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This tiny device is an ultra-reliable Westinghouse TV amplifier 
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It can replace all these wires and electronic parts 

“With fewer parts and connections,’’ 
Westinghouse scientists decided, “we’d 

have a much more reliable amplifier.” 
So they developed a new kind, using 

techniques called “molecular electronics.” 

The device is a functional electronic block, 
one quarter-inch square. (That’s the cap- 

sule. Actually, the electronics are on a bit 

of specially-treated silicon the size of a 

chip diamond.) 
Other Westinghouse functional elec- 

tronic blocks are just as small. They’re 
used in experimental products like a 

pocket-size TV camera and a radio receiver 

that’s half an inch square and an inch long. 

Today, Westinghouse makes these ultra- 

reliable little devices mostly for military 

applications. 
One day, you’ll find them in electronic 

products everywhere. 
You can be sure 

... 
if it’s Westinghouse. 

For information on a career at Westinghouse, an equal opportunity employer, 
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Would you like to be the man who masterminds the computer? 

Settling on your first important job is a big step. And 

nobody can make the final decision but you. If you are 

looking for a company that encourages—and rewards 

—individual contributions, give serious thought to a 

career with United States Rubber. We offer you the 

security of a company that is growing, and growing 
fast in fields that present great opportunities to qualified 
graduates. 

Less than half our business is in tires. Our 70,000 em- 

ployees in 74 plants, here and abroad, produce more 

than 33,000 different consumer and industrial products. 

Spearheading our growth is a vast and complex research 

and development program. Some of the exciting projects 
in work are solid rocket fuels and the application of 

atomic radiation to form revolutionary new types of 

rubber, plastics and chemicals. Oceanography and the 

latest designs in space stations are also high on our 

agenda. 

It is only in such a large and stable company such as 

United States Rubber that you will find the diversity, 
the facilities, the opportunity—and the appreciation that 

challenge men of skill, industry and imagination. 

UNITED STATES RUBBER 1230 Avenue of the Americas, New York 20, N.Y. 

THE field is wide "U.S." offers a comprehensive variety of career opportunities to Chemical, Electrical, Mechanical, Indus- 

trial and Textile Engineers as well as to those with degrees in Physics, Mathematics and Chemistry. Contact your placement office 

to determine when a U.S. Rubber recruiter will visit your campus. Before you decide on your first job, have a talk with him. 
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In just a few short months, those 

new graduates spanned the dis- 

tance from the classroom to the 

space age. They joined with their 

experienced colleagues in tack- 

ling a variety of tough assign- 
ments.On July 20th, 1963,their 

product went off with a roar that 

lasted two solid minutes, provid- 
ing more than 1,000,000 pounds 
of thrust on the test stand. This 

was part of the USAF Titan 111 C 

first stage, for which United 

Technology Center is the con- 

tractor. Two of these rockets 

will provide over 80% of all the 

thrust developed by the vehicle. 

Some of you now reading this 

page may soon be a part of that 

program...or a part of other sig- 
nificant, long-range programs. 

■ UTC now offers career oppor- 
tunities for promising graduates 
at the bachelor’s, master's, and 

doctoral levels in EE, ME, AeroE, 
and ChE. Positions are impor- 
tant and offer personal and pro- 
fessional reward in the areas of 

systems analysis, instrumenta- 

tion, data acquisition, prelimi- 
nary design, aerothermodynam- 
ics, stress analysis, structure 

dynamics, testing, propellant 
development and processing. ■ 

If your idea of a career in the 

space age includes joining a 

young, vital, aggressive com- 

pany... then get in touch with 

us now! If you want to work with 

men who can develop and build 

a wide variety of sophisticated 
propulsion systems, see your 

placement officer for a campus 
interview or write Mr. Jay Waste. 

SOME OF 
THE MEN WHO 
WORKED ON 11 

WERE IN 
COLLEGES 

LIKE YOORS 
A YEAR AGO 

UNITED 
TECHNOLOGY 
CENTER 

P. 0. Box 358 - Dept. E, Sunnyvale, California 

DIVISION of united aircraft corporatiqN U.S. Citizenship Required - Equal Opportunity Employer 
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This artist’s conception illustrates NASA’s Orbiting Astrophysical Observatory 
(OAO) in orbit about the earth with its instruments trained on a distant object. 
The satellite is now undergoing extensive system design, performance, durability, 
and environmental testing at General Electric’s Valley Forge Space Center. The 

extensive and constantly expanding facilities of this space center enable the 

conditions of space to be simulated to within a fraction of actual conditions. 
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ROOM FOR A CAREER AT IBM 

What 

opportunities 
are open at 

em 
The range of work done at 

IBM requires many different 

academic disciplines. Your 

education may well have 

prepared you for entering 
a broad field of opportunity: 
• science and engineering 
• computer programming 
Each of these fields is 

especially diverse because 
IBM designs, makes, and 

sells hundreds of different 

products, supplies, and 

services —in fact, complete 
systems —for expediting the 
handling of information. 

If you have a creative 

imagination, IBM can provide 
a practical foundation for 
exploring such areas as 

research, development, 
manufacturing, and marketing, 
among others. A logical 
approach to problems in 
scientific investigation is 

necessary, and is usually 
based on a solid background 
in physical science or 

engineering. 
But these are by no means 

rigid limitations. For, as you 
would expect of a vigorous 
and youthful company, recent 
arrivals at IBM represent a 

tremendous variety of 

interest, experience, and 
personality. 

What 

career can 

you launch at 

EM 
Science and Engineering. 
A kaleidoscopic variety of 

scientific and engineering 
work goes into the research, 
development, and manufac- 
ture of IBM products. 
A group may work on creating 
new solid state devices — 

designing new machine 
organizations —or developing 
new manufacturing processes. 
Other teams may work out 
further applications of IBM 

systems —for instance, for the 
control of manufacturing 
operations. 

Programming. A computer 
processes information exactly 
according to step-by-step 
directions. These programs 
must be ordered in the most 

efficient and logical pattern. 
You may program an IBM 

system to solve procedural 
business problems in 

finance or complex scientific 
problems involving millions 
of calculations. You may be 
a member of a team 

programming the nearly 
superhuman computations 
required for a space probe. 

Which majors 
and minors 

are useful at 

Judge foryourself from 
this partial listing. In the 
past, graduates with 
degrees in the following 
fields have joined IBM: 

chemistry 
electrical engineering 
electronics 

industrial engineering 
machine and structural design 
mathematics 

mechanical engineering 
metallurgy 
physics. . .. 

What 

degrees will 

interest 

We have people with us 

who hold practically every 
sort of baccalaureate. 

However, our main interest 

is centered in the physical 
sciences, mathematics, 
electronics, and engineering 

Many new employees at IBN 
also have advanced degree; 
They are masters and docto 

representing many different 
fields of knowledge. 
This breadth of academic 
background, as well as the 

emphasis on problem-solvir 
at IBM, helps account for 

the climate of intellectual 
vitality. Whatever their main 
interests, our people seem 

to enjoy tackling problems 
that require an imaginative 
approach. 
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NO 

ndamental 

iswers from 

IM 
at is “data processing”? 
iple arithmetical or logical 
irations done at extremely 
h speed by a computer. 
) large-scale IBM 7080 

tern has the capability of 
forming 76,000 additions 
riaking 303,000 logical 
isions per second. 

ata processing system can 

one fact in a million or 

:ulate an answer, using 
ions of separate facts — 

i at electronic speed. 

at does data processing 
nise you? 
s reason for a moment in 

11 lels. Add a gas engine to 
rt: 80,000,000 automobiles 
ur roads today. Add Roman 
ties to a kite: New York- 
don jet schedules are now 

A hours. Add computers 
ictionaries: instantaneous 
munication among 

Oles of many tongues. 
I, like drivers and pilots, 
will run these computers 
ur general benefit. 

What are 

some current 

projects at 

Designing computers that 

are so small and light that 
astronauts can use them for 
rendezvous in outer space. 

Utilizing a thin film of metal 
alloy to hold the magnetized 
“memory” of a computer- 
film as thin as 500 to 2,000 
angstroms. (The wave length 
of yellow light is 5,000 
angstroms.) 
Processing photographic 
information with computers 
to study contours —even the 

shapes of clouds. 

Managing a world-wide 
communications network in 

“real time”—that is, as fast 
as the reported operation 
itself is occurring. 
Plus a wide range of 

continuing research and 
development programs to 

provide tomorrow’s family of 
advanced computers and other 
business machines. 

What's 

the professional 
climate at 

It’s been called “a climate 
for professional achievement.” 

It is an ideal that we try to 

attain —an ideal embracing 
your environment, security, 
and career goals. 
At IBM excellent salaries 
keep pace with your personal 
progress. To help you along, 
there are opportunities for 
advancing your education 
through both tuition refund 
and fully paid scholarships. 
And finally we offer far- 
sighted, company-paid 
benefits for you and your 

family, designed to give you 
an added measure of security. 

For further 

information 

write 

® 

We have a number of 
brochures describing career 

openings. Your College 
Placement Officer may well 
be supplied with them. He can 

also put you in touch with our 

representatives when they 
visit your campus. 

But, if you prefer, write to us. 

We’d welcome a letter from 

you —and can assure you a 

personal response. IBM is an 

Equal Opportunity Employer. 
Write to: 

Manager of College Relations 
Dept. 915 
IBM Corporation 
590 Madison Avenue 
New York 22, N. Y. 
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THIS MONTH 
At Purdue, Editorial, Books, 50 Years Ago, and Contributors 

T 'HE ever increasing academic re- 

quirements placed on college stu- 

dents have forced most organized col- 

lege extra-curricular activities and so- 

cial groups to curtail many of their 

time-consuming functions. Students 

have less and less time for non- 

academic pursuits. Evidence of this can 

be seen in diminishing participation in 

campus activities and reduced pledge 
programs in social fraternities. Engi- 
neering students, already burdened 

with a very heavy academic load, are 

especially feeling the pinch on their 

scarce free time. 

The organizations that should be 

leading the trend toward taking less of 

the students’ time are our academic 

honorary fraternities. Surely, the mem- 

bers in these groups are the ones who 

fully appreciate the importance of time 

and its efficient use. It is my propo- 

sition, however, that not only have our 

engineering honoraries at Purdue failed 

to lead this trend, they are falling far 

behind in taking steps to adjust them- 

selves to the changing situation. In- 

deed, in many cases, they are moving 
in the opposite direction. 

