio poisons and a senior chemist with Argonne 
Laboratory, has estimated that fallout has increased 
cancer cases among children to age 10 by 1 per cent, 
or 30 more cases per year. 

In August of 1958, the United Nations Report on 
Atomic Radiation stated that 25,000 to 150,000 cases 
of leukemia would untimately result from bomb tests 
held up to that time. 

But probably most important of all, nobody really 
knows how much Strontium-90 a human being can 
stand. Everyone will agree that it is deadly; but the 
difference of opinions are concerned only with how 
deadly and how soon will it be deadly. 

About the only way of describing the fallout of 
Strontium-90 is by measuring its radioactivity per 
square mile of earth's surface. This figure is given in 
units of millicuries (one-thousandth of a curie, the 
amount of radioactivity associated with one gram 
of radium) per square mile. If we consider the re
lease of Strontium-90 in a 10 megaton fission explo
sion, we'll find that the radiostrontium fallout over 

(Continued on page 46) 
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49 A missile's main engine runs only for a few 
seconds. To supply electric and hydraulic power for 
control during the entire flight a second power plant 
is necessary. The AiResearch APU (accessory power 
unit) which answers this problem is a compact, non 

air-breathing, high speed turbine engine. The unit 
pictured above develops 50 horsepower and weighs 
30 pounds. The acknowledged leader in the field, 
AiResearch has designed, developed and delivered 
more accessory power units than any other source. 

EXCITING FIELDS OF INTEREST 

FOR GRADUATE ENGINEERS 

Diversity and strength in a company offer the 
engineer a key opportunity, for with broad knowl
edge and background your chances for. responsibil
ity and advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 

Other major fields of interest include: 

• Aircroft Flight ond Electronic Systems- pioneer and 
m~jor supplier of centralized flight data systems 

and also other electronic controls and instruments. 

• Gos Turbine Engines- world's largest producer of 
small gas turbine engines, with more than 8,500 
delivered ranging from 30 to 850 horsepower. 

• Environmental Control Systems- pioneer, leading 
developer and supplier of aircraft and spacecraft air 
conditioning and pressurization systems. 

Should you be interested in a career with The 
Garrett Corporation, see the magazine HThe Garrett 
Corporation and Career Opportunities" at your 
College placement office. For further information 
write to Mr. Gerald D. Bradley ... 

THE CORPORATION 

t1iResearch anufacturing 1vision 
Los Angeles 45, California 

Systems,PackagesandComponentsfor: AIRCRAFT. MISSILE. NUCLEAR AND INDUSTRIAL APPLICATIONS 
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290,000 KVA AUTO TRANSFORMER SERVES 460,000 KVA LOAD 
Wisconsin Electric Power Company engineers' specifications for the new 230! 138 kv 
transformer at the Company's Bluemound Substation were reduced from the 460,000 kva 
(shown in outline) to 290,000 kva as the result of imaginative thinking. 

r n 
' 

li ilit 
Wisconsin Electric Power Company engineers needed a transformer to carry a load 
of 460,000 kva. The unit was to be part of Wisconsin's first 230 kv transmission sys
tem from the new 275,000 kilowatt generating unit at Oak Creek. An auto transformer 
was the obvious choice over a conventional two winding unit. But Company engineers 
also considered these three factors: (1) the ambient temperature expected in the Mil
waukee area; (2) the daily and hourly variation in load expected for the next 15 years, 
and (3) the use of supplemental cooling equipment. The result was the 290,000 kva 
unit above. It is able to carry 460,000 kva of load without sacrificing reliability or short" 
ening transformer life. 

The electrical engineer plays a vital role in design and development work at Wiscon
sin Electric Power Company. Progress in power with us may be your key to the future. 

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. 
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HE MAKE HI E 

Charles Domke (right) is one of the few men we know who takes a positive 
delight in having his engine stall in sub-zero weather. He and Mechanic 
Verland Stout change gasoline blends frequently. When the engine stalls, they 
try another blend. Their objective, of course, is to find the perfect gasoline 
under various climatic and road conditions-and the true test is on the road itself! 

The gasoline that performs best in icy conditions will cause 
engine difficulty in hot weather. Standard gasoline formulas are 

changed twelve times a year to assure peak performance in every 
season. Mixtures also differ from one geographical location to 

another in order to offer customers more gasoline value for their dollar. 

GI E T LL 
eeeSO yours 

won't! 
Charles Domke has one of the world's most un
usual jobs. He tries to have engine trouble! 

He's a Project Automotive Engineer at 
Standard Oil. In all kinds of weather-hot, cold, 
wet, dry, low barometer, high barometer-he 
goes driving. First thing you know, he'll stop 
and change fuel, put in a different blend of 
gasoline to see what happens. If it stalls, he 
doesn't call a tow truck. He just puts in an
other blend of gasoline. 

You might say he makes his engine stall ... so 
yours won't! 

What Mr. Domke and other automotive en
gineers learn from these constant experiments 
is used to give you gasoline that is blended es
pecially for the region of the country in which 
you live and also for the season. 

It may surprise you to learn that 12 or more 
seasonal changes are made in Standard gasoline 
every year! It is adjusted for temperature, 
humidity, altitude and other factors that affect 
gasoline performance in your area. 

A pioneer in petroleum research, Standard 
Oil is famous for its "firsts" in petroleum prog
ress. Since our first research laboratory opened 
70 years ago, our scientists have been respon
sible for many major petroleum advances-from 
making a barrel of oil yield more gasoline to dis
covering a way to get more oil out of the earth. 

Charles Domke and other scientists at 
Standard Oil and its affiliated companies are 
searching continually for ways to make oil 
products serve you better ... to make petroleum 
more useful to more people than ever before! 

What makes a company a good citizen? 
For a company, good citizenship is more than 
obeying the law and paying taxes. It is looking 
ahead, planning for the future, making im
provements. America has grown to greatness 
on research conducted by private business for 
the benefit of all. 

S T A N D A R D 0 I L C 0 ~~ P A N Y 
THROUGH RESEARCH 
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!FATIGUE SPIN RIG uses compressed air to drive 
balls around the bore of a test cylinder to deter
mine cylinder's static fatigue life. 

JET ENGINE BlEARING TESTING MACHINE tests 
main rotor ball bearings under actual operating 
conditions of load and lubrication. 

Fafnir works with 1'unknowns'' to come 
up with ball bearings you'll ne 

In many fields of industry and technology, 
progress depends in large measure on 
solving increasingly complex ball bearing 
problems. Bearing materials and lubricants 
have yet to be perfected that can take cer
tain temperature extremes. Higher speeds 
and heavier loads pose formidable prob
lems. So does miniaturization. 

To help its research engineers probe 
the unknowns in these and other areas, 
The Fafnir Bearing Company maintains the 
most up-to-date facilities for metallurgical 
:research, and bearing development and test-

STRONTIUM-90 

(Continued from page 42) 

the earth's surface is about 5 milli
curies per square mile if the fall
out is uniform and thorough over 
our globe. 

In the world's race to get more 
bang for its buck, about 100 mega
tons of nuclear explosions have 
occurred. These explosions have 
created about 50 millicuries of 
Strontium-90. How much of this 
Strontium is falling out now; what 
is its rate of fallout; how much is 
still up there in the atmosphere; 
how much has dissipated up there; 
how much will man consume; how 
much can he consume? These are 
only a few of the pressing techno
logical problems posed. 

Permissible safe levels as well.as 
fallout rates are arbitrary. Dr. Ed
ward Teller, the father of our H
bomb, claims that there is abso
lutely no danger to public health 
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ing. It is another reason why you are likely 
to find Fafnir ready with the answers
should bearing problems some day loom 
large for you. Worth bearing in mind. The 
Fafnir Bearing Company, New Britain, 
Connecticut. 
Write for booklet, "Fafnir Formula For Solving 
Bearing Problems11 containing description of Fafnir 
engineering, research, and development facilities. 

I 
!BALL !BEARINGS 
MOST COMPLETE 1..1111£ 1111 AMERICA 

from radioactive fallout. Dr. Teller 
stands alone with that claim. Over
whelmingly, scientists throughout 
the world have expressed their 
deep and growing apprehension 
over radioactive fallout. Even the 
A.E.C., of which Dr. Teller is a 
member, has stated in a committee 
report issued on October 19, 1957, 
that maximum permissible dosages 
for large populations would be ex
ceeded if testing were to be con
tinued indefinitely. 

There can be no easy, reassuring 
answer to the radiostrontium ques
tion, for the nations most eminent 
scientists themselves disagree 
sharply on the extent of the haz
ard. 

In general there probably is no 
cause for alarm, not yet anyway. 
But there is cause for deep con
cern, vigilance, and intensive re
search into all aspects of fallout 
and radiation problems. If it's not 
done now, fallout may make the 
whole question academic. 

Two duck hunters were sitting be
hind their blind, one drinking from a 
thermos of coffee, the other from a 
jug of whiskey. After some hours of 
sipping they spotted a lone duck 
winging through the sky. Taking 
quick aim, the coffee drinker rose, let 
fire, and missed. The whiskey drinker 
rose, let fire, and brought the bird 
down. His companion, properly 
amazed, complimented him on the 
shot. He replied, "Aw, it's nothing, I 
usually get five or six out of a flock 
like that.11 

* * * 
The new dean of the theological 

seminary was quite a tyrant. One 
morning a note was found pinned to 
his door. 

"Tomorrow will be Thursday, if it's 
all right with you. 

* * * 

Signed/ 
God/' 

Back in the hill country two neigh
boring hillbillies were arguing over 
the death of a cow. It seems she had 
strayed into the still belonging to one 
of them and had subsequently died 
after drinking a considerable amount 
of moonshine. 

11lt wasn1t my likker what killed 
your cow - she come home to you 
giving egg nog and you milked her 
to death." 

ANSWERS 
TO BRAIN TEASERS 

DECEMBER 

1. N=l204X-3, where X may be taken 
arbitrarily. Then, 4a + 1 = number 
4th left. 
4/3 (4a+1) + 1 = (16X+ 7)/3= 
number third left. 
a= number of nuts each sailor ob
tained at last division. 

2. 999 3. Zero 4:. Drop 5. 25 

6. The original location was at the 
northern extremity of the axis of 
rotation of the earth. 

7. 82/11 minutes. 

JANUARY 

1. "I will be shot." 

2. Beinzi-wrong; Egbert-right; Pe
dro-wrong. 

3. Tighten-velocity less than that of 
the earth's rotational velocity. 
Loosen-velocity greater than that 
of the earth's rotational velocity. 

4:. Muckly was wrong! 

MINNESOTA TECHNOLOG 
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The word space commonly represents the outer, airless regions of the universe. 
But there is quite another kind of "space" close at hand, a kind that will always 
challenge the genius of man. 

This space can easily be measured. It is the space-dimension of cities and the 
distance between them ... the kind of space found between mainland and off
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance-above all, 
Sikorsky is concerned with the precious "spaceway" that currently exists be
tween all earthbound places. 

Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve
hicles that can prove to be tomorrow's most versatile means of transportation. 

Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet. 

For information about careers with us, please ad
dress Mt. Richard· L. Auten, Personnel Depqrtment. 

One of the Divisions of United Aircraft Corporation 

STRATFORD" CONNECTICUT 
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Lithography 

Letterpress 

Platemaking 

Typesetting 

Creative Art 

Department 

Binding and 

Mailing· 
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Architect & Engineer: F. A.. FAIRBROTHER & GEo. H. MIEHLS • Consultants: ALBERT KAHN AssociATED ARCHITECTS & ENGINEERS 

Mechanical Contractor: THE STANLEY CARTER Co. 

JENKINS 
VALVES assure reliable, 
economical control 
of Production's Lifelines 

Cited as one of the nation's "Top Ten Plants of the Year", 
Chrysler Corporation's stamping plant at Twinsburg, Ohio, is 
a 34-acre model of building and manufacturing efficiency. 

Go into the power plant and you will find Jenkins Valves 
.everywhere, controlling "production's lifelines" that supply 
150,000 pounds of steam per hour ... 30 million cubic feet of 
air per day ... 7500 gallons of cooling water per minute. Jenkins 
Valves got the job because "every effort was made to install the 
finest mechanical and electrical equipment . . . and to insure 
minimum costs by eliminating excessive upkeep and equipment 
with a short life span". 

It is a highly significant fact that all building experts and 
operating engineers agree "there's nothing better than Jenkins 
Valves". Many will always insist on JENKINS for critical serv
ices, and will prefer them for general use. After all, Jenkins 
Valves cost no more! 

When you are buying or specifying valves, remember that 
the best valves are the best assurance of economical service. 
Jenkins Bros., 100 Park Ave., New York 17. 

FEBRUARY, 1960 

In the ultra-modern boiler house shown above, all gen
eral service valves controlling pipelines are JENKINS 

Sold Through Leading Distributors Everywhere 
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A.W.FABER 
CASTELL. 

helps the hand that 
shapes the future 

#9000 CASTELL Pencil 
with world's finest 
natural graphite that 
tests out at more than 
99% pure carbon. 
Exclusive microlette 
mills process this 
graphite into a drawing 
lead that lays down 
graphite-saturated, 
non-feathering lines of 
intense opacity. Extra 
strong to take needle
point sharpness without 
breaking or feathering. 
Smooth, 100% grit
free, consistently 
uniform, SB to 10H. 
#9800 SG LOCKTITE 
TEL-A-GRADE Holder, 
perfectly balanced, 
lightweight, with new 
no-slip functional grip. 
Relieves finger fatigue. 
Unique degree 
indicating device. 

#9030 imported Refill 
Leads, matching 
exactly #9000 pencil 
in quality and grading, 
7B to 10H, packed in 
reusable plastic tube 
with gold cap. 

A man advancing in 
his career just 
naturally gravitates to 
CASTELL, world's finest 
drawing pencil. You'll 
be wise to begin now. 

AmW.FABER a CASTELL 
Pencil Co., Inc., Newark 3, N. J. 

Two first-graders stood talking in 
the school playground during recess 
when a jet plane flew over. "look at 
that," said one, "Ws a BX-50." 

"No, a BX-51 ," commented the 
other. "You can tell by its wing 
sweep." 

11You're right/' conceded the first 
youngster. "But it's not going more 
than 760 miles per hour because it 
didn't break the sound barrier." 

The second lad agreed on this point 
and remarked, "It's amazing the pres
sure that develops on those planes 
when they go into a dive- almost 
1,200 pounds per square inch/' 

Then the school bell rang indicat
ing the end of recess and the first boy 
sighed, "let's go back in and finish 
stringing those darn beads." 

* * * 
A defendant in one of our Madison 

courts seemed to be a little nervous. 
He stammered and sputtered to the 
first question. 

"Ss ... sss ... chhh ... grr ... 
sssk ... " 

The Judge, becoming quite per
turbed/ turned to the arresting officer 
and said, "What is this man charged 
with?" 

11Sounds like Alka-Seltzer to me.11 

* * * 
A young G. I. was granted a 10-

day leave for his honeymoon. On the 
eve of his last day, he wired his com
manding officer: "It's wonderful here. 
Request an extension of my leave." 

The commanding officer wired: 
"It's wonderful anywhere. Report 
back for duty." 

* * * 
The judge demanded, "How did the 

trouble start?" 
"Well, your honor, she asked me if 

I'd like to play a round. I didn't know 
she was a golfer." 

* * * 
The main advantage of being a 

nudist is that after you've been in 
for a swim you don't have to sit 
around in a wet bathing suit. 

* * * 
According to one college professor, 

the faculty are the people who get 
what's left after the football coach 
receives his sa Ia ry. 

* * * 
We know a girl who got rid of 200 

pounds of ugly fat in just six weeks. 
She divorced her husband. 

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 

WE BIND 

Magazines 

Theses 

Pamphlets 

Textbooks 

law Reviews 

COVERS - AlBUMS - BlANKBOOKS 

Made to your specifications 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. FE. 6-5765 
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St~mmer jobs often lead to rewarding careers at Du Pont 

I 

FEBRUARY, 1960 

ON-THE-JOB TECHNICAL TRAINING AT DUPONT 

Pictured are a few of the many DuPont 
plants and laboratories across the country 
where selected technical students roll up 
their sleeves during summer vacation and 
put their college training to practical use. 

Most of the assignments are similar to 
work the employees are likely to do after 
graduation. Next summer, for example, a 
chemical engineering student may go to 
work on a catalyst recovery project. A 
mechanical engineering trainee may be
come engrossed in a challenging hydraulic 
study. A promising young chemist may 
tackle a problem in organic chemistry. 

In short, each man is given a regular 
plant or laboratory assignment commen
surate with his education to date. And, as 
with permanent employees, the student's 
training is personalized and tailored to fit 
his background and interests ... even to 
the location he prefers, as far as practical. 

This program has proved of benefit both 
to students and to Du Pont. It gives stu-

dents an opportunity to increase technical 
knowledge and to learn how to put college 
training to use in industry. It gives 
DuPont a chance to observe men who will 
soon be graduating in science and engi
neering. Many of these summer associa
tions are stepping stones to rewarding 
careers with this company. 

Juniors, seniors and graduate students 
will be given technical assignments. Op
portunities are in chemical, mechanical, 
electrical and metallurgical engineering; 
also in physics and mathematics. Candi
dates should write at once to E. I. du Pont 
de Nemours & Co. (Inc.), 2420 Nemours 
Building, Wilmington 98, Delaware. Open
ings are, of course, limited. 

There are opportunities also for men 
who have completed their freshman and 
sophomore years, as laboratory assistants 
or vacation relief operators. They should 
apply direct to the DuPont plant or 
laboratory location of their choice. 

BETTER THINGS FOR BETTER LIVING ••• THROUGH CHEMISTRY 
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"How much are these cigars?" 
asked a customer. 

"Two for a quarter,'1 the girl be-
hind the counter said. 

1TII take one. 11 

11That will be fifteen cents/1 

The customer paid the money and 
left. A man who had overheard the 
transaction came up to the counter. 
uHere1s a dime/1 he said. uGive me 
the other one.u 

* * * 
Teacher (warning her children 

against catching cold): 111 had a little 
b;other seven years old, and one day 
he took his new sled out in the snow 
when it was too cold. He caught 
pneumonia and three days later he 
died/ 1 

Silence for ten seconds. 

A voice from the rear: uWhere1s 
his sled?11 

* * * 
Poise is that quality that enables 

you to buy a new pair of shoes while 
ignoring the hole in your sock. 

* * * 
Judge: 11 Have you ever earned a 

dollar in your life?11 

Prisoner: 11Yes, your honor, I voted 
for you in the last election/1 

* * * 
He: 11Let1

S stay in tonight/1 

She: ' 1No, Jim too tired. Let's go 
ice skating. 11 

* * * 
lady (holding cookie above Fido1s 

head): 11Speak, speak.11 

Dog: 11What shall I say?11 

* * * 
She loves so many men it is pla

toonic. 

* * * 
First Old Buddy: 11 How did you do 

in the trig test?" 

Second Old Buddy: "Not so hot." 

F .O.B.: 11Why not? 11 

S.O.B.: 11The prof says I don't know 
math from a hole in the ground." 
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L 
Coed: "Where is Elsie?11 

Housemother: ul don't know. She 
went to the library.11 

* * * 
Wife: 11 Just look at me! My clothes 

are so shabby that if anyone came to 
the door theid think I was the cook/1 

Husband: "Not if they stayed for 
dinner/' 

* * * 
Irate Father: "Don't think for a min

ute that you're going to marry my 
daughter." 

E.E.: "Fine. You get me out of this 
mess and I'm your friend for life!11 

* * * 
Boss: "Who told you that you could 

neglect your office duties just be
cause I kissed you once in awhile?" 

Secretary: 11My lawyer. 11 

* * * 
Captain: 11Why didn't you salute me 

yesterday?" 

ROTC Recruit: 11 didn1t see you, sir. 11 

Captain: noh, that's all right then. 

was afraid you were mad at me/' 

* * * 
It's a tough world for the American 

businessman. Every time he comes up 
with something new fhe Russians in
vent it a week later and the Japanese 
make it cheaper. 

* * * 
Two shady businessmen -known 

~o do most anything for a buck
were discussing their mutual prob
lems. 11 Did the insurance company 
come up with that fire insurance you 
asked for? 11 asked one. 

11N0, 11 the other replied. "They of
fered to give me earthquake insur
ance instead, but I turned them 
down. 11 

111 don't blame you," the first dead
beat agreed. "It's awfully hard to 
start a convincing earthquake." 

* * * 
Then there was the guy who'd 

been unlucky all his life. But things 
changed when they dug his grave. 
They struck oil. 

Wealthy Wolf to Sweet Young 
Thing: 11We're made for each other! 
You 1re stacked and I'm loaded! 11 

* * * 
C.E.: ul'm looking for a girl who 

doesn't drink or smoke or have any 
bad habits.11 

M.E.: 11What for?" 

* * * 
Love makes the world go round; 

but then, so does a swallow of to
bacco juice. 

* * * 
A tired medical man got his wife 

to answer the phone alongside the 
bed and to say that he was out, and 
give the advice that he whispered to 
her. uThank you very much, Mrs. 
Simpson,'' said the voice on the other 
end of the phone, "but I should just 
like to ask you one thing - is that 
gentleman who seems to be in bed 
with you a qualified physician?" 

* * * 
"I was shot in the leg in the war." 
uHave a scar?" 
"No thanks, I don 1t smoke/1 

* * * 
uDo you like codfish balls?u 

"I don't know. I've never been to 
one/' 

* * * 
Jack and Jill fell down the hill, 
A stunt that's very risky. 
If water made them act like that 
I think I'll stick to whiskey. 

* * * 
The harried coach pleaded with the 

professor who had flunked his prize 
tackle to give the boy another chance. 
Finally the professor agreed and did 
give the boy a special make-up exam. 

The next day the coach again 
anxiously queried the professor. 11 How 
did Jones do?1

' 

1Tm sorry,11 said the professor. "h1s 
hopeless. Look at this: 7 times 5 
equals 33." 

"Gosh, prof,'' said the coach, "give 
him a break. He only missed it by 
one.u 

* * * 
It's shocking how many pretty girls 

these days are detracting from their 
beauty by using four-letter words. 
Words like won 1t and can't and don't. 

* * * 
Delivering the eulogy for a fellow 

hipster who had just died, the hip 
friend began: "Man, this cat is really 
gone .. . 11 
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U/foJe .Nu'iJeJ a'ie at it again witk ... 

But Honey, it's for charity! 

'' t'ttum • • 

Studies getting the best of you ... m usdes ache from tension ... want to just let 
yourself go for one night . . . ? Here1

S yo,ur chance at Powell Hall n~Jrses1 residence1s an
nual carnival. 

This year's carnival, "Dog patch Delirium ,11 will be held at Powell Hall, Harvard and 
Essex Sts. on friday, feb. 26, from 8 to 12 p.m. Admission is only 10 c::ents and 40 cents 
to see the main show- all proceeds going for scholarships. Admission indudes a chance 
for doo,r prizes. 

Are you the athletic type? Well, try your luck with knocking down schmoos with a 
bowling ball or enter the frog race, and put your main opponents in 11Lower Slobbovia." 
Take a date along and buy your wedding rings and marriage licenses provided by 11Mar
ryin' Sam/' or better yet, have your fortune told, first. 

After attempting all these daring feats you can get a backrub in the unique pig pen 
given by the lovely 11Miss Moo,nbeam.11 Refreshments to be served include coffee, pop, 
pizza, pastries, and s,andwiches. 

For pure enioyment and loads of laughs be sure to see the main show centered ar,ound 
that lovable charade·r, Mammy Yokum. Mammy comes to the marvelous heart hospital 
to talk to one of the world's greatest heart surgeons about Abner's 11heart trouble.11 Th) 
main question is ... will surgery fix 'im up? 

Friday, Feb. 26 8:00-12:00 p.m& 

FEBRUARY, 1960 

POWELL HALL NURSES' RESIDENCE· 
Harvard and Essex Sts. 
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... THE EXPLORATION OF SPACE 

Since its inception nearly 23 years ago, 
the Jet Propulsion laboratory has given 
the free world its first tactical guided mis
sile system, its first earth satellite, and 
its first lunar probe. 

tier will advance at an accelerated rate. 
The preliminary instrument explora

tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 

will be made of the moon and the plan
ets and of the vast distances of inter
planetary space; hard and soft landings 
will be made in preparation for the time 
when man at last sets foot on new worlds. 

In the future, under the direction of the 
National Aeronautics and Space Admin
istration, pioneering on the space fron· 

In this program, the task of JPL is to 
gather new information for a better un
derstanding of the World and Universe. 
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"We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
hove sometimes surprised even the scientist. 

"Who con tell what we will find when we get to the planets? 

Who, of this present time, can predict what potential benefits 
to man exist in this enterprise? No one con say with any accu
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
ore obligated to do these things, as human beings!' 

DR. W. H. PICKERING, Director, JPI. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
INFRA-RED" OPTICS" MICROWAVE • SERVOMECHANISMS., COMPUTERS " LIQUID AND SOLID PROPULSION " ENGINEERING MECHANICS 

STRUCTURES " CHEMISTRY" INSTRUMENTATION " MATHEMATICS AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 
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For the man 
who likes to make 

his own 
career decisions 

The Allis-Chalmers Graduate Training Course 
is based on freedom of opportunity. You will 
have up to two years of practical training to 
find the right spot for yourself. At the same 
time, you enjoy a steady income. You can ac· 
cept a permanent position at any time - when
ever you can show you are ready. 

You help plan your own program, working 
with experienced engineers, many of them grad
uates of the program. Your choice of fields is 
as broad as industry itself-for Allis-Chalmers 
supplies equipment serving numerous growth 
industries. 

A unique aspect of the course is its :flexibility. 
You may start out with a specific field in mind, 
then discover that your interests and talents lie 
in another direction. You have the freedom to 
change your plans at any time while on the 
course. 
Types of iobs: Research " Design • Development • Manufac~ 
turing • Application " Sales • Service. 

Industries: Agriculture • Cement • Chemical • Construction • 
Electric Power • Nuclear Power • Paper • Petroleum • Steel. 

!Equipment: Steam Turbines " Hydraulic Turbines • Switchgear 
• Transformers • Electronics " Reactors " Kilns " Crushers • 
Tractors " Earth Movers • Motors • Control " Pumps " Engines: 
Diesel, Gas. 

Freedom of Opportunity opens the doors to chal. 
lenging and interesting careers. Among them is 
our Nuclear Power Division, with an engineering 
staff in Washington, D. C., a new research and 
development center in Greendale, \Vis., and an 
important research effort at Princeton University 
involving power from the hydrogen atom. For de
tails on the opportunities available, write to Allis
Chalmers, Graduate Training Section, Milwaukee 
1, Wisconsin. 

A-1192 

L E 5 

55 



I 
edited by GARY B. lAMONT~ Physics '61 

1. A man went into a store to buy a certain article. 
He could buy 1 for 25 cents, 56 for 50 cents and 9000 
for $1.00. What was the article? 

2. A full hour glass with one side initially empty 
is run for 31 minutes and then turned. It is then run 
2 minutes and turned, then 3 minutes and turned, 
and so on. How long from the beginning does it take 
to return to the condition where one side is empty? 

3. A certain wholesaler receives his clocks from the 
manufacturer in boxes of two sizes, each containing 
a definite number of clocks. With these boxes he re
ceives, he can make out any order to the retailer 
without opening a box with the exception of six 
orders. Because of demand changes, the manufac
turer changes the size of one of the boxes so that it 
now contains a different number of clocks. After the 
change, the wholesaler can fill any order without 
opening a box with the exception of ten orders. How 
many clocks are there in each of the three boxes? 

4. Prove that at a recent convention of biophysicists 
the number of scientists in attendance who shook 
hands an odd number of times is even. 

5. The combined ages of John and Phil equal forty
four years. John is twice as old as Phil was when 
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John was half as old as Phil will be when Phil is 
three times as old as John was when John was three 
times as old as Phil. What are their ages? 

6. A group of women bought a number of items at 
a bargain counter.' All of the items sold for the same 
price and the total amount paid by all the women 
was $2.03, exclusive of the tax. If each item cost 
more than ten cents, how many women were in the 
group ahd what did each item cost? 

7. A psychologist places a white rat in a box. On 
each of the opposite walls of the box there is a hole 
just large enough for the rat to stick his head 
through. The rat is taught to run from one wall to 
the other. As soon as it reaches one wall, it sticks 
its head through the hole, then runs to the opposite 
wall and sticks his head through the second hole. 
At the start, it takes the rat one minute to get from 
one wall to the opposite one. The return trip, how
ever, consumes half a minute. The next trip requires 
only one-fourth of a minute, the next one-eighth of 
a minute, and so on. Every time the rat makes a trip, 
the following trip requires half the time consumed 
for the previous trip. This goes on indefinitely. Theo
retically, how long will it take the rat to have its 
head sticking out of both holes at the same time? 

E EER'S B KST RE 
ain Engineering 
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By setting templates of standard 
components on photo-sensitive 
paper and exposing it, hours of 
hand drafting are saved. 

With this plotter, stereo aerial 
photos become contour maps, show 
highway routes, mineral-bearing 
formations, volume of coal piles. 

give the sales staff quick 
understanding of the engineering 
superiority of their product-equip 
them with facts for their customers. 

Photographs of freight cars as loaded and as 
received provide information for engineers to 
develop better loading practices (as well as 
data for damage claims). 

l=1'ro 
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Whatever your field, you will find photography 

increasing in importance. It works for the research 

scientist, the production engineer, the sales executive, 

the administrator. It speeds engineering, expedites 

quality control. It trains, and teaches, and sells. It 
will help you in whatever you do. 

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 

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 
production. 

If you are looking for such an inter
esting opportunity, write for infor
mation about careers with Kodak. 
Address: Business and Technical 
Personnel Department, 
Eastman Kodak Company, 
Rochester 4, N. Y. 



Q. Why does your company have train

ing programs, Mr. Abbott? 

A. Tomorrow's many positions of major 
responsibility will necessarily be filled by 
young men who have developed their 
potentials early in their careers. General 
Electric training programs simply help 
speed up this development process. 

In addition, training programs provide 
graduates with the blocks of broad ex
perience on which later success in a 
specialization can be built. 

Furthermore, career opportunities and 
interests are brought into sharp focus 
after intensive working exposures to 
several fields. General Electric then gains 
the valuable contributions of men who 
have made early, well-considered deci
sions on career goals and who are con
fidently working toward those objectives. 

Q. What kinds of technical training pro

grams does your company conduct? 

fA. General Electric conducts a number 
of training programs. The G-E programs 
which attract the great majority of 
engineering graduates are Engineering 
and Science, Manufacturing, and Tech
nical Marketing. 

Q. How long does the Engineering and 

Science Program last? 

A. That depends on which of several 
avenues you decide to take. Many gradu
ates complete the training program dur
ing their first year with General Electric. 
Each Program member has three or four 
responsible work assignments at one or 
more of 61 different plant locations. 

Some graduates elect to take the Ad
vanced Engineering Program, supple
menting their work assignments with 
challenging Company-conducted study 
courses which cover the application of 
engineering, science, and mathematics to 
industrial problems. If the Program mem
ber has an analytical bent coupled with a 
deep interest in mathematics and physics, 
he may continue through a second and 

One of a series 

Interview with 
General Electric's Earl G. Abbott, 
Manager -Sales Training 
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third year of the Advanced Engineering 
Program. 

Then there is the two-year Creative 
Engineering Program for those graduates 
who have completed their first-year 
assignments and who are interested in 
learning creative techniques for solving 
engineering problems. 

Another avenue of training for the 
qualified graduate is the Honors Program, 
which enables a man to earn his Master's 
degree within three or four semesters at 
selected colleges and universities. The 
Company pays for his tuition and books, 
and his work schedule allows him to earn 
75 percent of full salary while he is going 
to school. This program is similar to a 
research assistantship at a college or 
university. 

.Q. Just how will the Manufacturing 

Training Program help prepare me for 

a career in manufacturing? 

A. The three-year Manufacturing 
Program consists of three orientation 
assignments and three development 
assignments in the areas of manufacturing 
engineering, quality control, materials 
management, plant engineering, and 
manufacturing operations. These assign
ments provide you with broad, funda
mental manufacturing knowledge and 
with specialized knowledge in your 
particular field of interest. 

The practical, on-the-job experience 
offered by this rotational program is sup
plemented by participation in a manu
facturing studies curriculum covering 
all phases of manufacturing. 

Q. What kind of training would I get 

on your Technical Marketing Program? 

A. The one-year Technical Marketing 
Program is conducted for thos.e graduates 
who want to use their engineering knowl-

edge in dealing with customers. After 
completing orientation assignments in 
engineering, manufacturing, and market
ing, the Program member may specialize 
in one of the four marketing areas: appli
cation engineering, headquarters market
ing, sales engineering, or installation and 
service engineering. 

In addition to on-the-job assignments, 
related courses of study help the Program 
member prepare for early assumption of 
major responsibility. 

Q. How can I decide which training 

program I would like best, Mr. Abbott? 

A. Well, selecting a training program is 
a decision which you alone can make. You 
made a similar decision when you selected 
your college major, and now you are 
focusing your interests only a little more 
sharply. The beauty of training programs 
is that they enable you to keep your 
career selection relatively broad until you 
have examined at first hand a number of 
specializations. 

Furthermore, transfers from one Gen
eral Electric training program to another 
are possible for the Program member 
whose interests clearly develop in one 
of the other fields. 

Personalized Career Planning 
is General Electric's term for the 
selection, placement, and pro
fessional development of engi
neers and scientists. If you would 
like a Personalized Career Plan
ning folder which describes in 
more detail the Company's train
ing programs for technical gradu
ates, write to Mr. Abbott at Sec
tion 959-13, General Electric 
Company, Schenectady 5, N. Y. 
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Under fire, the performance of men and machines depends on what they are made of. United States Steel 

makes the materials for the machines, whether it's a very tough armor plate, or heat-resistant alloy, or Stainless Steels. 

You might be interested in some of the USS steels developed specifically for aircraft and missiles: 

USS Strux, an alloy steel with close to 300,000 psi tensile strength primarily for aircraft landing gears; 
USS Airsteel X-200, an air-hardenable alloy steel with 230,000 psi yield strength for aircraft sheet and missile 

applications; USS 12MoV and USS 17-5 MnV Stainless Steels for high-speed aircraft and missiles; 

Stainless "W", a precipitation-hardenable Stainless Steel. 

New special metals, new methods for making them, present an 

exciting challenge. Men willing to accept this challenge-civil, 

industrial, mechanical, metallurgical, ceramic, electrical or chemi

cal engineers-have a future with United States Steel. For details, 

just send the coupon. 

United States Steel 
USS is a registered trademark 

.-----------------------
1 
1 United States Steel Corporation 

Personnel Division 
I 525 William Penn Place 
I Pittsburgh 30, Pennsylvania 

l Please send me the booklet, "Paths of Opportunity." 

I Name ______________________________ __ 

I 
1 School-----------------

1 Address ____________________ _ 

I City Zone . ___ state ____ _ 
I 
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Getting beneath 
the surface of things 
Through a newly developed X-ray diffraction technique that examines 
stress-induced changes in the spacing between atoms, General Motors Research 
physicists are now able to determine residual stresses below 

the surface of hardened steel in 25% of the time previously required. 

Room to grow should be your most basic requirement in seeking a position. 
This is where General Motors offers you an exceptional advantage. 
Depending upon your own capabilities and enthusiasm, 

you will find virtually limitless opportunity to move within a single GM division 

or to other divisions or to a staff activity. Fields of work at General Motors vary from 
astronautics to automobiles, household appliances to rocket propulsion, 
inertial guidance to isotope research-to mention a few. 

General Motors offers financial assistance to employees who wish to enter 

or progress in postgraduate studies. And undergraduates may gain from work experience 
in the summer employment program. 

Before you make your final employment decision, 

ask your placement officer about General Motors, or write to 

General Motors, Salaried Personnel Placement, Personnel Staff, Detroit 2, Michigan. 

GENERAL MOrroR 
GM positions now available in these fields for men holding Bachelor's, Master's and Doctor's degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical, 
Aeronautical and Ceramic Engineering " Mathematics = Industrial Design .. Physics " Chemistry " Engineering Mechanics ., Business Administration and Related Fields. 

MARCH, 1960 
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F. Kelly, W. J. Miller, and J.P. Tobin of the Westinghouse Atomic Power Department lift the "core plate" 
off the nuclear core for the first U.S.-built power reactor designed for use abroad (Mol, Belgium). 

Waltz ill Experimental Reactor helps 
Westinghouse en ·neers solve problems 

The new Westinghouse Testing Reactor at Waltz Mill, 
Pa., provides engineers with complete facilities for an
alyzing the effect of nuclear radiation on various mate
rials, processes and designs. If a Westinghouse engineer 
is working on development of atomic fuels or the design 
of reactor components for an atomic power plant, he 
can count on help from the men at Waltz Mill. 

The Westinghouse Testing Reactor is one of only two 
such privately owned reactors in the country. It pro
vides a high radiation field comparable to that of a 
working reactor, and in addition has special controlled 
environment loops for the study of radiation effects at 
high temperatures and pressures. Work presently being 
carried out here for other departments of the company 
includes studies of thermionics, crystal structure, and 
thermoelectric effects as well as the work on atomic 
reactor designs and fuels. 

The young engineer at Westinghouse isn't expected 
to know all the answers ... our work is often too ad
vanced for that. Instead, his abilities and knowledge are 
backed up by specialists like those at Waltz Mill. 

If you have ambition and ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportuni
ties for talented engineers. 

Want more information? Write today to Mr. L. H. 
Noggle, Westinghouse Educational Department, Ard
more & Brinton Roads, Pittsburgh 21, Pennsylvania. 

YOU CAN BE ~ ••• SF DTS 

Westinghouse 
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Paint, glass, plastic and fiber glass products of Pittsburgh Plate 
Glass Company and chemicals by PPG's subsidiary, Columbia
Southern Chemical Corporation, are used to make better sports 
equipment and more attractive sports centers. 

These products include such items as: 

~ Special finishes for baseball bats, tennis rackets, gym floors, 
bowling alleys. 

G Herculite® heat-tempered glass for basketball backboards and 
protective partitions. 

~ Fiber glass and Selectron® plastic for fishing rods, golf clubs, 
boat hulls. 

e Chemicals for processing leather and other materials for soccer 
balls, football helmets, baseball gloves. 

G Pittsburgh Paints® and Color Dynamics® to protect and beau-
tify stadiums, arenas and other sports centers. 

Throughout the sports world-and your world-PPG products 
serve as the useful result of man's imagination. It could be your 
idea that sparks the next product advance in one of the countless 
fields where today PPG solves tomorrow's challenge. 