Extra time is taken needlessly, I feel, 
by many honoraries. As an example, 
one can cite the Eta Kappa Nu and 

Tau Beta Pi essays. Even required at- 

tendance at the meetings of some hon- 

oraries is certainly not necessary. Ap- 
proaching ridiculousness is the require- 
ment that pledges learn the names of 

their "pledge brothers” in the large 
Tau Beta Pi classes. 

This, of course, raises the question 
of the exact purpose of scholastic hon- 

oraries. Does the organization provide 
not only recognition, but also a place 
for seminars, an atmosphere for "broth- 

erhood,” and an educational experi- 
ence? I think not. These areas are all 

adequately covered by institutions at 

the University which deal specifically 
with them and the repetition is waste- 

ful. The purpose of an academic hon- 

orary should be primarily to recognize 
scholastic achievement and extra non- 

essential activities should not be under- 

taken. 

The problem, I feel, arises as a result 

of two factors. The first is the influence 

of tradition in the pledge programs. 
Tradition which will not adapt to the 

situation has no place in the programs 
of these groups. The idea that, "I did 

it as a pledge, so he should too,” is 

absurd. Secondly, too many officers of 

scholastic honoraries have placed their 

allegiance to that group above that of 

any other affiliation they may have and 

expect others to do the same. I do not 

object to the man who makes a scho- 

lastic honorary his major activity, in- 

deed we need these people to run the 

organization, but I ask that they not try 

to force this attitude on every member. 

The time for re-evaluation is the 

present. Only the members of these 

organizations can make sure that future 

pledge classes and actives will not 

waste valuable time participating in 

valueless functions. 

—R. D. Hostetler 

At Purdue 

I N A WAY, the problem almost 

• seems paradoxical. 
In underground atomic testing—- 

now of greatly increased importance 
—there is need to transmit a lot of in- 

formation in a short time. The objec- 
tive of a test, of course, is to develop as 

much new data as possible. But the 

data has to be gotten out —carried sev- 

eral thousand feet away from the ex- 

plosion site—in the brief interval be- 

fore much of the instrumentation 

volatilized by the blast. 

Coaxial cable meets the need under 

ordinary circumstances—over a rela- 

tively narrow frequency band. A TV 

channel, for example, has a band width 

of only six megacycles—no problem 
there. 

But data transmission in under- 

ground atomic testing is another mat- 

ter. 

To send a mass of information in a 

short time, pulse type signals—short 
and sharp —must be used. But pulse 
signals require a very wide frequency 
band for undistorted transmission—- 

-1,000 megacycles instead of TV’s six. 

The solution to the problem lies in 

the direction of using thinner wire and 

thinner shield. That’s because of a phe- 
nomenon called the "skin effect,” which 

amounts to this: 

In a coaxial line, as frequency in- 

creases, current tends to bunch toward 

the outer surfaces or skins of the con- 

ductors. Thus, for transmitting high 
frequency current, a thin hollow wire 

can serve as well as a thick solid one. 

Moreover, as the frequency gets lower, 
the current is more equally distributed 

—and if the wire is thin and hollow, 
the low frequency current will be 
forced to the surface, too. The result: 

a near-equalization of low and high 
frequency behavior, a near-constant be- 

havior of all frequencies over a wide 

band. 

But very thin conductors present 
mechanical difficulties—problems of 

easy breakage both in manufacture and 

use. 

In their effort to surmount these 

difficulties, Evans and his co-workers 

have departed from an assumption 
prevalent in the past: that all of the 

structure of a cable, except for the shell 

and wire, must consist of some type of 

perfect insulator. 

Their novel approach: part of the 

remainder of the structure can be metal 

—a metal that can be used to back up 
the conducting metal firmly. 

They have determined that it is pos- 
sible to have a shell close to film thick- 

ness —about 0.003 inch—if it is backed 

by another metal that could be 100 

times as thick. 

And that the inner conductor, in- 

stead of being solid wire, could be 

very thin, hollow wire with a firm re- 

inforcing core of another metal. 

They have determined that the other 

metal that would thus turn a coaxial 

cable into a two-shelled—inner and 

outer skin—carrier could be a mag- 
netic one such as iron, steel, or an al- 

loy of steel. And they have calculated 

that while it would conduct some cur- 

rent, the amount would be so much 

less than that carried by the copper, 
silver or aluminum conductors that the 

electrical effect would be negligible. 
The design, proposed as a possible 

solution to the problem of transmitting 
greater amounts of atomic explosion 

Page 8 The Purdue Engineer 
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Stands a Whole New Range Technology 
When PAN AM’s Guided Missiles Range Division assumed 

range engineering, operation, and planning for the Air Force 

at Cape Canaveral in 1953, it was an achievement to monitor 

the flight of a 500-mile aerodynamic missile. Today tracking 
radars can cover cislunar distances. 

How was this revolution in range technology effected? 

To test the growing capabilities of new aerospace vehicles, 
GMRD engineers and scientists originated new concepts in 

high performance instrumentation, incorporating major steps 
forward in radar, CW techniques, IR/optics, data processing, 
data support, communications, timing, frequency control and 

other areas. A major portion of the range instrumentation 

systems performance specifications for new equipment and 

systems was developed by the GMRD staff. 

THIS “REVOLUTION" IN RANGE TECHNOLOGY NEVER ENDS — 

it’s a continuous process, pacing the progress of the nation’s 

space and missile programs. 

Right now plans are being readied to meet range test require- 
ments of TITAN 111 missiles, the Gemini program, Advanced 

Saturn Boosters, Apollo Vehicles —and the Advanced Plan- 

For further information, contact your Placement Director —or write to Mr. 

Harry Ensley, Manager of College Relations, Dept. 412, Pan American 
World Airways, Incorporated, 750 S. Orlando Avenue, Cocoa Beach, Florida. 

’Carrying on Range Planning, Engineering and Operation of Atlantic Missile 

Range for the USAF since 1953. An equal opportunity employer. 

ning Group is projecting range instrumentation needs up to 

15 years ahead. 

The GMRD effort draws on nearly every engineering and 

scientific discipline in the book —from celestial mechanics to 

microwave, from operations analysis to undersea sound — 

with a major emphasis on systems engineering. 

OPPORTUNITIES OPEN NOW FOR: 

Systems Engineers — EE’s, Physicists capable of assuming 

complete project responsibility for new range systems. 

Instrumentation Planning Engineers —EE’s, Physicists to be 

responsibile for specific global range instrumentation concepts. 

Advance Planning Engineers — EE’s, Physicists to evaluate 

and project the state-of-the-art in all applications of range 
instrumentation. 

Experience in one or more of these areas: Pulse radar, CW 

techniques, telemetry, infrared, data processing, communica- 

tions, closed circuit TV, frequency analysis, command control, 

underwater sound, timing, shipboard instrumentation. 

GUIDED MISSILES 

RANGE DIVISION 

February, 1964 Page 9 



data so each test could become more 

meaningful, may be applicable as well 

for other broad band data transmission, 
including computer-to-computer "talk.” 

The year-long research of the Evans 

group has been under the sponsorship 
of an Atomic Energy Commission sub- 

contractor. 

Now continuing their work, Evans 

and his chief associate —Lawrence 

Whicker—believe they may be close 

to establishing a general criterion for 

design to achieve better transmission of 

any desired frequency band, a criterion 

which would allow an engineer, given 
the band, to quickly choose the right 
backing and cable construction. 

—Backgrounder from Purdue 

I S IT REALLY true that students and 

faculty differ greatly in values and 

attitudes? What personality factors in- 

fluence student grades? And do infor- 

mational tests actually measure only 
information? 

These are among questions being 
explored by Prof. A. N. Emery of the 

School of Chemical Engineering in a 

study aimed at applying psychological 
and social principles and measurements 

to engineering education. The study is 

beginning to produce provocative in- 

sights—and challenges. 

Starting with what, on the surface, 
seemed like a clear enough "fact of 

life”—that students and professors dif- 

fer substantially in values (witness fre- 

quent student gripes about assign- 
ments, exams, teachers, teaching meth- 

ods) —Emery came across the unex- 

pected as soon as he probed to see how 

deep the differences went. He drew up 
a test, gave it to a group of students 

and to a group of faculty members as 

well. Each was asked to rate 26 differ- 

ent concepts ranging from "mother” 

and "sin” to examinations (closed 
book, open, and take-home) and prob- 
lems (exact, trial and error, fuzzy). 

The rating was done on a semantic 
differential scale developed by Prof. 

Charles Osgood of the University of 

Illinois—a bipolar scale with opposite 
values at the ends ("good” and "bad” 

for example) and a series of values in 
between. 

Right down the line, remarkably 
little difference could be found be- 

tween student and faculty opinions. 
Science,” "research,” "engineering,” 
mother, and the "U.5.A.,” were the 

most highly rated concepts, and by stu- 

dents and faculty alike. 

It was no surprise to have faculty 
members rate cheating on examina- 

tions more highly negative than sin; 
but so did students. For "fuzzy”—and 
therefore, more challenging—problems 
to be preferred over exact types by 
faculty might have been expected; but 

they were also distinctly preferred by 
students. 

Samples in the study thus far have 

been small, and broad generalizations 
are not in order. But a few conclusions, 
Emery feels, now seem valid: 

• Students think highly of their 

chosen profession and also of the ac- 

tivities involved in it —and if occa- 

sional resistance in class suggests that 

this is not the case, such resistance 

comes from personality clashes be- 

tween students and staff rather than 

lack of interest in the goal of educa- 

tion; 
• If it sometimes appears that stu- 

dents are seeking only to perform the 

least amount of labor in order to ac- 

quire a degree that will admit them to 

high-paying jobs, the results belie this; 
they appreciate the value of some of 

the harder tasks: 

• Students have many values re- 

markably like those of faculty. Why? 
"Staff members transmit their values, 
at least in technical and educational 

realms, whether they want to or not. 

The fact that this happens reflects a 

more interesting situation—that stu- 

dents feel sufficient agreement with fac- 

ulty aims to be influenced. There is not 

a condition of sullen resentment, but 

rather a high degree of cooperation 
between the two groups.” 

In another phase of his research, 
Professor Emery is trying to see 

whether a psychological tool, factor 

analysis, can be used to make "edu- 

cated estimates” of aspects of person- 

ality which influence student grades. 
In factor analysis, correlation coef- 

ficients are calculated between student 

grades on various tests and factors 

which may have influenced the grades. 
An attempt is then made to find a 

small set of factors which correlate 

closely with grades. 
In all analyses, imagination has 

turned up as a positive in determining 
whether a student gets good grades. 
Other positive factors have not shown 

up with regularity but several—skill 

with mathematical abstractions and at- 

tention to detail, for example—have 
cropped up occasionally. 

Interestingly enough, nothing yet 

has appeared that could be called a 

general intelligence factor. And the 

only factor with negative correlation 

is group allegiance—a tendency to go 

along with what the group thinks and 

does. 

Hopefully, there could be another 

dividend from such studies: clarifica- 

tion of any criteria currently being 
used, unknowingly, to judge students. 

"The fact is,” says Professor Emery, 
"that quizzes and exams are not purely 
informational tests. They elicit re- 

sponses that may be determined as 

much by personality factors as factual 

knowledge. We ought to find out about 

this so that, hopefully, we can design 
better tests —using criteria that make 

more sense.” 

—Backgrounder from Purdue 

Fifty Years Ago 

I N 1914, the factors affecting the 

maintenance of Indiana highways 
were as crucial to the economy of the 

state as they are today. For this reason 

Assistant Professor George E. Martin 

of the Purdue Civil Engineering School 

presented a bulletin on the mainte- 

nance of highways primarily for those 

concerned with future construction or 

repair of highways, fifty years ago. 

Highlights of that bulletin are pre- 
sented here to illustrate the problems 
of 1914. 

The tendency of the traveling public 
to always drive in the same track great- 

ly decreases the life of the roads and in- 

creases the cost of maintenance. It is 

well understood that many of the 

roads in this state are no narrow that 

it is almost necessary to drive in one 

track. However these roads are being 
widened as rapidly as possible. Even on 

the wider roads there is often one track 

down the center and the remainder of 

the improved surface lies idle. Almost 

any pavement, except brick or concrete, 
will be cut into ruts and rapidly de- 

stroyed by the action of wheels and 

horses concentrated on a few feet of 

the available road surface. 

The automobile has greatly increased 

the amount of road maintenance neces- 

sary. However the advent of the motor 

driven vehicle has been the direct cause 

of greatly increased interest in road 

problems. It is a means of transporta- 
tion which is here to stay and which 

must be taken care of in the future. 

Page 10 
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From the ocean’s depths 

The scope of projects under development at the Bendix 

Corporation ranges from advanced oceanics to a landing 
gear for lunar surface vehicles and countless things in 

between. College graduates find depth of technological 
challenge in their assignments, whether it be in the space, 

missile, aviation, electronics, automotive, oceanics or 

automation fields. Bendix employs top-notch engineers, 
physicists, and mathematicians at all degree levels. They 

enjoy the prestige of Bendix achievement and challenge. 
Bendix operates 26 divisions and 8 subsidiaries in the 
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to outer space. 

United States, and 12 subsidiaries and affiliates in Canada 

and overseas. Our 1950 sales volume was $2lO million. 

Last year it was over $750 million. 

Look over our materials in your placement office. Talk 

to our representative when he’s on campus. If you’d like 

to have your own copy of our booklet “Build Your Career 

to Suit Your Talents,” write to Dr. A. C. Canfield, Director 

of University and Scientific Relations, The Bendix Cor- 

poration, Fisher Building, Detroit 2, Michigan. An equal 
opportunity employer. 

THERE ARE BENDIX DIVISIONS IN: CALIFORNIA, MISSOURI, lOWA, OHIO, INDIANA, MICHIGAN, PENNSYLVANIA, NEW YORK, NEW JERSEY, MARYLAND. 

WHERE IDEAS 
unlock BfefjO 

THE FUTURE WIMP 
CREATIVE ENGINEERING FOR: SPACE □ MISSILES □ AVIATION □ AUTOMOTIVE □ OCEANICS □ AUTOMATION 
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Several counties have built too many 
miles of road for funds available. The 

result has been some very defective 

construction and a greatly increased 

amount of maintenance because of this. 

In many counties sufficient money is 

not appropriated to keep the roads in 

good shape. The amount of money per 
mile of road per year necessary for 

maintenance will vary with local con- 

ditions. Amount and kind of traffic, 
quality and proximity of surfacing ma- 

terial, grade and drainage of the road 

are the main factors in this determina- 

tion. The average amount appropri- 
ated in Indiana is $68.50 per mile at 

the present time. Money received from 

the automobile tax will slightly increase 

this amount. This is lower than the 

actual cost in those states where accu- 

rate accounts of this matter are kept. 
Where the levy is too low it is not 

possible to do efficient work, because 

the money is spread out too thin. The 

operations carried on are often neces- 

sarily of a temporary nature and be- 

cause of this much of the work must 

be repeated each year. If the levy could 

be increased for a time until the roads 

were gotten in good shape, it might 
then be reduced to a lower figure and 

the roads efficiently maintained. An 

appropriation for repairs would give 
the same result. 

The maintenance of any type of 

road requires constant attention. It is 

not always the amount of work that 

has been done, but rather the time 

when it was done, and the way in 

which it has been carried out, that 
determines whether the road is well 

maintained or not. The public must be 

educated to the fact that there is no 

perfect road surface. All of them, no 

matter how built, or of what material, 
require maintenance. This work must 

begin, in most cases, as soon as the 

road is built and be carried out thor- 

oughly. Proper and regular attention 

to the roads at the right time will do 

much to improve the condition of the 

highways in Indiana. 

—AI Hribar 

Books 

ENERGY DOES MATTER, by Wer- 

ner Emmerich, Milton Gottlieb, Carl 

Helstrom, and William Stewart, Walk- 

er and Company, Publishers, March 

1964, 256 pages, $5.95. 
The second volume in the Westing- 

house Search Books series deals with 

matter and energy and the relation- 

ship between them in accordance with 

established principles of physics and 

mathematics. The subject matter for 

ENERGY DOES MATTER is an ap- 

propriate choice for the second book 

in the series as all branches of science 

deal with energy in one form or an- 

other. Hence, an understanding of 

energy is fundamental to an under- 

standing of science. 

Dr. Emmerich introduces the book 

in this provocative manner: "If we 

were to convert the mass of a copper 

penny entirely into energy, we could 

drive the ocean liner Queen Mary clear 

around the world at top speed. This is 

a prediction of the theory of relativity 
. . . Nobody has succeeded in perform- 
ing this particular trick with a penny, 

and we don’t even know if it is feasible. 

But it is one example in which the 

nature of energy is revealed to us 

through one of the most famous equa- 

tions in science—E = Me 2 .” 

Such an introduction raises the ques- 

tion, "What is energy all about?” Dr. 

Gottlieb, the physicist, tells what he 

thinks it is all about in his discussion of 

mechanics, heat, light, sound, magne- 

tism, and electricity. He gives a ration- 

al explanation of natural phenomena 
such as: conservation of energy, laws 

of thermodynamics, Carnot cycle, Cou- 

lomb’s law, Ohm’s law, Faraday’s law, 
electromagnetic spectrum, quantum 

theory, black body radiation, energy 

conversion, and thereafter, quickly 
brings the subject into proper perspec- 
tive. Through his description of energy, 
the reader learns how the scientist en- 

counters energy in the laboratory and 

how it is encountered on the earth and 

in the universe. His review of the 

rudimentary ideas is deliberate; this 

gives him the basis for presenting more 

abstract concepts, more advanced ideas. 

He leaves little doubt that energy con- 

trolled is beneficial and benevolent; 
whereas, energy uncontrolled is terri- 

fying to contemplate. 
Such matters are not the concern of 

the mathematician beyond the fact that 

they make it possible for him to relate 

his abstract discussion of the mathe- 

matics of energy to a concrete base. 

And, Dr. Helstrom—the mathemati- 

cian—does just this as he brings within 

the grasp of the uninitiated layman 
such complicated themes as the special 
theory of relativity and quantum me- 

chanics, which ", . . have brought about 

a revolution in the world of physics 
which has affected its very foundation.” 

The person who puts theory to work 

—the engineer—writes the concluding 
chapters in this book. Dr. Stewart, who 

looks at economics as well as engineer- 
ing, tells how theory is applied to de- 

velop more efficient machines for con- 

verting energy into useful forms. He 

analyzes the full spectrum of energy 

sources, to find out which can serve 

man most economically through the 

years. He describes known reserves or 

supplies of energy, outlines current 

projects for converting this energy into 

a useful form, and then speculates a bit 

about exotic methods of energy con- 

version. He also speculates about the 

ultimate supply of energy needed to 

maintain life as we know it. And, like 

the true scientist he is, he ends on a 

realistic, but hopeful, note; a note of 

challenge—science and technology will, 
and must, anticipate energy demands 

and figure practical ways to supply 
them. 

Contributors 

A L , HRIBAR ("Problems in Fusion”) 
radiates with enthusiasm as evident 

by this, his fifth article contribution 

to the Engineer ("Surveyor,” Feb. 

1963, "MA-9,” March 1963, "Comfort 

Engineering,” Oct. 1963, and "Boeing’s 
New 727,” Jan. 1964). Al also serves 

on the Engineer staff as Copy Editor. 

A member of Theta Tau fraternity, he 

is also a member of Pi Tau Sigma and 

Tau Beta Pi honoraries. 

Ken Bower ("Origin of the Uni- 

verse”) makes his second contribution 

to the Engineer this month ("Spirit of 

Relativity,” Nov. 1963). Although 
basically a down to earth person, an 

interest in astronomy led Ken to write 

this article. He is a member of Eta 

Kappa Nu, Phi Eta Sigma and lives at 

H-3. 

Jack Lienesch ("Tube Testing with 

Eddy Currents”) hard worker and 

managing editor of the Engineer, has 

been a frequent contributor ("New 

Concepts in Steam Generation,” Oct. 