The door is open-for your imagination, your career, your secu
rity. Simply contact your Placement Officer or write to Manager of 
College Relations, Pittsburgh Plate Glass Company, One Gateway 
Center, Pittsburgh 22, Pa. 

PAINTS 0 GLASS e CHEMICALS e BRUSHES o PLASTICS o FIBER GLASS 
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Interior of Saran Wrap* plant. 

DOW is tomorrow-minded 

Publishing a complete list of Dow products-all 700 
odd of them-is an elusive project. By the time such 
a list was off the press, new names would have to be 
added to bring the list up to date. The reason: develop
ment of new products is the order of the day at Dow, 
every day of the working year. 

These new products are developed to meet the needs 
of the many industries Dow serves. Today's problems 
in manufacturing and processing must be solved, and, 
as these industries advance, new chemicals and materials 
will be needed to implement tomorrow's technology. At 
Dow, research and development aim at anticipating 
these future needs ... thus a (ttomorrow-minded" 
attitude toward products is always evident. 

The product group of Dow Agricultural Chemicals, for 
example, has expanded manyfold in recent years 
through a vigorous research and developmental pro
gram. In the early '50's it consisted of two or three 
products. Today it includes many varieties of weed 
killers, fertilizers, fumigants, insecticides, feed additives 
and animal health aids. A new crab grass killer has 
recently made its debut, first in a series of new <( ag 
chem" products slated for the homeowner market. 

Dow's work in automotive chemistry is typical of the 

•• tomorrow-minded" attitude. Dow currently supplies 
a number of chemicals and plastics materials to auto 
makers-latex-based metal primers, antifreeze, uphol
stery materials and brake fluids, to name a few. But a 
quick tour through Dow's two Automotive Chemicals 
Laboratories would reveal that Dow will be ready with 
the right chemicals and plastics for the job, no matter 
which way future automotive design goes! One under 
development, for example, is a chemical that cools the 
engine by continuous boiling. 
One of the most outstanding success stories at Dow is 
that of Separan®, a product developed to fit into 
industry's future. This chemical is a flocculant, or 
•• settler" of solids in solution. Perhaps ((super floc
culant" would be a better description because Separan 
takes minutes to do jobs that formerly took days. 
Introduced in 1955, it has gained widespread recognition 
in mining, pulp and paper and other industries. 
In such a climate of creativity and tomorrow-minded
ness, new opportunities at Dow are constantly opening 
up for people who have their eyes-and their thoughts 
-on the future. If you'd like to know more about the 
Dow opportunity, please write: Director of College 
Relations, Department 2426FW, THE DOW CHEMICAL 
COMPANY, Midland, Michigan. *TRADEMARK 

THE DOW CHEMICAL COMPANY e MIDLAND, MICHIGAN 
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Space wagons 
with nuclear horses 

Space exploration will really come of age when manned rockets can leave 
earth, accomplish their missions and return without disposing of parts of 
themselves en route. This breakthrough depends on the rapid development 
of both nuclear rocket engines and the space vehicles capable of using 
them. Douglas is putting forth a major research effort in the area of manned 
nuclear space ships. Every environmental, propulsion, guidance and struc
tural problem is being thoroughly explored. Results are so promising that 
even if the nuclear engine breakthrough comes within the next five years, 
Douglas will be ready to produce the vehicles to utilize this tremendous new 
source of space power! Douglas is seeking qualified scientists and engineers 
for this and other vital programs. Write to C. C. LaVene, Box 600-Y, Douglas 
Aircraft Company, Santa Monica, California. 
Elmer Wheaton, Engineering Vice President, Missiles and Space Systems, 
goes over new space objectives that will be made possible by nuclear 

propulsion with Arthur E. Raymond, Senior u LAS 
En_gineering Vice President of 

'· 
MISSILE AND SP.A.CE SYSTEMS f.liil MILITARY AIRCRAFT Ill DC-8 JETLINERS II CARGO TRANSPORTS II AIRCOMB 1111 GROUND SUPPORT EQUIPMENT 
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hy diversification makes a better all-around man 

DIVERSIFICATION of effort makes for versatility-and ver
satility pays off in business as well as on the athletic 

field. We've found that to be especially true here at Koppers. 

Koppers is a widely diversified company-actively en
gaged in the research and production of a wide range of re
lated and seemingly unrelated products, such as remarkable 
new plastics, jet-engine sound control, wood preservatives, 
steel mill processes, dyestuffs, electrostatic precipitators, coal 
tar chemicals, anti-oxidants and innumerable others. 

Because we are diversified, our work is interesting. Throu~h 
a system of lateral movement, our engineers and manage
ment personnel are given the opportunity to learn many of 
the diverse operations at Koppers. The result? Versatility. 

While you are moving laterally at Koppers, you are also 
moving up. Your responsibilities are increased. Your ability 
is evaluated and re-evaluated. And you are compensated 
according! y. 

You don't have to be with Koppers for 20 years before you 

get somewhere. If you have ability, ideas, spark-you'll move 
ahead, regardless of seniority or tenure. 

At Koppers, you'll stand on your own two feet. Y ou'Il get 
responsibility, but you'll also have free rein to do the job the 
way you think it should be done. No one will get in your way. 

Koppers is a well-established company-a leader in many 
fields. Yet, it's a forward-looking company, a young man's 
company. Perhaps, your company. 

vVhy not find out? Write to the Manager of Man;JOWer 
Planning, Koppers Company, Inc., Pittsburgh 19, Pennsyl
vania. Or, see your College Placement Director and arrange 
an appoint:nent with a Koppers representative for t~1e next 
recruiting visit. 

K PPER 
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Mining bauxite ore in Jamaica. 

Alumina oxide and aluminum. 

Bauxite is brought to the U.S. by truck, rail, and water. 

by ROBERT l. KASTER, B.E.E. '62 

ONDITIONS ARE such today that if a person fails 
to view a particular television program on Sun
day evening his conversational contributions in 

many circles are rather limited. Limited, that is, 
until his television viewing is brought up to date. 

The cause of this situation began as a laboratory 
curiosity in 1827. The cause: aluminum. Aluminum 
has experienced a transition from a struggle for 
existence to an item of daily necessity. Without 
aluminum, television, many skyscrapers, appliances 
and countless other items would not be available. 
Because of its ductability, malleability and conduc-

Electrolytic cells reducing alumina. 



Bauxite in solution in 5-story precipitator tanks. 

tivity aluminurn has made a new industrial era pos
sible. Before its existence steel, copper and other 
substances were required to do jobs that aluminum 
is now doing. Aluminum pipe, for example, is rap
idly replacing steel pipe. Its advantages are many: 
it can be bent more readily, threaded as easily and 
it's light weight alone makes it more useable than 
steel. In fact, aluminum is second to steel in metal 
production today. 

The history of aluminum is long and varied. The 
substance which began as a laboratory curiosity in 
1827 is now celebrating its 72 anniversary as an in
dustrial metal. Estimates are that within a few years 
it will be the number one metal in the world, sur
passing even steel in production. But aluminum is 
not an easy metal to mine or produce commercially. 
Unlike many metals which are difficult to find and 
therefore difficult to produce commercially, alumi
num comprises 8 per cent of the earth's crust to a 
depth of 10 miles. However, it is never found in its 
native state. This is due to its strong affinity for 
oxygen. It is chiefly found in the form of an oxide 
or a silicate. It's also found in moderate amounts as 
a phosphate or sulfate. The commercially pertinent 
ore of aluminum is bauxite, a hydrated oxide of 
aluminum having limited amounts of other oxides. 

Pouring molten aluminum into 1,000 pound molds. 

250-foot ovens baking alumina hydrate crystals. 

Two important hydrated oxides of aluminum 
occur singly or together in bauxite ore: monhydrate 
(Al

2
0 3H20) and Trihydrate (Al20 3H 20). The alu

minum content of bauxite varies between 50 and 
60 per cent in the form of alumina or aluminum 
oxide (Al20). The bauxite which is commercially 
useful is foupd in large quantities in many parts 
of the world, but it is especially concentrated in 
tropical and subtropical areas. Bauxite in the United 
States is mined quite extensively in Arkansas and 
other Southern states. 

Aluminu1n remained a laboratory curiosity for 
quite a while because it could not be produced by 
any known method. It differs from other common 
metals in that it cannot be produced by any smelt
ing process. Two thermometric properties of alumi
num make the smelting process impossible. 

First is the strong affinity that aluminum exhibits 
for oxygen. The affinity of oxygen for aluminum is 
much stronger than is the affinity for oxygen of the 
other metallic substances, which comprise the impur
ities in bauxite. The oxides of these impurities are, 
therefore, more readily reduced to the metallic state. 
In the smelting process the oxides of the impurities 

(Continued on page 26) 

5,000 pound aluminum ingots. 



Physici Philosopher, athematician 
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by PAUl W. KIRCHOFF, B.E.E. '60 

A theoTy is more impTessive the greateT the 

simplicity of its premises, the more different 

kinds of things it 1·elates, and the moTe 

extended is its area of applicability. 

HE WORLD calendar has just closed on a decade 
nicknamed the "Fabulous Fifties" and embarked 
on a new era already referred to as the "Soaring 

Sixties." The world powers are vying for supremacy 
in the race into space and scientists of all nations 
are involved in a crash program to put the first 
manned satellite into orbit. 

A century ago the world of science was experi
encing the first tremors of the revolution that would 
make the space age possible. Newton's laws were 
considered irrevocable and the study of physics con
sisted of memorizing a few equations and facts. 

Then, in 1864, James Clark Maxwell, working on 
the theories of Michael Faraday, developed a set of 
equations that explained the propagation of electro
magnetic waves. Although physicists and mathema
ticians tried every method available, they could find 
no link between,,, Maxwell's equations and Newton's 
laws. The scien~ific w()r ld was ready for a revolu
tionary approach tp physical phenomena. 

·*·· ·_.,::''.··.y 

Albert Einstein, the man who was destined to 
provide the revolution, was born March 14, 1879, in 
Ulm, a small town located in the predominately 
Jewish Swabian section of Bavarian Germany. Ein
stein's heritage and early life held no hint of the 
great discoveries that were to come. 

His father, Herman Einstein, was an optimist 
and derived a great joy from living. He enjoyed out
ings in the nearby forests and mountains and was 
fond of a few stolen moments spent drinking beer 
and eating sausages in the warm fellowship of a 
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small tavern. He loved German poetry, especially 
that of Schiller and Heine. 

Although born into the Jewish religion, Herman 
considered the customary Jewish laws and usages 
to be superstitious and retained only those that had 
humane aspects. Politically, he was afraid of the 
power of the Prussians who had taken over the gov
ernment, but did admire the boldness with which 
they ruled. As a businessman, he was easy going 
with customers and neglected to keep records of 
the transactions. 

Albert Einstein's mother, Pauling Koch Einstein, 
was of a more serious aristocratic nature. She loved 
German classical music especially Beethoven. 

Einstein's uncle, the only trained technical man 
in a long line of farmers and small businessmen 
had more effect on the boy's scientific training than 
any member of the family. It was this uncle that 
introduced Einstein to mathematics. 

In 1880, Herman Einstein moved the family to 
Munich, Germany where he and his brother started 
an electro-chemical shop. Herman handled the man
agement of the business and his brother took care 
of the technical processes. 

It took the younger Einstein a long time to learn 
to speak and when he did he used the power as little 
as possible. He seldom joined into games and avoided 
any physical exercise. Unlike the other boys, he 
could not stand to watch parades and hated any 
type of regimentation in everyday life. On the other 
hand he could not understand his father's attitude 
towa~d religion which required conformation to 
ancient rules. In this way, he revealed hate for the 
laws of man and love for nature's laws. 

All Munich schools were conducted on a denomi
national basis. There were no Jewish schools near 
the Einstein shop, so Albert was sent to a Catholic 
school. The religious difference between he and his 
schoolmates had little effect on his relations with 
them, and the teachers carefully avoided any anti
semitic references. He was not an outstanding stu
dent, and openly resented the memory work imposed 
by the teachers. 

In 1889, Einstein entered the Luitpold Gymna
sium, a form of high school, where he was required 
to study Greek and Latin grammar as well as math
ematics and physics. Everything was memory work 
and therefore uninteresting to Einstein. He contin
ually resisted this learning by rote and tried in many 
ways to bypass this phase of his education. The 
school required strict discipline and did everything 
in a military manner. Einstein compared the ele
mentary school teachers to military sergeants, and 
the gymnasium teachers to lieutenants. During his 
spare time he read books such as Bertstein's Popu
lar Books on Nature and Buchner's, Force and 
Matter. 

When Einstein was fifteen years old his father's 
business failed and the family moved to Milan, Italy 
to make a new start. Einstein was left in a boarding 
house in Munich so he could finsh his schooling. He 
was ahead of his classmates in mathematics, but 
was behind in the classic language courses. In an 
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attempt to bypass the language aspect, he conceived 
a plan by which he could attempt to enter a foreign 
institute of technology without finishing gymnasium. 
He obtained a statement from his math instructor 
which qualified him for advanced study. Then he 
got a certificate from a doctor which said he was in 
a state of nervous collapse and should leave school 
for six months. If his application to an advanced 
school was denied, he could still return to gymna
sium. Before the plan could be carried out, Einstein 
was asked to leave gymnasium because his attitude 
toward study was affecting the other students. 

When he joined his family in Milan, he renounced 
his German citizenship and his legal adherence to 
the Jewish faith. A short time later, his father's 
businesses failed in Milan and Pavia, Italy, and Ein
stein, who was leading an idealistic life, was told 
that he would have to take up a profession as soon 
as possible because the family could no longer sup
port him. 

Since he had no diploma from gymnasium, Ein
stein's only chance for further education was in a 
technical institute. He took entrance exams for the 
Federal Institute of Technology in Zurich, Switzer
land, but failed because of his lack of knowledge in 
the natural sciences and modern languages. The 
director of the institute suggested that Einstein get 
his diploma from the Cantonal school on Aarau, 
Switzerland. This school was conducted differently 
than the German gymnasium and Einstein regained 
his interest in school, became friendly with fellow 
students and, in the Swiss tradition, became greatly 
interested in public affairs. 

Einstein received his diploma after a year in 
Aarua and entered the Polytechnic Institute of Zur
ich without further exams. A wealthy relative gave 
Einstein one hundred Swiss francs a month to keep 
him in school. Einstein laid aside twenty francs a 
month toward his Swiss citizenship. Although not 
really hard pressed for funds, he was forced to watch 
his money carefully. 

His stay at Aarau convinced him that teaching in 
an advanced school would enable him to pursue his 
own education as well as provide a modest living. 
He took physics and math educational instruction 
at the institute. 

The physics taught at that time was restricted to 
principles that were well verified by experiment. 
Einstein was more interested in discovering simple 
rules to explain natural laws, so he spent his spare 
time reading books by theoretical physicists such as 
Helmholz, Kirchhoff, and Maxwell. 

He received his Ph.D. in 1900, but could find no 
teaching jobs in higher educational institutions. In 
1901, after receiving his Swiss citizenship, he ob
tained a position as private tutor for two exceptional 
students in Schaffhausen. He did not mind the work, 
but found other teachers were antagonistic to his 
teaching methods. When he asked to be given entire 
responsibility for the boys' education, he was dis
missed. 

(Continued on page 30) 
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Since its inception nearly 23 years ago, 
the Jet Propulsion Laboratory has given 
the free world its first tactical guided mis· 
sile system, its first earth satellite, and 
its first lunar probe. 

In the future, under the direction of the 
National Aeronautics and Space Admin· 
istration, pioneering on the space fron· 

... THE EXPLORATION OF SPACE 

tier will advance at an accelerated rate. 
The preliminary instrument explora· 

tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 

will be made of the moon and the plan· 
ets and of the vast distances of inter
planetary space; hard and soft landings 
will be made in preparation for the time 
when man atlastsetsfooton newworlds. 

In this program, the task of JPL is to 
gather new information for a better un
derstanding of the World and Universe. 

"We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 

Who, at this present time, can predict what potential benefits 
to man exist in this enterprise? No one can say with any accu· 
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
are obligated to do these things, as human beings:' 

"Who can tell what we will find when we get to the planets? DR. W. H. PICKERING, Director, JPI. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
A Research Facility operated for the Notional Aeronautics ond Spoce Administration 

PASADENA., CA.LBFOR.N~A. 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 
.iNFRA·RED o OPTICS " MICROWAVE o SERVOMECHANISMS • COMPUTERS o LIQUID AND SOLID PROPULSION o ENGINEERING MECHANICS 

STRUCTURES o CHEMISTRY" INSTRUMENTATION o MATHEMATICS AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 
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An orientation to home? 

Domain orientation? 

The secret of a lodestone? 

The cosmic ray accelerator? 

An aspect of a unified field? 

Fundamental to Allison's business 
-energy conversion- is a complete 
familiarity with magnetism in all 
its forms. This knowledge is essen
tial to our con version work. 

Thus we search for a usable defini
tion of magnetism-not only what it 
is, but why it is. And to aid us in our 
search, we call upon the capabilities 
within General Motors Corporation 
and its Divisions, as well as the spe
cialized talents of other organiza
tions and individuals. By applying 
this systems engineering concept to 
new research projects, we increase
the effectiveness with which we ac
complish our mission-exploring the 
needs of advanced propulsion and 
weapons systems. 

Want to know about YOUR opportunities on 
the Allison Engineering Team? Write: Mr. R. C. 
Smith, College Relations, Personnel Dept. 

Division of General Motors, 
Indianapolis, Indiana 
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One more step ahead for the United States 
into outer space-TELEMETRY. It's a new 
scientific discovery combining the fields of 
radio communications and flight missiles. 
TELEMETRY serves as a link ·between the 
known and unknown for men of space. Its 
importance-the difference between success 
and failure in the vast expanse of space ... 
the soon-to-be-conquered realm. 
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by GL YNNE SHIFFLETT E.E. 160 

AXES GOING up? You bet they are! 
One reason your taxes are going up is that the 

cost of defense is rising. Defense takes about one 
half of your tax dollar. 

Right now the big item in defense spending is 
high altitude research-the missile and balloon pro
gram. The object of the program is to obtain data on 
what the outer atmosphere is like and how man will 
react to it. 

But why is your money being spent to send mis
siles into outer space when only a small percentage 
of these missiles are recovered? 

Before you write a nasty letter to your congress
man, here's something you should know. Scientists 
have all the information obtainable on a missile's 
flight even if they never recover it. 

It's all done by telemetry. 

What Is It? 

Telemetry is defined as the means by which in
formation is transmitted from one point to another. 
Basically it is a form of radio communication. Much 
of the equipment used is very similar to commercial 
radio broadcasting transmitters and receivers. In 
practical terms, it is the way scientists discovered the 
Van Allen Radiation Belt, the high-cosmic ray inten
sities and a host of other important scientific facts. 

Telemetry is used in both balloon and missile 
research. The techniques are basically the same. 
Manned balloon flights are forerunners for man's 
first flight to outer space and, as such, their telemetry 
is more complex than that of present-day missiles. 

What Does It Do? 

Scientists are interested in measuring three inl
portant factors in manned flights: the balloon's en
vironment, the physiological state of the man, and 
the psychological state of the man's mind. 

Environmental data is measured by mechanical
electrical transducers and then transmitted to 
ground. Altitude, outside temperature, inside tern-
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perature, inside cabin pressure, humidity, cosmic 
ray bombardment, oxygen supply, inside carbon 
monoxide percentage, ballast weight and electrical 
reserve energy, are the items usually telemetered 
continuously in balloon research. In addition, a cali
brating signal is usually transmitted to align the 
telemetry receiving equipment with the conditions 
.set up in the balloon transmitting system. 

It is important to know the physiological state of 
the man in flight-how healthy he is. This data is 
measured by simple polygraph techniques-the same 
techniques used in lie detectors. There are always 
three items telemetered: the man's electro-cardio
gram (EKG), a time profile of the man's respiration, 
and his basal skin resistance (BSR) . 

Electrocardiogram measurements are sensitive 
enough for doctors on the ground to detect a heart 
murmur! 

The respiration time profile shows the slightest 
inhalation of breath. This enables doctors to tell if 
the man is breathing normally. 

The BSR is the measurement doctors usually 
watch the closest. It gives a good indication of the 
emotional state of the man-as he becomes excited, 
he sweats. Should his BSR drop to the "panic level" 
-he is in trouble. 

·Psychological data is collected by radio communi
cation with the man. He reads the cockpit instru
ments, such as the oxygen supply meter, and relays 
his readings to the ground opera tors. These readings, 
if he is alert and in control of himself, will agree 
with telemetered data. In addition, scientists get a 
good idea of the man's mental health by simply 
talking with him. 

How Does It Work? 
Transmission 

Telemetry utilizes basic radio communication 
techniques. The transmitted signal is usually fre
quency modulated (FM). Figure 1 shows a block 
diagram of a typical telemetry transmitting system. 
The figure shows voltage versus time wave forms 
encountered in the system. Up to ten signals are 
fed simultaneously to one transmitter. For the sake 
of simplicity only three are shown. 

The transducers detect changes in basal skin 
resistance or respiration. They produce a signal pro
portional to the quantity they measure. Thus, a BSR 
transducer produces a signal twice in amplitude for 
10,000 ohms BSR that it would for 5,000 ohms BSR. 
The signals from the three transducers are then 
biased to lie in two volt ranges. As shown, BSR 
varies from zero to two volts, respiration from two 
to four volts and EKG from four to six volts. 

The three signals are fed into FM coders. These 
coders produce a signal whose frequency is exactly 
proportional to the input voltage. Note how a higher 
voltage from the respiration transducer produces a 
higher frequency (line A-A1) than a lower voltage 
(line B-B1). The output of each FM coder is a 
signal of constant amplitude and varying frequency. 
The frequencies are in the audio range. As the input 
signals lie in different voltage ranges, the frequen
cies of the coders lie in different ranges. The BSR 
frequency will be between zero and 200 cycles per 
second, respiration between 200 and 400 cycles per 
second and EKG between 400 and 600 cycles per 
second. 

The signals are then "mixed" together. The proc-
(Continued on page 36) 

TELEMETRY TRANSMISSION 
-B S R- -RESPIRATION - - E KG-

2 4 

~~V\ 6~ 
TRANSDUCERS 

0 2 4 

FM CODERS w 
MIXER 

FM TRANSMITTER 

MARCH, 1960 15 



A vital question of today, 

Efforts are now being made to halt the race for nuclear supremacy. At the 

heart of any system designed to end nuclear testing are the detection 

devices needed for control of such a system. These devices and thei1· 

effectiveness are the vital questions now facing all the nuclear powers 

of the earth. 

INCE August, 1958, only one atomic blast has 
parched the face of our planet earth. That deto
nation was the ban-breaking plutonium explo

sion set off by the French only last month. A blast 
which here at the University of Minnesota set a 
group of placard-carrying students marching down 
the mall in protest, and which throughout the world 
stirred an uneasy mankind with news that the de
structive aspect of atomic energy had once again 
reared its ugly head. 

In Geneva, Switzerland, where representatives 
of the United States, Russia and Britain have been 
for the last 16 months negotiating an atomic test 
ban, notice was given that a new member had just 
joined the select atomic club. 

Yet the progress made in the last two years 
toward the elimination of dangerous atomic explo
sions has been impressive. The voluntary suspension 
of nuclear testing in 1958 by the U.S., Russia and 
Britain was the first big step. The second step, actual 
disarmament with effective controls, is finding diffi
cult footing. 

The talks at Geneva have produced a tentative 
control system to detect clandestine tests of nuclear 
explosions. This control system, the only conceivable 
insurance against test-ban violation, is the issue on 
the table in Geneva today. 

In September of 1958 at Geneva, U.S., Russians, 
British, Polish, and other scientists issued definite 
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by GERALD M. KNOX, B.A. 161 

recommendations for a nearly trickproof control 
system. In principle, both sides agreed that a proper 
system of about 200 inspection stations, adequately 
equipped with certain detection devices, would de
tect with high accuracy even small explosions any
where on the earth. 

Neither the Russians nor the Americans consid
ered this system infallible. As further insurance 
against secret testing, they recommended that the 
international organization running the control sys
tem be permitted to immediately go to any suspected 
area and look for evidence of testing. Human inge-

. nuity might find some way to fool this system too, 
but the experts decided that the risk of exposure 
would be extremely high. 

But the core of the entire inspection system is 
found in the detection devices. Over the past ten 
years, government and commercial agencies have be
come exceedingly adept at detecting nuclear explo
sions. Using scientific gadgets much older than the 
art of atom splitting, scientists have found that our 
world is simply too small for such gigantic explosions 
to go unnoticed. 

Probably the quickest and most sensitive method 
of nuclear explosion detection is barometric varia
tion. If an explosion takes place in the air, it starts 
a powerful acoustic wave that can be detected at 
great distances as a slight variation of air pressure. 
A feeble one-kiloton (a kiloton is equivalent to 1,000 

·tons of TNT) can be detected as much as 2,000 miles 
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downwind, 300 miles upwind, or an average of 800 
miles under conditions of light and varying winds. 
When the energy reache~a sensitive microbarometer 
(similar t<;> those used tit> check weather conditions 
by changes in air pressure) it causes a sharp jump 
in the markings on the recording drum. By noting in 
at least three places the time that the shock wave is 
recorded on microbarometer, the location of the blast 
can be detected and its magnitude can be deter
mined. 

All nuclear explosions above the ground create 
tremendous amounts of light and this seemingly 
obvious aspect provides for another important 
method of detection-visible light. A nuclear explo
sion generates hot gases which produce a flaming 
ball of fire in its early life. The AEC has stated that 
"the fireball from a one megaton nuclear bomb 
would appear to an observer sixty miles away to be 
more than thirty times as brilliant as the sun at 
noon." In several of the tests made in Nevada, all of 
which had energy yields less than 100 kilotons, the 
glare in the sky in the early hours of dawn was visi
ble for over 400 miles. The AEC claims that "as a 
general rule, the luminosity does not vary greatly 
with the energy or power of the bomb." The light 
from an atomic blast is seen many miles away be
cause of reflection from the upper atmosphere in 
much the same way that we can see the sun in the 
form of twilight long after it has disappeared below 
the horizon. An inspection station checking on nu
clear tests could be equipped with sensitive electric 
eyes (much like our photographic light meters) to 
detect the brightness from a bomb. Generally, the 
limit of effective detection by this method would be 
about 500 miles. 

Another detection technique is the measurement 
of the "dirt" that cmnes from a nuclear explosion
its fallout of radioactive materials. Every nuclear 
bomb, even the 96 per cent clean ones, releases radio
active particles into the air. Some of these fall to 
earth quickly, but others are carried into the upper 
air currents. These particles eventually float down 
to the earth and the test is exposed when the radio
activity count on a conventional, ultra-sensitive 
geiger counter rises. The location of the bomb blast 
is established by charting the speed and direction of 
the air currents from which the samples are taken. 
The length of the time that has passed since the blast 
scattered the radioactive particles is measured by 
the age of the particles, which decay at a deter~ 
minable rate. The main drawback in this method is 
time. It may take weeks for the particles to drift into 
a detection station. Where speed in identification is 
necessary, other techniques must be used and radio
activity samples will serve only as a backstop check. 

A relatively recent detection method has been 
discovered. Utilizing the powerful radio waves gen
erated by the gamma rays from a nuclear explosion, 
scientists have been able to chart this radio signature 
with surprising accuracy. Radio waves frmn a one
kiloton test can be detected 4,000 miles away under 

MARCH, 1960 

favorable circumstances, and can locate within 20 
miles an explosion 600 miles away. 

A deep underground explosion sends no air 
waves, nor radioactive particles, nor radio waves, but 
it does send powerful waves through earth. This 
detection method, called seismic detection, is the 
most··· talked about method in discussions about 
atomic disarmament. Yet this method, more' than 
any of those previously discussed, has serious restric
tions. Scientists have claimed that in 20 to 100 cases 
a year, natural earthquakes might be mistaken for 
deep underground tests. In such cases, a double check 
by some other method of detection would be impos
sible. Underground nuclear explosions produce none 
of the giveaway side effects produced in air or sur
face explosions. Only an on-the-spot inspection could 
confirm a questionable seismic reading. But in spite 
of its serious limitations, seismic detection is an im
portant link in the chain of effective monitoring de
vices. A seismograph in a quiet place can detect the 
waves from a one-kiloton explosion as much as 2,200 
miles away. 

Seismic detection apparatus is accurate enough, 
under suitable conditions, to pinpoint explosions 
within an area of 40-80 square miles, providing the 
detection stations are near enough together to get 
similar earth waves. Although both earthquak~·s and 
explosions are picked up by seismographs, each dis
turbance seems to have its own signature. Earth
quakes, a long and complex pattern of shifting earth, 
reveal a long and complex pattern on the seismo
graph. Explosions, on the other hand, are sharp and 
compact and show up this way on a seismograph. 
Another difference is that an explosion is totally out
ward in its movement from its point of origin, and 
those show up with a similar outward initial move
ment on all seismographs, no matter where located 
with relation to the blast. Earthquakes show up as 
many different patterns on seismographs, depending 
on whether the instruments are situated in the push 
or pull direction in relation to the quake. 

The East-West disarmament talks now in prog
ress at Geneva have reached a near stalemate con
cerning underground nuclear testing. Scientists for 
the U.S. claim that underground explosions below 
20 kilotons (the size of the Hiroshima bomb) can be 
muffled sufficiently to cause little or no earth waves, 
and therefore become undetectable. The Russians 
have consistently scoffed at this idea, claiming that 
it would take an underground shelter the size of 
New York City to effectively muffle such an explo
sion. At the writing of this article the stalemate con
tinues. Russia demanding an all-disarmament or 
no-disarmament plan versus the U.S. urging a modi
fied-disarmament or no-disarmament plan. 

In the end 1 it is hoped a compromise will be 
worked out. World opinion seems to be demanding 
an effective control of nuclear testing. The art of 
science must now subdue the power of the unleashed 
atom, a power which science itself liberated and 
which now promises the world either abundant hope 
or distressing despair. 
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These specialized electronics systems 
are an important part of Collins' con
tribution to advancements in military 
and commercial communication. 

Collins was selected over several com
panies because it could do the job -
economically, with excellent equipment, 
and provide capable engineering assist
ance for all phases. 

Collins needs engineers and physicists 
to keep pace with the growing demand 
for its products. Positions are challeng
ing. Assignments are varied. Projects 
currently underway in the Cedar Rap
ids Division include research and de
velopment in Airborne communication, 
navigation and identification systems, 
Missile and satellite tracking and com-

munication, Antenna design, Amateur 
radio and Broadcast. 

Collins manufacturing and R & D in
stallations are also located in Burbank 
and Dallas. Modern laboratories and re
search facilities at all locations ensure 
the finest working conditions. 

Your placement office will tell you 
when a Collins representative will be 
on campus. 

For all the interesting facts and fig
ures of recent Collins developments 
send for your free copies of Signal, pub
lished quarterly by the Collins Radio 
Company. Fill out and mail the at
tached coupon today. You'll receive 
every issue published during this school 
year without obligation. 

COLLINS RADIO COMPANY e CEDAR RAPIDS, IOWA e DAlLAS, tEXAS 4& BURBANK, CALIFORNIA 

18 

l!ll!ll!ll!lliiiiiiii!IIUI 

C·1 

Iii 
1!1 
Ill 
Ill 
Ill 
Iii 
1!1 
II 
II 
II 

Professional Placement,, II 
Collins Radio Company, a 

Ill Cedar Rapids, Iowa I! 
a a 
Iii Please send me each Collins Signal published I! 
Iii during this school year. II 
II II 

: Name : 

II Ill 
1!1 Address Ill 
0 1!1 

: City State : 

Iii 1!1 
1!1 College or University Iii 
1!1 1!1 

: Major degree Minor : 

• • D Graduation date 1!1 
• Ill 

•a•m•••••••••••••••••• 
MINNESOTA TECHNOLOG 



t 1!1 

I 

I 

MARCH, 1960 

••• NEWS IS HAPPENING AT NORTHROP~ 

1!1 
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r f t r 
1. What part of the country has the best future for your 

type of work? 

2. What part of the country offers an outstanding 
opportunity to enjoy your leisure? 

3. Where can you work and still earn advanced degrees? 

4. How important to you is the challenge of opportunity 
- and salary that matches your achievements? 

5. Where can you work with outstanding men in your field? 

FIVE IMPORTANT QUESTIONSu" 
NOW CONSIDER THESE ANSWERS: 
1. If your interests are in the fields of 
electronics or the aircraft/missile 
industry, you will want to· join the 
outstanding scientists and engineers 
in the space age center of the world 
- Southern California. 
2. If you work at Northrop you will 
live in Southern California -famous 
for its year-round vacation climate. 
Here you're close to the beaches, 
mountains and desert where you can 
enjoy an active life in the sunshine. 
3. Northrop encourages you to work 
for advanced degrees and to keep 
current with the latest developments 
in your chosen field. With Northrop's 
program, you will continue to learn 
while you earn with no-cost and low
cost education at leading Southern 
California institutions. 
4. At Northrop you will work with 
the newest, most-advanced research 

and test equipment. And with over 
30 operational fields from which to 
choose you can apply your talents to 
the work you enjoy-in the fields best 
suited to your inclinations. 
At Northrop you will earn what you 
are worth. With this growing com
pany you receive increases as often 
as you earn them. And these increases 
in salary are based on your own indi
vidual achievements. 
Northrop's vacation and fringe bene-' 
fits are extra liberal. 
5. Men you work with at Northrop 
are acknowledged leaders in their 
fields. They are selected because they 
have the skill to guide younger men. 
These are men who know how to 
delegate authority, encourage your 
progress, and assure you of your 
fair share of credit for engineering 
achievements. 

IT'S NOT TOO EARLY TO PLAN YOUR FUTURE. 
WHICH OF THESE 3 DIVISIONS OF NORTHROP 
ARE BEST FITTED TO YOUR TALENTS? 
NORAIR DIVISION is the creator of and fly surveillance missions. Today 
the USAF Snark SM-62 missile now Radioplane is readying the recovery 
operational with SAC. Norair is cur- system for Project Mercury. 
rently active in programs of space NORTRONICS DIVISION is a leader in 
research, flight-testing the USAF- inertial and astronertial guidance 
Northrop T-38 Talon trainer and systems. Nortronics explores infra
Northrop's N-156F Freedom Fighter. red applications, airborne digital com-
RADIOPLANE DIVISION, creator of puters, and interplanetary naviga
the world's first family of drones, pro- tion. Other current programs include 
duces and delivers pilotless aircraft ground support, optical and electro· 
for all the U. S. Armed Forces to mechanical equipment, and the most 
train men, evaluate weapon systems, advanced data-processing devices. 

Write today for complete information about your future at Northrop. 

Engineering & Scientific Personnel Placement Office 
Northrop, P.O. Box 1525, Beverly Hills, California 
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T
HE A.S.A.E. Student Branch held 
its first meeting of the winter quar

ter on January 12, 1960. After a brief 
business meeting the students were 
guests of the Agricultural Engineer
ing faculty. One of the aims of a gath

ering of this type is to enable the students and 
faculty to become better acquainted. Professor 
Schwantes, head of the Agricultural Engineering De
partment, introduced the members of the staff who 
were present. He then asked each student to give 
their name and home town. It was evident from these 
introductions that almost every corner of Minnesota 
has at least one representative enrolled in Agricul-

tural Engineering. 

Professor Schwantes then introduced the guest 
speaker for the evening, Mr. Vernon Fobes, sales 
manager for the Mason City Brick and Tile Com
pany. Mr. Fobes gave a very interesting talk, with 
particular emphasis on the graduate engineer and 
his relationship with industry. A social hour fol
lowed the meeting, at which time the faculty served 
a very delicious lunch. 

The regular monthly meeting of the A.S.A.E. Stu
dent Branch was held on February 16, 1960. Several 
items of business were discussed and the appropriate 
action taken: President Walter Stumpf made a num-
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ber of announcements which were of interest to all 
those present. The guest speaker for the evening was 
Mr. Marvin Nabben, Power Use advisor for Northern 
States Power Company. Mr. N abben gave a very 
interesting talk, supplemented with colored slides, 
on the use of electrical equipment for automatic feed 
handling in the livestock industry. Refreshments 
were served following the meeting. 

Several members of the Student Branch attended 
the Minnesota Section of A.S.A.E. meeting held on 
January 21, at the Manor in St. Paul. This was a joint 
dinner and business meeting with wives and lady 
friends as guests. Upcoming events on the Agricul
tural Engineers' calendar will be the annual all
recreational night to be held on Feb. 26 in the St. 
Paul campus gym. 

THE STUDENT Chapter of the Ameri
can Institute of Physics, University 

of Minnesota, has held four meetings 
since December. On December 2 our 
guest speaker was Dr. PaulK. Feyer
abend. Dr. Feyerabend received his 

Ph.D. at th~ University of Vien:na. He has taught at 
the University of London and Bristol; and is now an 
associate professor at the University of California in 
Berkeley. He has published papers on the philosophy 
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of physics and the theory of know ledge, and has re
cently been doing work on the logical problems of 
quantum mechanics. Dr. Feyerabend gave an inter
esting talk entitled "Some Issue in the Philosophy of 
Physics." 

On January 20, Dr. J. M. Blair spoke on "Experi
ments with Heavy Beams with the Van de Graaf 
Generator." Dr. Blair has worked at Los Alamos and 
the Argonne National Laboratories. He has also been 
doing research in nuclear physics (neutron cross 
sections, light-particle scattering, and fast neutron 
processes) and in the development and use of the 
Van de Graff Generator. 

On February 10, we heard a talk on "The Evolu
tion of Stars" by Dr. J. M. Danby. Dr. Danby received 
his degrees at the University of Oxford and Man
chester. He has recently been doing research in stel
lar dynamics. 

Dr. A. 0. C. Nier spoke on "Cosmic Ray Interac
tions with Meteorites" on February 24. Dr. Neir has 
done work with the A.E.C. and is now the chairman 
of the University Physics Department. His research 
has mainly been concerned with mass spectographs 
and their wages in mass determination, isotope sep
aration, and on cosmic ray effects on meteorites. 

Next quarter we expect to have talks from Dr. 
J. H. Wertz on low temperature physics, Dr. J. R. 
Winckler on cosmic ray physics, and Dr. E. L. Porter 
on nuclear physics. 

ON TUESDAY, February 16, 1960, the 
Society of Graduating Engineers 

held its monthly meeting at the Big 
Ten. Mr. John Olson was elected to 
the Executive Committee as Trans
portation Manager. Mr. Daniel Bryan, 
radio and television personality, and 

the producer of "Crossroads to Talent" was the guest 
speaker. However, Mr. Bryan graciously relinquished 
his time so that the members could get back to 
drinking before the bar closed. The members were 
so impressed with Mr. Bryan's insight into the so
ciety's purpose and goal that they voted unanimously 
to make him the permanent guest speaker. After 
the strenuous work of voting the members refreshed 
themselves for several hours and then the meeting 
adjourned to the parking lot to see if we could get 
the transportation manager's car started. 