1963 and "Rendezvous with the Morn- 

ing Star,” Dec. 1962). Jack is an ME-7 

in the pre-grad option, a member of 

Tau Beta Pi and Pi Tau Sigma and 

Phi Kappa Tau social fraternity. ■ 
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Looking towards a Ch.E., E.E., M.E. or Chemistry degree? 
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Look ahead to the advantages of a career in Monsanto production 

Let’s face it. Production is the very heart of a known by many titles—-Maintenance Staff 

billion-dollar producer like Monsanto. Here’s where Engineer, Plant Technical Services Engineer, 
the young engineer meets technical challenges Production Supervisor ... to name a few. Try 
second to none. Here’s where he can display his one on for size now . . . 

then see your Place- 

talents daily . . . helping increase ment Director to arrange an 

yields, improve processes, raise interview when we visit your 

efficiency, lower costs, boost I \ campus. Or write for our new 

profits. Here’s where Monsanto’s I ▼ brochure, “You and Monsanto,” 
on-the-job training can help him I ■ ! : ! t° P r °R ss i° na l Recruiting Man- 

move ahead faster 
... personally ager, MONSANTO, St. Louis, 

and professionally. I g Missouri. 63166 

Monsanto production men are —® An Equal Opportunity Employer 
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trying to catch the I 

Q 

better forget it! 

The engineering opportunity 
V\ that's really worthwhile 

never offer you 

rules 

K A successful 

i depends on 

\>Z I 

/ I these 

f1 J।, I f 

J I Sikorsky VTOL aircraft 

A / are amply demonstrating 

f I I our capacity 

I C / I C \ vl for applying engineering talent 

VZ V t 0 long-range goals. 

I I Today, we are producing 
\ a. the most versatile airborne vehicles 

\T/ in the world. 

As for tomorrow — 

can you meet the challenge of our 

continuing technological advancements? 

Career potential with Sikorsky is further enhanced by our corporation-financed 
Graduate Education Program. Please consult your Placement Office for cam- 

pus interview dates—or—write to Mr. Leo J. Shalvoy, Engineering Personnel. 

Sikorsky Aircraft DIVISION OF UNITED pjRCRAFT CORPORATION 

STRATFORD, CONNECTICUT An Equal Opportunity Employer 

Page 14 The Purdue Engineer 



AIRWAYS CONTROL 

ALLOYING 
AUTOMATION 

AVIONIC SWITCHING 

BONDED METALS 
CAPACITORS 

CERAMICS 
CIRCUITRY 

CLAD METALS 

COMMUNICATIONS 

COMPONENTS 
COMPUTER ELEMENTS & 

PROGRAMMING 
CONTROLLED RECTIFIERS 

CONTROLS 
CRYOGENICS 

CRYSTAL GROWTH 
CYBERNETICS 

DATA HANDLING 
DEVICE DEVELOPMENT 

DIELECTRICS 
DIFFUSION 

DIODES 
ELASTIC WAVE 
PROPAGATION 

ELECTROCHEMISTRY 

ELECTROLUMINESCENCE 
ELECTROMECHANICAL 

PACKAGING 
ELECTROMECHANICS 

ELECTRO OPTICS 
ELECTROTHERM ICS j 
ELECTRON PHYSICS 

ENERGY CONVERSION 
ENVIRONMENTAL & 

QUALIFICATION TESTING 
FERROMAGNETICS 

GEODETIC SURVEYS 
GEOMAGNETICS 

GEOPHYSICAL 
EXPLORATION 
GEOSCIENCES 

GLASS TECHNOLOGY 
GRAVIMETRY 

INFRARED PHENOMENA 

INSTRUMENTATION 

INTEGRATED CIRCUITS 
INTERCOMMUNICATIONS 

LASER PHENOMENA 

MAGNETIC DETECTION 
MECHANIZATION 

METALLURGY 
METER MOVEMENTS 

~ 

' MICROWAVES ' 'if 
MISSILE 4 ANTIMISSILE 

ELECTRONICS , 

NAVIGATION ELECTRONICS 
NUCLEAR FUEL ELEMENTS 

OCEANOGRAPHY 
OPERATIONS RESEARCH & 

ANALYSIS 

OPTICS 
PHOTOVOLTAIC DEVICES 

PHYSICAL CHEMISTRY 
PHYSICS 

PIEZOELECTRICS 
PLASMA THEORY 

PLATING 

QUALITY CONTROL 
QUANTUM ELECTRONICS 

RADAR 
RARE EARTHS 

RECONNAISSANCE 

RECTIFIERS 
REFRACTORY MATERIALS 

RELIABILITY 
RESEARCH & DEVELOPMENT 

RESISTORS 

SEISMOLOGY 
SEMICONDUCTORS 

SOLAR CELLS 
SOLID STATE DEVICES 

SOLID STATE DIFFUSION 
SONAR 

SOUND PROPAGATION 
SPACE ELECTRONICS 
SUPERCONDUCTIVITY 

SURVEILLANCE 
SYSTEMS 

TELEMETRY 
THERMOELECTRICITY 

THERMOSTATIC DEVICES 
TRANSDUCERS 
TRANSISTORS 

UNDERSEA WARFARE 

Texas Instruments employs metallurgists, 
metallurgical and mechanical engineers, 
ceramists, and other professionals for 

process engineering, product development 
and technical marketing in the area of 
THE MATERIALS SYSTEM* — metal, 
alloy, cermet, or ceramic. TI capabilities 
with solid materials extend from growing 
semiconductor crystals and alloying metals 

through processing of finished composite 
metal forms, parts and sub-assemblies. 

Texas Instruments is a multidivisional 

company requiring professionals at all 

degree levels. The Materials & Controls 
division is recognized internationally for its 

ability to produce NEW materials with a 

combination of characters not available in 

existing materials. 
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COMPOSITE MATERIALS Emphasize Broad 

Spectrum of Tl Professional Opportunities 
Creation of composite materials provides 

fascinating and important careers in at 

least four of Tl’s 89 professional fields 
listed at left. 

INVESTIGATE TI OPPORTUNITIES 

by submitting your resume, or sending for 

“Career Opportunity Guide for the College 
Graduate,” to Mr. T. H. Dudley, Dept. C-30. 

Ask your College Placement Officer for TI 

interview dates on your campus. 
___ 

*The integration of two / 
or more materials result- . / 
ing in a new material / / 
with a set of useful prop- ( / 
erties not otherwise 

available. 

Texas Instruments 
) INCORPORATED 

\ ( P. O. BOX 5474 • DALLAS 22. TEXAS 

An Equal Opportunity Employer 
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Freedom & Discipline 
Modern physics has identified 34 elementary 

particles of matter —each with its twin anti-parti- 
cle. The inevitable two opposing forces that keep 
the universe in balance. 

We think at the heart of most well-run modern 

companies there are also two opposing and equally 
important forces—freedom and discipline. 

Freedom to innovate, to change, develop and 

invent. Plus the discipline to stick to the facts, to 

stick to the problem, to stay within the budget. 
At Celanese we try to combine freedom and dis- 

cipline to better serve our customers, our share- 

holders, and our employees. 

Perhaps we are the company at which you can 

best pursue your career. If you are trained in 

chemical engineering, electrical engineering, me- 

chanical engineering, chemistry or physics, we 

hope you will stop in to see our representative 
when he visits your campus. Or write directly to 

us, briefly outlining your background. 
Address your correspondence to: Mr. Edmond 

J. Corry, Supervisor of College Relations, Celanese 

Corporation of America, 522 Fifth Avenue, 

New York 36, New York. Celanese® 

AN EQUAL OPPORTUNITY EMPLOYER 

CHEMICALS FIBERS POLYMERS PLASTICS 
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UNITED NUCLEAR TODAY 
The mines, mills, factories, laboratories and people of United Nuclear draw on 

the strengths of companies long in the nuclear industry. MINING experience 
comes from Sabre-Pinon Corporation and from United Nuclear's 65% interest 

in its partnership with Homestake Mining Company. MILLING know-how has 

been accumulated in the Homestake-Sapin Partners mill and in the mill near 

Grants, New Mexico, purchased from Phillips Petroleum Company. FUEL 

PREPARATION expertness stems from production of the laboratory-pure 
uranium oxide for the world's first nuclear reactor at University of Chicago's 

Stagg Field in 1942 and all the subsequent years of commercial nuclear fuel 

preparation for power reactors by Mallinckrodt Chemical Works. FUEL FAB- 

RICATION draws on the metalworking skill and experience of Olin Mathieson 

Chemical Corporation brought to bear since 1956 on the production of nuclear 

reactor cores for power and propulsion. REACTOR DEVELOPMENT builds 

continuously on the experience and experiments of Nuclear Development 

Corporation of America (NDA), which in turn were built upon the World War 

II accomplishments of scientists and engineers of the Manhattan Project. 

NUCLEAR RESEARCH means physics, chemistry, mathematics, metallurgy, 
electronics — these are not only the academic degrees but the careers of many 

United Nuclear senior employees. SHIELDING was as vital for early users of 

X-rays working behind Ray Proof Corporation lead shields as it is for today's 

designers of space capsules working in Ray Proof radio frequency shielded 

enclosures and for operators and maintenance personnel protected by United 

Nuclear-conceived reactor shields. 

This is the experience and team United Nuclear brings to the fulfillment of its 

customers' requirements. Graduate engineers and scientists who want challenge 
and the satisfaction that comes from contribution and accomplishment will find 

rewarding careers at United Nuclear's plants and laboratories in New Haven, 

Connecticut, Charlestown, Rhode Island and Pawling and White Plains, New York. 

Consult your placement officer or direct inquiries to 

UNITED NUCLEAR 
CORPORATION 

660 MADISON AVENUE, NEW YORK 21, NEWYORK 

An equal opportunity employer 
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SPACE SIMULATION 

By David Werstler, METE ’ 65 

w ’ HEN WE THINK of the great space efforts of our 

country, our thoughts are about the dramatic launch- 

mgs rrom cape Kennedy and tne vanuenourg case 

in California, of manned satellites and Polaris missiles. Rarely 
do we consider the great amount of work that is done on the 

ground to develop and test the vehicles before they are finally 
ready for the launching pad. Besides government laboratories, 
there are several industrially-operated complexes of space re- 

search and development, where, in their honeycomb of lab- 

oratories, engineers and scientists are trying to solve some of 

the most complex technological problems faced by man. The 

largest of these is the General Electric Valley Forge Space 
Technology Center. 

The General Electric facility is just a few blocks from the 

Valley Forge campground of the Revolutionary War. It is an 

800,000 square foot facility whose principal purpose is "the 

terrestial testing of spacecraft parts and systems before ex- 

posure to the hostile outer-space environment the vehicles 

will encounter in actual flight.” The actual space vehicles 

are tested here for periods up to a year or more under almost 

real space conditons. The testing is not all done at one time, 
but rather there are several labs which test a certain desired 

function for perhaps three or four consecutive months. The 

following paragraphs are a description of several of these 

facilities and their capabilities. 
The Space Simulation Chamber resembles a cylinder with 

a dome-shaped top and bottom. Located in a building, 100 

feet square and 88 feet tall, the chamber measures 32 feet in 

diameter, 54 feet in height, and weighs 80 tons. The build- 

ing houses only that portion of the auxiliary equipment which 

must be protected. Storage tanks, cooling tower, and several 

pieces of pumping equipment are located adjacent to the fa- 

cility. 

Constructed of stainless steel, the chamber’s panels can re- 

sist pressure up to one ton on every square foot of surface. 
The thickness of the steel is a minimum of 34 inches with no 

stiffening members required. 
The dome-shaped lid is provided with a trolley and me- 

chanical jacking system allowing it to be raised from the 

chamber and moved aside. When open, the vessel accommo- 

dates a vehicle access area of twenty feet in diameter. The 

dome also contains the parabolic reflectors used in solar simu- 

lation and three penetrations are provided to incorporate 
television cameras for visual monitoring of the vehicles dur- 

ing test. 

To achieve extremely low pressures, a method known as 

cryogenic pumping is employed. Essentially, this method 

freezes the gas thereby removing it from the environment in 

its original state and depositing it as a solid on the cooling 
panel. The cryogenic pumping uses two separate systems of 

cooling panels through which liquid nitrogen and dense, 
gaseous helium are circulated. Nitrogen panels cover the ma- 

jority of the chamber’s interior maintaining this area at 

minus 300 degrees Fahrenheit. 

Another environmental condition unique to outer space 

is referred to as "cold black space.” This term describes the 

ability of space to absorb limitless quantities of energy; forms 

such as heat and light are of major consideration in the simu- 

lator’s design. 
When a spacecraft is subjected to extremely low pressures, 

as experienced in outer space, heat and gaseous molecules are 

radiated from the vehicle. In space, these particles travel 

through infinite distances and are harmless to surrounding 
objects. In a simulated environment, as the space chamber, 
this "outgassing” phenomenon poses a problem. In the ves- 

sel’s enclosed area, the molecules are reflected back to the 

vehicle under test raising the pressure above the desired level. 

To combat this problem, a scientist discovered that if 

angular fins were placed along the inner edge of the cham- 

ber, saw-tooth fashion, the molecules would be trapped be- 

tween the plates allowing the moving particles to harmlessly 
"bounce” within the panels until their energy had been dis- 

sipated. This method, dealing with the outgassing phenome- 
non, is called the the Santeler Array. It feigns the limitless 

depths of space providing an even greater simulation effect. 

In the foreground, a scientist working on 

the problems of space vehicle reliability, 
watches a small model of the Nimbus weather 

satellite. It illustrates the flight of the 

full scale model which peers into a metal 

half shell approximating the earth’s horizon. 
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The temperature of space may be as low as 3 degrees Kel- 

vin, above absolute zero, and any vehicle entering such an 

environment is subjected to the low temperature extreme — 

the cold space. To simulate cold, black space, the interior 

surfaces of the Simulator must be maintained at an extremely 
low temperature. The temperature of the walls approaches 
that of outer space and permits absorption of heat and light 

energy at a high rate. To produce the desired effect the cham- 

ber’s inner sides are treated to produce an extremely dense, 
flat, black finish. 

The principal feature of the facility is its Solar Simula- 

tion System. The amount, character and direction of the solar 

energy must closely match that of actual conditions. Four 

enclosures on the ground floor of the Simulator’s building 
provide housing for the water and air cooled power arrays. 

Four banks, each containing thirty-seven 5,000-watt xenon- 

arc lamps provide the light energy. Each lamp is individually 
mounted and has its own power supply facilitating calibra- 

tion and focusing. The intensity of the total array is adjust- 
able permitting various solar energy level effects. The light 
energy is directed through a quartz lens, about 15 inches in 

diameter and 3 inches thick, onto one mirror divided into 

four parabolic reflectors which collimate the light producing 
light rays appearing to originate from a single source. This 

type of solar simulation has been referred to as "cold black 

sun.” 

Still in the planning stages, is an access port designed to 

permit entry of several technicians during operation of the 

simulator. The opening, on the chamber’s side, will be 

equipped with an airlock in which there are two compart- 
ments. The astronaut enters the first compartment and waits 

until the atmosphere is reduced to an intermediate level. This 

level is well below atmospheric but far from the vacuum 

level in the chamber. The technician then moves into the 

second compartment immediately adjacent to the chamber; 

here the pressure is further reduced to equal the chamber’s 

level before entering the actual vessel. 

The ability to simulate a combination of solar, pressure, 

and temperature conditions makes the Space Environment 

Simulation Laboratory unmatched in existing or known 

planned space simulators. The facility allows entire space 
vehicles to be subjected to several realistic space conditions 

before actual flights are performed. 

np 'HE SPACE ENVIRONMENTAL TEST FACILITY is 

designed to duplicate, as closely as possible, almost all of 

the actual environmental conditions to which spacecraft will 

be exposed. 

Complete systems tests can be run in the space simulator 

just as though the vehicle were in orbit. Ground equipment 
can be checked out from interpretation of telemetric signals 
transmitted to and from the test specimen. Maneuvers made 

by the attitude control system of the vehicle upon receipt of 

telemetric commands from an external "ground station” can 

be observed either by closed circuit TV or through a test 

specimen replica which is mounted externally and "slaved” to 

the attitude of the actual test vehicle. Movements of the test 

vehicle are recorded by hermetically-sealed motion picture on 

Fastex cameras which are placed within the chamber. 

The environmental chambers, a basic part of the Space 
Environmental Test Facility, are designed to subject the sub- 

systems and complete vehicle systems to extremely high 
vacuum and solar thermal simulation environments during 
the development, acceptance, and certification/qualification 
stages of the spacecraft cycle. The more extensive and so- 

phisticated research developmental test programs will be 

generally conducted in the adjacent Space Environmental 

Simulation Laboratory. The SETF chambers also provide a 

capability for running basic engineering tests where solar 

simulation is not a requirement. In such an engineering test, 
of which a thermal balance test is an example, a complete 
vehicle is put into a simulated space flight and instrumenta- 

tion is attached to record the actual conditions experienced 
by the various components and sub-systems operating as an 

integrated test system. The environmental data obtained sup- 

plements and confirms the theoretical data and assumptions 
used by the research scientists in the design of subsequent 
spacecraft assemblies. The data may also be compared with 

information obtained in experiments with solar simulation. 

Should the test readout instrumentation indicate a need 

for the change of a component or sub-system during the test, 

the vehicle may be "returned from orbit” and the required 
modification implemented. The result of this modification can 

then be subjected to the same simulated space environment 

and checked to verify the validity of the change. 
The SETF is a separate building designed and constructed 

specifically to meet the demands of utility and flexibility 
required for the environmental testing of full-scale space- 
craft systems. Within this building are housed three environ- 

mental chambers measuring 39' in diameter in addition to a 

12' x 26' horizontally-oriented chamber. The building is 

240' long, 100' wide and 82' high and houses the chambers 

and that portion of the auxiliary chamber support equipment 
which must be protected from the elements. Liquid nitrogen 
storage tanks, process cooling water tanks, gaseous helium 

storage and primary transformers are located adjacent to the 

facility. Within the building adequate space is available for 

test setups along with required supporting control room and 

office areas. 

The Space Simulation Chamber, pictured above, is able to 

reproduce solar conditions by means of parabolic reflectors located 

in the dome-shaped lid. The minimum pressure reaches 100° K. 
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LINDE Assignment: 

Develop a new surgical tool 

to freeze tissue... 

T 
'hat was the goal of Union Car- 

bide’s Linde Division. 

The result: fully automatic cryo- 

surgery equipment that is easy to 

operate and maintains preselected 

temperatures reliably. It’s been used 

in a number of hospitals, here and 

abroad, for treating the symptoms of 

Parkinsonism and other involuntary 
movement disorders. 

Back in 1961, a new cryosurgery 

technique, developed at St. Barnabas 

Hospital (N. Y.) under the direction of 

Dr. I. S. Cooper, was announced to the 

medical profession. 
In brief, this surgical procedure in- 

volves making a small burr hole in a 

patient’s skull; directing a probe into 

the thalamic target; and using liquid 

nitrogen to cool the probe which 

freezes the appropriate tissue. 

Because of its extensive experience 
and capabilities in cryogenic systems, 
Linde was called upon to develop and 

produce the needed cryosurgical de- 

vice—a precision surgical probe and a 

complete system capable of furnishing 
controlled cold to the probe. 

Designated the CE-2 Cryosurgery 
Equipment, and shown above, it per- 

mits using the ultra-low temperature of 

liquid nitrogen (— 320°F.) as a surgi- 
cal tool in a practical operating range 
of 98° to -240° F. 

Work with Linde and you work with 

heat, cold, pressure, vacuum. You have 

a choice among programs in cryogen- 

ics, plasmas, Flame-Plating, electron- 

ics, biochemistry, crystallography. Be- 

fore deciding on any job, get to know 

all that’s going on at Linde. 

For information, write Recruiting 

Department, Union Carbide Corpora- 
tion, Linde Division, 270 Park Avenue, 

New York, N. Y. 10017. 
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The areas used for test setup are enclosed and air condi- 

tioned. For some tests it may be desirable to bring the vehicle 

into the setup area and complete the installation and checkout 

of test instrumentation before attaching the vehicle to the 30' 
chamber cover. At the completion of the checkout phase the 

cover, with attached vehicle and instrumentation, will be 
lifted from the setup area by a 20-ton crane and placed on 

the chamber. A final checkout of the vehicle and test instru- 

mentation is made prior to pumpdown and cooling of the 

chamber. 

Before the vehicle has left the chamber, its complete mis- 

sion will have been simulated. All the commands and re- 

sponses inherent in the vehicle’s specific mission profile will 

be delivered and recorded. 

The vehicle is not immediately placed in the chamber, but 

rather is checked and rechecked through "dry runs” to ensure 

proper operation of all systems. In addition, all instrumenta- 

tion leads and equipment are thoroughly checked to see that 

they are functioning normally before the vehicle is placed 
in the chamber. 