SINCE THE beginning of winter quar
ter the student chapter of the 

All E American Institute of Industrial En
gineers has been operating under the 
leadership of Eugene Dantz, presi
dent, and Theodore J. Reese, vice 

president. Assisting these two gentlemen in admin
istrating the chapter are John M. Hancock, recording 
secretary; Frank E. King, corresponding secretary; 
and Ronald Haak, treasurer. Mr. R. J. Nyquist of the 
Industrial Engineering Department is the chapter 
advisor. 
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The February meeting, arranged by Douglas Nor
man, program chairman, had a special program on 
the operation of stock markets by Mr. John E. Byrne 
of Pain, Webber, Jackson & Curtis, stock brokers. 
Mr. Byrne opened the program with a short orienta
tion talk on private investing, which was followed 
by a movie on the history and function of the stock 
market. The program concluded with a question and 
answer period, which cleared up many technical 
questions on investing. 

Applications of quality control methods were 
demonstrated during a tour of Minneapolis Honey
well on March 1. Through the aid of tours the mem
bers are able to see how course work is applied in 
modern industry. 

Besides attending activities sponsored by the stu
dent chapter, several members have attended pro
grams and clinics sponsored by the senior chapter 
of the American Institute of Industrial Engineers 
and the American Society for Quality Control. Many 
of these functions have been at reduced rates for 
students. 

Tom Backman, membership chairman, wants to 
remind all Industrial Engineering option students or 
students considering this option that they are eligible 
for membership. By belonging, a student gains closer 
ties with his fellow classmates, besides receiving the 
many benefits that a professional society provides. 
Why not drop in to the chapter room in M.E. 180 and 
become acquainted? 

THE PACESETTERS at Theta Tau have 
done it again! Looking for new and 

unique social activities, Theta Tau re
cently held a Sunday afternoon pizza 
party with Kappa Delta sorority com
ing over to share in the food and the 
"friendship." 

Other "sporting" activities around the house in
cluded celebration of Washington's birthday at In
dianhead Ski Resort by half a dozen or so Theta Taus 
and their dates. Theta Tau is holding its own in the 
intramural athletic program too, with participation 
and frequent success in basketball, volleyball, hand
ball, table tennis, and bow ling. 

Realizing our responsibility as a professional fra
ternity, Theta Tau has held several Professional 
Leadership and Development programs. Notable 
among the speakers on these programs were Dr. 
William Mindak of the School of Journalism, who 
spoke to the fraternity on the psychology of adver
tising; Dr. Ellis P. Torrence, head of the Department 
of Educational Research, who spoke on human reac
tions under stress, and Dr. Allen Downs of the Art 
Department, who spoke on art appreciation. 

If a professional program such as this, coupled 
with a lot of fun and fraternal friendship, is inter
esting to you, why not send for a descriptive folder 
about Theta Tau by mailing a post card to the Rush
ing Chairman, Theta Tau Fraternity, 515 Tenth 
Avenue S.E., Minneapolis, Minnesota? 
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Picking the Ducks 

HE NATIONAL Bureau of Standards is conducting a 
research program, sponsored by the Army Signal 
Corps, to enable air defense weapons systems to 

realize their full potentialities. This work, directed 
by A. J. Goldman, involves the development and 
implementation of rules for selecting the best pos
sible target from among all the attackers in range. 

The more "glamorous" technological aspects of 
air defense systems sometimes tend to overshadow 
the fact that difficulties still remain after such a 
system is ready for use. For example, in the course 
of an air attack, the enemy may succeed in delaying 
recognition and accurate location of some attackers. 
Because such a "hostile environment" will prevent 
the defense weapons system from realizing its capa
bilities, it is extremely important to put each shot 
where it will be most effective. The research of the 
Bureau's applied mathematics laboratories is di
rected toward this goal. 

The factors involved in target selection include 
the nearness of an attacker to the defended area, and 
the velocity of an attacker. If all the relevant criteria 
point to the same attacker then of course there is no 
selection problem, but such a simple situation rarely 
arises. The function of a selection rule is to combine 
the relevant factors into a single composite criterion, 
which then yields an unambiguous choice of a best 
target among the attackers. Deciding precisely how 
the factors are to be combined (i.e., constructing a 
selection rule) requires a careful analysis of the rela
tionship between the various criteria (singly and 
collectively) and the objectives of the defense. 

The task of target selection would be much sim
pler if each firing decision could be made with full 
foreknowledge of the future course of the air defense 
battle. Exact knowledge of the future is obviously 
unattainable, while probalistic prediction, though 
conceivably possible in principle, would require ex
tensive calculations quite incompatible with the re
quirement for rapid decision-making. Because the 
future of the battle can be treated only in a approxi
mate way, the effectiveness of a proposed selection 
rule cannot readily be determined by theoretical 
means. Experiments are therefore performed in 
which a high-speed computer mimics a number vf 
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air defense battles and reports the results of the tar
get selections made. The Bureau was one of the first 
organizations to undertake such simulation studies. 

An examination has been made of the general 
problem of conducting simulations as effectively as 
possible. The usual outputs of such studies are suffi
cient to indicate differences in effectiveness between 
two target selection rules, but cannot be used to de
tect the source of the difference. Methods for obtain
ing and presenting this more detailed information 
(which is necessary for the systematic improvement 
of selection rules) have been developed and are cur
rently being automatized. 

Another study, which dealt with the computer 
functions common to most such simulation problems, 
suggested the creation of a computer program which 
would be "modular" in the sense that different selec
tion rules, defense systems, and attack situations 
could readily be "plugged in" for investigation. A 
prototype of such a program was prepared and is 
now in use at the Bureau. It performs the standard 
functions of simulator ("moving" the attackers and 
defense missiles along their paths), umpire (decid
ing "hit" or "miss" when a defense missile reaches 
its impact, and determining when a target has car
ried out its mission), and historian (keeping a de
tailed record of all significant simulated events). The 
operation of this program has provided data on the 
possible use of computers to implement target selec
tion rules. 

Mathematical Studies in Plasma Physics 

HE NATIONAL Bureau of Standards, under the spon
sorship of the Air Research and Development 
Command, has initiated a theoretical research 

study aimed at solving basic problems in plasma 
physics. This work, by C. M. Tchen of the mathemati
cal physics group, forms a part of a comprehensive 
Bureau-wide program to provide basic data and 
theory for plasma physics and astrophysics. As plas
ma is a unique state of matter with properties de
pending strongly on its dynamical configuration, the 
present project will emphasize dynamical aspects. 
That is, it will concentrate on the flow of an ionized 
gas through magnetic and electric fields. 
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In the past few years, the field of theoretical 
plasma dynamics and magnetohydrodynamics has 
grown rapidly, creating a wide variety of research 
problems. Moreover, the recent developments of 
space technology and cosmic flight have focused at
tention on the dynamic behavior of cosmic gases, 
their interaction with magnetic fields, and the mo
tion of bodies-stars, planets, and artificial satellites 
-in a cosmic medium. Because of the increasing im
portance of the field and the present lack of basic 
data, the Bureau has undertaken the present re
search program. 

A large part of this theoretical work will be de
voted to establishing sound foundations for plasma 
theory. The Bureau is presently developing a quan
tum theoretical generalization using the methods of 
quantum collision theory. Relativity considerations 
will later be included to arrive at a general formula
tion, which will be applicable to cases where elec
trons attain relativistic energies. 

Another study being planned will emphasize the 
transport properties of plasmas and the statistically 
determined collective behavior on which such prop
erties depend. An important phase of this work deals 
with the effect of the electric field on the motion of 
the charged particles which make up the plasma. A 
systematic study of the correlations in a plasma 
seems to be a natural and promising starting point 
for developing a theory of the effective electric field. 

Studies to describe the energy dissipated through 
radiation during a rise in plasma temperature are 
also being pursued. An elementary theory of brems
strahlung loss which can be applied to plasmas is 
presently available. However, its limits of applica
bility still have to be investigated from the point of 
view of a more general theory-one which will take 
into account relativistic considerations. A theory of 
the radiation emitted by charged particles revolving 
in a magnetic field is in principle available both for 
nonrelativistic and relativistic energies. The Bureau 
intends to investigate its applicability to plasma con
ditions. 

Another goal of the program is the extension of 
the magnetohydrodynamic equations to take into 
account a nonscalar tensor pressure. This will allow 
the hydrodynamic equations, modified to include 
the interaction between the motion of the fluid and 
the magnetic field, to be applied to gas discharges 
and certain astrophysical phenomena. 

With these and other theoretical studies, the Bu
reau hopes to provide the foundations for further 
developments in fusion research, the physics of 
space, and the study of stellar and planetary atmos
pheres. 

Hot Springs 

HE NATIONAL Bureau of Standards, in a study spon
sored by the Navy Bureau of Aeronautics, has 
adapted two simple dynamic techniques to the 

determination of the thermoelastic properties of 
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metals and alloys. One method utilizes a pendulum 
assembly to test wire specimens, and the other, a 
sonic vibration apparatus for rods and prisms. 

Information derived with this equipment, de
signed by H. C. Burnett of the Bureau staff, may be 
used to develop improved alloys for spring mate
rials. The elevated temperatures attained in the pow
er plants of modern aircraft have created a need for 
metal springs that maintain stable deflection char
acteristics over a wide range of environmental con
ditions. However, to design alloys for these springs, 
basic data are necessary on the elastic constants of 
materials suitable for spring fabrication. 

The equipment used in the pendulum method 
consists of an oven, photoelectric cell and lamp, 
timer, counter, and electronic temperature recorder. 
A frame about the oven supports a 3-foot long, 0.5-in. 
diameter steel rod that extends vertically through a 
hole in the top of the oven into the heat chamber. 
The wire specimen is suspended from a chuck on the 
lower end of the rod. Another chuck, firmly fixed to 
a 6-in. diameter brass disk, grips the lower end of 
the specimen. When a small amount of twist is ap
plied with a starting arm fitted to the upper portion 
of the rod, the pendulum oscillates about the axis of 
the specimen. 

The photoelectric cell and lamp, mounted just 
outside the rear of the oven, are alined with two 
holes in the oven wall. Once in each half cycle of 
oscillation, light from the lamp strikes a small mir
ror attached to the pendulum assembly, and is re
flected back to the cell. The cell, thus energized, 
operates the counter and timer until a predeter
mined number of oscillations is registered. The shear 
modulus of the wire is then computed from the reso
nant frequency derived for the specimen and the 
dimensions and masses of the pendulum assembly. 
The frequency range of this test is from a fraction of 
a cycle to 10 cycles per second. Test temperatures up 
to 525° F. are shown on the temperature recorder. 

In the sonic vibration method, either a rod or a 
rectangular prismatic bar specimen, approximately 
6 in. long, is suspended from an electromagnetic 
driver by two asbestos strings and enclosed in a fur
nace which operates at temperatures up to 1,000° F. 
The specimen is excited to its resonant frequency by 
the driver and a variable audio oscillator. A crystal 
pickup detects the vibrations which are shown as an 
expanded wave on a cathode ray oscilloscope. The 
frequency of the oscillator is then adjusted to the 
frequency of the specimen, indicated by the ampli
tude of the oscilloscope trace, and this adjusted fre
quency is measured with an electronic events-per
unit-time counter. 

From the measurements thus obtained, Young's 
modulus can be computed for rod specimens. In us
ing the apparatus for tests on rectangular prismatic 
bar specimens, the prisms can be made to vibrate 
either in tension or torsion, so that both Young's 
modulus and the shear modulus may be determined 
without changing the mode of suspension. 

23 



24 

Automatic systems developed by instrumentation 
engineers allow rapid simultaneous recording 

of data from many information points. 

Frequent informal discussions among analytical 
engineers assure continuous exchange of ideas 

on related research projects. 

Under the dose supervision of an engineer, 
final adjustments are made on a rig for 

testing an advanced liquid metal system. 

t t 
The field has never be,en broader 
The challenge has never been greater 

Engineers at Pratt & Whitney Aircraft today are concerned 
with the development of all forms of flight propulsion 
systems-air breathing, rocket, nuclear and other advanced 
types for propulsion in space. Many of these systems are so 
entirely new in concept that tbeir design and . development, 
and allied research programs, require technical personnel 
not previously associated with the development of aircraft 
engines. Where the company was once primarily interested 
in graduates with degrees in mechanical and aeronautical\ 
engineering, it now also requires men with degrees inj~ 
electrical, chemical, and nuclear engineering, and in physics,~ 
chemistry, and metallurgy. "' 
Included in a wide range of engineering activities open to 
technically trained graduates at all levels are these four 
basic fields : 
ANALYTICAL ENGINEERING Men engaged in this 
activity are concerned with fundamental investigations in 
the fields of science or engineering related to the conception 
of new products. They carry out detailed analyses of ad- , 
vanced flight and space systems and interpret results in 
terms of practical design applications. They provide basic 
information which is essential in determining the types of 
systems that have development potential. 
DESIGN ENGINEERING The prime requisite here is an 
active interest in the application of aerodynamics, thermo
dynamics, stress analysis, and principles of machine design 
to the creation of new flight propulsion systems. Men en
gaged in this activity at P&W A establish the specific per
formance and structural requirements of the new product 
and design it as a complete working mechanism. 

EXPERIMENTAL ENGINEERING Here men supervise 
and coordinate fabrication, assembly and laboratory testing 
of experimental apparatus, system components, and devel
opment engines. They devise test rigs and laboratory setups, 
specify instrumentation and direct execution of the actual 
test programs. Responsibility in this phase of the develop
ment program also includes analysis of test data, reporting 
of results and recommendations for future effort. 
MATERIALS ENGINEERING Men active in this field 
at P&WA investigate metals, alloys and other materials 
under various environmenta1 conditions to determine their 
usefulness as applied to advanced flight propulsion systems. 
They devise material testing methods and design special 
test equipment. They are also responsible for the determina
tion of new fabrication techniques and causes of failures or 
manufacturing difficulties. 
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Exhaustive testing of full-scale rocket engine thrust chambers is 
carried on at the Florida Research and Development Center. 
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For further information regarding an engineer
ing career at Pratt & Whitney Aircraft, consult 
your college placement officer or write to Mr. 
R. P. Azinger, Engineering Department, Pratt & 
Whitney Aircraft, East Hartford 8, Connecticut. 

PRATT & 1NHITNEY AIRCRAFT 
Division of United Aircraft Corporation 

CONNECTICUT OPERATIONS - East Hartford 
FlORIDA RESEARCH AND DEVELOPMENT CENTER- Palm Beach County, florida 
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are reduced along with the alumina. The net result 
is an alloy which is much too impure for commer
cial aluminum production. 

Secondly, the temperatures of reduction of the 
oxide by smelting with carbon and the boiling point 
of aluminum are so close that unless special care is 
taken the aluminum will go off as a vapor with the 
carbon monoxide. Therefore, unless measureable 
amounts of less volatile metals are present in the 
ore such as iron and copper which will absorb the 
aluminum or enough carbon monoxide present to 
convert it to aluminum carbide, the aluminum will 
be boiled away. Due to the expenses involved in 
controlling the temperatures and other supplemen
tary elements necessary to carry out the smelting 
process aluminum was written off the commercial 
list and classified as a laboratory element. 

Aluminum remained in the laboratory for almost 
60 years until Charles M. Hall, at Oberlin College 
in Ohio, discovered an electrolytic process that was 
technically and commercially feasible. Hall had two 
basic things in his favor. First, the invention of 
dynamo-electric machinery with sufficient capacity 
to provide current necessary for electrolysis on a 
commercial level. Secondly, aluminum oxide could 
now be inexpensively extracted from bauxite. The 
chief obstruction to electrolysis was its extremely 
high melting temperature of 2050 degrees centi
grade. Therefore, a solvent capable of dissolving 
alumina in substantial quantities had to be found 
before the electrolysis process could be considered 
for commercial use. In his search for such a solvent 
Hall found that cryolite (NA3 [AlF 

6
]), a sodium alu

minum floride compound, would work. So in a wood
shed behind his home in Oberlin on Feb. 23, 1886, 
he succeeded in producing aluminum by electrolyz
ing a solution of alumina in molten cryolite. Also, 
a second man, Paul L. T. Heroult of France, almost 
simultaneously discovered the same process. How
ever, Hall is credited with the discovery, at least in 
the United States since he is the one who initially 
made the production of aluminum possible in this 
country. But, since the two processes were essen
tially the same it came to be known as the Hall
Hiroult process. This same process is used today in 
the production of aluminum. Only a few changes 
have been made in the basic process. 

The production of aluminum today begins with 
the mining of bauxite. This usually consists of open 
pit operations with power shovels which strip off 
whatever over-burden exists. (Underground mining 
is necessary in some areas) . After mining the ore 
is loaded into railroad dump cars or trucks and trans
ported to an ore treating plant where it is washed, 
crushed and dried. These preliminary steps of ore 
conditioning are in preparation for the second stage 
-the production of alumina. 

Next, the bauxite ore is refined by the Bayer 
process. This is perhaps the best means of obtaining 
pure alumina for further reduction. Pulverized 
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bauxite is combined with caustic soda (lime, soda, 
ash and water) in digesters which are pressurized 
by steam. Motor driven differential agitators, posi
tioned at strategic points throughout the digesters, 
insure complete mixing of the two mixtures. The 
prime purpose of the steam and agitators is to drive 
the reaction of the mixture to completion by dis
solving the alumina to form a solution of sodium 
aluminate. 

The impurities (principally oxides of iron tita
nium and silicon) form a sludge known as "red 
mud" and are removed from the sodium aluminate 
solution by subsequent filterings and settlings. Then, 
the solution is run into a 70 foot high precipitation 
tank where it is further agitated and seeded with 
crystalline aluminum hydrate. The solution then 
descends the precipitation tank and cools. During 
this step of the process the alumina precipitates 
from the sodium aluminate in the form of fine gran
ular aluminum trihydrate (Al02 + AI (OH) 3 + 
OH). This hydrate is then separated from the pre
cipitators and washed, which frees the hydrate of 
residual caustic soda. The wash water which has 
become chemically combined with the hydrate is 
removed by heating the solution white hot in oil
fired rotary kilns. This produces a white powder 
known as anhydrous aluminum oxide-alumina. The 
alumina is the basic raw material for the reduction 
plant. Now Hall's electrolysis process is used to 
finish the job. 

In the reduction plant the alumina is dissolved 
in a bath of molten cryolite maintained at a temper
ature of about 1800 degrees Fahrenheit. This molten 
electrolytic bath is contained in a cast iron shell 
lined with carbon which serves as the cathode. 
Then, carbon rods or carbon blocks are suspended 
from overhead and dipped into the molten bath to 
form the anode. Direct current passing through the 
electrolyte separates the dissolved aluminum oxide 
into aluminum (2Al20

3 
~ 4Al + 302) which is de

posited on the cathode (bottom of the shell) and 
oxygen which is deposited on the carbon anodes. 
The oxygen is then allowed to escape since it reacts 
with the anodes and would slowly dissolve them if 
it were allowed to remain in the solution. The molten 
aluminum, being slightly heavier than the molten 
cryolite at the mentioned temperature readily ac
cumulates at the cathode bottom of the shell. To 
keep the process going more alumina is stirred into 
the electrolyte at regular intervals and the molten 
aluminum is tapped from the bottom of the shell. 
The cryolite itself remains substantially unaltered. 
Currents of the ampere range of 20,000 to 50,000 are 
used in the commercial production of aluminum. 
A typical installation would find 100 such shells, 
which are actually cells, connected in a series. The 
power for these cells is supplied by several rotary 
converters. The voltage drop across each cell is 
about five or six volts. 

A 50,000 ampere cell will measure 20 feet long, 
5 feet wide and 3 feet deep. They are made either 

(Continued on page 34) 
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Dick Ernsdorff studies a microwave site-layout chart atop a moun
tain near Orting, in western Washington state. On assignments like 
this, he often carries $25,000 worth of equipment with' him. 

rs t 
D 

I 

For engineer Richard A. Ernsdorff, the "uniform of the 
·day" changes frequently. A Monday might find him in a 
checkered wool shirt on a Washington or Idaho mountain 
top. Wednesday could be a collar-and-tie day. 

Dick is a transmission engineer with the Pacific Tele
phone and Telegraph Company in Seattle, Washington. He 
joined the company in June, 1956, after getting his B.S.E.E. 
·degree from Washington State University. ''I wanted to 
work in Washington," he says, "with an established, grow
ing company where I could find a variety of engineering op
portunities and could use some imagination in my work." 

Dick spent 2% years in rotational, on-the-job training, 
doing power and equipment engineering and ';learning the 
business." Since April, 1959, he has worked with micro
wave radio relay systems in the Washington-Idaho area. 

When Dick breaks out his checkered shirt, he's headed 
for the mountains. He makes field studies involving micro-

Dick stops by the East Central Office building in Seattle to look 
at some microwave terminating equipment. It's involved in a 4000 
megacycle radio relay system between Seattle and Portland, Oregon. 
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Here, Dick checks line-of-sight with a distant repeater station by 
mirror-flashing and confirms reception by portable radio. Using this 
technique, reflections of the sun's rays can be seen as far as 50 miles. 

s f r t 
wave systems and SAGE radars and trouble-shoots any 
problem that arises. He also engineers "radar remoting" 
facilities which provide a vital communications link be
tween radar sites and Air Force Operations. 

A current assignment is a new 11,000 me radio route 
from central Washington into Canada, utilizing reflectors 
on mountains and repeaters (amplifiers) in valleys. It's a 
million-dollar-plus project. 

"I don't know where an engineer could find more inter
esting work," says Dick. 

* * * 
You might also find an interesting, rewarding career with 
the Bell Telephone Companies. See the Bell interviewer 
when he visits your campus. 

BELL TELEPHONE COMPANIES 

In the Engineering Lab in downtown Seattle, Dick calibrates and 
aligns transmitting and receiving equipment prior to making a path
loss test of microwave circuits between Orting and Seattle. 
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Here's all it takes to be a mathematical spectrum 
and a mermaid out-of-water ... Marsha Gaviser! 
MISS MARCH was not only the 1959-60 E-Day 
Queen, but a Minneapolis Aquatennial Princess last 
summer. 

A combination of sparkling brown eyes and jet 
black hair has spun this gir 1 through many festivals 
and beauty contests in her 19 years. Her spare time 
is filled with tennis, music and modeling. 

A sophomore majoring in Television and Radio 
Speech, Marsha's main goal in life is having her 
own TV program. Let's hope we'll see her again in 
the near ·future! 

MINNESOTA TECHNOLOG 





ALBERT EINSTEIN 

(Continued from page 11) 

All further attempts to get a teaching job were of 
no avail, and Einstein began to think himself a 
failure. A friend told him of a position in the Bern, 
Switzerland, patent office. Although Einstein had no 
experience with technical inventions, he was hired 
on the basis of his imagination and free thinking. 
His duty was to rewrite patent applications in a 
more concrete and understandable form. The job 
paid a 3000 franc yearly salary which allowed him 
to live comfortably. It also provided spare time in 
which to continue his scientific investigations. 

In 1901, he married Mileve Maritsch, a Serbian, 
whom he had met while at the Polytechnic Institute. 
They had two sons in rapid succession, and Einstein 
was satisfied with his life. His work in the patent 
office also kept alive his interest in combining classi
cal physics and Maxwell's wave equations into a 
compatible theory. 

In 1905, while still working at the patent office, 
Einstein's 30 page paper, "On the Electrodynamics 
of Moving Particles" (special theory of relativity), 
was published in the Annalen der Physics, a German 
technical journal. The next volume of the journal 
presented his paper "Does the Inertia of a Body 
depend on its Energy" (equivalence of mass and 
energy) which postulates that the use of atomic 
energy is theoretically possible. Einstein also pub
lished a paper on the discovery of light quanta which 
led to Planck's theory, and a brief note on the 
Brownian movement. The latter dealt with the 
atomic nature of matter and the principles of statis
tical theory and led to the first, and probably the 
best, proof of the existence of the molecule. He also 
improved the explanation of the blueness of the sky 
by statistical calculations of small scale fluctuations 
in the density of air. 

Einstein's genius was recognized after the publi
cation of the first two papers, and the Swiss physi
cists thought he should teach at the University of 
Zurich. In order to receive a professorship, a can
didate was required to have lecturing experience. 
Einstein was persuaded to give a series of lectures 
at the University of Bern. The only pay he received 
for the series was the small amount the students 
paid to be admitted to the lectures. His lectures were 
not well prepared and were presented in a manner 
~bove the .capacities of the average student. Finally, 
In 1909, Einstein was appointed professor-extraordi
nary at the University of Zurich. 

The professorship changed Einstein's status in 
society. He could no longer live as he pleased but 
had to meet social standards, although the pay was 
no larger than that of the patent office. The require
ments of society caused financial drains to which he 
was not accustomed and he was forced to live more 
frugally than before. The administrative and teach
ing duties we~e of little interest to Einstein and rep
resented to him the dreaded regimentation that fol• 
lowed him all through his early life. However the 
association with people interested in the same things 
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as he, and the opportunity to use the university lab
oratories in his investigations far outweighed the 
handicaps. 

In 1910, Einstein was appointed full professor of 
theoretical physics at Prague University. Emperor 
Franz Joseph would not confirm an appointment to 
the university unless the appointee belonged to a 
recognized church. Though he had renounced the 
Jewish faith in his early years, Einstein indicated his 
religion as Jewish on the questionnaire. 

At Prague, there was considerable rivalry be
tween the German and Czech professors. Einstein, 
always a lover of peace and harmony, did not ap
prove of the stands taken by his colleagues, and tried 
to smooth out the quarrels. Although he did not make 
any real friends among the Czechs, he did become a 
good friend of George Pick, an Austrian mathema
tician. Pick persuaded Einstein to play violin in a 
chamber music group which met weekly. After these 
meetings Einstein and Pick spent many hours dis
cussing math and physics. During the discussions, 
Pick introduced Einstein to the mathematics that 
enabled him to develop the general theory of rela
tivity. 

In 1911, Einstein presented a paper, "The Influ
ence of Gravity on the Propagation of Light," which 
predicted the amount the star's light rays would 
bend when passing through the gravitational field 
of the sun. The paper, although inaccurate, was the 
forerunner of the general theory of relativity. 

At the end of the 1912 summer semester, Einstein 
returned to his alma mater, the Polytechnic Institute 
of Zurich, as full professor of theoretical physics. He 
left Prague without submitting the official resigna
tion that the government required. The sudden de
parture led to rumors that anti-Semetic practices by 
the government had driven Einstein out of the coun
try. A year later, while on a lecture tour, he signed 
the paper that closed the file and put a stop to the 
rumors. 

His duties at Zurich were the "boring" round of 
lectures and administrative tasks that Einstein hated 
so much. When Max Planck and Walter Nernst came 
to Switzerland in 1913 to offer him a position in the 
new Kaiser Wilhelm Institute of Physics and Mathe
matics, Einstein accepted readily. He was subse
quently made a member of the Royal Prussian 
Academy of Science. 

Einstein moved to Berlin, the site of the new 
institute, at the end of 1913, and soon after left his 
wife, who could not tolerate his complete immersion 
in science. In Berlin, Einstein was allowed to spend 
as much time as he wanted on the investigation of 
physical phenomenon and was not required to lec
ture. He was required to meet with the other mem
bers of the academy to judge the m~rits of new dis
coveries that were presented to it. He spent much of 
his time helping young scientists perfect their meth
ods of research. This was the main part of his teach
ing ventures while in Berlin. 

Einstein's life in Berlin was rather lonely. He did 
not associate socially with his colleagues since their 

(Continued on page 32) 
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This huge resear~~:h center at Whiting, Indiana, is only 
part of Standard Oil's research facilities. A recently 
completed technical service and quality control lab-

oratory, not shown here, is the largest laboratory of 
its kind in the country. In addition, large research 
laboratories are operated by several affiliates. 

Where the fuels of the future are born! 

From time to time, we are asked if gasoline 
and oil today really are better than they were 
five or ten years ago. People can't see the 
difference, smell it, or feel it. 

The answer is an emphatic yes. And this 
aerial view of Standard Oil's research center 
at Whiting, Indiana, is graphic evidence of 
the extensive research work that goes on be
hind the scenes day in and day out. 

Thousands of research experts-chemists, 
engineers, and technicians-work together in 
Standard's modern laboratories, improving 
present fuels and lubricants and developing 
new ones for cars that will not be a reality 
until about 1965! Rocket fuels, too, are being 
developed. Standard's development of clean-

burning, highly-reliable solid fuels has been a 
realcontributiontoAmerica'smissileprogram. 

Since our first research laboratory opened 
69 years ago, research scientists of Standard 
Oil and its affiliated companies have been re
sponsible for many major petroleum advances 
-from making a barrel of oil yield more gas
oline to discovering a way to revive almost-dry 
wells. Each process had the effect of adding 
billions of barrels to America's oil reserves. 

At Standard Oil, scientists have an oppor
tunity to work on a wide variety of challeng
ing projects. That is one reason why so many 
young men have chosen to build satisfying 
careers with Standard Oil. 

STANDARD OIL COMPANY 
THE SIGN OF PROGRESS ... 

910 SOUTH MICHIGAN AVENUE, CHICAGO 80, ILLINOIS THROUGH RESEARCH 
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ALBERT EINSTEIN 

(Continued from page 30) 

discussions ranged from papers that had been pub
lished, to the number of students that had gotten 
positions after the previous graduation. Einstein's 
small world of research allowed no time for associa
tion with mere administration matters, and he con
sidered it a waste of time to discuss them. 

In Berlin, Einstein lived with the uncle that had 
paid his way through college. His cousin, Elsa, a 
widow, regarded Einstein as the physicist who was 
the source of pride and joy for the family. She 
neither understood or tried to understand his work. 
Einstein associated her with the good food she pro
vided despite the wartime shortages. They were mar
ried in 1916, but Einstein took little part in the fam
ily's social life. 

During World War I, Einstein, now a prominent 
public figure, made many statements without think
ing. Erroneous interpretations in the newspapers re
sulted in a growing antagonism toward the world's 
leading physicist. Einstein was forced to rely on his 
Swiss citizenship to keep from being prosecuted for 
treason to the German cause. 

In 1916, Einstein's paper, "The Foundations of the 
General Relativity Theory," was published in the 
Annalen der Physik. The paper summarized a long 
series of papers he had been presenting at the Prus
sian Academy meetings. 

In 1917, Einstein presented a paper, "Cosmologi
cal Considerations in General Relativity Theory," to 
the Prussian Academy. Although it is now generally 
·considered to be wrong, it formulated a new prob
lem, the structure of the universe, and indicated that 
the general theory could help in its solution. 

The appearance of the two papers divided the sci
entific world into two factions-pro and anti-Ein
stein. Several well-known men started attempts at 
proving some of the proposals. Schwartzchild, a 
Swiss astronomer, had measured the planet Mercu
ry's deviation from its elliptical orbit. When he ap
plied Einstein's equations to the problem, he found 
that it was explained quantitatively as well as quali
tatively. Previous, there had been no logical expla
nation. 

The second proof of the theory was presented in 
1918 when a team of English astronomers took pic
tures of the area around the sun during a solar 
·eclipse and compared them with pictures taken in 
London far from the center of the eclipse. These pic
tures showed the light rays passing through the sun's 
gravitational field had been deflected exactly the 
amount Einstein had predicted in his theory. 

In 1921, Dr. Bosch donated a large sum of money 
for the construction of the Astrophysical Observa
t?ry in Potsd.am,. Germany. Here the color composi
tiOn of celestial hght rays could be determined very 
accurately. Erwin Finlay-Freundlich, an astronomer, 
was appointed head of the observatory. He studied 
the change of a star's color due to the gravitational 
fields through which their light rays passed, and 
verified Einstein's predictions with great accuracy. 
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In 1922, the committee of the Swedish Academy 
of Science awarded Einstein the .. N abel prize for 
physics. Alfred N abel had stipulatecfin founding this 
grant that the prize should be awarded for a recent 
discovery from which the world had derived a great 
peaceful use. The Swedish Academy thought it im
proper to make the award for the relativity theory, 
because the theory was a reformulation of known 
facts rather than a discovery. In addition, the theory 
had not been put to a great use. The committee also 
saw that by making the award for relativity, they 
would be taking a stand on the validity of the theory 
and would then be in the midst of the swelling con
troversy. 

To prevent any potential difficulty from these 
factors, the committee made the award for Einstein's 
work in the quantum theory, which did discovernew 
facts, and more important, had not caused any con
troversy when it was presented. 

From 1919 to 1932, Einstein traveled to all parts 
of the world giving lectures and making public ap
pearances. Among the countries visited were Eng
land, France, China, Japan, Palestine, Spain, and the 
United States. The scientists who believed the rela
tivity theory erroneous used the tours as a means 
of attacking the theory. They held that Einstein had 
developed a far-fetched idea to attract attention to 
himself, and was now basking in the sunlight of false 
success. The German government considered the 
lecture tours a good propaganda measure and fi
nanced some of them. 

Between his tours, Einstein returned to Berlin 
to continue his research work. Most of his investiga
tions now dealt with the problem he had posed in 
his cosmological paper. He created several mathe
matical models of the universe, but none of them 
could satisfy all the known facts. 

Einstein spent the winters of 1930, 31, and 32 as 
visiting professor at the California Institute of Tech
nology, Pasadena, California. After one of his lec
tures in 1932, Einstein met Dr. Abraham Flexner, 
founder of the Institute of Advanced Study in 
Princeton, New Jersey. Flexner, who was staffing 
the new institute, asked Einstein which men would 
be best suited for the institute. They met again at 
Oxford University that summer and Flexner offered 
Einstein a position on the staff. Einstein asked Flex
ner to meet with him again in Berlin to continue the 
talks. The political climate in Germany was very 
bad, and he hoped in this way to keep the road to 
America open for himself. The meeting in Berlin 
ended with an agreement that Einstein was to join 
the staff in the fall of 1933. 

Adolph Hitler was appointed Chancellor of the 
German Reich in January, 1933, and immediately 
started the non-Aryan purge of the German· schools 
and universities. Einstein, who was in California . ' dec1ded that to return to Germany could only cause 
unpleasantness for his colleagues. Accordingly, he 
resigned his professorship and his position on the 
Prussian Academy of Science. All his material pos
sessions were confiscated by the government, and 
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Nosing its way down to earth, X-15's skin of a high-Nickel-containing alloy will glow with the dull cherry red of a tossed rivet. 

lnco-developed alloy to help X-15 
car first an into space 

Alloy perfected by Inco's continuing research program 
will help new rocket plane withstand destructive heats 

When the first manned rocket plane 
streaks in from space, temperatures 
may build up to as high as twelve 
hundred degrees. 

The ship's nose and leading edges 
heat to a dull glowing red in seconds. 
At this destructive temperature, 
X-15's metal skin could weaken, 
could peel off. 

stands even higher temperatures 
than 1200 oF ! 

Remember this dramatic example 
if you're faced with a metal problem 
in the future. It may have to do with 
product design, or the way you make 
it. In any event, there's a good chance 
Inco Research may help you solve it 
with a Nickel-containing alloy. 

Over the years, Inco Research has 
successfully solved a good many 

metal problems, and has compiled a 
wealth of information to help you. 
You may be designing a machine 
that requires a metal that resists 
corrosion, or wear, or high tempera
tures. Or one that meets some 
destructive combination of condi
tions. Inco Research can help supply 
the answer. Help supply the right 
metal, or the right technical data 
from its files. 

When you are in business, Inco 
Nickel and Inco Research will be at 
your service. 
The International Nickel Company, Inc., 
New York 5, N.Y. 

Aircraft research personnel found 
the answer to this high-temperature 
problem in one of a family of heat
treatable nickel-chromium alloys 
developed by Inco Research. It with- ~~ I nco Nickel makes metals perform better longer 
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his written work was publicly burned in the square 
in front of the state opera house in Berlin. 

Einstein returned to Europe in the spring of 1933, 
and took up residence in Le Cocque sus Mer, a beach 
resort in Belgium. The Belgium authorities, fearing 
that an assassination attempt was forthcoming, as
signed two bodyguards to watch over him night and 
day. In this atmosphere of constant surveillance, 
Einstein completed his disassociation with Germany. 
Offers of professorships came from many universi
ties, but Einstein turned them all down in favor of 
the Institute for Advanced Study. 

In October, 1933, Einstein entered the United 
States on a visitor's visa, and joined the staff of the 
institute. The position consisted of the advancement 
of physics through high level research. The staff was 
composed of leaders in the various branches of sci
ence, and admission to the institute was restricted 
to holders of a doctorate. Here the staff was isolated 
from the outside world and devoted all its energies 
to the better understanding of the basic laws that 
guide the processes of nature. 

Einstein spent most of his research time in fur
thering the development of the quantum theory and 
his special project, a unified field theory. He enjoyed 
helping young Ph.D.'s further their research proj
ects, and outside of the institute, helping newly im
migrated scientists get a start in the United States. 
He was never too busy to help an undergraduate at 
Princeton University lay out his scientific goals. 

Private life in Princeton was much the same as it 
had been in Berlin. He had no social life in the strict 
sense of the word. He did not take part in the regu
lar round of parties that are common among the pro
fessors of the university. He liked to talk to people 
that he could help or with whom he could discuss 
some interesting subject. Most of his visitors came 
from outside the Princeton area. He particularly 
liked to invite people with whom he could play mu
sic. His love for playing his violin was second only 
to his scientific research. It became the task of Miss 
Helen Dukas, his secretary, to limit the number of 
visitors so that Einstein could retain some semblance 
of productive research. 

Einstein's second wife died in 1936, and from then 
on he lived with his stepdaughter, Margot, and Miss 
Dukas (who was also his housekeeper). He received 
his United States citizenship in 1941. 

In 1939, after it became apparent that German 
scientists were working on a project that involved 
the use of atomic fission to develop a bomb many 
times as powerful as ordinary explosives, a group of 
American scientists, headed by Fermi and Szilard, 
suggested that Einstein make a direct appeal to Pres
ident Roosevelt to accelerate research into this im
portant field. Much as he hated to have anything to 
do with weapons of war and destruction, Einstein 
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saw that an atomic bomb in the hands of Hitler could 
only lead to Nazi domination of the whole world. 

In August 2, 1939, Einstein wrote a letter to the 
President informing him of the facts and urging that 
a special organization be established to carry on re
search into the practical use of uranium. Roosevelt 
immediately created the Manhattan Project, which 
eventually led to the explosion of the atomic bomb 
at Hiroshima. Einstein, a man devoted to peaceful 
living, was thus forced to take the step that created 
the most destructive force mankind has ever known. 