The chambers are constructed of stainless steel plates 
stiffened on the outside by heavy carbon steel ribs. Within 

the chamber the test spacecraft is completely surrounded by 
liquid nitrogen-cooled aluminum cryopanels operating at 

temperatures of approximately -32O°F. Supplementary panels 
are cooled by the use of gaseous helium and will normally 
operate at -425 °F. A large number of access ports are pro- 
vided on each chamber to provide feed-throughs for elec- 

trical power, thermocouple leads, viewing ports and other 

services needed for special tests. Normal access to the 39' 
chambers is provided through a manned access door located at 

the "equator” of the chamber. This opening allows access to 

the chamber without removing the large cover. The structural 

design of the chamber provides for the addition of a manned 

access lock at a future date. Such a lock will be invaluable in 

the use of the chamber for training technicians in perform- 
ing various operations in a vacuum environment. 

Various mechanical and diffusion pumping systems are 

employed in sequence dependent upon their ranges of effec- 

tive operation. When the limit of mechanical pumping has 

been attained, the diffusion pumps are automatically made 

operable to reduce the vacuum to the 10~ 6 
or 10 

~ 7 Torr 

range. Activation of the cryogenic systems at this point pro- 

duces further cryo-pumping of the gases which have not been 

handled by the diffusion pumps. The pumping equipment 
for these chambers is designed for six months’ continuous 

operation. This same criteria holds true for the cryogenic and 

the infrared heating systems. 

J- 
1 

1 ’HE long-life requirements of space vehicles require me- 

ticulous care and inspection in their manufacture and 

assembly functions. Particular emphasis must, therefore, be 

placed on environmental control. Completed in February, 
1962, the immediate reason for building the Clean Room 

was to meet the need to maintain dust-free conditions during 
the assembly of solar cell devices, pneumatic systems, sun 

sensors, electro-mechanical devices, and critical electronic as- 

semblies. For example, a specification on the cleanliness of 

pneumatic systems equipment calls for the elimination of 

particles larger than twelve microns and 98% free of particles 
over five microns. The room actually excludes 99-7% of all 

air particles over .3 microns in size. 

Occupying eleven thousand square feet on the main floor 

of the Space Technology Center, the facility encompasses 
corridors and a bonded storage area. Other components in- 

clude locker rooms, a lunch area, air showers, a wash room, 

offices, a development room, and an inspection center. 

Unique features of the controlled area include a reliability 
development room for personnel training and development 
of methods for attaining maximum cleanliness levels prior to 

actual adaptation to the work routine. 

The entire facility is designed to provide for both pressure 
and temperature gradations. Sensitive controls regulate tem- 

perature at 72°F±1° and humidty at 40% ±5% throughout 
the clean room. The desired temperature level is maintained 

by means of re-heat coils in the cooled air supplied to the 

individual areas. 

All furnishings and equipment, including tables, chairs, 
cabinets, and benches, are designed to eliminate any possi- 
bility of flaking, chipping or, in other ways, producing dust 

particles and contaminants. Nothing is made of wood. All 

materials are constructed of either glass, chrome-plated steel, 
stainless steel, or sheet metal with a baked-on acrylic finish. 

Each piece of equipment used to test and assemble spacecraft 
components is contoured to minimize dust-collecting surfaces. 

Wall panels are covered with "psychologically soothing” 
colors. Beige, blue, yellow, and green have been found to be 

efficient and all have non-flaking, non-chipping surfaces. 

Glass room dividers give a feeling of spaciousness and depth 
and can be re-arranged to form new room sizes. It is not 

necessary for maintenance men to enter for repairs; the 

unique construction enables all work of this nature to be 

accomplished from the outside. 

Control begins before the employee enters the facility. 
Outer garments are stored before entering the corridor to the 

Illustrated above is the Space Environmental Test Facility. 
It was designed to meet the demands of utility and flexibility 
required for the environmental testing of space craft systems. 
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area's entrance. At this point, the operator uses one of two 

mechanical shoe cleaners followed by walking over a tacky 
rubber mat before entering the outer locker room. Once 

inside, he again treads across a sticky mat before depositing 
all articles as cigarettes, paper, books, and food in storage 
lockers. The operator then steps into the air shower that 

separates the storage area for personal effects from the inner 

locker room. He remains there for about 18 seconds, holding 
his arms aloft and rotating his body 360 degrees. After the 

air blast, clean room garments consisting of hood, coverall, 
boots, and sometimes, gloves, are put on followed by a second 

air shower and a thorough hand and face washing —he is now 

ready to pass into the work areas. 

During lunch or break periods, a special room is provided 
just outside the working area. Clean room garments are left 

in the locker areas and following eating or smoking, the 

operator is subjected to the same cleansing cycle before re- 

entering the manufacturing area. 

For communication, an inter-com and voice diaphragms of 

airtight, stretched plastic screening, permit conversation from 

within the area to those on the outside. 

s PACE VEHICLES require intricate guidance and control 

equipment to establish and maintain the motion and posi- 
tion requirements set by their missions. Control systems 
installed in these craft must rotate the craft to its proper 
position, reduce the rate of deviation to a predetermined 
minimum, and maintain this position despite external forces 

which might disturb the spacecraft. 
The more complicated the intended mission of a vehicle 

moving in space, the more critical the design of its control 

system becomes. Failure of such a system in flight cannot be 

tolerated; the delay and expense of a second launch is too 

great. Therefore, an expedient and practical method to evalu- 

ate the performance of a spacecraft, prior to launching, is 

most necessary. To meet this requirement, General Electric’s 

Spacecraft Department has developed motion simulators to 

determine that the system performance matches the require- 
ments. 

Several motion simulators with varying degrees of com- 

plexity have been designed, developed, fabricated, and used 

by MSD’s Spacecraft Department. 
Each simulator meets the needs of a different testing pro- 

gram; therefore, each differs somewhat in design. The simu- 

lated vehicle must be capable of a high degree of freedom 

for rotational motion about all three axes, but frictional 

forces opposing this motion must be negligible. A gas lubri- 

cated bearing, which provides this frictionless condition, is 

the key element in any simulator. 

A spherical gas bearing is attached to the spacecraft or 

simulated vehicle at the center of gravity. In a typical three- 

axis simulator, the system has 360-degree rotation about the 
local vertical axis, and ±9O-degree freedom about the other 

two axes. During dynamic testing, the spherical bearing is 

supported by pressurized gas flowing into a seat mounted on 

a support stand. The simulator is equipped with support de- 

vices, data acquisition equipment, and stellar reference bodies 

which are needed to stimulate spacecraft sensors. 

In MSD’s 39-foot cryogenic vacuum chamber, the motion 
simulator used to test the entire Nimbus vehicle (NASA’s 
weather satellite) utilizes a six-inch diameter gas bearing. A 

recessed bearing seat is fed by a single variable orifice. The 

seat and ball are of stainless steel and are lapped together to 

a sphericity of better than 50-millionths inch. Carbon dioxide 

at 120 psi "floats” the spacecraft. A collector shroud prevents 

gas escapement, thus maintaining the vacuum environment. 

Tests at 10 -5 Torr and 100°K wall temperature proved the 

operability of the gas bearing system under test load condi- 

tions. In the 39-foot chamber test facility, a simulated earth 

rotates about the spacecraft and the spacecraft controls orient 

the vehicle relative to this earth and to collimated light sys- 
tem that simulates the sun. 

A similar motion simulator is used in another facility, in 

which only the attitude control system of Nimbus is tested. 

A heated earth and cooled chamber walls, representing the 
coldness of space relative to the earth, create a temperature 
differential which activates the infrared sensors in the control 

system. 

A third motion simulator is provided to test the stabiliza- 
tion and control system of the OAO (Orbiting Astronomical 

Observatory) satellite, one that controls itself by referencing 
the sun and stars. In the OAO test facility, the control system 
orients itself to three adjustable simulated star sources and 

light from a simulated sun. A position and rate readout sys- 

tem, accurate to one arc second, is provided to measure the 

control system performance. 
In addition to the motion simulators already discussed, a 

separate development facility is being used to study, evaluate, 
and improve the performance of basic elements such as gas 

bearing, structure, and components. 

Evaluation and development of spacecraft control systems 

are made on the Orientation Evaluation Facilities. The test 

stands provide for virtually frictionless freedom of rotation 

of functional models by mounting them on an air bearing. 
The facilities allow for ±9O degrees of freedom of rotation 

about two axes, and unrestricted rotation about a third axis. 

Sun and star stimulations of the proper relative radiation in- 

tensity provide targets for the attitude control system posi- 

A technician is measuring the dimensions of a test device in the 

clean room. The measurements are made through the glass wall in 

order to prevent contamination from the air and the surroundings. 
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tions sensors. In addition, the low-altitude facility has a 

heated earth simulator and is housed in a water cooled room 

to provide the required temperature difference between earth 

and sky. The earth rotates about the system at orbital rate to 

simulate vehicle motion around the earth. Various kinds of 

techniques for static and dynamic balancing are also used to 

compensate for center-of-gravity shifts. External vehicle dis- 

turbances are simulated through the use of a cold, pressurized 
gas supply to an auxiliary reaction system that impacts 
torques to the system. All power is provided with on-board 

batteries with all other connection completed through a 

telemetry and command system. 

There are three major sections of the facility. The first is 

the Astronomical Orientation Facility, which simulates the 

sun and stars with ± one second accuracy and one second 

readability. The Low-altitude Orientation Facility and the 

High-altitude Orientation Facility both test the ability of a 

satellite to orient itself with the sun and the earth with 

± one degree accuracy and one degree readability. 
Basic and applied research is conducted at the center in 

the Space Sciences Laboratory. The general areas of work 

being done there are complementary to the actual testing of 

vehicles and include study of environmental phenomena, 
low-temperature plasma physics, structures and materials, 
celestial mechanics, shock wave phenomena, and physical 
biology. 

There are several shock tunnels in the lab, the largest being 
of 6-inch diameter. It has a 2 2-foot driver tube, where the 

initial explosion of gases takes place, and a 112-foot tube 

which leads to the 30-inch diameter test section. Model size 

is up to ten inches. It is actually a blow-down wind tunnel 

using a shock tube to provide a working gas of high stagna- 

tion enthalpy and pressure. Data-recording devices measure 

surface phenomena, surface heat transfer rates, axial forces, 

free-flight static ability, and visual flow fields. Other tunnels 

include a high-performance tunnel capable of Mach 40 and 

several 2-inch tunnels. 