In 1945, Einstein retired from his professorship 
at the Institute for Advanced Study, but did not re
tire from actual research. He continued to live at 
Princeton and still went to his office every day. In 
1950, he published his "Unified Field Theory" which 
in effect finally combined classical mechanics and 
the wave theory. 

The life of Albert Einstein, physicist, mathema
tician and philosopher, ended in a darkened room at 
Princeton Hospital at 1: 15 a.m., April 18, 1955, but 
his work lives on. Much of it is still not substantiated. 
Some of it probably never will be. Yet, the 76 years 
that Einstein lived produced more dramatic changes 
in our know ledge of the world around us than any 
period in history. 

11IT1S QUILTED11 

(Continued from page 26) 

of cast iron or steel one inch thick. These cells are 
arranged in rows and often extend to lengths of 700 
feet or more. The buildings housing such operations 
must be constructed with adequate ventilating sys
tems to remove fumes and minimize radiation heat. 

The production of one pound of aluminum re
quires approximately 10 to 12 kilowatt hours of 
electricity. Therefore, inexpensive electric power 
near large sources of hydroelectric power is needed. 
Some of these are: Niagara Falls, N. Y.; Oleo, Tenn.; 
Badin, N. C.; Lester hill, Ala.; Spokane, Vancouver 
and Longview, Washington. Aluminum reduction 
plants were moved to the Pacific Coast during World 
War II when the industry saw the possibilities of tre
mendous expansion. This expansion has been taking 
place ever since. 

But it not only takes electricity to produce alu
minum. It takes from .6 to .8 pounds of carbon for 
one pound of al urn in urn. Aluminum flouride is 
needed. It is added to the molten electrolyte peri
odically to neutralize the soda that is still in the 
alumina after the Bayer process. Cryolite is also 
added to make up for the lining of the cells that is 
absorbed or spilled over. These two elements are 
used at about .1 pound per pound of aluminum. And 
finally, alumina is required to the extent of 1.95 
pounds per pound of metal produced. 
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The word space commonly represents the outer, airless regions of the universe. 
But there is quite another kind of "space" close at hand, a kind that will always 
challenge the genius of man. 

This space can easily be measured. It is the space-dimension of ~ities and the 
distance between them ... the kind of space found between mainland and off~ 
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance-above all, 
Sikorsky is concerned with the precious "spaceway" that currently exists be
tween all earthbound places. 

Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve
hicles that can prove to be tomorrow's most versatile means of transportation. 

Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet. 

for information about careers with us, please ad
dress Mr. Richard l. Auten, Personnel Depqrtment. 

One of the Divisions of United Aircraft Corporation 

STRATFORD, CONNECTICUT 
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ess is called super-hetrodyning. The output of the 
mixer is a signal whose instantaneous voltage and 
frequency is exactly the sum of the instantaneous 
voltages and frequencies of the three coded signals. 

This signal is called the complex sub-carrier. It 
is of varying amplitude and frequency. 

The complex sub-carrier is fed into an FM trans
mitter. As in the case of the FM coders, the output 
of the transmitter is a signal whose instantaneous 
frequency is proportional to the instantaneous input 
voltage. In this case, however, the frequencies are 
in the radio frequency range-about 200 megacycles. 
This signal is transmitted to the ground, where it 
is picked up by telemetry receiving equipment. 

Note that the data undergoes two FM transfor
mations. For this reason the system is called FM
over-FM telemetry. 
Reception 

Reception utilizes the same principles as trans
mission-only in reverse. The signal is picked up 
at the antenna and fed into the receiver. Here it 
undergoes demodulation. This is done exactly the 
same way a commercial FM receiver picks up a FM 
station. While a commercial FM receiver demodu
lates music and sound, this receiver reproduces the 
complex sub-carrier. This signal is fed into a loud 
speaker so the operator may tune the receiver 
properly. 

To the uninitiated this sound produces somewhat 
of a shock. It is very eerie, rising and falling in 
pitch, and reminiscent of old science fiction movies. 

The complex sub-carrier is then fed into the 
demultiplexer where the three signals are separated. 
The signals are demodulated in the FM decoders. 
The process is similar to the receiver demodulation. 

Because we have used frequency modulation 
devices throughout the output, the wave form of the 
FM decoders must be, and is, an exact replica of 
the transducer wave form. 

The output signal is both tape recorded and fed 
into "read-out" equipment. The most versatile and 
useful read-out equipment is the pen recorder. As 
a roll of paper moves at a constant speed under a 
movable pen, the pen moves laterally across the 
paper by an amount proportional to the voltage fed 
into the equipment. This ink line takes a wave 
form doctors and scientists can see and understand 
at a glance. 

FM-over-FM telemetry has one important feature: 
It is accurate. Atmospheric conditions and the dis
tance between the telemetry transmission system 
and the receiver have no effect on this accuracy. Its 
accuracy is limited only by how closely the operator 
can read the read-out equipment. 

Of great importance today, telemetry will in
crease in importance as we approach the age of 
manned space flight. It has saved men's lives in 
balloon research for it provides the link between 
the unknown and understood. 

Telemetry is what makes the difference between 
a missile being a scientific instrument, instead of 
just a hunk of metal aimlessly wandering about 
the universe. 

TELEMETRY RECEPTION 
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Now available 

DRIVE AND CONTROL IDEAS 
FOR ENGINEERS 

THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition ... Send for your free copy! 
This authoritative handbook has been recently revised to 
include new selection and application data for 
S. S. White Standard ... Pre-engineered ... Custom-designed 
flexible shafts. A guide to product design. 

tMARCH, 1960 

Tips on better 
designing with 
flexible shafts ------

S. S. WHITE INDUSTRIAl DIVISION 
DEPT. C2, 10 EAST 40th STREET 

NEW YORK 16, N.Y. 
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Take adv e of the 

EC IC L 
E 

The screw is a combination of two 
mechanical principles: the lever, 
and the inclined plane in helical 
form. The leverage applied to the 
nut combines with motion of the nut 
around the bolt to exert tremendous 
clamping force between the two. 

One of the greatest design errors 
today, in fact, is failure to realize 
the mechanical advantages that 
exist in standard nuts and bolts. 
Smaller diameters and less costly 
grades of fasteners tightened to 
their full capacity will create far 
stronger joints than those utilizing 
bigger and stronger fasteners tight
ened to only a fraction of their 
capacity. Last year, one of our engi
neers showed a manufacturer how 
he could save $97,000 a year simply 
by using all the mechanical advan
tages of a less expensive grade. 

When you graduate, make sure 
you consider the mechanical advan
tages that RB& W fasteners provide. 
And make sure, too, that you con
sider the career advantages RB& W 
offers mechanical engineers-in the 
design, manufacture and application 
of mechanical fasteners. If you're 
interested in machine design-or 
sales engineering, write us for more 
info:rma tion. 

RUSSELL, BURDSALL & WARD 
BOLT AND NUT COMPANY 

Port Chester. N. Y. 
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Tourist: "Milking the cow?" 

Farmer: "No, feeling her pulse.!/ 

* * * 
On a windy day, a young lady was 

having trouble keeping her dress 
down. She noticed a man watching 
her with interest and she addressed 
him in an irritated voice. 

"It is obvious you are no gentle
nlan." 

The man replied, "It's obvious you 
are not either/' 

* * * 

Artsman: "Perhaps you too are a 
lover of nature. Have you seen the 
rosy-fingered dawn spreading across 
the eastern sky, the red-stained sul
phurous islets floating in the ladle of 
fire in the West, ragged douds at mid
night blotting out the shuddering 
moon?" 

Engineer: "Nope, not lately. I've 
been on the wagon for more than a 
year." 

* * * 

"What a day. I lost my job. I lost 
my billfold, my wife ran away with 
the electric light man, the Cards lost 
to los Angeles. It's unbelievable -
leading by three in the eighth and 
they lost to los Angeles/' 

* * * 

The six-year-old had just received a 
detailed lecture from his father on the 
facts of life, the birds, and bees/ and 
simple biology. Papa leaned back at 
the end of the recital and said, "Now 
if there is anything else you want to 
know don't hesitate to ask me, son." 

The boy pondered a minute, then 
gravely asked his father/ "How come 
they put out the Saturday Evening 
Post on Wednesday?" 

* * * 
The spinal column is a collection of 

bones running up and down that 
keeps you from being legs clean up 
to your neck. 

* * * 
"You'll have to hand it to Venus 

de Milo when it comes to eating." 

"Why?" 

"How else could she eat?" 

* * * 
Girls who do everything under the 

sun ought to have their hides tanned. 
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Going up for eegood seeing." Un
manned balloon-observatory starts its 
ascent to take sunspot photos. "Project 
Stratoscope" is a continuing program 
of the Office of Naval Research and 
the National Science Foundation. 

MARCH, 1960 

One of the sharpest photos ever taken of 
sun's surface. It, and hundreds of others 
taken by stratoscope, may answer mystery 
of violent magnetic disturbances on earth. 

Exact position of photograph in relation 
to the total sun surface is shown here. Plotting 
and photography of precise areas was made 
possible by airborne RCA television. 

RCA REPORTS TO THE NATION: 

RE ARKABLE NE PHOTOS UNLOCK 
YSTERIES OF SUN'S SURFACE 

Special RCA Television, operating from stratosphere, 
helps get sharpest photos of sun's surface ever taken 

Scientists recently took the first, 
sharp, searching look into the center of 
our solar system. It was achieved not 
by a missile, but by a balloon posted 
in quiet reaches of the stratosphere. 

The idea was conceived by astrono
mers at the Princeton University Ob
servatory. They decided that a floating 
observatory- equipped with a tele
scope-camera-would offer a stable 
~~work platform" from which sunspots 
could be photographed free of the distor
tion caused by the earth's atmosphere. 

But ~~Project Stratoscope" encoun
tered an unforeseen and major obstacle 
on its initial flight. A foolproof method 
was needed for aiming and focusing 
the telescope of the unmanned observ
atory. Princeton asked RCA to help. 

A special RCA television system was 
devised which enabled observers on the 

ground to view exactly what the tele
scope was seeing aloft. This accom
plished, it was a simple matter to 
achieve precise photography-directed 
from the ground by means of a separate 
RCA radio control system. 

The resulting pictures reveal sun
spot activities in unprecedented detail. 
They provide the world with important 
information regarding the magnetic 
disturbances which affect navigation 
and long-range communications. 

The success of (~Project Stratoscope'~ 
is another example of RCA leadership 
in advanced electronics. This leader
ship, achieved through quality and 
dependability in performance, has al
ready made RCA Victor the most trusted 
name in television. Today, RCA Victor 
television sets are in far more homes 
than any other make. 

RADIO CORPORATION OF AMERICA 
THE MOST TRUSTED NAME IN ELECTRONICS 
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pRANK G. has now chosen a company to launch his en-
gineering career. Previously we have shown you how he 

gave Hamilton Standard a thorough looking-over. He was 
impressed by the spectrum of skills built into Hamilton 
Standard's products and the advanced planning program 
that predicts future technical and economic trends. Also he 
learned that participation in small project, design or analy
sis groups permitted unusual latitude to express his ideas 
and to get a job done. 

CONCLUSION-Hamilton Standard offered career satis
faction and management potential. 

Frank noted that Hamilton Standard, and United Air
craft Corporation, offer the country's finest privately owned 
research laboratories. Hamilton Standard is well diversified. 
Products range from tiny thermoelectric generators for sat
ellites to the complex environmental conditioning system 
for the Convair 880. And, of course, the picturesque Con
necticut countryside promises leisuretime living at its best 
... with New York and Boston just a few hours away. 

CONCLUSION-Hamilton Standard's facilities, products 
and locale are superior. 

GRADUATE STUDY COMPLETES THE PICTURE 

Frank G. considers Hamilton Standard's graduate study 
program the finest in the industry ... and this sealed the 
verdict. Knowing that the continuation of his studies will 
enhance his opportunities for advancement, Frank plans to 
take advantage of the company's tuition-paid study pro
gram at a choice of universities such as Rensselaer, Yale, 
Trinity, Columbia. Yes, Hamilton Standard scored high on 
Frank G.'s "career exam." 

CONCLUSION-Whether you are an EE, ME, AE or 
MET why not take a good look now? 

Write to Mr. R. J. Harding for 
11ENGINEERING FOR YOU AND YOUR FUTURE11 

ILT s 
DIVISION OF 

UNITED AIRCRAFT CORPORATION 
BRADLEY fiElD ROAD, WINDSOR lOCK?, CONNECTICUT 
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Every type of technical talent has helped create the Engineering Excel
lence of Hamilton Standard's products including aerodynamics, thermo
dynamics, vibration, servomechanisms, electronics, structures, reliability. 

Assistant Project Engineer Don Coakley, BSME M.I.T. '52, points out per-' 
formance test reading of a turbo compressor unit to Senior Test Engineer 
Dick Wilde, BSME Yale '56, Test Engineer Jim Holsing, BSME Brown '59. 

Connecticut offers one of the country's most desirable living areas,! 
Choose from city, suburban or urban homesites ••• unlimited rec:rea· 
tional and cultural facilities. 
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• The small gas turbine is an important aircraft 
support item used primarily for starting jet engines 
and providing on-hoard auxiliary power. The high 
compressed air and shaft outputs for its small size 

and weight mark it as an important power source 
for common commercial use. AiResearch is the 
largest producer of lightweight gas turbines, ranging 
from 30 H.P. to the 850 H.P. unit pictured above. 

EXCITING FIELDS OF INTEREST 

FOR GRADUATE ENGINEERS 

Diversity and strength in a company offer the 
engineer a key opportunity, for with broad knowl
edge and background your chances for responsibil
ity and advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 

Other major fields of interest include: 
9 Aircraft flight and Electronic Systems- pioneer and 
major supplier of centralized flight data systems 

and other electronic controls and instruments. 

• Missile Systems-has delivered more accessory power 
units for missiles thananyothercompany.AiResearch 
is also working with hydraulic and hot gas control 
systems for missile accessory power. 
• Environmental Control Systems- pioneer, leading 
developer and supplier of aircraft and spacecraft air 
conditioning and pressurization systems. 

Should you be interested in a career with The 
Garrett Corporation, see the magazine ~~The Garrett 
Corporation and Career Opportunities" at your 
College placement office. For further information 
write to Mr. Gerald D. Bradley ... 

THE CORPORATION 

t1iResearch Manufacturing Divisions 
Los Angeles 45, California • Phoenix, Arizona 

Systems, Packages and Components for: A I R CRAFT, M I S S I L E, N U C LEA R AN D I N DUST R I A L A P P L I CAT I 0 N S 
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E. 1.. DISBROW 

Tri-State College, Angola, Ind. '51 

D DISBROW exemplifies the opportunity to grow with a young, 
growing company. Now District Manager of the Dunham-Bush Minne
apolis office, he supervises widespread engineering activities of a group 
of sales engineers representing a multi-product technical line. 

Engineering degree in hand, Ed went to work for Heat-X (a Dunham
Bush subsidiary) as an Application Engineer. Successive steps in the 
Dunham-Bush main office and as Sales Engineer in the New York 
territory brought him to his present managerial capacity. 

A member of Belle Aire Yacht Club, Ed leads a pleasant life afloat 
and ashore with his wife and two boys. 

Equally satisfying is Ed's job. In directing calls on consulting engi
neers, architects, plant engineers, wholesalers, contractors and building 
owners, he knows he's backed by the extensive facilities of Dunham
Bush laboratories. You can see him pictured above on a typical call, 
inspecting a Minnesota shopping center Dunham-Bush air conditioning 
installation. 

Ed's success pattern is enhanced by the wide range of products he 
represents. For Dunham-Bush refrigeration products run from com
pressors to complete systems; the range of air conditioning products 
extends from motel room conditioners to a hospital's entire air condi
tioning plant. The heating line is equally complete: from a radiator 
valve to zone heating control for an entire apartment housing project. 
The Dunham-Bush product family even includes highly specialized heat 
transfer products applicable to missile use. 

AIR CONDITIONING, REFRIGERATION, 

HEATING PRODUCTS AND ACCESSORIES 

un us 
WEST HARTFORD 10, e CONNECTICUT, o U. S. A. 

SALES OFFICES LOCATED IN PRINCIPAl CITIES 
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Two lady school teachers from 
Brooklyn/ spending their sabbatical 
year exploring western Canada, 
stopped at a small and old-fashioned 
hotel in Alberta. 

One of the pair was inclined to 
be worrisome when traveling, and 
couldn't resist until she had made a 
tour of the corridors to hunt out exits 
in case of fire. The first door she 
openedr unfortunately/ turned out to 
be that of the public bath, occupied 
by an elderly man taking a shower. 

"Oh, excuse me!" the lady stam
mered/ flustered. "Vm looking for the 
fire escape." Then she ran. 

To her dismay, she hadn't gotten 
far along the corridor when she heard 
a shout behind her and, looking 
around, saw the man, wearing only 
a towel, running after her. 

"Where's the fire?" he hollered. 

* * * 
A faith healer ran into his old 

friend Max and asked him how things 
were going. 

"Not so good," was the pained 
reply. "My brother is very sick." 

"Your brother isn't sick," contra
dicted the faith healer, "he only 
thinks he's sick. Remember that, he 
only thinks he's sick." 

Two months later they met again 
and the faith healer asked Max: 

"How's your brother now?" 

"Worse/' groaned Max, "he thinks 
he's dead." 

* * * 

Tricky-type riddle: What weighs 
1000 pounds, has four legs, is yellow, 
and can both sing and fly? 

Tricky-type answer: Two five-hun
dred pound canaries. 

Answers To Feb. 
Brain Teasers 

1. House numbers. 

2. Fifty-eight. 

3. Infinite solutions. 

4. Graphical solution. 

5. John-271!2, Phil-16%. 

6. Seven, twenty-nine cents. 

7. Two minutes. 

MINNESOTA TECHNOLOG 
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It looks like a whale, but it's actually a 
king-size collapsible container for carry
ing liquids and powders. Bags like this 
are made of fabric woven with DuPont 
"Super Cordura"* high-tenacity rayon 
yarn, coated with DuPont neoprene syn
thetic rubber; capacity: 3,000-20,000 
gallons. They are among the most dra
matic and practical advances in indus
trial packaging. 

DuPont has made many contributions 
to this field and to practically every kind 
of business or industry you can name. 
Naturally, all this diversified activity 
creates many interesting jobs. Jobs in 
research. Jobs in production. And jobs 
in sales and marketing. Good jobs that 
contribute substantially to the steady 
growth of DuPont and the people who 
are the company. 

For qualified bachelors, masters and 
doctors, career opportunities are today 
greater at DuPont than ever before. 
There is an interesting future in this 
vigorous company for metallurgists, phys
icists, mathematicians, and electrical 
and mechanical engineers, as well as for 
chemists and chemical engineers. 

If you join DuPont, you will be given 
a project assignment almost at once, and 
you will begin to learn your job by doing 
it. Advancement will come as rapidly as 
your abilities permit and opportunities 
develop. DuPont personnel policy is 
based on our belief in promotion from 
within the company on a merit basis. 

If you would like more information 
about opportunities at DuPont, see your 
placement officer or write E. I. duPont de 
Nemours & Co. (Inc.), 2420 Nemours 
Building, Wilmington 98, Delaware. 

*"Super Cordura" is DuPont's registered trademark for its high-tenacity rayon yarn 

Better Things for Better Living ... through Chemistry 
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The "Surveyor" was built by National Steel and Shipbuilding Corp. for the U. S. Coast and Geodetic Survey. 

Aboard the new 5¥2 million dollar "Surveyor". 
Grinnell Pipe Hangers and upports 

GRINNEll. CONSTANT-SUPPORTS- Maintain full 
safety factor in high temperature, high pressure 
systems. For loads from 26 lbs. to 57,500 lbs., with 
travels up to 16 inches. 

GRINNELL SPRING HANGERS- Provide minimum 
variation in supporting force - variation of only 
10112% of rated capacity per 1f2 inch deflection for 
standard models. 21 sizes - 50 lbs. to 28,200 lbs. 

GRINNED.!. VIBRATION CONTROL AND SWAY 
BRACES- Dampen vibration, oppose pipe sway 
and absorb shock. 3 sizes give full deflection 
forces from 200 to 1800 pounds. 

The "Surveyor" has been called "the finest survey
ing vessel in the world." This ship ... a two masted, 
single screw, steel vessel with a length of 292 feet, 
beam of 46 feet, and a light displacement of 2070 
tons ... is powered by a single 3500 SHP steam tur
_bine. The cruising radius is 10,500 miles with 307o 
fuel reserve. 

Safety for the high pressure, high temperature 
piping system aboard the new "Surveyor" was 

entrusted to Grinnell. Spring hangers and sway 
braces, designed and detailed by Grinnell, provide 
flexible support for piping throughout the entire 
range of movement caused by thermal expansion 
and sway. 

Grinnell offers the services of trained field repre
sentatives and design services for consulting engi
neer firms. For your future hanger requirements, 
get in touch with Grinnell Co., Providence 1, R. I. 

ELL 
AMERICA'S # 1 SUPPliER Of PIPE HANGERS AND SUPPORTS 

Pipe, Fittings, Valves, t-langers, Heating and Piping Supplies "' Branda Warehouses and Distributors from Coast to Coast 

ENGINEERING GRADUATES HAVE fOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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"I forgot my umbrella/' Wife: "I thought you were going to 

"When did you miss it, Professor?" the lodge meeting tonight?" 

"When I started to close it
1 

after Husband: "It was postponed. The 

the rain stopped." wife of the Grand Exalted Invincible 
Supreme Potentate wouldn't let him 

* * * 

The little boy wanted $100 so 

badly he decided to pray for it. He 

prayed several weeks with no results. 

So he wrote God. The post office 

finally forwarded the letter to the 

White House. The President chuckled 

and ordered $5 sent to the boy. The 

lad, delighted that his prayers had 

been answered/ in part at least1 wrote 

a thank-you note to God but added 

this P .S.: "I notice you routed my let

ter through Washington and as usual 

the bureaucrats deducted 95 per 

cent." 
* * * 

Two stuttering blacksmiths had fin

ished heating a piece of pig iron, and 

one placed it upon the anvil with a 

pair of tongs. 

"H-h-h-h-h-h-h-h-hitr it/' he stut

tered. 

"W - w-w-w-w-w-w-w-w-w-w-wh

where?" asked the other. 

"Aw-h-h-h-h-h-hell, we'll have to 

h-h-heat it again 1 now." 

* * * 

Mama: "I'm glad to see you sit

ting so quiet while your father naps.11 

Junior: "I'm watching his cigarette 

burn down to his fingers." 

* * * 

The dean of women at a large mid

western university recently began a 

speech to the student body with the 

memorable words: "The president of 

the university and I have decided to 

stop petting." 

46 

out tonight." 

* * * 

A newly married couple boarded 

the Golden State Limited for their 

honeymoon. They were in their berth 

and the bride about every two min

utes would exclaim: "Johnny/ I just 

can't convince myself that we are 

married." This went on and on for 

half an hour. Finally a voice from the 

other end of the car shouted/ "Johnny, 

will you convince her so we all may 

go to sleep?" 

* * * 

A new bride was asked what she 

had found to be the biggest thrill of 

marriage. "It was certainly thrilling 

when Bruce took me to the license 

bureau. It was another thrill when the 

minister pronounced us m a n and 

wife. I got an awful bang out of see

ing Bruce sign the register 'Mr. and 

Mrs.' I do believer though 1 that my 

biggest thrill was thumbing my nose 

at the house detective.11 

* * * 

little Susie was at the question 

stage. 

"Mama/' she asked, "when I grow 

up and get married/ will I also get a 

husband like daddy?" 

"Indeed you will," smiled Mama. 

"And if I don't get married, will 

be an old maid like Aunt Mathilda?11 

"That's right/' agreed Mama. 

"Gosh/' m o u r n e d little Susie, 

"either way a woman can't win!11 

Mrs. Worthmore and her French 

poodle were shopping one day, when 

she noticed the man standing next to 

her at the counter was looking fear

fully at the puppy frisking about his 

legs. 

'My, my/' she sa i d, "don't be 

afraid of Felixr he won't bite you." 

"Madam,11 said the man 1 "I wasn't 

afraid he'd biter but I noticed him 

lifting his hind leg and I thought he 

was going to kick me." 

* * * 

The car sped off the highway/ went 

through the guard rail, rolled down 

a cliff, bounced off a tree and finally 

shuddered to a stop. A passing mo

torist who had witnessed the entire 

accident helped the miraculously un

harmed driver out of the wreck. 
11Good lord, mister," he gasped,. 

"are you drunk?" 

"Of course," said the man. "What 

do you think I am-a stunt driver?" 

* * * 

The young married co u p I e had 

moved into an apartment next to a 

sexy fashion model, and whenever 

the husband went over to borrow 

something, it usually took him much 

longer than his wife thought it should. 

On one especially extended trip, his 

wife lost all patience and pounded 

several times on the wall between 

the two apartments. Receiving no an~

swer, she called the model on the 

phone. 
111 would like to know/' the wife 

said huffily, "why it takes my hus

band so long to get something over 

there!" 
11Well/' replied the model coolly, 

"these interruptions certainly aren't 

helping any." 

* * * 

At the National Dog Show, a dow

ager inquired of an attendant, "Do 

you know the way to the labradors?" 

"Yes'm/' he answered. "The gent's 

is in the basementi the ladies' is down 

the hall on your right." 
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EomDA Y Committee will award twenty dollars to the 
person submitting the best entry for the 

button design. 

Entries must be 
on unruled, 81;2 x 11 heavy 

paper, with colors shown or specified .. 
Design must be simple enough to be legibly 

reproduced on a 21;2" button. Entrants must be IT 
students .. Entrant's name, major, year, local address and 

number must accompany the entry on separate sheet All en ... 
tries must be in the Technolog Office, Room 2, M .. E. on or before 

April 11, 1960 .. Decision of the Judges will be final. 
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I 
edited by GARY B. lAMONT, Physics 161 

1. There are four homing missiles located originally 
in the vertices of a square twenty by twenty miles 
in size. Each missile homes on another missile with 
a velocity of 5,280 feet per second. Each of the mis
siles will turn to the right immediately after launch. 
If they are launched simultaneously, they will ulti
mately collide in the middle of the square. How long 
will it take for collision to occur? 

2. A C. E. has been asked to lay out a road around 
a new townsite on a ten mile square plot of land. 
The town's developers have two requirements for 
the road; it must be as short as possible but must 
also enclose as much of the townsite as possible. 
Also the road is to be entirely within the townsite. 
What shape must the road have? 

3. A circular table is pushed into a corner so that it 
touches both walls. A point at the extreme edge of 
the table on the side nearest the corner is precisely 
eight inches from one wall and nine inches from the 
other. What is the diameter of the table. 

4. Write 100 by using four 9's. 

5. Using only mathematical signs, and without 
changing the position of any digits, make this into 
an equation. 

2967=17 
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6. Three Dutchmen and their wives go to market, 
and each individual buys some hogs. Each buys as 
many hogs as he or she pays in shillings for one 
hog. Each husband spends altogether 3 more guineas 
than his wife. The men are named Hendrick, Elas, 
and Cornelius; the women are Gurtrun, Katrun, and 
Anna. Hendrick buys 23 more hogs than Katrun, 
while Elas buys 11 more than Gurtrum. What is the 
name of each man's wife? 

7. Last quarter a smoking student became short of 
that ole green stuff and discovered that he could 
save his cigarette butts and roll another cigarette 
from three of them. What was the total number of 
cigarettes that he could smoke from a new pack of 
twenty? (Tricky) 

8. Here is a question from the ancient philosophers 
to test your ability in logic. If half of 5 were three, 
what would be a third of ten? 

9. If we multiply 571,428 by 5 and then divide by 4, 
we get 714,285, which is the same as the original 
number with the first digit transferred to the end. 

10. Can you find a number that can be divided by 5 
and multiplied by 4 in the same way-by transfer
ing the first digit to the end? 
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Though the building is not yet built, this 
is a view from one of the apartments. 

How to look ou a window before the building is up 

With 180 t~view"apartments 
to sell, the developers 
of The Comstock 
turned to photography 
to get a jump on sales 

A feature of The Comstock, San 
Francisco's new co-operative apart
ments on top of Nob Hill, will be 
the spectacular panoramic views 
of the Bay area from their picture 
windows. 

How could these views be spread 
before prospective buyers-before 
the building was up? The devel
opers, Albert-Lovett Co., found the 
answer in photography. From a 
gondola suspended from a crane, 
color photos were made from the 
positions of the future apartments. 
Now, the sales representative not 

only points out the location of a 
possible a part ment on a scale 
model, but shows you the view 
from your window as well. 

Photography rates high as a 
master salesman. It rates high in 
other business and industry tasks, 
too. The research laboratory, the 
production line, the quality control 
department and the office all get 
work done better and faster with 
photography on the job. 

Whatever your field, you will 
find photography can save you 
time and cut costs, too. 

EASTMAN KODAK COMPANY, Rochester 4, N .. Y. 

CAREERS WITH KODAK 

With photography and photographic proc- · 
esses becoming increasingly important 
in the business and industry of tomorrow, 
there are new and challenging opportu
nities at Kodak in research, engineering, 
electronics, design and production. 

If you are looking for such an inter
esting opportunity, write for infor
mation about careers with Kodak. 
Address: Business and Technical 
Personnel Dept., Eastman Kodak 
Company, Rochester 4, N. Y. 

---~mllflllillil1 



Q. Why does your company have train

ing programs, Mr. Abbott? 

A. Tomorrow's many positions of major 
responsibility will necessarily be filled by 
young men who have developed their 
potentials early in their careers. General 
Electric training programs simply help 
speed up this development process. 

In addition, training programs provide 
graduates with the blocks of broad ex
perience on which later success in a 
specialization can be built. 

Furthermore, career opportunities and 
interests are brought into sharp focus 
after intensive working exposures to 
several fields. General Electric then gains 
the valuable contributions of men who 
have made early, well-considered deci
sions on career goals and who are con
fidently working toward those objectives. 

Q. What kinds of technical training pro

grams does your company conduct? 

A. General Electric conducts a number 
of training programs. The G-E programs 
which attract the great majority of 
engineering graduates are Engineering 
and Science, Manufacturing, and Tech
nical Marketing. 

Q.. How long does the Engineering and 

Science Program last? 

A. That depends on which of several 
avenues you decide to take. Many gradu
ates complete the training program dur
ing their first year with General Electric. 
Each Program member has three or four 
responsible work assignments at one or 
more of 61 different plant locations. 

Some graduates elect to take the Ad
vanced Engineering Program, supple
menting their work assignments with 
challenging Company-conducted study 
courses which cover the application of 
engineering, science, and mathematics to 
industrial problems. If the Program mem
ber has an analytical bent coupled with a 
deep interest in mathematics and physics, 
he may continue through a second and 

One of a series 

Interview with 
General Electric's Earl G. Abbott, 
Manager-Sales Training 
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third year of the Advanced Engineering 
Program. 

Then there is the two-year Creative 
Engineering Program for those graduates 
who have completed their first-year 
assignments and who are interested in 
learning creative techniques for solving 
engineering problems. 

Another avenue of training for the 
qualified graduate is the Honors Program, 
which enables a man to earn his Master's 
degree within three or four semesters at 
selected colleges and universities. The 
Company pays for his tuition and books, 
and his work schedule allows him to earn 
7 5 percent of full salary while he is going 
to school. This program is similar to a 
research assistantship at a college or 
university. 

Q. Just how will the Manufacturing 

Training Program help prepare me for 

a career in manufacturing? 

A. The three-year Manufacturing 
Program consists of three orientation 
assignments and three development 
assignments in the areas of manufacturing 
engineering, quality control, materials 
management, plant engineering, and 
manufacturing operations. These assign
ments provide you with broad, funda
mental manufacturing knowledge and 
with specialized knowledge in your 
particular field of interest. 

The practical, on-the-job experience 
offered by this rotational program is sup
plemented by participation in a manu
facturing studies curriculum covering 
all phases of manufacturing. 

Q.. What kind of training would I get 
on your Technical Marketing Program? 

A. The one-year Technical Marketing 
Program is conducted for those graduates 
who want to use their engineering knowl-

Progress Is Ovr 

E ER L 
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edge in dealing with customers. After 
completing orientation assignments in 
engineering, manufacturing, and market
ing, the Program member may specialize 
in one of the four marketing areas: appli
cation engineering, headquarters market
ing, sales engineering, or installation and 
service engineering. 

In addition to on-the-job assignments, 
related courses of study help the Program 
member prepare for early assumption of 
major responsibility. 

Q. How can I decide which training 

program I would like best, Mr. Abbott? 

A.. Well, selecting a training program is 
a decision which you alone can make. You 
made a similar decision when you selected 
your college major, and now you are 
focusing your interests only a little more 
sharply. The beauty of training programs 
is that they enable you to keep your 
career selection relatively broad until you 
have examined at first hand a number of 
specializations. 

Furthermore, transfers from one Gen
eral Electric training program to another 
are possible for the Program member 
whose interests clearly develop in one 
of the other fields. 

Personalized Career Planning 
is General Electric's term for the 
selection~ placement, and pro
fessional development of engi
neers and scientists. If you would 
like a Personalized Career Plan
ning folder which describes in 
more detail the Company's train
ing programsfor technical gradu
ates., write to Mr. Abbott at Sec
tion 959-13, General Electric 
Company, Schenectady 5, N. Y. 
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Under fire, the performance of men and machines depends on what they are made of. United States Steel 

makes the materials for the machines, whether it's a very tough armor plate, or heat-resistant alloy, or Stainless Steels. 

You might be interested in some of the USS steels developed specifically for aircraft and missiles: 

USS Strux, an alloy steel with close to 300,000 psi tensile strength primarily for aircraft landing gears; 
USS Airsteel X-200, an air-hardenable alloy steel with 230,000 psi yield strength for aircraft sheet and missile 

applications; USS 12MoV and USS 17-5 MnV Stainless Steels for high-speed aircraft and missiles; 

Stainless "W", a precipitation-hardenable Stainless Steel. 

New special metals, new methods for making them, present an 

exciting challenge. Men willing to accept this challenge-civil, 

industrial, mechanical, metallurgical, ceramic, electrical or chemi

cal engineers-have a future with United States Steel. For details, 

just send the coupon. 

United States Steel 
USS is a registered trademark 

r-----------------------
1 1 United States Steel Corporation 

Personnel Division 
I 525 William Penn Place 
I Pittsburgh 30, Pennsylvania 

I I Please send me the booklet, "Paths of Opportunity." 

I Name ________________ __ 

I 
I Schooli---------------------------------

~ Address•---------------------------

1 City Zone _________ State -~ ____ _ 
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Separating tlte elen~ents ... 
to form new and better metals 
ln their search for stronger, tougher, or more heat-resistant metallic materials, 
General Motors Research chemists use the new anion exchange resin technique 
to obtain exact analyses of complex experimental alloys. 

Looking for a job with an exceptional future? Are you interested in electronics ... 
metals ... jet propulsion ... automobiles ... inertial guidance systems? These are just a few 
of many exciting fields of science and engineering at General Motors. 
Opportunities are virtually endless at GM. Progress can be rapid for men who have 
ability, enthusiasm and potential. You grow as you learn, moving up through your department 
and division, or over to other divisions. 
GM provides financial aid if you go on for your Master's or Doctor's. Also, undergrads 
can work at GM during the summer and gain worthwhile experience. 
For all the details on a rewarding career, see your Placement Officer or write to General Motors, 
Personnel Staff, Detroit 2, Michigan. 

GENERAL MOTOR 
GM positions now available in these fields for men holding Bachelor's, Master's and Doctor's degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical, 
Aeronautical and Ceramic Engineering e Mathematics e Industrial Design • Physics e Chemistry e Engineering Mechanics e Business Administration and Related Fields 
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Engineer C. A. Booker and Technician L. G. Szarmach run an optimizing control test 
to achieve the highest profit rate for a simulated chemical distillation process. 

The New Products Laboratories help 
the Westinghouse en $ neer verify his theories 

The engineer at Westinghouse can rely on the New 
Products Laboratories to help verify his theories. These 
laboratories at Cheswick, Pennsylvania, contain a group 
of advanced engineering development personnel who 
can converse in both the language of the fundamental 
scientist and of the designer. 

These laboratories, through their diverse scientific 
activities, aid the work of engineers in all departments 
of the corporation and provide a means to convert theory 
into proven equipment. Among the many projects which 
have come into being through theN ew Products Labora
tories are thermoelectric power generation, thermoelec
tric refrigation, ultrasonic cleaning, and OPCON, a new 
concept in process control systems. OPCON (optimizing 
control) has proven successful in the chemical processes 
industry. Other possible applications include the petro
leum, steel and paper industries. 

The young engineer at Westinghouse isn't expected 

to know all the answers . . . our work is often too 
advanced for that. Instead, his abilities and knowledge 
are backed up by specialists like those in the New 
Products Laboratories. 

If you have ambition and ability, you can have a 
rewarding career with Westinghouse. Our broad product 
line, decentralized operations, and diversified technical 
assistance provide hundreds of challenging opportuni
ties for talented engineers. 

Want more information? Write today to Mr. L. H. 
Noggle, Westinghouse Educational Department, Ard
more and Brinton Roads, Pittsburgh 21, Pennsylvania. 

Westinghouse 
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New styles for the man-about-space 

Every time a space traveler leaves home (earth), he has to wrap himself in 
the complete environment necessary to his physiological and psychological 
well-being. Styling sealed space capsules to suit man's every requirement 
has been a major project at Douglas for more than ten years. Forty basic 
human factors areas were explored in these studies. Now Douglas engineers 
have evolved plans for practical space ships, space stations and moon 
stations in which men can live and work with security thousands of miles 
from their home planet. We are seeking qualified engineers and scientists 
who can aid us in furthering these and other out-of-this-world but very down
to-earth projects. Write C. C. LaVene, Box 600-Y, Douglas Aircraft Company, 
Santa Monica, California. 

MISSILE AND SPACE SYSTEMS 1!1 MILITARY AIRCRAFT 1!1 DC-8 JETLINERS 1!1 CARGO TRANSPORTS 1!1 AIRCOMB® 1!1 GROUND SUPPORT EQUIPMENT 
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Today is a time of rapid growth and expansion at 
Du Pont. Development activities are being accel
erated, and new processes are being installed at 
plants new, old and under construction. 

This creates need for technical graduates: chemists 
(all specialties), physicists, mathematicians; engi
neers of almost every specialty -chemical, mechan
ical, industrial, electrical, metallurgical. 

LOCATIONS: Eastern half of U. S. primarily 

REQUIREMENTS: Recent Bachelor's, Master's or 
Doctor's degree 

Write to .. o 

2420-4 Nemours Building 
E. I. duPont de Nemours & Company (Inc.) 
Wilmington 98, Delaware 

BETTER THINGS FOR BETTER LIVING ••• THROUGH CHEMISTRY 

? 

I 
1!1!1 
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for 35 years, Hersey Meters have been equipped with L 

JE 

Century-old Hersey-Sparling Meter Company 
does everything possible to make good its slo
gan-You can't buy a better Water Meter 
than Hersey. One example is seen in a rule 
that any part of the meter not made by Hersey 
must be obtained from sources which have 
Hersey's own policy of making the Best. For 
valves, Hersey's standard for quality has been 
JENKINS for 35 years. 

Hersey-Sparling's customers, like the buyers 
of any equipment that incorporates valves, see 
the famous Jenkins DIAMOND trade;.mark on 

I S VALVE 

the valves as a sure sign that nothing has been 
·spared in assuring reliability and low mainte
nance costs. Architects, engineers, contractors 
and operating men are bound to respect equip
ment that carries the valves they so often specify 
to assure trouble-free piping systems. 

Of course, valves of less quality can be 
had for a little less money. But it is worth 
remembering that Jenkins Valves, so widely 
known for reliability, cost no more than any 
good valves. Jenkins Bros., 100 Park Ave., 
New York 17. 

MOST TRUSTED TRADE-MARK .IN THI; VALVE:WORLD 
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Hey, there! You with the freshly-starched diploma in 
your hand! Discouraged with your :first hard look at this 
topsy-turvy world? Think someone chopped out the rungs 
in the ladder of success? Think opportunity is dead? 

Don't you believe it! Today, opportunity under Ameri
ca's free enterprise system is more alive than ever! With
in the next few years, you'll see space travel programs 
accelerate and inspire now unheard-of products. You'll 
see standards of living go up. You'll see exciting new 
jobs created out of nowhere. 

Take our own business, for example. Oil. In the next 
few years, we know Standard Oil will create a cornucopia 
of new products and new processes. And that means 
opportunity! But it takes time, work, and study to turn 
opportunity into advancement. People who are willing 
to put forth the extra effort to prepare for greater re-

sponsibility will :find opportunity awaiting them. 
Is opportunity dead? Whenever we hear that question, 

we think of the thousands of people who won promotions 
last year at Standard Oil and the fact that most of our 
officers and directors since this company started have 
come up through the ranks. No Standard job is too big 
a target for any employee ... if he listens for opportu
nity's knock and is ready for it when it comes. 

Opportunity dead? Not by a long shot! 

WHAT MAKES A COMPANY A GOOD CITIZEN? One way 
to judge is by a company's economic effect on a com
munity. Is it growing? Is it' progressive? Will it provide 
opportunities for advancement? For the :five years from 
1954 to 1959, Standard spent $1.4 billion on new facilities. 
Expenditures like these help to create new opportunities. 

STANDARD OIL ~OMPANY 
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THE SIGN OF PROGRESS .•• 
THROUGH RESEARCH 
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World's fastest nuclear submarine 

undergoes sea tests in the Atlantic. 

(Official U.S. Navy Photo) 

APRil, 1960 

by DAVID A. BERG, B.Che. '62 

I
N THE PAST few years the U.S. Navy has been mak
ing impressive strides toward developing a nuclear 
navy. This atomic-age navy has capabilities far 

surpassing even the hopes of many of its advocates. 
The story of the development of this modern navy 
finds no equal in naval history. 

The modern nuclear Navy had its beginnings 
almost twelve years ago when the reactor for the 
first atomic submarine, Nautilus, was approved by 
Congress. Such was the beginning of the new Navy, 
which today has 36 vessels under construction or 
on the seas with a total of 46 reactors to propel them 
anywhere in the world. These figures do not, how
ever, include the proposals from the 1960 defense 
budget which will probably raise the number sig
nificantly. The construction of submarines comprised 
the first work in this field but the surface fleet has 
at least been considered for the installation of this 
high priced nuclear power. 

Three surface ships are now under construction 
or already launched. All are the first of their class 
in the Navy and will undoubtedly play very impor
tant roles in the future planning under discussion 
now. The Long Beach, already launched, will be 
added to the fleet in early 1961. Her propulsion sys
tem yields 35,000 horsepower from each of two CIW 
reactors (referring to cruiser, first model, Westing
house). Maximum speed will be approximately 30 
knots from this first nuclear warship. The Enter
prise will be our first reactor powered carrier. Eight 
reactors are being constructed to power this giant 
of 86,000 tons from 33 to 35 knots. Total horsepower 
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available will be 280,000. The life expectancy of the 
cores will be about five years. An example of the 
complexity of these projects is the fact that it will 
take eighteen weeks to assemble the complete parts 
of one core alone. The Bainbridge is a destroyer
leader of only 7,900 tons powered by two redeveloped 
S4G reactors (submarine, fourth model, General 
Electric). It is the smallest ship that can be fitted 
with nuclear propulsion for at least another five or 
seven years, according to the Chief of the Bureau of 
Ships, Admiral James. 

The field which has been the most widely ex
plored and also the area where nuclear power can 
probably be best put to use is in submarine cons
truction. The Nautilus was the first of the many subs 
we now have. However, two important events have 
occurred which have greatly revamped the subma
rine program for the present and possibly for the 
distant future. The S5W reactor has been standard
ized and is now being mass produced for use in 
submarines now under planning and construction. 
Also, the types of submarines now number but two: 
the fleet attack sub of the Shipjack type and the 
Fleet Ballistic Missile types which will fire the 
Polaris. 

The overall look at the subs now in operation 
reveals many new ideas and developments concern
ing nuclear propulsion. Nautilus is now being re
fueled for the second time but as Captain Anderson 
said, "I could get more power out of this core but 
... the limiting factor ... is the design of the steam 
plant." This statement reveals the almost unlimited 
power of a nuclear propulsion system as it is de
signed for the fleet today. Seawolf, after having 
superheated troubles with its sodium cooled reactors 
in the early stages of her history, has proved to be 
a very reliable ship. However, her isolated nuclear 
reactor is now under study in order that later water
cooled units may be allowed to be repaired at sea. 
Sargo, on an extended trial from January 11 until 
April 3, traveled a total of 19,000 miles with 99.5 

10 

Commissioning ceremonies of the 

U.S.S. Grayback. 

(Official U.S. Navy Photo) 

per cent of this time underwater. This is even more 
impressive when compared with the fact that a con
ventional sub will only average this distance in a 
year with probably only 25% of the time spent sub
merged. 

Two new types of subs will probably have the 
greatest effect on construction for years to come. 
Skipjack is the first of these, revealing the new tear
drop hull shape designed for great speed when sub
merged. Actual test results are withheld, but it is 
felt that a good guess of her speed is about thirty
five to forty knots. She is also equipped with the 
S5W reactor and has a cruising range of about 
95,000 miles at full power. The George Washington 
is the first of the Polaris subs and will cost about 
$150 million with its payload of 16 missiles. The 
design of this type of sub will be quite similar to 
the Skipjack class in all other respects revealing 
again the new conformity in nuclear sub design. 

There are several other submarines with nuclear 
propulsion systems. However, all are one of a kind 
in their class due to the formation of only two sub 
types or they are simply later models of previous 
leader types. Triton, the radar picket sub; Halibut, 
a large missile hanger sub; Tullibee, a hunter-killer 
type; Skate, Swordfish, Seadragon, Thresher and the 
other, Ethan Allen, all are in this same classification. 

This, then, is the general situation of nuclear 
propulsion systems in the Navy at the present. Many 
new developments must be made before real, great 
strides can be made from this point on. Initial cost 
of a nuclear ship is still about 75 percent greater 
than that of a conventional ship of the same types 
and fuel is seven or eight times greater in cost, too. 
However, much logistic support can be eliminated 
with an "unlimited" fuel supply. Weight per horse
power still must be cut but advances have been 
made. A bright spot in the future of the program 
could be the Natural Circulation Reactor. It would 
do away with main coolant pumps, valves, gener
ators, and controls. A large decrease in noise and 
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weight and an increase in dependability could thus 
be obtained. 

These are but a few of the hopes for the future. 
Those hopes will probably be developed under the 
same man who has helped give the nation its pres
ent nuclear Navy-Admiral Hyman Rickover. 

Disliked by many but respected by all, Admiral 
Rickover now heads the largest single reactor pro
gram in the world. This dynamic, sharp-tongued 
Assistant Director of Nuclear Propulsion of the Bu
reau of Ships has almost single-handedly fought 
opposition and given the United States its nuclear 
powered Navy. Whether it be on the floor of Con
gress or in the plan of a civilian contractor, Admiral 
Rick over never fails to present his opinion on any 
matter, large or small. Many people say he carries 
such items as high standard of quality, interference 
with company problems, and his cut-throat and red 
tape cutting methods too far, but none can argue 
with the results he has achieved. 

Reactors 
An event which already has been and will con

tinue to be an important concept in the future was 
the discovery of nuclear fission in 1939. Thit.: source 
of power gave the world a new idea for production 
of useful energy and, for the purpose of this article, 
supplied a totally new type of propulsion syste1n 
for a ship. 

The energy supplied in the fission process is 
really astonishing when compared with its conven
tional competitors. One pound of uranium, if com
pletely reacted, could liberate 3.6 x 1010 BTU. 
Compare this figure with approximately 1400 tons 
of coal required to equal the heat output of the fission 
process. This, however, represents the theoretical 
value present which is not the practical, usable 
value in modern reactors. 

The actual process of fission can be explained in 
simple terms, but actually is quite a complex idea. 
When a nucleus with certain desirable characteris
tics is struck by a neutron, two lighter nuclei are 

formed with an appropriate release of energy. Neu
trons are also released from this type of reaction 
which will lead to other similar reactions under the 
right circumstances. When this rate of reaction is 
such that a continuous release of energy is possible 
with the reacting products still under control, we 
have what is called a nuclear reactor. The reactor 
being in this case critical, while a rate of reaction 
less than or greater than this rate would be described 
as sub-critical or super-critical, within various 
limits. 

Complete papers could be written on each small 
part of this complex power generator, but a general 
picture can be created for the entire plant by limit
ing discussions to a few points about each primary 
requirement. 

Coolants used to remove the genera ted heat 
energy from the core must have varying qualities. 
Since operating temperatures are relatively high, a 
high degree of thermodynamic efficiency is possible 
from this heat machine. This requires that the cool
ants used be capable of transferring the heat of 
fission without breaking down or changing physical 
characteristics. A small nuclear cross-section is de
sirable in the coolant's atom since neutron absorption 
while inside the core can also change physical char
acteristics and render a substance useless for heat 
transfer purposes. 

Reflectors and moderators used on different types 
of reactors are generally a function of the reactor 
itself. Each can be adjusted to maintain the rate of 
reaction at a desired level. The use of high energy 
neutrons demands a reflector of comparable high 
effectiveness, whereas low energy neutrons require 
a less capable reflector and probably a less efficient 
moderator as well. 

The use of movable neutron absorbing materials 
or the actual moving of part of the reactor to permit 
or prevent the escape of neutrons comprises the 

(Continued on page 34) 

Cut-away model of first fleet ballistic missile submarine. 

(Official U.S. Navy Photo) 
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... THE EXPLORATION OF SPACE 

Since its inception nearly 23 years ago, 
the Jet Propulsion laboratory has given 
the free world its first tactical guided mis
sile system, its first earth satellite, and 
its first lunar probe. 

tier will advance at an accelerated rate. 
The preliminary instrument explora

tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 

will be made of the moon and the plan
ets and of the vast distances of inter· 
planetary space; hard and soft landings 
will be made in preparation for the time 
when man at last sets foot on new worlds. 

In the future, under the direction of the 
National Aeronautics and Space Admin
istration, pioneering on the space fron-

In this program, the task of JPl is to 
gather new information for a better un
derstanding of the World and Universe. 
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"We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
then setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 

"Who can tell what we will find when we get to the planets? 

Who, at this present time, can predict what potential benefits 
to man exist in this enterprise? No one can say with any accu
racy what we will find as we fly farther away from the earth, 
first with instruments, then with man. It seems to me that we 
are obligated to do these things, as human beings!' 

DR. W. H. PICKERING, Director, JPI. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
A Research Facility operated for the National Aeronautics and Space Administration 

PASADENA, CALIFORNIA 
Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 

iNFRA-RED • OPTICS • MICROWAVE" SERVOMECHANISMS • COMPUTERS • LIQUID AND SOLID PROPULSION • ENGINEERING MECHANICS 
STRUCTURES • CHEMISTRY • INSTRUMENTATION • MATHEMATICS AND SOLID STATE PHYSICS 

Send professional resume for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 
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hy diversification makes a better all=around man 

DIVERSIFICATION of effort makes for versatility-and ver
satility pays off in business as well as on the athletic 

field. We've found that to be especially true here at Koppers. 

Koppers is a widely diversified company-actively en
gaged in the research and production of a wide range of re
lated and seemingly unrelated products, such as remarkable 
new plastics, jet-engine sound control, wood preservatives, 
steel mill processes, dyestuffs, electrostatic precipitators, coal 
tar chemicals, anti-oxidants and innumerable others. 

Because we are diversified, our work is interesting. Through 
job rotation, our engineers and management personnel are 
given the opportunity to learn many of the diverse activities 
at Koppers. The result? Versatility. 

While you are moving laterally at Koppers, you are also 
moving up. Your responsibilities are increased. Your ability 
is evaluated and re-evaluated. And you are compensated 
accordingly. 

You don't have to be with Koppers for 20 years before you 
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get somewhere. If you have ability, ideas, spark-you'll move 
ahead, regardless of seniority or tenure. 

At Koppers, you'll stand on your own two feet. You'll get 
responsibility, but you'll also have free rein to do the job the 
way you think it should be done. No one will get in your way. 

Koppers is a well-established company-a leader in many 
fields. Yet, it's a forward-looking company, a young man's 
company. Perhaps, your company. 

Why not find out? Write to the Personnel Manager, 
Koppers Company, Inc., Room 230, Koppers Bldg., Pitts
burgh 19, Pennsylvania. Or, see your College Placement 
Director and arrange an appointment with a Koppers rep
resentative for the next recruiting visit. 
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Is the earth the center of the universe? As early 
as Plato and Aristotle it was believed that the 
moon, sun, planets and stars revolved around 
the earth. Then, in the 15th Century, a man 
named Nicholas Copernicus proclaimed his new 
theory challenging those of earlier, renowned 
astronomists. 

• 

Theory of Astronomist 

icholas Coperni~us 

by PAUL W. KIRCHOFF, B.E.E. '60 

URING man's early history, the heavens were con
sidered with awe and reverence and the planets 
were named after gods. As man started inves

tigating the things around him the moving bodies 
of the heavens came under surveillance. First the 
sun and the moon were considered and later the five 
planets that are visible to the naked eye. Then cer
tain configurations of stars (the constellations of the 
Zodiac) were seen to appear year after year. The 
constellations were connected with the seasons, parts 
of the body, and even the destiny of man. With these 
thoughts, astrology was born. 

It is natural that early man should measure time 
by the rising and setting of the sun and, for longer 
periods, by the waxing and waning of the moon. The 
Babylonians were the first to record their observa
tions in this sense, but the Egyptians had shown a 
very primitive interest in the planets and constella
tions. 

The development of the Greek culture brought 
the first scientific approach to the study of the stars. 
This was the beginning of the science that is now 
called astronon1y. Many early scholars such as Eu
clid, Pythagores, Plato and Aristotle entered into the 
picture, but the early theory of astronomy was de
tailed by the philosopher Ptolemy. According to his 
theory, the earth was the center of the universe, with 
the moon, the sun, the planets, and the stars revolv
ing around it in concentric spheres. To explain the 
erratic motion of the planets Ptolemy devised epicy
cles-small circular excursions the center of which 
revolved about the earth on a second circle. Heracli
des and Aristarchus first placed the sun at the center 
of the universe but did not develop the theory. 
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The earliest calendars were based on the lunar 
month (the period from full moon to full moon). 
This calendar was not too successful since the lunar 
year is one day shorter than the solar or sun year. 
Julius Caesar revised the calendar in 46 B.C., giving 
each year 365lf4 days (365 days a year with every 
fourth year having 366). This system worked very 
well over comparatively short periods of time, but 
gained one day every 128 years. Thus by 1473, the 
year Copernicus was born, the calendar was nearly 
five days ahead of the celestial clock. Easter, the first 
Sunday after the first full moon after the 21st of 
March, was delayed by as much as 31 days. Astron
omy at this time was used mainly to set the church 
holidays so the astronomers set to work trying to 
discover why the calendar was in error. 

New Light; Old Theory 

Nicholas Copernicus, the man who was to shed 
new light on this problem, was born on February 
19, 1473. He was the son of Nicholas Koppernigk, an 
influential merchant of Cracow, Poland, and Barbara 
Waczenrode, a member of a wealthy family of Tor
urn, Poland. Copernicus had two older sisters, Bar
bara, who became a nun, and Katrina, who married 
a Cracow merchant, and an older brother, Andrew, 
who became Nicholas' companion through most of 
his life. 

The family moved to Torun in 1458 where Coper
nicus' father became a leading citizen and magis
trate. In 1483, Nicholas Sr. died and the family was 
broken up. The four children went to the home of a 
maternal uncle, Lucas W aczenrode, a canon of the 
Frauenberg Cathedral in Prussia. In 1489, Lucas was 
consecrated Bishop of Ermland, one of the four dio
cese into which Prussia had been divided for pur
poses of church government. The Bishop at that time 
was also the ruler of the state. So Copernicus was 
brought up by one of the most important persons in 
Ermland. 

Copernicus received his early formal education at 
St. John's school at Torun and later at the Cathe
dral School of Wloclawek several miles outside of 
Torun. He took courses which prepared him for en
trance into Cracow University. Records of this part 
of his life are sketchy, and there is no indication of 
what kind of a student he was or what subjects he 
was taught. 

An Interest In Astronomy 

In 1491, Copernicus entered the University of Cra
cow one of the more advanced educational institu
tion~ of the day. His brother, Andrew, was a student 
there also, and it appears that the two young men 
roomed in their married sister's home. The lectures 
at the school consisted mostly of reading and ex
plaining the Latin classics. The subjects covered 
were philosophy, geometry, astrology, astronomy, 
and geography. While at Cracow, Copernicus mas
tered Latin, and under this influence changed his 
name from Koppernigk to Copernicus. The Latin 
books he was now able to read aroused his interest 
in astronomy, but the works of the early astrono
mers were written in Greek, and only the Ptole1niic 
theories were thought worthy of translation. 
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Albert Brudzewski, Polish mathematician and 
Professor at Cracow University, taught Copernicus 
the use of astronomical instruments and the mathe
matics necessary to interpret his observations. 

Astronomy had now assumed a much more im
portant position in the sciences because ocean tra
velers had broken away from the habit of following 
the shorelines to get from place to place. Star charts 
were becoming essential to navigation. The church 
leaders were also demanding a new calendar which 
would reorient the church holidays. Astrology still 
held an important place in everyday life. 

During his stay at Cracow, Copernicus started 
collecting books on mathematics and astronomy. 
These books are important in the story of his life 
because the notes he made in the margins allow us 
to follow his travels and more important, indicate 
the development of his theory. 

In 1496, Copernicus left Cracow, possibly without 
a degree. Of 70 students in his class, one-fifth pro
ceeded to the B.A. and only one to the M.A. War
threats by the Turks and Tartars kept the country 
in a constant state of turmoil, and the forming of 
gangs of foreign students at the University lead to 
street fighting and, in some cases, to destruction of 
University property. This unrest probably caused 
Copernicus to leave the University before he re
ceived his degree. 

A New future 

Upon Copernicus' return to Torun, his uncle de
cided to have his nephew appointed to some office in 
the church. The most likely office was Canon in the 
Cathedral at Frauenberg. Since there were no imme
diate openings, Copernicus was sent to Bologna, 
Italy to take up Canon Law-the legal code drawn 
up by Popes and Councils by which the church was 
governed. 

At Bologna the students ran the University. They 
elected a Rector who served as administrative head 
of the institution. The teachers had to swear to obey 
the Rector and were fined if they fell behind sched
ule in their course of lectures, left anything out, were 
late in starting, spoke too long, or allowed their class 
attendance to fall below a set minimum. The teacher 
had to get special permission from the student gov
erning body to take a days leave, and had to pay a 
deposit if they wished to leave the city. If they did 
not return in the specified time, the deposit was for
feited. 

Copernicus lived with Domenico Maria da No
vara, Professor of astronomy. The professor was the 
first man with whom Copernicus discussed ways of 
improving the Ptolemaic theory. 

In 1498 Andrew came to Bologna to attend school, 
and also to tell Copernicus of the astronomers ap
pointment as Canon of Frauenberg Cathedral. An
drew, in turn, became Canon in 1499. A leave of ab
sence had been granted to the brothers so that they 
could continue their education. They lived frugally 
while at Bologna and were forced to appeal to the 
Ermland representative in the papal courts for addi
tional funds. 

(Continued on page 30) 
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What1
S ahead for the 

graduating engineer? 

by GEORGE E. MOORE, P.E. 

HATS IN store for the engineering student as he 
nears graduation? Questions about the profes
sional and academic future will be faced by 

about 38,000 graduating engineering students during 
1960. Approximately 16 per cent of these graduates 
will continue their education toward an MS degree. 
About 11f2 per cent will ultimately complete the 
requirements for a Ph.D. 

Graduate study is becoming increasingly impor
tant in our specialized modern technology and is 
highly recommended by universities and industry. 
However, four out of five college graduates will 
choose to leave the academic life and enter business, 
industry or governmental service, including military 
service. 

For those engineering students who are planning 
to enter industry upon graduation, this discussion 
has two objectives: 

1. To examine some employment considera
tions for graduating engineers; and 

2. To comment on some aspects of the grad
uate engineer's first few years "on board" 
with industry. 

During much of 16 to 18 years a student works 
to obtain a formal education. Only within the last 
few years of his college studies does he specialize in 
engineering by personal choice. Specialize? Defi
nitely. When compared to the full scope of educa
tion and know ledge, engineering is a specialized 
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After receiving a BSEE in 1935 from Pennsylvania State 
University the author, George E. Moore, spent thirteen years 
in Field Engineering at International Business Machines Cor
poration. This was followed by seven years as an instructor 
for the company in the Engineering Training Program and 
Orientation for new engineering employees. 

Since January, 1957, Mr. Moore has been assigned to Engi
neering Personnel. This constitutes recruiting the college 
graduate at numerous colleges, universities and technical 
schools ithroughout the United States. He is also an IBM 
College Relations representative for Pennsylvania State 
University. 

field. The function of this specialization is to increase 
the student's fund of knowledge and understanding 
of the principles which underlie science and engi
neering, and to learn some appreciation of the art 
of using these principles to create and produce ma
terial products. 

Probably never again in his career will the grad
uating senior have as much information and guid
ance so readily available as he will find in the college 
placement office in the form of literature, personal 
interviews and counseling. The demand for engi
neers, built-up over the past 10 years, has been to 
the benefit of the graduating senior. However, this 
demand has brought with it some potential prob
lems for the engineer as he becomes involved in the 
whirl of the recruiting season. The company litera
ture is gay, enticing and spectacular. Some company 
recruiters are suave, eager to hire, and even quick 
to make spot offers of employment. The student who 
has kept his nose to the scholastic grindstone may 
become confused when exposed to the recruiting 
machine. He may find his studies suffering from 
excessive time spent on company interviews. As 
an example, one engineering student at a well-known 
eastern university was in the top fifth of his class 
when interviewed on campus in December. By June 
next year he had dropped to the middle of the 
second quarter of his class. In retrospect he attrib
uted the scholastic drop to the time he spent on job 
interview trips. It is therefore advisable to selec
tively limit the number of companies contacted 
during the recruiting process so that a judicious 
employment decision can be reached with the least 
expenditure of time. 

The graduating engineer would do well to spend 
some time in a detailed self -analysis to determine 
his best abilities and strongest interests. He could 
learn much about himself by conferring with the 
placement officer, his faculty advisor, his professors 
and close friends. Many of the same sources can 
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also provide useful information about the career 
opportunities in and the reputation of companies 
offering a professional career in his field. 

Concerning the graduating engineer's interview
ing deportment, most schools provide orientation 
and guidance, if not a complete series of lectures 
on the subject. The most important advice is "Be 
Yourself." The company representative will "carry 
the ball." One of his primary functions is to provide 
the student with any information he is seeking about 
the company. The company representative should 
introduce any topic necessary. His other function is 
to try to evaluate the student. Consequently, there 
are many important areas of mutual interest to 
discuss. This applies especially to the campus inter
view and to the interview (s) which occur when 
the student visits the company site for further inter
viewing. 

What are some of the considerations on the part 
of the company? Employment experience indicates 
the college graduate is highly idealistic. He may not 
know precisely in what field he wishes to begin his 
career but he has many high objectives. He envi
sions considerable future progress for himself. This 
is fine. The company wants to employ progressive
minded people with high ideals. However, the rep
resentative has engineering experience and he knows 
it takes more than high ideals alone to succeed. 
Therefore, during the campus interview he must 
try to determine the student's interest, initiative, 
ability to do the best work possible and his capa
bility of future growth. Through this he will attempt 
to establish where the student might best start and 
whether the student can achieve the degree of suc
cess he envisions for himself. 

The company representative is sometimes criti
cized for the importance he attaches during the 
campus interview to the cumulative grade-point 

(Continued on page 22) 
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• OCiety horts 

KAPPA ETA K~PPA celebrated t~e end-
KAPPA ing of winter quarter with an 

E
TA after-finals party at Worwa's. Every-

one had a good time and is looking 
KAPPA forward to the end of spring quarter 

for another party. 
Monday evening, March 28, the featured speaker 

for the evening was Prof. Rudolph Herman of the 
Aero Engineering department. Prof. Herman was 
originally a member of the German rocket team. A 
very interesting and informative talk was given. 

Monday evening, April 4, John Mariuuci, the 
University hockey coach, was guest speaker for our 
smoker and open house. Many a serious and informa
tive point was brought out by the coach along with 
the laughter that he gave us. 

Our bowling and softball teams are being organ
ized for entrance into the spring quarter sports pro
grams. The power-laden softball team threatens to 
be a real contender for honors, unless we have to 
play in the men's league. When Coach Hager was 
interviewed as to the condition of the team, he de
clined comment. 

We are now organizing and planning active par
ticipation to help make E-Day a success again this 
year~ Many members of this chapter are committee
heads on the E-Day committee. 

We would like to extend our welcome to our two 
new members, Tom Hagen and Paul Koblas, and a 
welcome for all EE students to stop and visit us at 
90 Washington Avenue S.E. Our program is set up 
to help students in many respects. We have a sports 
program for exercise and satisfaction of the competi
tive spirit; social activities to give us a little more 
polish in our association with other people; partici
pation in organized activities to develop leadership 
abilities; speakers to give us views on all phases of 
education, business, and ideas and an organized ef
fort to help each other get through school. 
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edited by RICHARD A. PEDERSEN 

THE STUDENT chapter got off to an ac
tive spring quarter program with a 

A 11 E tour on Friday, April 1. The chapter 
members toured the Toni Co. of St. 
Paul. The Toni Co. has many good 
examples of industrial engineering 

practice in the production of home permanents and 
related products. 

Displays for E-day are now in progress. The chap
ter hopes to have several informative displays on 
the practice of industrial engineering. 

A cordial invitation is out to all industrial engi
neering option students to come down to the chapter 
room, a convenient place to study, relax with a cup 
of coffee, and become better acquainted with your 
fellow students. 

0 N WEDNESDAY, April 13, the patrons 
of the Big Ten witnessed another 

lively meeting of the S. G. E. After 
several false starts the business meet
ing commenced at 8: 00 p.m. Bob 
Edell was elected secretary. He was 
the only member with a pencil. 

The business meeting was highlighted by Sid 
Jerson's reading of the proposed constitution. Sid, 
carrying on in the best tradition of Thomas J effer
son and Benjamin Franklin, received a standing ova
tion for his excellent work of framing this impressive 
document. After several hours of folk singing at the 
piano-bar the meeting adjourned. 

Eugene Collins, James Kress, Eugene Dannecker, 
and Glen Lokken were welcomed into the ever
swelling ranks of the fastest growing organization 
on campus. 

Qualified students who are interested in joining 
the S. G. E. are urged to contact any of the active 
members prior to May 6th. 

(Continued on page 39) 
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PIONEERING is a key word at Wisconsin Electric Power Company. The Company's 
future as a power utility was entrusted to the imaginative minds of its engineers when 
it decided to incorporate the experimental pulverized fuel boilers (1904 photo above left) 
into Lakeside power plant. This experiment soon resulted in record boiler efficiency and 
won world-wide acceptance. Today's 275,000 kw unit 5 at Oak Creek power plant (above 
right) is an example of the Company's continuing reliance on pioneering ideas to pro
vide power with ever-increasing efficiency and economy. Among the imaginative solutions 
to problems at unit 5 are: turbines with the floor line at the center of the turbine- solv
ing a space problem; motor actuated hangers to control stress in the main steam pipe; 
silo-type bins for coal storage - eliminating stress problems and cutting construction 
costs; aerodynamically tested duct work to reduce pressure loss between the dust collec
tor and fans, and specially designed finned aluminum tubes - heated with bled steam. 

We invite your questions about engineering opportunities in all fields-excellent pos
sibilities for you to pioneer in power. 

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. 
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]ames Elam (M.S., Purdue '59) is studying various techniques of speech analysis at IBM. 
The objective of this work is voice-machine communication. 



e's breaking through 
sound barriers to 
find new applications 
of human speech 

It is believed that once clear, distinct signals can be obtained from 
human speech sounds, the human voice can be used for direct com
munication with machines. James Elam is working in this direction. 

Voice-Machine Communication Problems 
The problems involved are formidable. Machine "understanding', 
of human speech will be limited by both the sensitivity and the 
number of electronic "recognizers" of speech-sound patterns that 
can be built into the machine. To further complicate matters, the 
human voice is capable of making an almost infinite variety and 
subtlety of sound patterns. Only in theory could a machine be built 
that could recognize all of them. 

A Solution in €'Phonemes"? 
To further this work on voice-machine communication, James 
Elam is studying various techniques of speech analysis. In one 
scheme, recordings are made of voices reading words. These are 
then examined in their frequency spectrum, and a power within 
discrete bands is plotted. The plots, or spectrograms, are used 
to break down words into basic sounds called «phonemes." Each 
phoneme has a separate and distinct pattern and is capable of giv
ing a clear signal. It is hoped that these signals can be used to 
communicate directly, through an audio input, with machines. 

Fascinating Assignments 
Because of its exciting future possibilities, James Elam finds his 
work fascinating. 

If you would like to employ your talents in areas where exciting 
future possibilities are all part of a day's work, then you might 
consider the opportunities offered by IBM. When our representa
tive comes to your campus, he will be glad to give you information 
about opportunities in research, development, manufacturing and 
other areas at IBM. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 

Your Placement Officer can tell you when an IBM representative will 
next visit your campus. Or you may write, outlining briefly your back
ground and interests, to: Manager of Technical Employment, IBM 
Corporation

7 
Dept. 846,590 Madison Avenue, New York 22, New York. 
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average of the student. The validity of attaching 
great significance to this average is debatable. How
ever, the student is asked to place himself in the 
position of the interviewer. The company represent
ative is responsible for making a decision on the 
student based on past accomplishments of the stu
dent- what he is today and what he might be 
expected to accomplish in the future. What the stu
dent is today is the result of personal and environ
mental influences over a period of twenty to twenty
five years by his parents, church, primary, secondary 
and college educators, friends, relatives, part-time 
employers, and, in some cases, by military service. 
In the twenty to thirty minutes available for the 
campus interview, a complete evaluation of the 
graduating engineer cannot be made by even the 
most expert interviewer. Thus the interviewer re
sorts to some degree to that handy index of scholas
tic achievement established over a span of several 
years- the grade-point average. It is equally not 
possible for the student to properly evaluate a com
pany by speaking for a few minutes to one of its 
representatives on campus. Thus, the visit to the 
company site serves as an opportunity for more 
complete mutual evaluation by the company as well 
as the student when mutual interest is generated 
during the campus interview. 

Brave New World 

When a student visits the company site he learns 
more about the company and the positions that seem 
best suited to him. The personnel representative 
briefs him on his agenda for the day. He visits sev
eral groups involving projects compatible with his 
interests and abilities. The projects are explained 
and questions answered. If "hardware" is involved 
it is shown. (Disclosure of military projects involv
ing security is an exception.) At the end of the day 
his activities of the· day are summarized with the 
personnel representative, who also presents infor
mation regarding educational opportunities, the 
community, benefits and other pertinent topics. 

There isno set pattern for these interviews. Each 
is customed to the student's technical level and the 
requirements of the position. Here again, the best 
advice to the student is the most simple. "Be Your
self." The company interviewer is as interested as 
the student in finding the position best suited to 
his qualifications and interests. 

Positive feed-back information from the project 
groups visited is compared with the student's stated 
preference. When a satisfactory rna tch exists an 
offer of employment is very likely to follow. The 
offer may be made at the end of the student's visita
tion day. More ·frequently, it is mailed within a 
week or two of his visit. 

Having earned an offer of employment the stu
dent may feel a sense of achievement. The company 
has made its decision and the next step is up to the 
.student Hi.s positive action regarding his employ-
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ment offer will terminate phase one toward a suc
cessful start of his career. 

As the engineering graduate enters his chosen 
field what can he anticipate? How does he begin? 
What is the usual career progression of the engineer? 

Rather than a step function, the development of 
a professional engineer is a gradual evolution. The 
major phases are employment, placement, training, 
early assignments, and progression toward respon
sibility. 

Early Days 

With his first day on the job the new· engineer 
starts building his reputation- the reputation by 
which he is known by his employer and his associ
ates, both inside and outside his company. 

In his early years in industry an engineer may 
be evaluated in comparison to others who joined 
the organization at approximately the same time. 
As time progresses the basis for comparison is 
broadened. The competitive aspect of an engineering 
career is brought more into focus for the new engi
neer when graduates employed the following year 
begin to arrive on the scene. He may notice that 
some of the new graduates are quite "sharp." 

Placement serves to determine judiciously the 
project assignment where the new engineer begins. 
The requirements of the position are matched with 
the qualifications and interests of the engineer. 
Placement may be determined prior to the date of 
employment. However, training is often a vital con
sideration in placement. For this reason, the bachelor 
graduate's placement is frequently delayed until he 
reports to work. If training is planned, initial place
ment may be temporary. 

Orientation, representing the minimum in train
ing, introduces the new engineer into the engineer
ing organization. It concerns company organization, 
history, products, policies and practices, and pro
vides information on "who do you see for what." 
It may vary from ten to sixty hours. Anything less 
than orientation is usually called "Induction" and 
is not usually considered training. 

Training more frequently encountered is a three 
to six-hundred hour program. It is tailor-made to 
the bachelor degree graduate and the master gradu
ate who has had little or no experience in an indus
trial laboratory. In addition to orientation topics it 
presents a series of technical courses closely associ
ated with the current engineering effort of the com
pany. This enables the engineering trainee to more 
effectively contribute to current engineering proj
ects earlier in his career. Classroom work is almost 
always part-time, from two to five half-days a week. 
When not in class the trainee works on an active 
engineering project. Sometimes he is rotated to a 
new project at six to eight week intervals. These 
rotational assignments may serve to effect placement 
during or at the conclusion of training. 

Technological art has increased tremendously 
since World War II. Product complexity has in-

(Continued on page 24) 
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hat happens to y ur career m m ~ 

a er y u join estern lectric? 
You'll quickly find the answer is growth. The signs of 
progress - and opportunity - are clear, whether your 
chosen field is engineering or other professional work. 
There is the day-to-day challenge that keeps you on 
your toes. There are new products, new areas for activ
ity, continuing growth, and progressive programs of 
research and development. 

For here telephone science is applied to two major 
fields- manufacture and supply for the Bell Telephone 
System, and the vitally important areas of defense 
communications and missile projects. 

You'll find that Western Electric is career-minded ... 
and you-minded! Progress is as rapid as your own indi
vidual skills permit. We estimate that 8,000 supervisory 
jobs will open in the next ten years- the majority to be 
filled by engineers. There will be corresponding oppor
tunities for career building within research and engi-

neering. Western Electric maintains its own full-time 
all-expenses-paid engineering training program. And 
our tuition refund plan also helps you move ahead in. 
your chosen field. 

Opportunities exist for electrical, mechanical, indus
trial, civil and chemical engineers, as well as in the 
physical sciences. For more information get your copy 
of Consider a Career at Western Electric from your 
Placement Officer. Or write College Relations, Room . 
2000, Western Electric Company, 195 Broadway, New 
York 7, N. Y. Be sure to arrange for a Western Electric 
interview when the Bell System team visits your campus. 

Prlncipal manufacturing locations at Chicago, Ill.; Kearny, N.J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Burlington, Greensboro and Winstd'n-Salem; N.C.; 
Buffalo, N.Y.; North Andover, Mass.; Lincoln and Omaha, Neb.; Kansas City, Mo.; Columbus, Ohio; Oklahoma City, Okla.; Engineering Rese~rch Center, Princeton, N. J.; Teletype 
Corp., Chicago 14, IlL and Little Rock, Ark. Also W. E. distribution centers in 32 cities and installation headquarter.s in 16 cities. General headquarters: 195 Broadway, New York 7, N.Y. 
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creased correspondingly. Engineers are increasingly 
required to create, develop, produce and ~ve~ inst~ll 
and maintain these products. To accomplish Its mis
sion with such large numbers of people, industry 
has found group effort to be most effective. The day 
of the lone inventor may return, but at present 
operating in his small shop is largely a thing of the 
past. Virtually all large and small engineering or
ganizations practice group effort. 

In industry, as anywhere else, teamwork pays 
off. Each member of an engineering group has 
responsibility for a piece of the project. The group 
works as a team under a group leader or project 
engineer, who has responsibility for the entire 
project. To achieve a more major engineering effort, 
several groups may be organized together, headed 
by a Section or Systems Manager. These managers 
then report to the Laboratory Manager. With many 
variations this represents a typical engineering 
organization. 

Group effort introduces inter-relations among 
members of the group and among groups. This situ
ation emphasizes the importance of the human 
relations aspect of an engineering career. Though 
responsible for morale, the best project engineer 
can accomplish little if his men are not behind hin:. 
When they are, there are cases where even a proJ
ect engineer of average ability has accomplished 
wonders. 

Character Is The Case 

Our normal reactions to first impressions are 
sometimes strange. Equally baffling is why our 
opinion is so slow in changing after our fi~st iml?r~s
sions are proved invalid. As the new engineer JOins 
his first project he knows few people in the organ
ization. He has everything to gain in trying to suc
cessfully meet the challenge of making a good first 
impression. A friendly, sincere, personal pleasant
ness will go a long way toward creating a good 
impression. 