For the study of stagnation-point ablation of materials, 

there is a supersonic wind tunnel, a hypersonic wind tunnel, 

and a small air arc. In the tunnels, the air is super-heated by 

air arcs, to heat ranges of 20 to 100 BTU/ft- second, and 

high altitude conditions of above 200,000 feet can be main- 

tained. 

Studies of plasma accelerators that can be used for pro- 

pulsion and attitude control are being conducted in a 20-foot- 

long vacuum chamber which can be evacuated to 10~ B mm 

Hg. Thrust, velocity of plasma, effects on engine components, 

and electrical discharge characteristics are all observed during 

testing. The accelerators produce thrust when an ionized gas 

is highly accelerated by powerful magnetic fields. The elec- 

trical discharge that ionizes the fuel comes from a capacitor 

bank that has been charged by a power supply capable of 

producing 20,000 volts and 150,000 watts. 

This is only part of the story of the many facilities being 
used today to build the space vehicles of the future. In labs, 

classrooms, and shops around the country, the technology 
needed to put man into space is being constantly improved. ■ 

This shock tunnel, one of several in the lab, has a 22-foot 

driver tube, where the initial explosion of gases take place, and 

a 112-foot tube which leads to the 30-inch diameter test section 

High altitude conditions of above 200,000 feet can be maintained 
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WHERE'S GARRETT? 

EVERYWHERE! Here are a few of the ways U.S. defense and space progress are being helped 

by Garrett-AiResearch: IN SPACE— Environmental control systems; auxiliary power systems; advanced 

space power systems; research in life sciences. IN THE air- Pressurization and air conditioning 
for most of our aircraft; prime power for small aircraft; central air data systems; heat transfer equipment 

and hundreds of components. ON LAND- Auxiliary power systems for ground support of 

aircraft and missiles; standard generator sets; cryogenic systems; ground support instrumentation and controls. 

ON THE S£4-Auxiliary, pneumatic and electrical power for ships; auxiliary power systems 

and air conditioning for hydrofoil craft. UNDER THE S£/1-Environmental systems for submarines 

and deep diving research vehicles; pressurization systems, computers 
and control systems for submarines and underwater missiles. 

For further information about many interesting project areas and career 

opportunities at The Garrett Corporation, write to Mr. G. D. Bradley at 

9851S. Sepulveda Blvd., Los Angeles. Garrett is an equalopportunity employer. 

THE MITOME IS WC 

Los Angeles • Phoenix 
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PROBLEMS 

IN FUSION 

By Al Hribar, ME ’65 

T HE overall goal of the nation’s research in controlled 

thermonuclear reaction is to develop a means of harness- 

ing useful power from the energy released in nuclear 

fusion reactions. In thermonuclear reactions, fusionable mate- 

rial such as heavy hydrogen (deuterium) or tritium, must 

be heated to very high temperatures in order to cause fusion 

of the nuclei of these atoms. The hydrogen bomb achieves 

this type of reaction on an enormous uncontrolled scale. For 

actual power production, much more control must be exer- 

cised over the fusion reaction. To harness fusion reactions to 

produce power, three goals must be reached. 

• A fusionable material must be heated to the ignition 
temperature. (This is the threshold temperature for a self- 

sustaining reaction.) At this point, fusion energy is being 
released within the fusion fuel at a rate sufficient to offset the 

loss of energy from the fuel by radiation. For fusion fuels 

consisting of heavy hydrogens, this ignition temperature is 

of the order of 100 million degrees. 
• After ignition temperatures have been achieved, a 

machine must be designed that will produce an excess of 

power. 

• Production of power from a fusion reactor must be 

economically competitive with electricity produced by other 

methods. 

I will assume the reader has a familiarity with the fusion 

reaction. If not, or if the reader wishes to refresh his memory, 

any elementary chemistry text will furnish the necessary 
information. On this basis, this article will examine and 

explain the key research problems which must be overcome 

in order to attain the necessary ignition temperature for 

fusion. Generally, these problems, in the order of presentation, 
are the temperature problem, the heating problem, the con- 

finement problem and the energy losses. 

The high temperatures sought in controlled thermonuclear 

research represent the average velocities or energies which 

deuterons must maintain for appreciable periods, with essen- 

tially random movements in a confined space, in order for a 

considerable number of them to fuse. 

In order to overcome the coulomb barrier (force of repul- 
sion between nuclei) and accomplish fusion, two deuterons 

must be made to collide with high relative velocity. The 

probability of fusion occurring at a given relative energy is 
measured by the cross section which is the effective inter- 

action area per target nucleus. Figure 1 shows experimentally 
determined cross sections as functions of bombardment 

energy. Cross sections are usually given in "barns”; 1 barn 

equalling1124 c0 -24 
cm 2 . These curves were obtained by directing 

a beam of deuterons at a target containing deuterium, tritium, 

or helium 3, respectively. The most probable result of two 

deuterons colliding is that instead of fusing, they will bounce 

apart without reacting. An important consequence of this 

relatively high probability of scattering is that deuterons 

must, on an average, be forced to collide many times, in order 

to assure that considerable numbers will fuse. At each scatter- 

ing collision there will be, in general, some exchange of 

kinetic energy. But if considerable numbers of deuterons in 

a confined volume are given similar energies, the multiple 
collisions will not, on an average, change the energies of the 

deuterons. Thus, after long pre-fusion paths, and many scat- 

tering collisions, the deuterons will still have sufficient relative 

energy for a fusion reaction to occur. 

To accomplish these repeated collisions, the energetic 
deuterons must be allowed to move essentially at random 

within a confined volume, just as molecules of air in a room 

have random motion. And to accomplish fusion, the tempera- 

ture (the relative energies) of the deuterons must be very 

high. 
The heating of matter to very high temperatures results in 

ionization of the matter. The resulting mixture of ions and 

electrons is called a plasma. Deuterium heated to a tempera- 

ture sufficient to provide a substantial reaction rate becomes a 

plasma consisting of deuterons and electrons in equal num- 

bers. The overall charge neutrality provided by equal densities 

of positive ions and negative electrons is not essential for the 

ions and electrons to be at the same temperature. Through 
energy-exchanging collisions, the two temperatures will tend 

to be the same, but it is only the ion temperature which 

influences the fusion reaction rate, since it is the ions which 

must maintain sufficient velocities to fuse. 

The term "temperature should be strictly applied only to 

systems which are in thermal equilibrium, hence systems in 

which average quantities such as the energy and density of a 

large number of particles do not change appreciably in the 

time required for the particles to interact with one another 

through collisions. Fusion reactions can occur in a plasma of 

fusionable material which is not in thermal equilibrium. 
Nevertheless, attempts are directed principally toward heating 
deuterium in systems under conditions such that one can 

This chart shows the cross sectional area necessary for fusion 

plotted versus the bombardment energy of the incident particles. 
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validly refer to the temperature in the system. A very close 

approach to thermodynamic equilibrium cannot be achieved 

in man-made fusion systems, but for ease of calculation it is 

generally assumed that the systems are in equilibrium. Conse- 

quently it is assumed that the ions and electrons have the 

characteristic Maxwellian velocity distributions; a distribution 

in which a few particles have extremely high velocities rela- 

tive to the rest, some have very low velocities, and the 

remainder are in an intermediate range. Strictly speaking the 

term "thermonuclear reactions” should be reserved for those 

fusion reactions which occur in hypothetical systems where 

the reacting nuclei are in thermodynamic equilibrium, charac- 

terized by a unique temperature, or at least close to such 

conditions. 

How to heat a low temperature plasma to the extremely 
high temperatures required for fusion is a major problem. 
A number of methods involve applying electric fields to the 

plasma. The fields accelerate charged particles and impart 
energy to them. 

Passage of a current through a plasma results in ohmic or 

resistive heating. This is the type of heating that occurs when 

current flows through the filament of a light bulb. For induc- 

tive processes in which the current is not changing too 

rapidly, energy from the electric field is delivered preferen- 
tially to the electrons, which in turn share energy with the 

ions. However, the resistivity of a plasma decreases as its 

temperature is increased. At temperatures of the order of a 

million degrees, it is no longer practical to try to heat ions 

by using hot electrons. Resistive heating (I 2 R) loses its utility 
because of the decrease in the plasma resistance (R) and 

practical limits to the amount of current (I) that can be 

supplied. 

c ONTAINING the hot plasma is fully as difficult as 

attaining the necessary temperatures. 

The plasma exerts an outward pressure proportional to the 

total number of particles per unit volume and to the tempera- 
ture. Therefore, it tends to expand. The expansion of the hot 

plasma must be opposed at least long enough to allow a 

significant fraction of the fusionable fuel to burn. It is neces- 

sary to work at fairly low plasma densities in order to keep 
the plasma pressure down to manageable levels. Plasma with 

a density of about one ten thousandth of normal atmospheric 
density will, at the extreme temperatures required, exert a 

pressure of the order of 100 atmospheres. The temperature 

required for ignition is independent of plasma density, but 

low density does result in a very long mean free path for 

nuclei—the average distance the ions will travel between 

collisions. Therefore, the mean fusion reaction time also is 

very long (of the order of seconds) and the average energetic 
deuteron will travel thousands of miles before it reacts. 

Actually, the mean distance that a deuteron must travel before 

it fused under these conditions is almost equal to the orbit of 

an artificial satellite about the earth. 

Confinement of a very hot dilute plasma is thus a major 
problem. Material walls cannot be used for direct confinement 

because hot particles form the central region would strike the 

walls, give up a good amount of energy, and return to the 

central region as cool particles. For any container of any 
reasonable size, this would result in an intolerable drain of 

the energy of the system. Also, contact between the plasma 
and the container walls results in the introduction of impuri- 
ties into the reaction area, and these further increase the 

energy lost. 

The plasmas of the stars and the sun are confined by gravi- 
tational forces, but these forces are far too weak for the 

smaller systems which earthbound experimenters must work 

with. It is generally agreed that magnetic fields provide the 

best means of confining a hot plasma. All experimental 
devices in the United States and all other countries (so far as 

is known) make use of some form of "magnetic container” 

to confine the plasma and keep it centered relative to a reac- 

tion vessel. Material walls still must be used to separate the 

low-density plasma in the vessel from the outside world, but 

the magnetic field keeps the plasma away from the walls. 