Another aid in initially starting is based on a 
charac'teristic of a good engineer- his enthusiasm 
for his work and his accomplishment on the project. 
If the new engineer asks a few tactfully phrased 
questions, it will break the ice. He would probably 
receive an illustrated history and progress report of 
the project. This characteristic of the experienced 
man should provide the new engineer an excellent 
opportunity to ask questions, to show his interest 
and possibly display his sense of humor. He should 
try to comprehend, for future use, as much as pos
sible concerning the project. Sincere appreciation 
is a small price to pay for what can be accomplished 
through this approach. 

Within a few hours the new engineer has started 
his orientation with the project. Because he works 
under the initial handicap of unfamiliarity with 
his surroundings and his associates he is usually 
assigned to work with an experienced engineer. 
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Because he is probably unfamiliar with specific 
technology associated with the project he may be 
considered, at best, to be an extension of his expe
rienced sponsor. He will be asked to do those tasks 
he can under the direct supervision of the more 
experienced man. He has frequent personal contact 
with his supervisor. His work generates liberal but 
constructive comment. 

Easy Does It 

How much is expected from a new engineer as 
he begins his assigned tasks on his initial project? 
Initially there is so much that is new to him very 
little is expected. 

There are isolated exceptions to this, however. 
A few experienced engineers occasionally assume 
the new engineer knows more than he does. The 
large store of knowledge and experience accumu
lated causes those individuals to overlook how, 
where, and when they acquired their information. 
They forget what subjects are and are not taught 
in college. 

It is assumed by most, however, that the new 
engineer being "fresh out of school," is able to .con
tribute in some manner ideas from those subJects 
he has so recently completed. He may also be 
expected to contribute some new ideas- ide~s un
hampered by conventional approaches. He IS ex
pected to be alert, to learn quickly, to c?~plete 
small tasks accurately with as little supervision as 
possible, and in general to start acquiring a sound 
professional attitude. 

A characteristic noted occasionally in the new 
engineer is his inability to get started on a task or 
minor project. He doesn't seem to know ~ow or 
where to begin. This might be because he IS plan
ning explicitly all steps in the successful perform
ance of the job before starting. His plans even 
include the plans to successfully overcome every 
conceivable difficulty he might possibly encounter. 
It would be equally unwise to always start with 
reckless abandon. These represent some of the new 
engineer's first decisions. A compromise is not always 
the best solution. 

Tasks assigned the new engineer by his super
visor are given in many ways. If the task is simple, 
the experienced man may simply point t~e way t_o 
its completion. A more complex task or minor proJ
ect may include detailed instructions. In either case, 
it is important for the new engineer to make sure 
he understands what he is expected to do as well as 
all related instructions. Personal safety as well as 
valuable time and equipment may be involved. Crit
icism is seldom given for asking too many questions. 
It applies more often when enough questions are 
not asked. 

Being critical can be an attribute of the new 
engineer also. He should be alert to spot theories, 
material things, or practices that he believes are 
being used to disadvantage. He is encouraged to 
"sound off" on those matters if convinced he is right. 
(The degree of tact used at this stage of the game 

(Continued on page 26) 
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RCA REPORTS TO YOU : 
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Fl I 

Basic building block for compact, 
electronic "thought savers" will 
serve you in your office, in 
defense-- someday, in your home 

8 Today, science not only is working on labor-saving 
devices-but on thought-saving devices as well. 

These "thought savers" are electronic computers 
-wonder-workers that free us from tedious mental 
work and are capable of astoundingly rapid compu
tations. Naturally, the more compact these computers 
can be made, the more applications they can have. 
Not only in industry, defense and research-but in 
the office and ultimately in the home. 

"Squeezing" exacting components 

A big advance has recently been made by RCA 
research towards making these "thought savers" 
smaller than ever before, for broader than ever use. 

Take, for example, the new "logic" circuit which 
actually fits in the eye of a needle. It is a new 
computer component developed by RCA. 

Toda_y, the electronic Junctions of this micro

miniature device require a whole fisiful of wires, 
resistors, transistors and condensers. 

These tiny units will calculate, sort, "remember," 
and will control the flow of information in to
morrow's computers. Yet they are so small that 
100,000,000 of them will fit into one cubic foot! 

Cutting computers down to home size 

This extreme reduction in size may mean that some
day cigar-box-size electronic brains may help you in 
your home-programming your automatic appli
ances, and keeping track of household accounts. 

Remarkable progress in micro-miniaturization is 
another step forward by RCA-leader in radio, tele
vision, in communications and in all electronics-for 

home, office, and nation. 
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Needle~s eye holds electronic ~ehrain" cells- Photograph shows how 
new RCA "logic" element can be contained in the eye of a sewing needle. 

RADIO CORPORATION OF AMERICA 
THE MOST TRUSTED NAME IN ELECTRONICS 
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YOUR FUTURE 

(Continued from page 24) 

needs no amplification.) He would be intellectually 
dishonest if he did not introduce the idea. If his 
idea is substantiated it gains recognition for him; 
if not, perhaps the other engineers discover some
thing new in their attempt to disprove the idea. In 
any case the new engineer displays his initiative 
and professional integrity. 

Throughout his initial assignments the new engi
neer has specific needs. He needs assistance. He dis
covers the need for more information, and this 
requires him to continue his college studies. 

As he begins to demonstrate proficiency in per
forming assigned tasks the new engineer begins to 
have problems outlined to him. A finger is pointed 
to one or more possible solutions and he pursues 
them. Library study, special training courses, or 
other aid may be required. Gradually over the next 
twelve to eighteen months the complexity of the 
problems is increased. As knowledge of new theories 
is mastered and added experience gained, the new 
engineer is able to contribute materially to his 
assigned project. By this time, he recognizes his 
own problems, outlines their solutions, and proceeds 
on his own. 

The Long Road 

The new engineer may encounter some situations 
beyond his control. For example, the scarcity of 
qualified technical and/or professional personnel 
may create manpower shortages on his project; or, 
the pace of his project may be accelerated to permit 
an earlier completion date. Management attempts to 
anticipate and takes steps to avoid these temporary 
situations, but they still will occasionally occur. En
gineering short cut methods based on statistically 
calculated risks are employed. Overtime is approved. 
Time is compressed at increased cost. Experience 
gained by the new engineer during this period also 
has an increased value. 

The new engineer should become familiar with 
company policies and good business practices. To do 
so may save him and the company embarrassment. 
For exmnple, the term "Secret" has very specific 
meaning in military contract work. The terms "Com
pany Confidential" and "Engineering Confidential" 
have similar importance in commercial product 
areas. Information leaks to competitors and custom
ers may have serious effects. 

Practices concerning the use of an engineer's 
notebook or "technical diary" may be explicitly out
lined. This is because the courts are already filled 
with cases attempting to prove prior conception or 
reduction to practice. These and other documents 
n1ust be recorded diligently. 

Customs practiced individually may become pro
hibitive when practiced as a large group. This state
ment might imply conformity, regulation. However, 
no one working in industry should expect the free
dom of the entrepreneur. Acts are discouraged which 
would be detrimental to the group or embarrass or 
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jeopardize the position of the company~ Employers 
expect differences in appearance, speech, manner of 
dress, customs, habits. They expect differences of 
thought and opinion. They also expect judgment in 
the professional man. Very few new engineers find 
difficulty in living comfortably within the frame
work of social and company policy. This framework 
permits most anyone the desired latitude for per
sonal expression. 

Recent technological trends indicate the young 
engineer must mature earlier, compete for success 
earlier. Surveys show the engineer and scientist does 
his most creative work in his late twenties and thir
ties. In assuming greater responsibility the need for 
additional know ledge becomes readily apparent. 
This need is not only for existing know ledge un
known to the engineer. There is also the need to de
velop and utilize knowledge of new technology. The 
young engineer should plan to satisfy this need while 
he still possesses all his college study habits to absorb 
new konw ledge, and before his thinking becomes too 
crystallized by traditional company methods. 

Research and development laboratories the world 
over pour out a continuous stream of information. 
To function effectively the engineer's education and 
personal development must also be continuous. He 
must keep his technical capabilities abreast of the 
technical arts. This is possible in the progressive 
company that assumes this responsibility. Here he 
can delve into continuous company- sponsored 
courses presented on and off company time. He can 
matriculate in graduate study programs and earn 
advanced degrees. He can use the company library, 
profit by participation in professional society affairs. 

At this point the engineer is beginning to "arrive" 
technically. Further progress permits him to select 
andjor be selected for further technical-scientific or 
technical-administrative assignments. Here the re
quirements are wider, more diverse and carry great
er responsibility. Judgment is more valued and hu
man relations most important. To the man who rises 
to meet these challenges there are rich rewards. 
Summary 

Some engineers fail because of their attitude to
ward good human relations. More engineers are 
retarded in their personal development because of 
their attitude toward training and continuous edu
cation. It requires more than intelligence to be suc
cessful. It requires hard work, and some personal 
sacrifice. Opportunities for personal and professional 
development must be utilized. No program, formal or 
informal, educational or engineering, will be success
ful in developing an individual without his coopera
tion and participation. 

The young engineer who aspires to success will 
emulate the duck who remains unruffled on the sur
face but paddles furiously underneath. He'll set his 
objectives; work hard at this job and continue his 
education; toot his horn occasionally; anticipate 
some disappointments; appraise and record his prog
ress. He will have the cooperation and best wishes of 
his employer, for his success contributes to the prog· 
ress of the entire organization. 
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This "windmill" or turhine, spun by hot gas, powers the turhocar. For such a hot 
spot, designers depend on Nickel to help them solve heat·resistance problems. 

How lnco Nicl~el is helping develop 
the new gas turbine car of tomorrow 

It will he power-packed: the gas turbine 
engine in your dream car of the future 
and tomorrow's trucks and huses. 

Only one spark plug-
runs on kerosene 

This new engine is much lighter, smaller. 
It has far fewer parts. No pistons. No water 
system. Only one spark plug. Runs on 
lower-grade fuels. 

Not yet in production! 
Before the car is a showroom reality, engi· 
neers face a number of problems. 

One problem-the one Inco is helping with 
- is metals. Strong and economical metals 
to resist heat and corrosion. 

Gas turbines operate at up to 1600°F. These 
temperatures step up corrosion of metals, 
promote troublesome distortions. So the 
job is to develop practical alloys able to 
carry the load-alloys that can, at the same 
time, offset the corrosives, resist the distort· 
ing forces found at jet-high temperatures. 

How far has Inco research gone 
in its search for practical alloys? 

Difficult as they are, the problems of metal 
performance at high temperature are a 
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familiar story at Inco. Inco research has 
dealt with them for years. And come up 
with solutions in the gas turbine and in 
many other fields. In conventional, atomic, 
and thermionic power. In petrochemistry. 
In heat treating. In jet aviation. In mis· 
silry. Even in Hollywood's 8000°F carbon· 
arc "suns." 

Inco's files contain a wealth of metal infor· 
mation ... over 300,000 indexed and cross
referenced case histories, for example. 
Keep this in mind against the day you 
may need information. ©1960, Inco 

The International Nickel Company,lnc. 
New York 5, N.Y. 

• International 
The International Nickel Company, Inc., is the U. S. affiliate of The International Nickel Company 
of Canada, Limited. Producer of Ineo Nickel, Copper, Cobalt, Iron Ore, Tellurium, Selenium, Sulfur 
and Platinum, Palladium and Other Precious Metals. 
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Looking for a beautiful girl with 
talent and a model's figure? Miss 
April, Phylis Bernard, qualifies all 
around and as an added bonus owns 
a Ford Galaxie. 

What else could a man ask for? 
She's a senior in Home Economics 
who loves to make her own clothes. 
The dress she's wearing in the pic
ture above won her the Minnesota 
first place in the National Wool 
Grower's Association contest last 
year. She shares her talent beauty
wise as a part time teacher at Pa
tricia Stevens Finishing School. 
Phylis hopes to spend some of her 
time learning to play golf this sum
mer. What more can a man ask for: 
beauty, brains and a new car! 
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SUN, STAND THOU STill 
(Continued from page 15) 

The year 1500 was a jubilee year for the church 
and devout Catholics from all over Europe flocked 
to Rome. Andrew and Nicholas Copernicus arrived 
in time for the Easter celebrations and remained 
there for the rest of that year. To earn his living, 
Copernicus gave informal lectures on mathematics 
and astronomy. On November 6, he observed and re
corded an eclipse of the moon. 

The brothers returned to Ermland early in 1501 
to be formally installed as Canons and immediately 
obtained another leave of absence from their official 
duties to return to Italy and complete their school
ing. The leave was granted only after Copernicus 
promised to study medicine. Know ledge of medicine 
was very important to anyone who wished to become 
important in the church since the church people 
were the only ones who could afford to care for the 
poor people of the diocese. 

Andrew went to Rome to study law, and Nicholas 
went to Padau where he completed his law studies. 
A candidate during this period for the doctorate 
had to swear that he had completed the proper course 
of study (no records were kept). He was then pre
sented to the University authorities by a holder of 
a doctorate (usually his teacher). The authorities 
assigned him two passages of Canon Law. With the 
assistance of his teacher, he studied the passages and 
later the same day gave an explanation of the pass
ages and answered the examining board's questions 
concerning them. His acceptance was voted on by 
the board, and if the vote was favorable, he became 
a licentiate. 

The next step was a public examination. In the 
Cathedral before an audience of fellow students, he 
made a speech and delivered a lecture on a point of 
law. The assembled students asked questions con
cerning the lecture and the licentiate was graded on 
his ability to defend his viewpoints. If everything 
was satisfactory, he was seated in the masters chair, 
presented with a cap, a book, a gold ring, and a di
ploma. Then pandemonium broke loose, created by 
his fellow students. They were eventually treated to 
a wild party at the expense of the new Doctor. For 
this reason it was usually cheaper to graduate from 
a University where the Candidate was not well 
known. Accordingly, Copernicus received his degree, 
Doctor of Canon Law, from Ferrara University in 
1503. He then returned to Padua where he took up 
the study of medicine. 

Medicine was taught largely out of books by 
Hippocrates, a fifth century B.C. Greek Physician, 
Galen, a second century A.D. Roman doctor; and Avi
cenna an eleventh century Arab chemist. Dissection 
was u'sed only to illustrate the books. The bodies of 
executed criminals were used for this purpose. Little 
practical care of the sick was included in the course. 
Astrology was an integral part of medicine, because 
there was thought to be a mystical relation between 
the signs of the zodiac and the parts of the human 
body. There was also an elaborate set of rules which 
governed the times of the lunar month when medi
cinal herbs and supplies were to be gathered. 
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During this period, Copernicus learned Greek. 
He was now able to read the works of all the ancient 
Greeks instead of just those that the translators 
thought were important. Thus, new concepts of as
tronomy came to his attention and he found that 
some of the ancients agreed with the theory he was 
so painstakingly developing. Notes in his books show 
that he was still gathering data in support of his 
theory by making observations of the heavens from 
time to time. 

By 1506, Copernicus' leave of absence had run out,, 
and he was forced to return to Ermland. He began 
his duties as Canon with one of the best educational 
backgrounds of that time. It was only natural that 
the Bishop of Ermland chose him to help in govern
ing the state and to act as his medical attendant. The 
Bishop also started training his nephew as the even
tual successor to the Bishopric. 

For the next six years Copernicus served as an 
ambassador to Cracow and Torum. His official duties 
allowed him time to start setting his astronomical 
schemes in order and in 1512 he wrote the "Little 
Commentary," a short general account of his theory. 
The book was not published because such a radical 
departure from the teachings of the Church (the 
Ptolemaic theory was taught in all the church 
schools) would have put the author in a bad light 
and may have resulted in his dismissal from the 
church service. A few copies of the book were print
ed and distributed among close friends. 

On March 29, 1512, Bishop Lucas Waczenrode died 
suddenly, and Copernicus moved to Frauenberg Ca
thedral. He took up residence in one of the towers of 
the outer fortifications, and set up a little observa
tory. His offiical duties at Frauenberg were to con
duct morning and evening devotions and advise and 
assist the new Bishop in both spiritual and temporal 
business of the diocese. Each canon was required to 
have two servants and three horses to set him apart 
from the ordinary man. Most of the canons, including 
Copernicus, had never taken the priestly vows. 

In 1512, Andrew, Copernicus' brother, developed 
Leprosy and was forced to withdraw from the com
mon life of the Cathedral for fear of infecting the 
others. Although he went abroad to seek a cure, he 
died of the malady in 1519. 

Life in the Cathedral allowed Copernicus consid
erable time to observe the stars and write his find
ings and their relation to his theory in book form. 
The first draft was finished in 1514, his astronomy 
was an exact science, based largely on the Greek and 
Arabic observations recorded in books. To substanti
ate his theories, new observations had to be made to 
correct the old data. Copernicus constructed his own 
astronomical instruments. Their design was based on 
descriptions by Ptolemy. The chief instruments he 
used were the quadrant to measure meridian altitude 
above the horizon and a triquetrum to measure the 
altitude of bodies anywhere in the sky. Although he 
used other instruments these are the only ones he 
referred to in his notes. The two devices were pernla
nently mounted in the window of his observatory
the first rigidly mounted with its axis pointed along 

(Continued on page 32) 
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• Flight data systems are essential equipment for 
all modern, high speed aircraft. In the AiResearch 
centralized system, environmental facts are fed to a 
central analog computer (above), which in turn indi
cates to the pilot where the aircraft is, how it is 
performing, and makes automatic control adjust-

ments. Pioneer in this and other flight and electronic 
systems, AiResearch is also working with highly sen
sitive temperature controls for jet aircraft, autopilot 
systems, submarine instrumentation, transistorized 
amplifiers and servo controls for missile application, 
and ion and radiation measuring devices. 

EXCITING FIELDS OF INTEREST 

FOR GRADUATE ENGINEERS 

Diversity and strength in a company offer the engi
neer a key opportunity, for with broad knowledge 
and background your chances for responsibility and 
advancement are greater. 

The Garrett Corporation, with its AiResearch 
Divisions, is rich in experience and reputation. Its 
diversification, which you will experience through 
an orientation program lasting over a period of 
months, allows you the best chance of finding your 
most profitable area of interest. 

Other major fields of interest include: 

• Missile Systems-has delivered more accessory 
power units for missiles than any other company. 

AiResearch is also working with hydraulic and hot 
gas control systems for missiles. 

e Environmental Control Systems-pioneer, leading devel
oper and supplier of aircraft and spacecraft air con
ditioning and pressurization systems. 

• Gas Turbine Engines-world's largest producer of small 
gas turbine engines, with more than 8,500 delivered 
ranging from 30 to 850 horsepower. 

Should you be interested in a career with The 
Garrett Corporation, see the magazine ~~The Garrett 
Corporation and Career Opportunities" at your Col
lege placement office. For further information write 
to Mr. Gerald D. Bradley ..• 

THE CORPORATION 

?liResearch anufaduring Divisions 
Los Angeles 45, California " Phoenix, Arizona. 

Systems, Packages and Components for: A I R C RAFT, M I S S I L E , N U C LEA R AN D I N DUST R I A L A P PLICA T I 0 N S 
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SUN, STAND THOU STILL 

(Continued from page 30) 

the meridian which runs through Cracow and the 
second pivoted at its base so that angle with respect 
to the meridian could be measured. 

In 1514, Copernicus was invited to Rome to help 
straighten out the calendar, but he declined because 
he thought it necessary to clear up the laws of motion 
of the sun and the moon before any attempt was 
made to correct the calendar. 

Late in 1516, Copernicus was appointed to manage 
the estates of Allenstein and Mehlsack, two outlying 
estates belonging to the Canon Chapter of Ermland. 
He was responsible for both the local government 
.and the Church's affairs. In the process, he was con
stantly traveling around the countryside. Using this 
.as an excuse, he frequently returned to his observa
tory in Frauenberg to make additional observations 
or revise passages in his manuscript. 

In 1519, war broke out between the Poles and the 
Teutons. Ermland was located between the two war
ring powers and, although it remained neutral, was 
the battlefield of the war. Most of the church people 
fled to safer localities, leaving Copernicus and a few 
others to try to hold the diocese together. In 1521 
armistice was declared and in 1525 a peace treaty 
negotiated. While the church organization was being 
rebuilt Copernicus was Commissioner for Ermland 
.and was in charge of all government of the diocese. 
He drew up an account of all the war damages to 
Ermland and presented the bill at the peace confer
ence. 

The monetary system at the time was very bad. 
Prussia, Poland, Teuton and even some of the cities 
each coined its own money. Gold and silver was 
used as the base of the coins, but Prussian authorities 
put less and less of the precious metals into the1r 
coins without changing the monetary value. By the 
end of the war between the Poles and the Teutons 
foreigners would not take the Prussian coins in ex
·change for their goods. 

This was the situation facing Copernicus when he 
presented the bill for da1nages to Ermland at the 
peace conference. He had studied the monetary sys
tem for some time and wrote a book on the subject 
for presentation to the Prussian diet of 1528. He advo
cated monetary union for all the states concerned. 
All were to agree to have the same coins with only 
one authority issuing them. A limited amount of 
money was to be in circulation, and each coin was to 
have a guaranteed amount of the precious metals in 
them. All debased coins were to be called in and 
·exchanged for more stable money. 

The Copernicus system was duly considered by 
the statesmen. However, the number of people profit
ing by the existing system was too large and the old 
system was retained. The end result was that Erm
land was paid its war damage claim in the debased 
·COin. 

As Copernicus aged he was relieved of his official 
·duties. He spent more and more time in his observa
tory noting the motions of the stars and the planets 
and revising his manuscript as new facts were dis-
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covered. One by one his lifelong friends died, and the 
new canons that took their place stayed away from 
this old man with the radical ideas. 

Word of his astronomical work and his nearly 
completed manuscript began to spread. By 1533 Prot
estantism had gained a firm foothold in most of the 
countries of Central Europe. The Catholic Church 
fought the reform movement and any other depar
ture from the long established beliefs. Copernicus, 
because of his revolutionary ideas, was looked on 
with disfavor by the church. Thus he was even fur
ther separated from his fellow churchmen. In this 
enforced solitude he finally finished his manuscript, 
but made no attempt to publish it for fear of more 
severe retaliation by the Church. 

In 1539, George J oachin, Professor of Mathematics 
at the Lutheran University of Wittenberg, Germany, 
came to visit Copernicus and discuss the new theory . 
With Copernicus' permission Joachin printed the 
FIRST ACCOUNT, a reliable and fairly detailed ac
count of the motion of the earth according to the 
new theory. 

Inspired by J oachin's belief in the new system, 
Copernicus finally submitted the manuscript for pub
lication. He sent the work to a good friend, Tiedmann 
Giese, Bishop of Kulm, Germany. Giese in turn sent 
it to Joachin who turned it over to John Peterjust, a 
Nuremberg printer. Joachin was appointed to a new 
post at Leipzig University and turned the job of su
pervising the printing of the book to a Lutheran 
clergyman named Andrew Osainder. 

In 1542, Copernicus was stricken with apoplexy 
and a massive hemorrage which left him in a semi
paralyzed condition. He could not talk and had lost 
his memory. He held on to life in this condition until 
May 24, 1543 the day when the first printed copy of 
his book arrived in Frauenberg. A memorial tablet 
in the Frauenberg Cathedral still marks his final 
resting place. 

An even greater memorial, however, is his revo
lutionary theory of the solar system as presented in 
his book. The manuscript is divided into six sections, 
the first of which contains a general description of 
the universe and arguments to prove that the sun 
forms a fixed center with the earth revolving around 
it as a planet. It also explains the seasons in much 
the same way as we do now. The last three chapters 
of the first section are devoted to trigonometry. Here 
is explained methods of calculating sides and angles 
of triangles that had not been known previously. 
The discussion is extended to include spherical tri
angles as well. There is also a table of sines although 
not referred to by that name. 

In the second section, Copernicus applies his rules 
of trigonometry to problems connected with the mo
tions of the heavenly bodies. This section of the book 
is largely a restatement of Ptolemy's work and illus
trates how Copernicus arrived at some of his conclu
sions. Section II ends with a star catalogue, a list of 
the brightest stars complete with their positions in 
the sphere of the sky. Each star is located by means 
of imaginary circles in the same way as earthly 
points are located through latitude and longitude. 

(Continued on page 36) 
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The word space commonly represents the outer, airless regions of the universe. 
But there is quite another kind of "space" close at hand, a kind that will always 
challenge the genius of man. 

This space can easily be measured. It is the space-dimension of cities and the 
distance between them ... the kind of space found between mainland and off
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance-above all, 
Sikorsky is concerned with the precious "spaceway" that currently exists be
tween all earthbound places. 

Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve
hicles that can prove to be tomorrow's most versatile means of transportation. 

Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet. 

For information about careers with us, please ad
dress Mr. Richard L. Auten, Personnel Department. 

One of the Divisions of United Aircraft Corporation 

STRATFORD, CONNECTICUT 
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A husband answering the phone: 
11How do I know? Why don1t you 

call the weather bureau?11 

11Who was that?11 asked his wife. 
0 Some fool wanted to know if the 

coast was clear/1 

* * * 

Two Wacs returning late one night 

got into the wrong barracks-those of 

the enlisted men. One lost her head 

and ran; the other remained calm and 

collected. 

Fafnir Ball Bearings help turbojets 
set new performance records * * * 

A recent article in a leading newspaper quoted 
airline executives to the effect that Pratt and 
Whitney Aircraft jet engines are proving to be 
the most reliable ever put into commercial 
planes. 

craft division thirty years ago, the first in the 
industry, and through it, is keeping pace with 
the revolutionary changes in aircraft design. 

The E.E. Dept. claims that a belch 

is the reflective wave caused by the 

stomach not being terminated in its 

characteristic impedance. In designing these jet engines, Pratt & 
Whitney Aircraft looked to The Fafnir Bearing 
Company as a major source for main rotor 
thrust bearings, generally regarded as among 
the critical engine components, and one of the 
most exacting to produce. Each ball bearing is 
custom-bui It and rigorously tested. Tolerances 
are held to the millionths-of-an-inch. 

To help solve this and other ball bearing 
problems, Fafnir maintains the most up-to-date 
facilities for metallurgical research, and bear
ing development and testing. Fafnir may be 
able to help you some day. Worth bearing in 
mind. The Fafnir Bearing Company, New 
Britain, Connecticut. 

* * * 

I 
P&WA turned to Fafnir because of Fafnir's 

long experience in the design and development 
of aircraft bearings. Fafnir established an air· 

BALL BE.Aii!UNGS She: 11l'm perfect." 

He: 11 Vm practice.11 Most Complete Line in America 

UNDERWATER DEFENSE 

(Continued from page 11) 

control of the reactor. By this means the plant is 
then allowed to attain various operating power 
levels. 

Once the heat of fission has been absorbed by 
the coolant lines, the nuclear reactor system resem
bles a conventional fuel oil-boiler-turbine system of 
propulsion. The coolant lines may have various 
stages, paths and requirements, but all are even
tually evolved in the production of steam in a large 
boiler or heat exchanger which drives the ships 
propulsion turbine. 

Two other terms relating to reactors require 
mention here in order that an understanding of reac
tor types is received. A heterogeneous type infers 
that the fuel used is dispersed in a geometric pattern 
within the moderator. The homogeneous type is cor
respondingly designed with its fuel supply placed 
approximately evenly throughout the moderator. 
These are the main classifications of reactor types 
with various other descriptive terms being attached 
to a particular reactor to reveal its moderator, etc. 

Using sodium as a coolant and stainless steel as 
the fuel covering, a maximum temperature of 1000 
degrees to 1050 degrees Fahrenheit can be achieved 
in the coolant system at the exit point from the core. 
This results in a difference of about 300 degrees to 
400 degrees Fahrenheit across the reactor itself. 

34 

Utilizing a flow of twenty-five feet per second, the 
heat removal will approximately equal that possible 
by using water as the coolant. However, the effi
ciency will again be higher if sodium were used 
because of the higher temperatures involved. This 
system, with sodium as the coolant, now appears 
quite similar to the conventional plant and will oper
ate with the highest degree of efficiency when a 
superheater, moisture separators and four or five 
regenerative feed-water heating stages are used. 

This then is the history, status and science of our 
nuclear propulsion program. Its future is one of the 
brightest spots on the American horizon. 

Answers To March Brain Teasers 
1. 114.16 sees 
2. Inscribe circle 
3. 58 inches, 10 inches 
4. 99+9/9 
5. -2+9+6-7==-1+7 
6. Anna-Hendrick 

Katryn-Elas 
Gurtron-Cornelius 

7. 30 
8. 4 
9. (A/2 (173,913,043,078,260,869,565) +A (10) 21, 

A==2,4,6,8. 
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A man went into the Army/ and 
right after induction 1 he went to see 
a doctor. 

"What's wrong with you?11 asked 
the doctor. 

11Well, I just got in the Army, and 
look at the uniform they gave me! The 
pants are just the right length, the 
sleeves are just right, and the hat fits 
perfectly/ and the shoes are also per
fect." 

"Well?1
' asked the doctor. 

"My problem is this," said the in
ductee. "Am I deformed?// 

* * * 
A college senior entered a profes

sor's office one morning and said: 
11 last night1 professor, your daugh

ter accepted my proposal of marriage. 
Fully realizing the importance of the 
step1 I have called upon you to see 
you and inquire if there is any insan
ity in your family/' 

The professor looked up over his 
glasses and surveyed the young man 
in silence for a moment/ then sadly 
nodded his head and remarked: 

"Yes/ yes. There must b8.11 

* * * 
And then there was the condemned 

golfer who asked the hangman, 
11Mind if I take a couple of practice 
swings?11 

Ode to a Lab Report 
When I grow old and even older, 
I'll never forget that manila folder, 
Bane of existence/ object of hate 
And never less than three weeks late. 
Title/ object, method, theory-
The clock strikes one, my eyes are 

bleary. 
If I could have my preference 
I'd never write a reference/ 
Never compute efficiency 
For reading numbering eighty-three, 
But many like that have I done 1 

At least infinity plus one, 
Many to tell the dullest dullard 
That graphs are labeled and curves 

are colored. 
Engineers Arise-storm the fort; 
And abolish forever the lab report. 

-Unanimous 
* * * 

A little boy about to show his pet 
rabbit to a guest was entering the 
drawing room with the animal when 
the rabbit proceeded to give birth to 
an enormous litter of baby rabbits. 
The boy watched for a moment, 
dropped the mother rabbit to the 
floor 1 and cried 1 

11 Holy Smoke, the 
damn thing is falling apart." 

A.W.FABER 
CASTELL 

helps the hand that 
shapes the future 

#9000 CASTELL Pencil 
with world's finest 
natural graphite that 
tests out at more than 
99% pure carbon. 
Exclusive microlette 
mills process this 
graphite into a drawing 
lead that lays down 
graphite-saturated, 
non-feathering lines of 
intense opacity. Extra 
strong to take needle
point sharpness without 
breaking or feathering. 
Smooth, 100% grit
free, consistently 
uniform, 8B to lOH. 

#9800 SG LOCKTITE 
TEL-A-GRADE Holder, 
perfectly balanced, 
lightweight, with new 
no-slip functional grip. 
Relieves finger fatigue. 
Unique degree 
indicating device. 

#9030 imported Refill 
Leads, matching 
exactly #9000 pencil 
in quality and grading, 
7B to lOH, packed in 
reusable plastic tube 
with gold cap. 

A man advancing in 
his career just 
naturally gravitates to 
CASTELL, world's finest 
drawing pencil. You'll 
be wise to begin now. 

A.WJABER .. CAS L 
Pencil Co., Inc., Newark 3, N.J. 
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E. 1.. DISBROW 

Tri-State College, Angola, Incl. '51 

D DISBROW exemplifies the opportunity to grow with a young, 
growing company. Now District Manager of the Dunham-Bush Minne
apolis office, he supervises widespread engineering activities of a group 
of sales engineers representing a multi-product technical line. 

Engineering degree in hand, Ed went to work for Heat-X (a Dunham
Bush subsidiary) as an Application Engineer. Successive steps in the 
Dunham-Bush main office and as Sales Engineer in the New York 
territory brought him to his present managerial capacity. 

A member of Belle Aire Yacht Club, Ed leads a pleasant life afloat 
and ashore with his wife and two boys. 

Equally satisfying is Ed's job. In directing calls on consulting engi
neers, architects, plant engineers, wholesalers, contractors and building 
owners, he knows he's backed by the extensive facilities of Dunham
Bush laboratories. You can see him pictured above on a typical call, 
inspecting a Minnesota shopping center Dunham-Bush air conditioning 
installation. 

Ed's success pattern is enhanced by the wide range of products he 
represents. For Dunham-Bush refrigeration products run from com
pressors to complete systems; the range of air conditioning products 
extends from motel room conditioners to a hospital's entire air condi
tioning plant. The heating line is equally complete: from a radiator 
valve to zone heating control for an entire apartment housing project. 
The Dunham-Bush product family even includes highly specialized heat 
transfer products applicable to missile use. 

AIR CONDITIONING, REFRIGERATION, 

HEATING PRODUCTS AND ACCESSORIES 

un us 
WEST HARTFORD 10, * CONNECTICUT, ~ U. S. A. 

SALES OFFICES LOCATED IN PRINCIPAL CITIES 
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SUN, STAND THOU STILL 

(Continued from page 32) 

In Section III, Copernicus details 
the motion of the earth. Section IV 
deals with the moon, and Sections 
V and VI with the planets. Each 
section leads to the construction of 
a geometric diagram of the path 
each body follows and tables of fu
ture motion and position of the 
body. 

The complete theory puts the sun 
at the center of the Universe while 
the earth takes its rightful place as 
one of the planets revolving in a 
circular orbit around the sun. Co
pernicus retained the Ptolemaic 
system of epicycles to explain the 
planetary motion. In addition to 
the earth's revolution around the 
sun he postulated its daily rotation. 
He could not offer convincing proof 
of either of these motions except 
that it had to be that way to fit into 
his explanations of the seasons. 

When Copernicus sent the manu
script to be published, it had nei
ther a title or name of the author. 
The printer entitled it Six Books 
Concerning the Revolution of the 
Heavenly Spheres. Andrew Osian
der, the clergyman charged with 
supervision of the printing added 
a preface stating that the theory 
was an artificial device to help in 
accurately calculating the future 
positions of the planets. He hoped 
that this would let the astronomers 
get the benefit of the theory with
out causing undue persecution of 
Copernicus. The real g e n i u s of 
Copernicus' work was not recog
nized until 1873 when the original 
manuscript was discovered in 
Prague, and printed in its original 
form. Thus the man who made one 
of the most important forward 
strides in the history of astronomy 
was considered nothing more than 
a lucky guesser for more than three 
centuries. 

"My little boy ate half the diction

ary the other day, and we gave him 

a whole bottle of castor oil." 

"How is he getting along?" 

"We haven't had a word out of him 

since yesterday." 

MINNESOTA TECHNOLOG 
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A young engineer got a job in a 
remote mining camp. On his first day 
off, he approached his boss and 
asked: "Say1 boss, what do you folks 
do around here for amusement?" 

The boss replied/ "Well, all of us 
usually watch Sam 1 the cook, drink a 
gallon of whisky/ gasoline, and red 
pepper juice. It's the funniest thing 
you ever saw. Why don't you come 

along?11 

The young engineer was obviously 
shocked. "No thanks/1 he said/ "I 
don't go for that kind of amusement." 

"Well," answered the boss, "I sure 
wish you'd come. We really need six 
men for this thing." 

"Why is that?" asked the new man. 

"Some of the boys have to hold 
Sam. He don't go for that kind of 
amusement either." 

* * * 
A young druggist was left in charge 

of the store while the owner went 
for a cup of coffee. When he returned 
he inquired how the young man had 
made out. 

"Oh, just dandy-! cured a lady's 

cough." 

"What did you give her?
11 

"Well, I gave her a malted milk 
with four ounces of mineral oil and 
five ounces of castor oil in it." 

"My God 1 that won't cure a coughl" 

"Yeah? Just look at who's leaning 
on that lamppost across the street. 
She doesn't dare coughl" 

* * * 
A young lad was asked by his 

mother what he had learned at Sun
day School. "Well," said Bill, 11our 
teacher told us about when God sent 
Moses behind the enemy lines to res
cue the Israelites from the Egyptians. 
When they came to the Red Sea, 
Moses called for the engineers to 
build ·a pontoon bridge. After they 
had all crossed, they looked back and 
saw the Egyptian tanks coming. Moses 
radioed on his walkie-talkie to send 
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L 
bombers to blow up the bridge and 
save the Israelites." 

'
1 Billl'1 exclaimed his mother. '1 1s 

that really the way your teacher told 
you the story?" 

"Not exactly,11 Bill admitted. "But if 
I told it her way, you'd never believe 
it." 

* * * 
A group of Russians stood at the 

Pearly Gates. 1'Amazing!" said Saint 
Peter, "but you can't come ini you're 
atheists/' 

"Who wants to come in?11 said the 
Russian spokesman. "We just want 
our dog back/' 

* * * 
Prayer of an advertising man1s 

child: Give us this day our daily Gold
en crust, Slo-baked, vitamin-enriched 
whole wheat bread. 

* * * 
My problems will not run away. 
It might be wise to take a breather. 
Tomorrow is another day 
In which I will not solve them, either! 

* * * 
"Papa,'1 queried the son, "what is 

the person called who brings you in 
contact with the spirit world?'1 

"A bartender, my son," replied the 
father. 

* * * 
The officer in charge at the fire 

station answered the phone to hear 
an excited voice say: 

"Fire department?" 

"Yes,'' replied the fireman. 

'
1 listen," said the caller, "I've just 

moved into this house on Oak Street 
and Vve paid a lot of money to have 
the place landscaped ... " 

"Where's the fire?'1 interrupted the 
fireman. 

"I've hired men to dig up the old 
stuff and lay out a new lawn and 
everything. It cost me a fortune. The 
backyard alone cost me ... " 

"Where's the fire?" 

" ... much more than I could af-
ford and I don't . " 

"Is your house on fire?" shouted 
the fireman. 

"No,'' the man answered. "But the 
place next door is, and if anyone calls 
you on it1 I don't want your dod-hop
ping firemen dragging those hoses all 
over my new grass!" 

* * * 
Stella: Does your new fellow like 

to go out to the clubs and gamble for 
money? 

Della: No1 indeed! He'd much rather 
take me home and play for fun. 

* * * 
"Your mother-in-law diedi shall we 

bury her?11 

"Don't take any chancesi cremate!/t 

* * * 
Going to a party with your wife is 

like going on a hunting trip with a 
game warden. 

* * * 
"Do you mean to tell me/' the judge 

said, "that you murdered the poor 
lady for a paltry three dollars?11 

"Well, judge, you know how it is. 
Three bucks here-three bucks there
it soon mounts up.11 

* * * 
First Wife: "My husband is a sales

man. He's away so much of the time 
that when he gets back, he seems like 
a stranger/' 

Second Wife: 11 My! How perfectly 
thrilling!11 

* * * 
A certain Big Time Operator came 

home one evening and raved about 
his new secretary. She was so efficient 
and good looking besides. 

"Really a doll," he said. 

His little daughter spoke up, 11Does 
she close her eyes when you lay her 
down, daddy?" 

* * * 
The buxom soprano in the opera 

fainted and it required four men to 
carry her off the stage- Two abreast. 

* * * 
Driver of car asking directions, "I 

take the next turn, don't I?" 

Voice from the back seat: 11like hell 
you do, just keep driving." 

* * * 
As the little dog said, while walk~ 

ing through the tobacco patch, "Does 
your cigarette taste different lately?'1 

MINNESOTA TECHNOLOG 



esi n for :rour future! 
Learn how to build the new 

DEEP a STRENGTH 
Asphalt pavements 

If you're going into Civil Engineering, it will pay 
you to keep a close eye on Asphalt design devel
opments. 

Here, for example, is the latest from Oklahoma 
... one of the new, DEEP-STRENGTH Asphalt 
pavements the state is using on Interstate 40. 
This one is outstanding because its base is 8 inches 
of hot-mixed-hot-laid sand-Asphalt ... no coarse 
aggregate. 

Why 8 inches? Why not 6 or 10? What did engi
neers do to insure good drainage? What factors 
set the design? 

The Asphalt Institute answers questions like 
these ... keeps you abreast of all the latest in the 
design of Asphalt Highways, the most durable 
and economical pavements known. Would you 
like our new booklet, "Advanced Design Criteria 
for Asphalt Pavements", or our "Thickness De
sign Manual"? Write us. 

SOCIETY SHORTS 

(Continued from page 18) 

THE AMERICAN Society of Mechanical 
Engineers held its March meeting 

on Wednesday, March 2. Featured 
was Mr. Richard Burg of Minneapolis 
Honeywell who gave a very interest
ing talk on gyroscopes and displayed 

several cut-away and operating gyroscopes such as 
those used in our guided missiles. 

On Friday, March 4, we toured the McCulloch 
Corporation's Marine Products Division, where Scott 
Outboard Motors are built. We saw the complete 
process from the rough castings and raw materials 
through the machining, assembly, painting, testing, 
and packing for shipment to the dealers. 

Future field trips being planned are to Minne
apolis Honeywell and Minneapolis Moline manufac
turing company. 

Other future events include: a "students night" 
meeting with the Senior Chapter at the Curtis Hotel 
on April 7, the election of officers in April, the Re
gional Conference in Chicago on May 6-7, including 
the Student Paper Contest, and a pre-E-day meeting 
on May 4. All MEs interested in participating in the 
E-day activities or the Regional Conference should 
drop into our office, 15 ME, and let us know as soon 
as possible. 

APRIL, 1960 

Ribbons of velvet smoothness .•• 
ASPHALT-paved Interstate Highways 

THE ASPHALT INSTITUTE 
Asphalt Institute Building, College Park, Maryland 

ON JANUARY 11, nine members of the 
Minnesota Student Chapter at

tended the annual meeting of the 
A· I. M · E · Minnesota Section of the A.I.M.E. in 

Duluth. The meeting was highlighted 
by a lecture entitled "Economics

You and Your Industry" by L. C. Michelon, Manage
ment Development Consultant of the Republic Steel 
Corporation. 

On alternate Thursdays at 12:30 p.m. the A.I.M.E. 
sponsors films dealing with mining and metallurgy. 
During winter quarter, the International Nickel 
Company series of films has been shown. 

The big social event winter quarter was a stag 
party held on February 11. The evening consisted of 
a short meeting and a long night of cards and re
freshments. 

On February 25, the Society held its first meeting 
designed to help underclassmen obtain summer em
ployment. Any person in the School of Mines and 
Metallurgy who could not attend this meeting can 
contact Al Kendall to obtain information about this 
important aspect of your college training. 

The annual shindig and the Longyear party will 
highlight the spring social calendar for A.I.M.E. 
members. A married couples night is also being 
planned for the spring quarter. 

The major activity for spring quarter is E-Day. 
The A.I.M.E. is making all possible arrangements to 
win the all-participation trophy for the fourth year 
in a row. 
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I 
edited by GARY B. LAMONT, Physics '61 

1. If it takes seven men seven days to dig seven holes, 
how long will it take seven men to dig half a hole? 

2. When Professor Staislaw Slapenarski, the Polish 
mathematician, walked down the down-moving es
calator, he reached the bottom after taking 50 steps. 
As an experiment he then ran up the same escalator, 
one step at a time, reaching the top after taking 125 
steps. Assuming that the professor went up five 
times as fast as he went down (that is, took five 
steps to every one step before), and that he made 
each trip at a constant speed, how many steps would 
be visible if the escalator stopped running? 

3. An absent-minded bank teller switched the dollars 
and cents when he cashed a check for Mr. Smith, 
giving him dollars instead of cents, and cents instead 
of dollars. After buying a five-cent newspaper, Smith 
discovered that he had left exactly twice as much as 
his original check. What was the amount of the 
check? 

4. You are told to go to Hudson, Wis., and pick up 
some liquid refreshments for a party. You will have 
to average sixty miles per hour in order to return 
in time. If the trip there is made at a speed of thirty 
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miles per hour, at what speed must the return trip 
be made in order to average sixty miles per hour? 

5. Add the same three letters in the same order to the 
beginning and end of the following letters so that 
the result will be a common word. ERGRO. 

6. Suppose there is a room with one nail in each of 
the four walls and one nail in the ceiling and in the 
floor. Tie strings between these nails. Each nail is 
connected to each of the other nails by a separate 
string. We have two colors of strings-red and blue. 
All of these strings make up triangles. Can you dis
tribute colored strings so that no triangle has three 
sides the same color? 

7. Suppose you are a bartender and some customer 
poses this problem: 

You have two identical glasses filled to the same 
level, one with straight gin and one with pure water. 
Now you pour a j iggerful of gin from the first glass 
into the second glass, mix well, bring a jiggerful of 
the mixture and put it into the first glass. 

Will there be more gin in the water glass or more 
water in the gin glass? 

E EER'S B 
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If your sights are set on electronics-

With the IBM Sage computer, Air Force personnel view computer
/generated displays projected in the Command Post .. 

u'll fin 
THE engineer working ih elec
tronics finds photography one of 
his most valuable tools. For ex
ample, he uses camera and film 
to capture and study the fleeting 
transient on the oscilloscope face. 

X-rays and film provide him 
with a check on the internal in
tegrity of sealed components. 
Even intricate circuits can be 
printed and miniaturized by 
photographic methods. 

h t at 
which you can set your sights 
where photography does not play 
a part in simplifying work and 
routine. It saves time and costs 
in research, on the production 
line, in the engineering and sales 
department, in the office. 

So in whatever you plan to 
do, take full advantage of all the 
ways photography can help. 

CAREERS WITH KODAK: 
With photography and photo-

There's hardly a field on graphic processes becoming in-

EASTMAN KODAK COMPANY 
Rochester 4, N.Y. 

r ith you 
creasingly important in the business 
and industry of tomorrow, there 
are new and challenging oppor
tunities at Kodak in research, en
gineering, electronics, design, sales, 
and production. 

If you are looking for such an 
interesting opportunity, write for in
formation about careers with Kodak. 

Address: Business and Technical 
Personnel Department, 
Eastman Kodak Company. 
Rochester 4, N.Y. 



Q. Why does your company have train

ing programs, Mr. Abbott? 

A. Tomorrow's many positions of major 
responsibility will necessarily be filled by 
young men who have developed their 
potentials early in their careers. General 
Electric training programs simply help 
speed up this development process. 

In addition, training programs provide 
graduates with the blocks of broad ex
perience on which later success in a 
specialization can be built. 

Furthermore, career opportunities and 
interests are brought into sharp focus 
after intensive working exposures to 
several fields. General Electric then gains 
the valuable contributions of men who 
have made early, well-considered deci
sions on career goals and who are con
fidently working toward those objectives. 

Q. What kinds of technical training pro

grams does your company conduct? 

A. General Electric conducts a number 
of training programs. The G-E programs 
which attract the great majority of 
engineering graduates are Engineering 
and Science, Manufacturing, and Tech
nical Marketing. 

Q. How long does the Engineering and 

Science Program last? 

A. That depends on which of several 
avenues you decide to take. Many gradu
ates complete the training program dur
ing their first year with General Electric. 
Each Program member has three or four 
responsible work assignments at one or 
more of 61 different plant locations. 

Some graduates elect to take the Ad
vanced Engineering Program, supple
menting their work assignments with 
challenging Company-conducted study 
courses which cover the application of 
engineering, science, and mathematics to 
industrial problems. If the Program mem
ber has an analytical bent coupled with a 
deep interest in mathematics and physics, 
he may continue through a second and 

MAIN LIBRARY 

One of a ser1es 

Interview with 
General Electric's Earl G. Abbott, 
Manager -Sales Training 

Technic Trainin r ra s 
at ener I El 

third year of the Advanced Engineering 
Program. 

Then there is the two-year Creative 
Engineering Program for those graduates 
who have completed their first-year 
assignments and who are interested in 
learning creative techniques for solving 
engineering problems. 

Another avenue of training for the 
qualified graduate is the Honors Program, 
which enables a man to earn his Master's 
degree within three or four semesters at 
selected colleges and universities. The 
Company pays for his tuition and books, 
and his work schedule allows him to earn 
75 percent of full salary while he is going 
to school. This program is similar to a 
research assistantship at a college or 
university. 

Q. Just how will the Manufacturing 

Training Program help prepare me for 

a career in manufacturing? 

A. The three-year Manufacturing 
Program consists of three orientation 
assignments and three development 
assignments in the areas of manufacturing 
engineering, quality control, materials 
management, plant engineering, and 
manufacturing operations. These assign
ments provide you with broad, funda
mental manufacturing knowledge and 
with specialized knowledge in your 
particular field of interest. 

The practical, on-the-job experience 
offered by this rotational program is sup
plemented by participation in a manu
facturing studies curriculum covering 
all phases of manufacturing. 

Q. What kind of training would I get 

on your Technical Marketing Program? 

A. The one-year Technical Marketing 
Program is conducted for those graduates 
who want to use their engineering knowl-

E ER L 
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edge in dealing with customers. After 
completing orientation assignments in 
engineering, manufacturing, and market
ing, the Program member may specialize 
in one of the four marketing areas: appli
cation engineering, headquarters market
ing, sales engineering, or installation and 
service engineering. 

In addition to on-the-job assignments, 
related courses of study help the Program 
member prepare for early assumption of 
major responsibility. 

Q. How can I decide which training 

program I would like best, Mr. Abbott? 

A. Well, selecting a training program is 
a decision which you alone can make. You 
made a similar decision when you selected 
your college major, and now you are 
focusing your interests only a little more 
sharply. The beauty of training programs 
is that they enable you to keep your 
career selection relatively broad until you 
have examined at first hand a number of 
specializations. 

Furthermore, transfers from one Gen
eral Electric training program to another 
are possible for the Program member 
whose interests clearly develop in one 
of the other fields. 

Personalized Career Planning 
is General Electric's term for the 
selection, placement, and pro
fessional development of engi
neers and scientists. If you would 
like a Personalized Career Plan
ning folder which describes in 
more detail the Company's train
ing programs for technical gradu
ates, write to Mr. Abbott at Sec
tion 959-13, General Electric 
Company, Schenectady 5, N. Y. 
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hat kind of a person 

would read a book 

like this? 
This book isn't fancy. Its actual size isn't much 

bigger than what you see here. But it tells a lot 

about U.S. Steel. Its operations. Facilities. 

Growth. Working benefits. It gives a rough idea 

of the Corporation's many career opportunities. 

(Imagine how many engineers are needed in a 

company this size.) A reader won't find any 

flowery phrases in this book about success. 

That part is up to the individual. U.S. Steel 

wants men with drive and initiative who aren't 

afraid of competition. A lot of people like that 

have already read this book. They work for us 

now. Are you that kind of person? Send the 

coupon. USS is a registered trademark 

United States Steel 
United States Steel Corporation 
Personnel Division 
Room 6085, 525 William Penn Place 
Pittsburgh 30, Pennsylvania 
Please send me the free book, "Basic Facts about U.S. Steel." 

Name .. 

School 

Address ______________________________________________ __ 

City ___________________________ zone __ state, ____________ _ 



MAY, 1960 

Tom Speer, Senior Engineering Research Supervisor at Stand
ard Oil, inspects one of the 12 sections in a new miniature 
road tester. Under simulated weather conditions, four wheels 

IS 'R D' CARRIES 

' 
Say good-bye to washboard pavements and 
chuck holes-their doom may be sealed! 

Key weapon in the war on costly road dam
age is a new miniature highway developed in 
the Standard Oil research laboratories in 
Whiting, Indiana. It is only 12 inches wide and 
44 feet in circumference, but it carries heavier 
loads than any highway in the world. This Tom 
Thumb turnpike will eventually lead to meth
ods of building longer-lasting, smoother, safer 
highways ... at far less cost to taxpayers. 

Four wheels whirling around hour after hour 
can give it any degree of traffic intensity de
sired. Pressure that corresponds to the weight 
of the- heaviest trucks can be applied to the 
wheels. To simulate actual traffic, the wheels 
are placed on braking and acceleration 90 per 
cent of the time. Automated electronic equip
ment can quickly change ttroad conditions" 

whirl around to reveal wear patterns and other vital informa
tion. (INSET) Ruler shows wear pattern after strip has 
taken pounding from tires during rain, freeze, thaw and heat. 

I I • I 
from desert dry to cloudburst drenched. uRoad 
conditions", too, can be changed from freezing 
to thawing. 

Within weeks, the new test-tube roadway 
can determine what happens to roads during 
years of use in all kinds of weather. It can pre
test paving formulas and techniques, and may 
show how to eliminate washboard pavement 
and chuck holes. Savings in highway research 
alone may run into millions of dollars. Even 
larger savings in auto and road repairs and 
possibly in gasoline taxes are in sight. 

This test-tube roadway is just one of the 
many exciting developments at Standard. 
Every day, scientific research, pure and applied, 
points the way to new or improved products. 
This work holds great challenge and satisfac
tion for young men who are interested in scien
tific and technical careers. 

STANDARD OIL COMPANY 
910 SOUTH MICHIGAN AVENUE, CHICAGO SO, illiNOIS THE SIGN OF PROGRESS ... 

THROUGH RESEARCH 
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Since its inception nearly 23 years ago, 
the Jet Propulsion Laboratory has given 
the free world its first tactical guided m is
sile system, its first earth satellite, and 
its first lunar probe. 

In the future, under the direction of the 
National Aeronautics and Space Admin
istration, pioneering on the space fron-

... THE EXPLORATION OF SPACE 

tier will advance at an accelerated rate. 
The preliminary instrument explora· 

tions that have already been made only 
seem to define how much there is yet 
to be learned. During the next few years, 
payloads will become larger, trajectories 
will become more precise, and distances 
covered will become greater. Inspections 

will be made of the moon and the plan
ets and of the vast distances of inter
planetary space; hard and soft landings 
will be made in preparation for the time 
when man at last sets foot on new worlds. 

In this program, the task of JPL is to 
gather new information for a better un
derstanding of the World and Universe. 

"We do these things because of the unquenchable curiosity of 
Man. The scientist is continually asking himself questions and 
thel'l setting out to find the answers. In the course of getting 
these answers, he has provided practical benefits to man that 
have sometimes surprised even the scientist. 

Who, at this present time, can predict what potential benefits 
to man exist in this enterprise? No one can say with any accu
racy what we will find as we lly farther away from the earth, 
lirsl with instruments, then with man. It seems to me that we 
are obti9oted to do these thin9s, as human bein9s!' 

"Who con tell what we will lind when we 9et to the planets? DR. W. H. PICKERING, Director, JPI. 
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The care and feeding missile system 

It takes more than pressing a button to send a giant rocket on its way. 
Actually, almost as many man-hours go into the design and construction 
of the support equipment as into the missile itself. A leading factor in the 
reliability of Douglas missile systems is the company's practice of including 
all the necessary ground handling units, plus detailed procedures for system 
utilization and crew training. This complete job allows Douglas missiles like 
THOR, Nike HERCULES, Nike AJAX and others to move quickly from test 
to operational status and perform with outstanding dependability. Douglas 
is seeking qualified engineers and scientists for the. design of missiles, 
space systems and their supporting equipment. Write to C. C. LaVene, 
Box 600-Y, Douglas Aircraft Company, Santa Monica, California. 

Alfred J. Carah, Chief Design Engineer, discusses the ground installation 

requirements for a series of THOR-boosted space D u LAS 
probes with Donald W. Douglas, Jr., President of 

MISSILE AND SPACE SYSTEMS 1!1 MILITARY AIRCRAFT Ill DC-8 JETLINERS 1!1 CARGO TRANSPORTS II AIRCOMB® II GROUND SUPPORT EQUIPMENT 
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road testing 
the Firebird 

Engineers at the General Motors Research 
Laboratories electronically simulate the steer
ing response of Firebird lll with analog com
puter equipment. 

Would you like to work with computers, the 
brain child of mathematics? How about metal
lurgy? Solid state physics? Automobiles? Inertial 
guidance? If you're a scientist or engineer at 
General Motors, you may work in one of these 
fields or dozens of others, just as exciting, just 
as challenging. 

There's real opportunity here. No roadblocks 

a computer 
either. Real opportunity to move up, increasing 
your knowledge and responsibility, perhaps shift
ing to another department or division to develop 
further skills. 

GM provides financial aid for those who go 
on to postgraduate studies. And for undergrads, 
there's a summer program with which they can 

gain valuable experience. 

For more information on a rewarding future 
with GM, see your Placement Officer or write to 
General Motors, Salaried Personnel Placement, 
Personnel Staff, Detroit 2, Michigan. 

GE ERAL MOTOR 
GM positions now available in these fields for men holding Bachelor's, Master's and Doctor's degrees: Mechanical, Electrical, Industrial, Metallurgical, Chemical, Aero
nautical and Ceramic Engineering • Mathematics • Industrial Design " Physics .. Chemistry .. Engineering Mechanics .. Business Administration and Related Fields 
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clear enerators for 

INCE the advent of civilization engineers and sci
entists have been seeking new sources of power 
to tame the forces of nature and to move the 

machines of industry. Electricity, one of the most 
convenient and economical sources of power, has 
seen a world wide demand that doubles every ten 
years. In the next ten years, the electrical industry 
in the United States will construct facilities equal 
in capacity to all those built in this country in the 
last seventy-eight years. As a comparison, Russia's 
generating capability today is 59 million kilowatts 
(kw); that of the United States is 183 million kw. 
However, the per capita consumption in the United 
States is almost four times that in Russia. World 
energy forecasts for the year 2000 indicate the abso
lute need for the development of new resources of 
power. One new source of power most likely to 
develop into early application, particularly in the 
generation of electricity, is nuclear energy. 

The power industry in the United States plans to 
install some 700,000 kw of nuclear power, financing 
it through normal banking channels without calling 
on the federal government for any direct financial 
support. Another 400,000 kw are included in the 
Atomic Energy Commission's (AEC) power demon
stration program to be carried out jointly by gov
ernment and industry. The power plant at Elk River, 
Minnesota, which is to go into operation in Novem
ber, 1960, and the plant at Sioux Falls, S.D., to be 
completed by 1962, are being constructed under such 
a scheme. By the end of 1959, an estimated 131 elec
tric companies in the nation were participating in 
27 projects aimed at developing nuclear energy as 
a source of power. Three atomic power plants- at 
Shippingport, Pa., Valicitos, Calif., and Santa Sus
ana, Calif., were opened in 1957. Three more are 
scheduled to be completed by the end of this year, 
boosting the nation's total to six plants and the total 
nuclear generating capacity to 480,000 kw. 

Yet all is not well with the progress of the nuclear 
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power development in this country. Some electric 
companies are adopting a policy of watch, wait, and 
see. So far the generation of nuclear power on a 
nation wide scale has been held in check due prin
cipally to two factors: 

1. Technical difficulties and health hazards. 

2. Economic competition with conventional sources 
of power generation. 

Technical Difficulties and Health Hazards 

First, consider the technical difficulties and health 
hazards. Briefly, the actual operation of a power 
reactor can be explained as follows. The device 
where fission chain reaction takes place in a con
trolled fashion is called a reactor. The energy re
leased during fission is in the form of heat which 
then is absorbed by a suitable coolant such as water, 
gas, organic liquid or liquid metal. The coolant 
passes through a boiler to produce steam for driv
ing a turbogenerator. A gas coolant might be used 
to drive a gas turbogenerator or propulsion turbine, 
or a standard turbogenerator may be used. Essen
tially, nuclear reactors are equivalent to the "fire
boxes" (including in some cases a portion of the 
"boilers") of modern thermal stations. The difficul
ties inherent in these processes are tremendous, yet 
with the almost revolutionary advances made in 
science and technology in recent years, problems of 
heat transfer at higher temperatures, or of finding 
suitable coolants and fuels, have been, to a very 
great extent, solved. 

The fission process in the reactor gives rise to 
the hazards of radiation. This problem has a two
fold aspect-hazards to the health of the community 
in which the plant is located, and hazards to the 
health of the workers who work in the plant. 

MINNESOTA TECHNOLOG 



The disposal of the radioactive wastes poses the 
biggest radiation hazard to the health of the com
munity. The term "waste" is employed in a general 
sense to refer to any material, including air, which 
must be discharged to the surroundings. The dis
posal of this material, which is dangerously radio
active, must be carried out in such a manner as to 
neither constitute a hazard to human beings nor 
to interfere with the existing biological equilibrium. 
Further, the problem of waste disposal is greatly 
complicated both by the variety and variability of 
the material to be treated from day to day. Due 
to the complexity of the situation, disposal should 
be one of the prime considerations in the selection 
of the site, the design and the operation of the nuclear 
reactor and their associated chemical plants and 
laboratories. 

The most significant source of such radioactive 
wastes is the chemical processing of the spent reac
tor fuel and substances which are used as coolants. 

Generally speaking, there are two methods of 
waste disposal: 

1. Dilution and dispersion. 

2. Concentration and storage. 

Wastes which lend themselves to be diluted fur
ther (cooling water and aqueous wastes of low 
activity) may be stored for a while to permit the 
activity to decrease. The liquid is then diluted, at 
a controlled rate, with a large volume of water and 
the activity is dispersed. Such a process is being 
employed for the Hanford Reactor and the Elk River 
Plant. Solutions which are too radioactive to be dis
posed of by dilution and dispersal are concentrated 
further and are stored in underground tanks or 
buried directly in the ground. 

Gaseous wastes are disposed of in the atmosphere 
throu~h high stacks, or perhaps changed into liquid 
or solid forms and then disposed. Solid wastes are 
buried in the ground or disposed in the sea along 
coastal areas. Standards and limits have been set up 
by the AEC on the activity and amounts of material 
that may be released. The objective is to prevent 
the radioactivity in the air and the water supplies 
from reaching the dangerous limits. 

The problem of protecting plant workers from 
the hazards of radiation is important, yet not diffi
cult if proper procedures are used. With the devel
opment of health physics, actually a new science 
mar:y protective procedures have been developed: 
Varwus types of radiation monitoring instruments, 
such as badges worn by the worker, measure the 
amount of radiation to which they have been ex
posed. 

Economic Considerations 

The economic competition with the conventional 
sources of power is one significant factor, at least 
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in the United States, which may not allow the gen
eration of power by means of nuclear energy on a 
widespread basis. This is due to the vast reserves 
of cheap conventional fuels. 

The estimated costs of nuclear power plants now 
being considered for commercial development are 
to range between $230 to $320 per kw of capacity. 
This compares with about $120 to $160 per kw for 
conventional thermal power plants. On the other 
hand, it is expected that the fuel aspect of power 
cost for a nuclear power plant should be lower than 
fossil fuels in most places, and unlike other fuels 
the cost would be more or less the same for the 
same reactor system no matter where the plant is 
located. As far as the operating and maintenance 
costs are concerned, the reported average in 16 re
cent studies shows the costs to be 2.02 mills per kw. 
This is two to four times the cost of conventional 
thermal stations in the United States. Added to this 
is the additional problem of high depreciation rates 
of the nuclear power plants, about one per cent 
higher than for thermal power stations. 

The cost of power distribution accounts for 65 
to 75 per cent of the costs of electricity to the con
sumer; therefore, even if no cost of fuel is taken 
into account, and it is assumed that the same fuel 
can be used over and over again, the ultimate cost 
of power to the consumer is not likely to be reduced 
by more than 10 to 15 per cent. The nuclear power 
plants now being built in the United States are to 
serve as prototypes on which the design of more 
economical plants will be based. 

The economic considerations for a smaller unit 
are less favorable than those for a larger one. Be
fore small reactors can produce power at a competi
tive cost they must be mass produced rather than 
custom made. As a rough estimate, if nuclear power 
can be produced for 20 to 30 mills per kw in plants 
having capacities of 3 to 5 kw, there would be con
siderable demand for such reactors in the remote 
areas of Canada, South America and certain parts 
of Asia. Nuclear reactors have an advantage over 
the conventional thermal stations using only fossil 
fuels, especially in the remotely situated areas or in 
those areas where there is a shortage of conven
tional fuels or hydro-power. The energy of one 
pound of uranium equals about 1,360 tons of coal, 
and this energy would be sufficient to light the city 
of Chicago for 24 hours. 

Investigations are now being carried out to gen
erate electricity by passing an extremely hot ionized 
gas through a strong magnetic field. Such a process 
is known as magneto hydro dynamic electric gener
~tion. In the event such a process proves practical, 
1t may open another source of electric energy. 

Finally, while one cannot be oblivious of the for
midable, though by no means insurmountable, diffi
culties in the generation of nuclear power, it seems 
realistic to believe that the future of nuclear power 
might well be the future of the entire power industry. 
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Trails for Speed 
N EXPERIMENTAL radio communication system that 
uses meteor trails for two-way message trans
mission has been developed by the National Bu

reau of Standards Boulder (Colo.) Laboratories un
der the sponsorship of the Air Force Cambridge 
Research Center. With this system, messages have 
been sent at speeds up to 4800 words a minute-SO 
times the present speed of transmission by teletype. 

The system resulted from a three-year investiga
tion, conducted by R. J. Carpenter and G. R. Ochs 
of the NBS Central Radio Propagation Laboratory, 
to determine the feasibility of a long-distance VHF 
communication system based on reflections from 
meteor trails. Results of the study indicate that in
termittent meteor burst communication can compete 
effectively with other long-distance systems, and 
that it is relatively free from ionospheric disturb
ances which affect long-distance communication in 
the high frequency range. 

Millions of tiny meteors enter the earth's at
mosphere every day, only to burn up before they 
can fall to the ground. When a meteor reaches the 
lower part of the ionosphere, the heat due to air 
friction vaporizes some of the meteoric material, 

·creating a trail of electrons and ionized atoms behind 
the meteor about 15 miles long. As this trail reflects 
radio waves, it causes short-time enhancement of 
radio signals. 

Because of the transient nature of meteor trails, 
they cannot be used continuously to transmit radio 
signals. Thus a communication system using this 
phenomenon requires a new approach to message 
handling and control. The system must operate in
termittently at very high speed, and must go into 
operation automatically when a suitable meteor trail 
is available for signal enhancement. Obviously there 
must be some provision for storing messages during 
periods when no suitable meteor trail is available. 

In recent years the overcrowding of the high
frequency bands traditionally used for long-range 
communication has stimulated investigation of vari
ous VHF and UHF communication systems. Onere
sult of this work has been the development of iono
spheric forward scatter propagation-another prom-
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ising VHF communication system. In contrast to me
teor burst communication, forward scatter provides 
a continuous signal. However, the meteor burst sys
tem has the advantages of lower power and smaller 
antenna requirements, a wider usable spectrum, and 
greater security in message transfer. Because of the 
highly directive character of meteor burst reflections, 
there is less jamming and interference caused by re
ception of signals from other transmitters. 

Electronic Memorandum 

OMPUTER technology has been significantly ad
vanced by development of a new, accurate and 
fast electronic memory, Western Electric and 

Bell Telephone Laboratories reported. 

Hair-thin wires wrapped with magnetic metal 
tape in barber-pole fashion plus tiny bar magnets 
are the basic elements of the permanent electronic 
memory which is comparatively inexpensive, easy 
to produce, and will help speed up computer devel
opments. The memory will supply bits of information 
at speeds in millionths of a second to a computer. 

Only 14 months elapsed between the decision to 
use the memory and its readiness for mass produc
tion. This was accomplished through the closely co
ordinated research-engineering work of Bell Labora
tories and Western Electric. 

A typical memory unit is built up of alternating 
grids of magnetic wire strands called "Twistors" and 
plastic cards with arrays of minute bar magnets. 

The Twistor is a thin, hair-like copper wire, 
around which is spirally wrapped a magnetic tape 
1j10 of the thickness of the wire itself. The magnet 
array is formed by bonding a thin sheet of magnetic 
material to a plastic card and then removing all un
desired magnetic material by precise photoetching 
methods. The finished card stores information in 
much the same way as a punched card in an office 
calculator or computer. 

In a punched card, information is stored by the 
presence or absence of a hole. Similarly, the new 
Magnet-Twistor memory retains information by the 
presence or absence of a bar magnet at a specific lo
cation on the plastic card. 

MINNESOTA TECHNOLOG 



When a punched card is inserted into a calcu
lator, an electric current flows where the card is 
punched and does not where there is no hole, pro
viding information to the calculator. When a Magnet
Twistor memory card is read by a computer, an elec
tric pulse is transmitted if there is no magnet or 
blocked if there is a magnet present. 

These electric pulses represent commands to the 
computer, telling it how to proceed in solving prob
lems with accuracy and extreme speed of operation. 

This is Station WWV 

HE NATIONAL Bureau of Standards has developed 
a recording system that simultaneously photo
graphs randomly occurring events displayed on 

an oscilloscope screen and the precise time of each 
event. The camera was developed by G. Hefley, R. H. 
Doherty, and E. L. Berger of the Bureau's Boulder 
(Colorado) Laboratories as part of a program to re
cord and study the electromagnetic radiation from 
lightning strokes (sferics) that is propagated over 
long distances. 

Because a picture is taken only when the camera 
is triggered by the event to be photographed, film 
consumption is reduced considerably as compared 
with a continuously operating camera. When the 
standard time broadcasts of NBS station WWV are 
used to synchronize the system, the absolute accur
acy is dependent only on the propagation variables 
of the WWV signal. Cycling time of one complete 
operation is 7 millisec. 

Studies of intermittent, randomly occurring 
events such as sferics require photographic record
ing instruments of a special type. Making continuous 
photographic records of oscilloscope waveforms is 
ordinarily the mehtod used to make these records, 
but it is impractical for long periods of time with 
strip cameras because of excessive film consumption. 
Moreover, the commercially available framing cam
eras usually do not attain framing rates great enough 
for certain sferic observations. Frequently, it is nec
essary to combine the photographic data with some 
form of accurate time presentation so that sferics 
observed at widely separated stations can be identi
fied on a wrold time basis and the time interval be
tween sferics can be measured precisely. 

Number Please 

CTING like tiny telephone operators in space, sub
miniature and micro-miniature filters, which are 
used to transmit and receive information from 

missiles, satellites and other less exotic uses, are 
growing smaller and smaller, but better and better. 

The Burnell & Co., Inc., pioneers in toroids, fil
ters and related networks, have reduced the size of 
these sending-and-receiving units. With the help of 
The Arnold Engineering Company, a subsidiary of 
Allegheny Ludlum Steel Corporation, the special 
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Pictured are the smallest and the largest of the powdered 

cores used in electronic equipment. 

core units in the filters have been reduced from 41/4 
pounds to lj3-of-an-ounce. Since there are 23 filters 
in a complete set or "package," the weight savings 
alone is tremendous. 

Arnold Engineering supplies the powder core, 
which is the forking member of the filter unit. These 
cores are made of molybdenum permalloy powder 
compressed under high pressures, annealed and then 
finished. The filter can transmit and receive inform
ation on certain frequencies and filters out other fre
quencies. By using certain type filters, a missile or 
satellite can transmit such information as altitude, 
pressures, radiation, direction, various gases in the 
stratosphere or ionosphere and other valuable in
formaton. Also, with the filter changes in direction 
are made possible. 

With such filters as Burnell Company makes, it 
is possible to receive several messages over the same 
wire. 

In 1947 the telemetering system, which uses 23 
filters, and auxiliary equipment weighed a total of 
207 pounds. This same type equipment with the sub
miniature and micro-miniature units would weigh 
11.1 ounces. 

While it was necessary to get compactness and 
lightweight into the systems, it was vitally necessary 
to get reliability. All Burnell filters are triple 
checked, and must withstand tests to have 100 per 
cent reliability. The filter units are tested for 110-G's 
or 100 times the force of gravity and at 2000 cycles 
per second vibration test. In addition, they are tested 
for electrical loads. Each unit must withstand ultra 
high voltage loads far in excess of the load it might 
be expected to encounter in use. 

The unit is hermetically sealed or encapsulated. 
It is then ready to meet the tests of space. 

(Continued on page 35) 
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HE FACULTY of the Institute of Technology has 
during the past two years made a number of de
cisions with respect to the curriculums of the 

Institute of Technology which are of interest to LT. 
students, particularly those in the first two years. 
The purpose of this article is to summarize these 
actions. 

The program in the Institute of Technology has 
for many years included a common two-year pro
gram which nearly all students in LT. have followed. 
The basic two-year curriculum is described in the 
LT. Bulletin and is followed with minor exceptions 
by all students in the College of Engineering, the 
School of Mines and Metallurgy, and the School of 
Physics. For architecture students in LT., the first 
year of the basic two-year program is the same as 
that for the College of Engineering, but the second 
year program is not. The School of Chemistry fol
lows a somewhat modified program for the first two 
years. 

Lower Division 
The primary purpose of the basic curriculum for 

the first two years is to enable the student to build 
a solid foundation in the basic courses in mathema
tics, physics, and chemistry and also to include work 
in English, in engineering graphics, and in the social
humanistic area. Almost no course work in engi
neering is included in the program. This enables the 
student to change his prospective major, if he desires 
to do so, without appreciable loss of time to him
self. To further increase the flexibility in a student's 
program it is possible to transfer any set of labora
tory requirements of the second year from one 
department to another. For example, a physics lab
oratory of the second year is transferable with an 
engineering lab. 
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In November, 1958, the faculty of LT. voted to 
formalize the emphasis during the first two years on 
the basic sciences and humanities by establishing a 
Lower Division and separating the curriculum of 
LT. into a Lower Division and an Upper Division. 
This applies to all the units of LT. except the School 
of Architecture. The curriculums of the Lower Di
vision consist of the first two years of the several 
curriculums as published in the LT. Bulletin. The 
curriculums of the Upper Division consist of the 
remaining years of the work required as published 
in the LT. Bulletin. Students must complete the work 
of the Lower Division within eight quarters. The 
establishment of the Lower Division became effec
tive with the Winter Quarter 1959, and students who 
were ad1nitted to LT. beginning with Winter Quar
ter 1959 were admitted to the program of Lower 
Division. 

Certificate in Science 

If students so desire, they may apply for a Cer
tificate in Science upon completion of most of the 
course work in the Lower Division. However, a stu
dent does not need a Certificate in Science in order 
to be admitted to the Upper Division. The Certificate 
in Science is available to any regularly admitted stu
dent of the Lower Division who applies for it and 
who meets the following require1nents: 

1. He must have a minimum of 96 quarter credits. 

2. He must have a Grade Point Average of not less 
than 1.8 in work done while registered in LT. 

3. He must have satisfactorily completed the follow
ing: 

a. The first year of the stated curriculum to 
which he was admitted. 

(Continued on page 36) 
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complete instrumentation for NASA's Project Mercury 

I I 
The reality of McDonnell's manned sat

ellite will be a great milestone in NASA's 
exploration of space. Collins Radio Com
pany is proud to participate in Project 
Mercury by supplying the complete elec
tronics system, including orbital radio 
voice communication, a command system 
for radio control, a telemetry data system, 
a Minitrack beacon system, a transponder 
beacon system for precision tracking, and 
a rescue radio voice and beacon system. 

Collins needs engineers and physicists to 
keep pace with the growing demand for its 
products. Positions are challenging. Assign
ments are varied. Projects currently under
way in the Cedar Rapids Division include 
research and development in Airborne 
communication, navigation and identifica-

COLLINS RADIO COMPANY ~D CEDAR RAPIDS, IOWA 
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tion systems, Missile and satellite tracking 
and communication, Antenna design, Ama
teur radio and Broadcast. 

Collins manufacturing and R & D in
stallations are also located in Burbank 
and Dallas. Modern laboratories and re
search facilities at all locations ensure the 
finest working conditions. 

Your placement office will tell you when 
a Collins representative will be on campus. 

For all the interesting facts and figures 
of recent Collins developments send for 
your free copies of Signal, published quar
terly by the Collins Radio Company. Fill 
out and mail the attached coupon today. 
You'll receive every issue published during 
this school year without obligation. 

ED DALLAS, TEXAS e BURBANK, CALIFORNIA 
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The word space commonly represents the outer, airless regions of the universe. 
But there is quite another kind of "space" close at hand, a kind that will always 
challenge the genius of man. 

This space can easily be measured. It is the space-dimension of cities and the 
distance between them ... the kind of space found between mainland and off
shore oil rig, between a tiny, otherwise inaccessible clearing and its supply 
base, between the site of a mountain crash and a waiting ambulance-above all, 
Sikorsky is concerned with the precious "spaceway" that currently exists be
tween all earthbound places. 

Our engineering efforts are directed toward a variety of VTOL and STOL 
aircraft configurations. Among earlier Sikorsky designs are some of the most 
versatile airborne vehicles now in existence; on our boards today are the ve ... 
hides that can prove to be tomorrow's most versatile means of transportation. 

Here, then, is a space age challenge to be met with the finest and most practical 
engineering talent. Here, perhaps, is the kind of challenge you can meet. 

For information about careers with us, please ad.; 
dress Mr. Richard l. Auten, Personnel Deportment. 

One of the Divisions of United Aircraft Corporation 

STRATFORD, CONNECTICUT 
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Miss E-Day1 Ann Marie Giesen 

14 MINNESOTA TECHNOLOG 



19601s St. Pat, Bob 

Edmeyer, carries out the 

tradition of knighting the 

graduating engineers 

in his court. 
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• • • • • 

Members of Kappa Eta Kappa make minor repairs on their grand prize winning float. 
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A generous supply of 

gendarmes and armed 

color guards reduce the 

possibility of intrusion 

by subversive groups as 

the parade begins. 

MAY, 1960 

Readying the 

Queen's chariot. 
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I • • • • 

Prior to the knighting, St. Pat takes care of another courting duty. 
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The Chern E's put on a 

real smelly demonstra

tion for the E-Day open 

house. 

• • • • 

The first attempt at an 

E-Day convocation was 

made successful by guest 

speaker Dr. George Go

mow as he lectures 1200 

students. 
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The Queen candidates (from left, Sharon Moore, Carol Eskola, Mary Wostrel, Jane Nilan, and Ann Giesen) decorate 

the usually drab halls of the E.E. building. 
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WTCN-TV insures 

at least one bright 

spot in the 

10 o'clock news. 

MAY, 1960 

St. Pat and the 

Queens check a 

few figures in 

the Numerical 

Analysis 

Center. 
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I I • • • 

A casualty-free (surprisingly) chariot 

race was won by Theta Tau. 

"But I don't like cherry pie." 

With spear and shield in hand, drawn 

by his trusty steed, Ben-Hur enters 

the scene. (Where's the race?) 
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I A Campus-to-Career Case History : 
I I 
I I 

' 'I foun I coul e an en ineer 

-an a usinessrnan, too'' 
William M. Stiffler majored in mechanical 
engineering at Penn State University-but he 
also liked economics. "I wanted to apply en
gineering and economics in business," he says, 
"and have administrative responsibility." 

Bill got his B.S. degree in June, 1956, and 
went to work with the Bell Telephone Com
pany of Pennsylvania at Harrisburg. During 
his first two years, he gained on-the-job ex
perience in all departments of the company. 
Since June, 1958, he's been working on trans
mission engineering projects. 

Today, Bill is getting the blend of engineer
ing and practical business-engineering he 
wanted. "The economic aspects of each proj
ect are just as important as the technical 

aspects," he says. "The greatest challenge lies 
in finding the best solution to each problem in 
terms of costs, present and future needs, and 
new technological developments. 

"Another thing I like is that I get full job
responsibility. For example, I recently com
pleted plans for carrier systems between 
Scranton and four other communities which 
will bring Direct Distance Dialing to cus
tomers there. The transmission phase of the 
project cost almost a half-million dollars and 
was 'my baby' from terminal to terminal. 

"Telephone engineering has everything you 
could ask for-training, interesting and varied 
work, responsibility, and real management 
opportunities." 

Bill Stiffler and :many college :men like hi:m have found inter

esting careers with the Bell Telephone Companies. There 

may be a real opportunity for you, too. Be sure to talk with 

the Bell interviewer when he visits your campus-and read 

the Bell Telephone hooklet on file in your Placement Office. 

BELL 
TELEPHONE 
COMPANOES 

L----------------------------------------------------------------------------------~ 
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A.I.M.E. 

• OCiety 

THE MINNESOTA Student Chapter of 
the AIME held a dinner meeting on 

Thursday, April 21, in Coffman Mem
orial Union. Featured speaker of the 
evening was Mr. R. R. McNaughten, 
President-elect of the AIME. Mr. Mc

Naughten spoke on the "Young Engineer." Mr. Mc
Naughten is associated with the Consolidated Mining 
and Smelting Company of Canada, and he resides 
in Tewl, British Columbia. Professors Pfleider and 
Yardly of the Minnesota School of Mines presented 
a discussion of the possibilities of underground min
ing of taconite. Also present at the meeting were 
Mr. Tne, Assistant Secretary of the Society of Min
ing Engineers, Mr. Moberg, President of the Minne
sota Section of the AIME, and approximately twenty 
members of the Minnesota Section. 

Once again, the AIME reigned over E-day activi
ties. E-Day awards received were the all-participa
tion trophy for the fourth consecutive year, the all
tournament trophy, first place in bowling, golf, ten
nis, and second place in golf and open house. 

son, Secretary. 

THE AMERICAN Institute of Physics 
held its annual elections April 27, 

1960. The newly elected officers are: 
Earle F. Fyle, Jr., President; John 
Pollock, Vice President; Jay Chris
tiansen, Treasurer, and Roger John

The AlP held an open house during E-Day this 
year. The laboratories open to the public were: bio
physics, cosmic ray lab, mass spectroscopy, observa-
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horts 

edited by RICHARD A. PEDERSEN 

tory, senior modern physics lab, and Van De Graaff 
Generator. 

On Friday, May 6 at 8:30 p.m., Messrs. Roger 
Arnoldy and Robert Hoffman, both graduate physics 
students, gave a talk entitled, "Search Into Space." 
The talk included a discussion of the role of the Uni
versity of Minnesota Cosmic Ray Groups in the Earth 
Satellite program, and declassified films of satellite 
launchings and solar flares. 

For the most part, everything went off fairly well 
except that some of our members were kept busy 
chasing some guy and his pet dinosaur out of the 
building. As usual the AlP was blamed for the foot
prints left by the beast. 

E-DAY~ 1960, has come and gone and 
KAPPA again KHK took an outstanding 

ETA role in making it a success. As a result 
of our work we received trophies for 

KAPPA first place float, first place open house, 
and second place in the chariot races. 

We were second place in all participation in the fra
ternity division and tied for second in the all-sports 
tournament. Pete Campbell took second place in the 
tennis tournament, Dave Muckoday won first in 
Blind Bogie Bow ling, and the bridge team coached 
by Jim Loken in a battle of brain and nerves took un
disputed last place in that division. 

On April 11 we were hosts to Theta Tau and Tri
angle fraternities for bridge and tea during which 
many important issues pertaining to university and 
world problems were discussed. 

(Continued on page 28) 
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TIROS satellite orbiting towards ground station in Eastern United States. 

I I 
L 

As you read these lines, the most remarkable 
"weather reporter" the world has ever known 
hurtles around our globe many times a day, 
hundreds of miles up in outer space. 

The TIROS satellite is an orbiting television system. 
Its mission is to televise cloud formations within a belt 
several thousand miles wide around the earth and trans
mit a series of pictures back to special ground stations. 
Weather forecasters can then locate storms in the making 
... to help make tomorrow's weather forecast more 
accurate than ever. 

The success of experimental Project TIROS opens the 
door to a new era in weather forecasting-with benefits to 
people of all lands. This experiment may lead to advanced 
weather satellites which can provide weathermen with hour
by-hour reports of cloud cover prevailing over the entire 
world. Weather forecasts, based on these observations, may 
then give ample time to prepare for floods, hurricanes, 
tornadoes, typhoons and blizzards-time which can be used 
to minimize damage and save lives. 

Many extremely "sophisticated" techniques and de
vices were required to make Project TIROS a success
two lightweight satellite television cameras, an infra-red 

MAY, 1960 
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horizon-locating system, complex receiVmg and trans
mitting equipment, and a solar power supply that collects 
its energy from the sun itself. In addition to the design 
and development of the actual satellite, scientists and 
engineers at RCA's "Space Center" were responsible 
for the development and construction of a vast array 
of equipment for the earth-based data processing and 
command stations. 

Project TIROS was sponsored by the National Aero
nautics and Space Administration. The satellite pay
load and ground station equipment were developed and 
built by the Astra-Electronic Products Division of RCA, 
under the technical direction of the U. S. Army Signal 
Research and Development Laboratory. 

The same electronic skills which made possible the 
success of man's most advanced weather satellite are em
bodied in all RCA products-RCA Victor black & white 
and color television sets, radio and high-fidelity systems 
enjoyed in millions of American homes. 

THE MOST TRUSTED 
NAME IN ELECTRONICS 
RADIO CORPORATION OF AMERICA 
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Walt Stumpf, from Nashua, receives a degree in AgE in 

June. Walt has served as president of both ASAE and 

Alpha Epsilon. He has also been treasurer for the Tech 

Commission, Alpha Epsilon, and Plumb Bob. In addition 

to holding office in these five organizations, he is a mem

ber of Newman Club. 
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Jim Dougher graduates this spring with a degree in EE. 

Jim, a native St. Paulite, has been past editor and busi

ness manager of the TECHNOLOG. Other activities in

clude AlEE, Plumb Bob, Technolog Board President, Tech 

Commission, MSA, and Newman Club. 
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Bob Edmeyer1 from West St. Pout receives an EE degree 

in June 1960. Bob is the editor of the TECHNOLOG. He 

has served as a member of the Technolog Board/ the 

Tech Commission/ and E'-DAY committees. Other activi

ties include AlEE/ Plumb Bob, West St. Paul Jaycees/ and 

the Board of Directors of the SGE. 

MAY, 1960 

Jerry Gruenhagen/ a native of Minneapolis/ receives a 

combined degree in Business and Metallurgy in August. 

Jerr/s lengthy list of activities include serving as presi

dent to the 1960 Tech Commission/ AIME 1 Metallurgy So

ciety/ and the Water Skiing Club. He has also been a past 

vice president to the Tech Commission and AIME. Further 

activities include past General Chairman and Publicity 

Chairman of E-DAY1 and a member of Technolog Board 

and the 1960 College Board Presidents. 
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SOCIETY SHORTS 

(Continued fTom page 24) 

On J\!Iay 9, Mr. Paul Jager, an accountant execu
tive for Merrill, Lynch, Pierce, Fenner, and Smith, 
Inc., was guest speaker for our Monday night social 
meeting. This was a continuance of our policy to 
become better informed individuals on the world 
about us by engaging professional people in various 
fields to speak at our semi-m.onthly social meetings. 

Our powerful softball team led by fireball Jim 
(no-hit) Hart has made the Class C playoffs in the 
intramural slow pitch softball league. Plagued by 
injuries, pressured by alumni, constant scouting by 
the professionals, and poor local fan support did not 
snuff out the blind determination of this valiant team 
in its uphill battle to gain the playoff berth. 

Our organization was much saddened this last 
month by the news that roving Pete Campbell III 
has become betrothed. 

An after-finals party is in the planning stage for 
a big social evening in celebration of the ending of 
another successful school year and as a final get
together with the graduating seniors of this chapter. 

THE A.S.A.E. Student Branch held its 
first meeting of the spring quarter 

on March 29, 1960. The main order of 
business at this meeting was the elec
tion of the 1960-61 officers of the Stu
dent Branch. They are as follows: 

President, Jim Sutherland; Vice President, John 
Johnson; Secretary, Gene Mickelson; Treasurer, Carl 
N erstad; Scribe, Howard Midge. 

We were privileged to have as our guest speaker 
Mr. Skrom, National President of A. S. A. E. Mr. 
Skrom's talk centered around opportunities for Ag
ricultural Engineers. Refreshments were served fol
lowing the meeting. 

The A.S.A.E. Student Branch held a second meet
ing of the spring quarter on April 12, 1960. Several 
items of interest were presented to the group. Among 
the most important were the reports from the various 
committees on upcoming events. We were also in
formed that the South Dakota Student Branch for 
A.S.A.E. would be visiting our campus May 12-14, 
1960. Preparations were made for this group so that 
their stay would be an enjoyable one. 

Our guest speaker for the evening was Mr. Wood 
Sanford of the Allis Chalmers Company. Mr. San-
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ford spoke to the group about points which an in
terviewer considers when interviewing a graduat
ing senior. Lunch was served following the meeting. 

The A.S.A.E. Student Branch also put in many 
long hours in preparation for E-Day. We worked 
right up to the last minute preparing our float for 
the E-Day parade. We were pleased to see our float 
come through the parade without too much damage 
by the high winds. Besides the float, we sold buttons 
and tickets and worked on open house displays. 

The end of the week found us in spirited compe
tition in the E-Day tournaments: softball, golf, ping 
pong, and bowling. Friday afternoon provided a 
chilly, but relaxing time at the picnic after a week 
of E-Day preparations. 

Saturday night at the brawl we anxiously await
ed the results and trophy presentations. A.S.A.E. was 
awarded third place for their float and second place 
for all-participation in society competition. 

We wish to express our congratulations to two of 
our members, Jim Reese and Walter Stumpf. Jim 
received the Hamilton watch award for the outstand
ing student of the graduating class, and a Plumb 
Bob Award. Walt was a candidate for St. Pat, and 
he also received a Plumb Bob Award. 

E-DAY was a huge success for the 
SGE. Not only was the St. Pat a 

1nember, but the fastest growing or
ganization on campus also won the 
first non- participation trophy ever 
awarded. This magnificent award can 

be viewed at the local chapter house, The Big Ten 
Bar and Grill. 

On May 5 a board of directors meeting was held 
to determine the qualifications of present fourth year 
IT students. Gary Lamont, Tom Clark, and George 
Gamota met the high standards of the SGE. These 
three fine young men will form the nucleus of the 
society for the coming year. The outgoing board of 
directors felt they could carry on the grand tradi
tions of the organization. William Laidlaw, Ed (when 
is our next quiz) Hafner, and Emil Dubisar were also 
elected to full membership. 

The final meeting of the SGE will be held on 
June 11. At this meeting the awards for the annual 
golf tournament will be presented. (6 bucks and the 
winner buys) . 

(Continued on page 30) 
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~ Shown above is a freon refrigeration system for manned flight environmental control systems, Garrett 
the Boeing 707. Through its unique design, a 10-ton designs and produces equipment for air-breathing 
cooling capacity is provided at one-tenth the weight aircraft as well as the latest space vehicles such as 
of commercial equipment. The leading supplier of Project Mercury and North American's X-15. 

DIVERSIFICATION IS THE KEY TO YOUR FUTURE 

Company diversification is vital to the graduate engi
neer's early development and personal advancement 
in his profession. The extraordinarily varied experi
ence and world-wide reputation of The Garrett 
Corporation and its AiResearch divisions is supported 
by the most extensive design, development and pro
duction facilities of their kind in the industry. 

This diversification of product and broad engineer
ing scope from abstract idea to mass production, 
coupled with the company's orientation program for 
new engineers on a rotating assignment plan, assures 
you the finest opportunity of finding your most profit
able area of interest. 

Other major fields of interest include: 

• Aircraft Flight and Electronic Systems-pioneer and 

major supplier of centralized flight data systems and 
other electronic controls and instruments. 

.. Missile Systems- has delivered more accessory 
power units for missiles than any other company. 
AiResearch is also working with hydraulic and hot 
gas control systems for missiles. 

.. Gas Turbine Engines-world's largest producer of 
small gas turbine engines, with more than 8,500 
delivered ranging from 30 to 850 horsepower. 

See the magazine, nThe Garrett Corporation and 
Career Opportunities," at your college placement 
office. For further information write to Mr. Gerald 
D. Bradley in Los Angeles ... 

THE CORPORATION 

t:liResearch anufaduring Divisions 
Los Angeles 45, California • Phoenix, Arizona 

Systems, Packages and Components for: A I R C RAFT. M I S S I L E , N U C LEAR A N D I N DUST R I A L A P P L I CAT I 0 N S 
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SOCiETY SHORTS 

(Continued frorn page 28) 

THETA TAu- again victorious- sets 
sights for greater achievements 

next year. 

This year again Theta Tau played 
an active and important part in 
E-Day. In fact, we won the all-par
ticipation trophy for the fourth time 

in five years. E-Day was set up on more of an indi
vidual basis this year and Theta Tau came through 
with flying colors, having many of its members on 
various committees. 

On the sports side of E-Day, Theta Tau came 
through, but the flying colors of victory were 
snatched away at the last minute, and we were left 
with a three-way tie for second place. Our softball 
team came through in fine shape, meeting the Archi
tects for the final game. In bridge, Theta . Tau came 
in third after an interesting afternoon, missing the 
championship by a very small margin. In golf and 
bowling Theta Tau-well, on to a subject that left 
almost everybody wet. 

Float decorating was really a riot this year, as 
we tried to decorate just when the monsoons were 
setting in. Decorating became almost impossible as 
the rain reduced our effort to ruins. After the rains 
let up, an ambitious group set out to make a prize
winning float. After slaving long into the night, the 
monster gradually emerged, and was a sight to be
hold. But alas, nature again struck a low blow. On 
the way down to Parade Stadium the wind caused 
havoc with some of the fragile parts of the float and 
our contribution, if not the best, was the largest
it was spread over half of Minneapolis. We managed 
to salvage a strong second place. 

Theta Tau's rushing program has been very suc
cessful with seven pledges on the roster. Their names 
are: Joe Bushard, Dave Eckblad, Chuck Gorgen, 
Paul Mallak, Lincoln Ong, La Vern Lappe, and Chuck 
Ekroot. This active group is in charge of planning a 
picnic after the spring formal; and speaking of for
mals, Theta Tau is having theirs on May 27 at the 
Southview Country Club. This is one of the big so
cial events of the year and ends a job well done for 
our social chairman, Jim Lovestrand. 

Theta Tau's popular Professional Leadership and 
Development program is again off to a roaring start 
with Doug Hoelscher at the wheel. So far this month 
we have had various movies on such subjects as 
uranium extraction and brother Bob Edleman's 
movies of our successful Hawaiian party. Everybody 
had a big laugh over the latter. Attractions yet to 
come are Vern Baldeshwiler's slides and talk on 
some of our neighbors in South America, and a speak
er who is undisclosed at this time. 

Spring quarter is election time at Theta Tau and 
after the dust had cleared the following group was 
selected to head the fraternity for the coming year. 
Penn Peters was elected to the post of regent and 
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Dave Barry was selected to be vice regent. The re
maining officers are: Bruce Clark, Skribe; Gary La
mont, Treasurer; Rodger Ziemer, Corresponding Sec
retary; Jim Datta, House Manager and Herman Goll
witzer, Chapter Historian. 

With sixteen members graduating this spring, 
Theta Tau will be strong and expects to get its mem
bership to be up to fifty by next year. 

News came while the ship was at sea that Seaman 
Hawkins' mother had met with a fatal accident. The 
Captain called in the First Mate and instructed him to 
inform Seaman Hawkins of the tragedy. The First Mate 
went to the squawkbox and bellowed: "Now hear this, 
now hear this: Seaman Hawkins, your mother is dead. 
That is all." The horrified Captain ran to the First Mate 
and began to chew him out. "That's the most brutal, 
unfeeling, ignorant, calloused thing I've heard in fifteen 
years at sea!" he roared. "Never let me catch you say
ing such a thing again." 

As it happened, a few weeks later word came that 
Seaman Carter's mother had also passed away. The 
Captain once again summoned the first mate and told 
him to break the news to the bereaved sailor. "But for 
heaven's sake, man," he said, "don't do what you did 
last time." 

The First Mate went to the squawkbox and called: 
"Now hear this, now hear this: All hands on deck." The 
crew quickly assembled on the foredeck and fell into 
formation. The First Mate marched up to the bridge and 
called out: "All right, now, all men whose mothers are 
in good health take one step forward. Not so fast, 
Carter." 

* * * 

An expensive Hereford bull had quit doing his family 
duties. The owner was downcast. He went to the veter
inarian, who provided a supply of large tablets and 
prescribed that one be given every 12 hours for four 
days. 

The bull resumed his family duties and even crashed 
through the fence to meet some of the neighbors' cows. 

The farmer told a friend about the success of the 
treatment. 

"What did the vet give him?" he asked. 
"I don 1t know but it tastes like charcoal." 

* * * 
With all the current talk about the need for teaching 

more mathematics in school, I can't help thinking about 
two of my classmates. One was the brightest boy in the 
class and was voted most likely to succeed. The other 
was the biggest dunce in the history of the school. Yet 
the bright one never made more than a modest salary, 
while the dumb one became wealthy. When I met the 
rich man at a class reunion not long ago, I asked him 
to tell me the secret of his success. 

"Why Ws very simple," he said. "I run a restaurant. 
buy steak for a dollar and sell them for four. That 

way," he explained, "I always make three per cent/1 
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Typesetting 
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A/ailing 
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Drunk: 11What's that crawling up 
the wall?11 

Bartender: 11A lady bug!11 

Drunk: 11Gad, what eyesight!" 

* * * 
Support mental health or I'll kill 

you! 

* * * 
"I just take this pill,11 burbled the 

excited woman, "and it stops the jit
ters, soothes me1 improves the appe
tite, and really makes me feel like 
living!'' 

A man at the party who'd never 
heard of tranquilizing pills blurted 
out: "I knew they'd invent 'em-IN
STANT MARTINIS!" 

* * * 
According to the dictionary, one of 

the definitions of embargo is "any 
hindrance or restraint .. . 11 Therefore, 
wouldn't embargo be a good trade 
name for brassiere?-Now, to prove 
that you agreed too readily, reverse 
spelling and pronunciation. 

* * * 
A French lawyer pleading for an 

attractive transgressor: 

"Gentlemen of the jury, shall this 
charming young lady be cast into a 
lonely cell, or shall she return to her 
beautiful little apartment at 33 Rue 
Neuve1 Telephone 88-39-54?11 

:k * * 
The undertaker noticed a wrinkled, 

little old lady shuffling away from a 
funeral service at his parlor, and 
asked how old she was. 

110ne hundred and one,11 proudly 
cackled the old lady. 

"Well 1 well/' said the undertaker, 
suavely. "Hardly worth going home/ 
is it?'1 

* * * 
Arithmetic teacher: Now, if I sub

tract 25 from 37, what's the differ
ence? 

Little Willie: Yeah! That's what I 
say. Who cares? 
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The sultan kept his harem several 

miles away from his palace, and each 
day he sent a trusted servant to fetch 
one of the wives. The sultan lived to 
be 87; the servant died at the age 
of 40. 

Moral: lt1s not the women who kill 
you 1 ifs the running after them. 

* * * 
A ragged panhandler accosted a 

well-dressed sportsman and asked 
for a handout. The sportsman said, 
11 11 11 do better than that. I'll get you a 
drink.11 

"No, thanks," answered the bum, 
"I never drink." 

"Hmm/' said the sport, "I under
stand. Here, have a good cigar then." 

11No, thanks, I don't smoke either," 
replied the beggar. 

"Well, I'll tell you what I'll do," 
said the sport, "I've got a tip on a 
horse that will not only bring you in 
some money, it might give you 
enough to buy a suit." 

"I couldn't do that!" cried the pan
handler, "I never gamble. All I want 
is some food." 

"You 1 11 have it!" vowed the sport, 
"and it will be right at home with me. 
I want my wife to see what happens 
to a guy who doesn't drink, smoke, 
or gamble." 

* * * 
The private was whistling happily 

as he cleaned out the carrier pigeon 
cages. 

"Well/' said a passing officer, 
"that's the first time we1ve ever had 
anyone happy on that job." 

"Oh," said the private. "It's not so 
bad. Before I was transferred here 
I was in the cavalry." 

* * * 
11You've got no will power," 

nagged Dugan's wife, "Now look at 
Goldberg, he's stopped drinking and 
he's stopped smoking." 

She was about to continue, but 

Dugan roared out, 11Enough of that! 
I'll show you who has the will power. 
We'll have separate rooms and sep
arate beds from now on!~~" 

This arrangement lasted several 
weeks; the missus in one bedroom 
and Dugan in the other. Then one 
night there was a gentle rap on Du
gan's bedroom door. "What is it?" he 
calls out. 

"It's me/' said Mrs. D. softly, "I just 
wanted to tell you that Goldberg is 
smoking again." 

* * * 
"look at the way these. young 

people dress today!" snorted the 
judge at the horse show to another 
judge standing next to him. "See that 
thing with a poodle haircut, blue 
jeans, and shirt hanging out. I can't 
even tell whether it's a boy or girl!'1 

The judge he was talking to coldly 
answered, "I can assure you it is a 
girl-she is my daughter." 

11My apologies,11 mumbled the first 
judge, 11

1 had no idea you were her 
father. 11 

11 l'm NOT," snapped the parent, 
"I'm her mother·/' 

* * * 
Did you hear about the millionaire 

who had his swimming pool filled 
with martinis? It was impossible to 
drown- the deeper you sank, the 
higher you got. 

* * * 
The judge was giving the defend

ant in a divorce action a rather stern 
lecture over his actions in abandon
ing his wife. Concluding his remarks 
the judge said, "So I've decided to 
grant your wife $40 per month." 

"That's fine, jedge" the worried de
fendant said, brightening/ "You 
know, I think I'll try to slip her a 
couple of bucks every now and then 
myself." 

* * * 
"A woman drove me to drink, and 

I'll be a son-of-a-gun, but I never 
even wrote to thank her." 

Then there's the fellow who bred 
his parakeet to a tiger. He doe,sn't 
know what he's got, but when it 
talks, he listens. 
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Chi. 0.: "I finally consulted Doc 

Miller about this craving I have for 

kisses every time I take a few drinks." 

Ch. E.: "Good! What did he give 

you?" 

Chi. 0.: "A few drinks." 

* * * 
Customer: "Have you any four-volt, 

two-watt bulbs?" 

Clerk: "For what?" 

Customer: "No, two." 

Clerk: "Two what?" 

Customer: "Yeah." 

* * * 
Darling, your eyes are like deep 

pools of sparkling water, your lips 
·are like rose petals wet with the 
morning dew, your teeth are like the 
finest pearls, but you have the 
damndest nose I've ever seen on any
thing except an African anteater! 

* * * 

"My, it's wonderful there 1s a place 
o body can drink and nobody knows 
about it!" chuckled the little old lady 
·OS she staggered into Alcoholics 
Anonymous. 

* * * 
A sportsman bought a fine re

triever recently and took him right 
·out duck hunting. When the first bird 
fell, the dog leaped out to retrieve it, 
but he didn 1t swim, he raced out on 
the surface of the lake 1 picked up the 
floating duck, then raced back to his 
master. The hunter was about to take 
a drink/ but instead threw away the 
flask and headed to town. 

On the way, he encountered a 

friend. 11Would you mind coming over 

to the lake with me for a few min

utes?" he asked of the friend. 111 want 

to see if you notice anything unusual 

·about the way this dog retrieves. 11 m 

·afraid rm seeing things/' 

At the lake the dog again ran out 

on the surface of the water to pick 

up another duck that was downed. 

"D-did you notice anything strange 

about the d-dog?" queried the shaken 

hunter. 

"I sure didl11 chortled the friend, 

uthe son-of-a-gun can1t swim!" 
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According to a certain E.E., the 
boys over in E.E. lab have developed 
a new whiskey test, which runs like 
this: 

Connect 20,000 volts D.C. across a 
pint of fluid. If the current jumps it, 
the product is poor. 

If the current causes a precipitation 
of lye1 tin, arsenic, iron slag, and 
alum, the whiskey is fair. 

If the liquor chases the current back 
into the generator, it's darn good 
stuff. 

* * * 
The golfer confidently addressed 

his ball, 11This hole should be good 
for one long drive and a putt,'1 he re
marked to the caddie. 

There was a mighty explosion of 
dirt as he swung and the ball drib-

bled a few feet from the tee. 
11Now,' 1 said the caddie, "for a hell 

of a putt. 11 

* * * 
Faculty adviser: "let1s not have any 

more jokes about sex, drinking, and 
profanity/' 

Editor: "O.K., I'm tired of putting 
out this magazine anyhow/1 

* * * 
11Sorry, sir,'' said the hotel clerk to 

the traveling salesman, 11 hut we have 
no rooms at all unless ... " 

"Unless what?" 

"Unless you'd be willing to share 
a room and sleep with a red-headed 
schoolteacher." 

The salesman drew himself up in
dignantly and said, "A red-haired 
schoolteacher! I know you've heard 
stories about traveling salesmen, but 
rll have you know that rm a happily 
married, church-going, home-loving 
man!" 

"Well,11 said the clerk, 11
SO is he.11 

Answers to April 
BRAIN TEASERS 

1) Can't dig a half a hole. 

2) 100 steps 

3) $31.63. 

4) Impossible to return in time. 

5) Underground. 

6) No. 

7) They are equal. 

We don't believe in cogs. We 
believe in individual people
particularly when it comes to 
mechanical engineers. We don't 
assign them to drawing boards. 
We assign them to projects: in 
machine design, in assisting 
customers on proper fastening 
design, in sales engineering, 
or all three, if they prefer. If 
you don't like the idea of being 
a cog, then write to us before 
you graduate. Liberal benefits, 
as you would expect from a 115 
year old company that's the 
leader in its field. 

RUSSELL BURDSALL & WARD 
BOLT AND NUT COMPANY 

Port Chester, N. Y. 
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NAVY PERSONNEL AND GAS 

(Continued from page 9) 

A 40-foot Navy personnel boat 
powered with a gas turbine engine 
cruises at 26 knots, more than dou
ble the speed it attained with con
ventional engines. 

This is only one example of the 
potential of the gas turbine engine 
to industry. Lightweight and com
pact, the gas turbine has a high 
power- to- weight ratio that has 
proved practicable in, among other 
things, portable fire pump assem
blies and auxiliary power units for 
aircraft. 

Important to the overall opera
tion of lightweight gas turbine en
gines are forged rotors such as 
those made by Steel Improvement 
and Forge Company, Cleveland. In
side the turbine, hot gases are di
rected at the rotor, which converts 
this energy into shaft power to per
form work. Since the operation of 
these engines becomes more effi
cient as temperatures are increased, 
component materials must have 
high strength at high temperatures. 

Steel Ilnprovement has found 
such a material for its complex
shaped, forged rotors in a high tem
perature superalloy called A-286. 
Developed by Allegheny Ludlum 
Steel Corporation, it is an iron-base 
alloy which is vacuum-melted in 
the consumable electrode process 
to insure cleanliness and strength. 
A-286 is also strengthened by an 
aging treatment known as precipi
tation hardening; it develops its 
best properties in the temperature 
range of 1200 degrees to 1500 de
grees F. 

NUCLEAR TESTS 
AFFECT RADIO NOISE 

THE NATIONAL Bureau of Stan
dards recorded the changes in 

radio noise that occurred when two 
high- altitude atomic explosions 
were set off over Johnston Island 
in the Pacific Ocean in August 1958. 
The explosions appear to have had 
a pronounced effect on the radio 
noise as recorded at Kekaha, Ha
waii. This recording station, located 
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on the southwest coast of the island 
of Kauai, about 700 miles northeast 
of Johnston Island, is part of a 
world-wide chain of noise record
ing stations supervised by the Bu
reau's Boulder (Colo.) Laborato
ries. 

Two bomb bursts occurred short
ly after midnight on August 1 and 
August 12 at elevations estimated 
to be from 25 to 100 miles. Record
ings were made of the received at
mospheric radio noise power for a 
period before and after the first ex
plosion. The usual diurnal pattern 
is evident on the graphs during the 
three days prior to the blast, with 
the highest noise levels recorded 
at night and a rapid decrease in 
level between 0400 and 0800 local 
time. In the hour following the 
blast, however, the noise decreased 
by as much as 32 db (at some fre
quencies) at a time of day when 
it would normally be rising or hold
ing steady. Recovery apparently oc
curred in a matter of hours at 10 
kc and 5 Me, but from 51 kc through 
2.5 Me a changed pattern is evident 
for several days, and records for 
August 5-11 indicate that a dis
turbed condition persisted until the 
second test on August 12. The after
blast effects on this date were sim
ilar to those on August 1, with ab
normal noise conditions continuing 
on some frequencies until about 
September 1. 

Because of the very low inci
dence of thunderstorms in Hawaii, 
most of the received radio noise is 
believed to be propagated from 
storms at a considerable distance. 
Thus, changes in propagation con
ditions are reflected more clearly 
on the Kekaha noise records than 
at stations situated on large land 
masses, where local and short-dis
tance storm effects tend to mask 
changes in propagation. 

It would appear likely that a 
highly ionized region was formed 
by the bomb explosions over John
ston Island and that this ionized 
region persisted for a period of at 
least several days after each test, 
causing greatly increased iono .. 
spheric absorption. 
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UPPER AND LOWER DIVISIONS 

(Continued from page 10) 

b. Mathematics 24A, 25A. 

c. Chemistry 14, 15 (or its equivalent) or 61, 62. 

d. Physics 14 or Physics 7, 8, 9. 

Students must complete the work for the Certifi
cate within eight quarters. If a student transfers to 
LT. with advanced standing, he must take a mini
mum of 45 quarter credits in residence at the Uni
versity of Minnesota in order to qualify for the Cer
tificate. It should be noted that the course require
ments for the Certificate do not include all the 
courses required for completion of the Lower Divi
sion curriculums. 

Requirements for Entering Upper Division 

The requirements for regular admission to the 
Upper Division are as follows: 

a. Completion by the applicant of the Lower Divi
sion curriculum for the department to which he 
seeks admission in the Upper Division, as it is 
described in the LT. Bulletin. For example, if a 
student applies for admission to the Upper Divi
sion curriculum of Electrical Engineering, he 
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must complete the Lower Division work specified 
by the College of Engineering. 

b. A grade point average (GPA) of 2.0 or better. 

For students who do not meet the requirements 
set forth in (a) and (b) above, the several Scholastic 
Standards Committees in the individual departments 
will act on the petitions for admission to the Upper 
Division. 

It is important to note that students must apply 
for admission to the Upper Division. This require
ment applies to all beginning students who were ad
mitted to LT. effective Winter Quarter, 1959, and 
since then. There may be some students who were 
admitted to LT. as beginning students since Winter 
Quarter 1959 and because they have accelerated their 
programs, they will have completed the Lower Divi
sion program by the end of the present summer. Most 
of the students, however, who have been admitted 
since Winter Quarter 1959 and are now enrolled in 
the Lower Division of LT. will not complete the two
year program prior to summer of 1961 and therefore 
need not be concerned about applying for admission 
to the Upper Division until Spring Quarter, 1961. 

Application forms for admission to the Upper 
Division are being prepared and will be available in 
Engineering 133 in early summer of this year. Pro
cedures for processing the application forms will be 
announced at a later date. 
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If your sights are set 

U.S. Air Force I.C.B.M. "Titan" shown in the vertical test 
laboratory at the Martin Company, Denver, Colorado. 

on outer space-

t r 
ith you. 

From the time a scientist's mind first 
sparks an idea for exploring space, 
photography gets to work with him. It 
saves countless hours in the drafting 
stage by reproducing engineers' plans 
and drawings. It probes the content 
and structure of metals needed by 
photomicrography, photospectrography 
or x-ray diffraction. It checks the opera
tion of swift-moving parts with high
speed movies-records the flight of the 
device itself-and finally, pictures what 
it is in space the scientist went after in 
the first place. 

There's hardly a field on which you 
can set your sights where photography 
does not play a part in producing a 
better product or in simplifying work 
and routine. It saves time and costs in 
research, in production, in sales and 
in office routine. 

So in whatever you plan to do, 
take full advantage of all of the ways 
photography can help. 

CAREERS WITH KODAK : 

With photography and photographic proc
esses becoming increasingly important in the 
business and industry of tomorrow, there 
are new and challenging opportunities at 
Kodak in research, engineering, electronics, 
design, sales, and production. 

If you are looking for such an interesting 
opportunity, write for information about 
careers with Kodak. Address: Business and 
Technical Personnel Department, Eastman 
Kodak Company, Rochester 4, N.Y. 

EASTMAN KODAK COMPANY 
Rochester 4, N.Y. 



Several surveys indicate that salary is 
not the primary contributor to job 
satisfaction. Nevertheless, salary con
siderations will certainly play a big 
part in your evaluation of career op
portunities. Perhaps an insight into the 
salary policies of a large employer of 
engineers like General Electric will 
help you focus your personal salary 
objectives. 

Salary-a most individual and per
sonal aspect of your job-is difficult to 
discuss in general terms. While recog
nizing this, Mr. Case has tried answering 
as directly as possible some of your 
questions concerning salary: 

Q Mr. Case, what starting salary does 
your company pay graduate engineers? 

A Well, you know as well as I that 
graduates' starting salaries are greatly 
influenced by the current demand for 
engineering talent. This demand es
tablishes a range of "going rates" for 
engineering graduates which is no doubt 
widely known on your campus. Be
cause General Electric seeks outstand
ing men, G-E starting salaries for these 
candidates lie in the upper part of the 
range of "going rates." And within 
General Electric's range of starting sal
aries, each candidate's ability and 
potential are carefully evaluated to de
termine his individual starting salary. 

Q How do you go about evaluating 
my ability and potential value to your 
company? 

A We evaluate each individual in the 
light of information available to us: 
type of degree; demonstrated scholar
ship; extra-curricular contributions; work 
experience; and personal qualities as 
appraised by interviewers and faculty 
members. These considerations deter
mine where within G.E.'s current sal
ary range the engineer's starting salary 
will be established. 

One of a series· 

Interview with 
General Electric's Byron A. Case 
Manager-Employee Compensation Service 
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Q When could I expect my first salary 
increase from General Electric and how 
much would it be? 

A Whether a man is recruited for a 
specific job or for one of the principal 
training programs for engineers-the 
Engineering and Science Program, the 
Manufacturing Training Program, or 
the Technical Marketing Program-his 
individual performance and salary are 
reviewed at least once a year. 

For engineers one year out of col
lege, our recent experience indicates a 
first-year salary increase between 6 and 
15 percent. This percentage spread re
flects the individual's job performance 
and his demonstrated capacity to do 
more difficult work. So you see, salary 
adjustments reflect individual perform
ance even at the earliest stages of 
professional development. And this 
emphasis on performance increases 
as experience and general competence 
increase. 

Q How much can I expect to be making 
after five years with General Electric? 

A As I just mentioned, ability has a 
sharply increasing influence on your 
salary, so you have a great deal of per
sonal control over the answer to your 
question. 

It may be helpful to look at the cur
rent salaries of all General Electric 
technical-college graduates who re
ceived their bachelor's degrees in 1954 
(and now have five years' experience). 
Their current median salary, reflect
ing both merit and economic changes, 
is about 70 percent above the 1954 
median starting rate. Current salaries 
for outstanding engineers from this 
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class are more than double the 1954 
median starting rates and, in some 
cases, are three or four times as great. 

Q What kinds of benefit programs 
does your company offer, Mr. Case? 

A Since I must be brief, I shall merely 
outline the many General Electric em
ployee benefit programs. These include 
a liberal pension plan, insurance plans, 
an emergency aid plan, employee dis
counts, and educational assistance pro
grams. 

The General Electric Insurance Plan 
has been widely hailed as a "pace 
setter" in American industry. In addi
tion to helping employees and their 
families meet ordinary medical expen
ses, the Plan also affords protection 
against the expenses of "catastrophic" 
accidents and illnesses which can wipe 
out personal savings and put a family 
deeply in debt. Additional coverages in
clude life insurance, accidental death 
insurance, and maternity benefits. 

Our newest plan is the Savings and 
Security Program which permits em
ployees to invest up to six percent of 
their earnings in U.S. Savings Bonds 
or in combinations of Bonds and Gen
eral Electric stock. These savings are 
supplemented by a Company Propor
tionate Payment equal to SO percent 
of the employee's investment, subject 
to a prescribed holding period. 

If you would like a reprint of an 
informative article entitled," How 
to Evaluate Job Offers" by Dr. L. 
E. Saline, write to Section 959-14, 
General Electric Co., Schenectady 
5, New York. 
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