An electrically charged particle moving in a magnetic field 

experiences a force perpendicular both to the direction of the 

field and to the direction in which the particle is moving. 
As a result of this force, an ion or an electron, moving in a 

plane perpendicular to a uniform magnetic field, will follow 

a circular path around a magnetic line of force. By means of 

magnetic fields attainable in a laboratory, a deuteron moving 
fast enough to undergo fusion can readily be made to follow 

a path whose radius is of the order of inches. 

Motion in a direction parallel to the magnetic field’s lines 

of force is unaffected by the field, so that in general a charged 
particle follows a helical, or spiral, path along a line of force 

in a strong uniform field. (See figure 2) The particle is "tied” 

to the magnetic line of force. Lines of force are fictitious 

models useful in showing the "shape” and intensity of a 

magnetic field. 

The particle pressure and density will tend to be low in 

regions of an equilibrium system where the magnetic field is 

high, and vice versa. The confining magnetic fields may be 

produced by current-carrying coils outside the system or by 
currents passing through the plasma. Under ideal conditions, 
a magnetic field of 50,000 gauss, existing outside the plasma 
and thereby containing it, could withstand a particle pressure 

of about 1000 atmospheres. 
Achievement of a net power balance, the energy level 

represented by the ignition temperatures, is a problem involv- 

ing competition between the rate of nuclear energy produc- 

This illustration shows schematically how ions (i) and elec- 

trons (e) move along (fictitious) lines of force in magnetic field. 
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THERE WILL BE AN EAGLE 

Page 28 The Purdue Engineer 



ON THE MOON... 
Our world-recognized trademark—“the P&WA eagle”—has been 

dentified with progress in flight propulsion for almost four decades, 

spanning the evolution of power from yesterday's reciprocating 

engines to today’s rockets. Tomorrow will find that same Pratt & 

i/Vhitney Aircraft eagle carrying men and equipment to the moon and 

:o even more distant reaches of outer space. 

Engineering achievement of this magnitude is directly traceable to 

)ur conviction that basic and applied research is essential to healthy 

progress. Today’s engineers at Pratt & Whitney Aircraft accept no 

imiting criteria. They are moving ahead in many directions to advance 

>ur programs in energy conversion for every environment. 

)ur progress on current programs is exciting, for it anticipates the 

:hallenges of tomorrow. We are working, for example, in such areas 

is advanced gas turbines 
... 

rocket engines .. . fuel cells 
.. . nuclear 

>ower—all opening up new avenues of exploration in every field of 

lerospace, marine and industrial power application. 

’he breadth of Pratt & Whitney Aircraft programs requires virtually every tech- 

ical talent. . . requires ambitious young engineers and scientists who can con- 

ribute to our advances of the state of the art. Your degree? It can bea 8.5., M.S. 

r Ph.D. in: MECHANICAL • AERONAUTICAL • ELECTRICAL • CHEMICAL and 

lUCLEAR ENGINEERING • PHYSICS • CHEMISTRY • METALLURGY • CE- 

RAMICS • MATHEMATICS • ENGINEERING SCIENCE or APPLIED MECHANICS. 

Career boundaries with us can be further extended through a corpo- 
ation-financed Graduate Education Program. For further information 

egarding opportunities at Pratt & Whitney Aircraft, consult your col- 

3ge placement officer—or—write to Mr. William L. Stoner, Engineering 
)epartment, Pratt & Whitney Aircraft, East Hartford 8, Connecticut. 
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tion by fusion within the reacting plasma, and the rate of 

energy loss by various means through the outer surface of the 

plasma. Radiation is a primary and unavoidable cause of 

energy loss. Fortunately, the hot plasma in a thermonuclear 

device does not radiate like a black body; if this were the case, 

the energy loss, and the pressure exerted by the radiation would 

become impossibly large. The saving condition is that the 

plasma column in fusion reactors will not be dense enough 
or physically large enough to radiate like a black body, and 

the radiation will escape immediately from the surface of the 

plasma column. 

Energy may be lost though primarily through radiation, 
particle interaction or leakage and collective movements of 

particles through instabilities of various kinds. Each of these 

areas for energy loss will be discussed. 

A "braking radiation” (called Bremsstrahlung) is emitted 

continually as a result of coulomb interactions in the plasma. 
This loss consisting essentially of soft x-rays, exceeds the 

nuclear energy production at low temperatures, but it in- 

creases with rising temperatures less rapidly than does the 

production of fusion energy. At sufficiently high tempera- 

tures, the rate of energy release in the form of kinetic energy 
of the charged reaction products will exceed the Bremsstrah- 

lung loss. 

The temperatures at which fusion power release equals the 

radiation loss is the ignition temperature for the system. 
(Neutrons are not considered in calculating ignition tempera- 
tures because they are electrically neutral and thus escape 
immediately from the system.) The ignition temperature is 

independent of density since both fusion and radiation proc- 
esses both depend on two-particle reactions. The fusion reac- 

tion can be thought of as self-sustaining above this point with- 

out additional external contributions of energy to maintain 

the temperature. 
At the ignition temperatures and temperatures for deuteron 

fusion, the thermonuclear flame of reaction would be almost 

invisible. It would produce enormous quantities of soft x-rays, 
but these would not penetrate even a thin window. It would 

also produce enormous quantities of protons and helium 

nuclei which would remain in the system, and of neutrons 

which would escape. 
The radiation losses are greatly increased by the presence 

in the plasma of impurities of high atomic number. Another 

radiation loss caused by impurities is excitation radiation, 
which can be very troublesome at low temperatures. Partially 
ionized impurities readily absorb energy from electrons in the 

plasma and promptly radiate it away in a continuous or cyclic 
fashion. This effect disappears if the impurities are completely 
ionized, i.e. at high temperatures. 

Energy is lost from the system when energetic charged 
particles escape from the magnetic fields that confine them. 

Charged particles moving freely along lines of force may leak 

out of the reaction zone if the lines intersect the walls of the 
reaction chamber. Another loss of energy is diffusion, or 

migration of particles across the magnetic field, which results 
from repeated collisions between particles. A particle "tied” 

to a line of force may transfer to another line of force when 
it suffers a collision, and move progressively toward the reac- 

tion chamber wall. From the standpoint of this type of 
diffusion alone, no "magnetic vessel” can be made completely 
leakproof. 

The process of charge-exchange leads to another kind of 
loss. Fast ions become neutralized by picking up electrons 

through collisions with slow neutral atoms or molecules which 

have wandered into the system. Since magnetic fields bind 

only charged particles, the fast neutral atoms thus produced, 
quickly escape from the plasma, leaving slow ions behind. 

This effectively cools the system. The cross section for charge- 
exchange between a deuteron and a deuterium molecule has 

a broad peak at about 15 kev where its value is 15 x 10“ 16 
cm 

2 
, 

or 1.4 billion barns. This is to be compared to the cross 

section for the fusion reaction, which is of the order of only 
1 barn. The deuteron deuterium cross section falls very 

steeply as deuteron energy increases beyond 15 kev. 

One of the most complex problems in the field of plasma 
physics is the analysis of such cooperative phenomena taking 
place in a completely ionized gas. These phenomena include a 

wide range of macroscopic effects arising from the forced 

motion of very large numbers of electrons and ions inter- 

acting with electromagnetic fields. Thus, the behavior of a 

plasma must be studied not only from a single-particle stand- 

point, but also from a group, or fluid dynamics standpoint. 
One concerns the statistical behavior of large numbers of 

particles acting independently; the other concerns gross 
behavior of a large number of particles which are acting 
collectively as a result of long range interactions between 

them. 

Two major class of instabilities plague systems in which 

hot plasma is confined by magnetic fields. (See figure 3) 

Hydromagnetic instabilities are associated with an inbalance 
between the magnetic energy of the field which compresses 

the plasma and the compressional energy of the plasma. 
Under the influence of some random disturbance, either force 

can drive the system away from equilibrium. The kink in- 

stabilities which afflict the pinch discharge are of this type. 

The other class of instabilities is of an electrostatic nature. 

Such unstable motions are driven by electrical energy associ- 

ated with the electric fields in the plasma. Electric fields can 

lead, for example, to bunching of fast electrons and other 

secondary effects which gather particles. 
A plasma can become unstable in a variety of ways. 

Probably some modes of unstable motion have not been 

discovered, much less understood. The question of stability 
is a crucial one in the fusion research field and there are 

many problems which have not been satisfactorily solved. • 

There are two types of hydromagnetic instabilities observed in 

pinch discharges. The upper illustration is that of the so called 

“sausage” instability and the lower is called the kink instability. 

Page 30 
The Purdue Engineer 



IE 

Ik #w 

:> 
r jZ“?Wfc » 

* 

* : 

John Lauritzen wanted further knowledge 
■■■■. ■ ■ i | 

® 
" 

11 Uli t-E'« 
- 

■■■L ' 

' *WS 

I 
p Bgw&g *•» <• 

wfcj Isu 
~ M£ 

i 

WwJ'SL»'> £;£&■£«&< S h : 

V 
-4- - ■ g glNEflßr 

J| jB ■ fIE 
~ Sr i .^^SSS^^ ,t ' ( 

* 
a r ' JKIjS SI I-” - • 

He’s finding it at Western Electric 
When the University of Nevada awarded John Lauritzen 

his B.S.E.E. in 1961, it was only the first big step in the 

learning program he envisions for himself. This led him 

to Western Electric. For WE agrees that ever-increasing 
knowledge is essential to the development of its engi- 
neers—and is helping John in furthering his education. 

John attended one of Western Electric’s three Grad- 

uate Engineering Training Centers and graduated with 

honors. Now, through the Company-paid Tuition Refund 

Plan, John is working toward his Master’s in Indus- 
trial Management at Brooklyn Polytechnic Institute. 

He is currently a planning engineer developing test 

equipment for the Bell System’s revolutionary, new 

electronic telephone switching system. 
If you set the highest standards for yourself, both 

educationally and professionally, we should talk. West- 

ern Electric’s vast communications job as manufactur- 

ing unit of the Bell System provides many opportunities 
for fast-moving careers for electrical, mechanical and 

industrial engineers, as well as for physical science, 
liberal arts and business majors. Get your copy 
of the Western Electric Career Opportunities booklet 

from your Placement Officer. Or write: Western 

Electric, Room 6405, 222 Broadway, New York 38, 
N. Y. And be sure to arrange for an interview when 

the Bell System recruiting team visits your campus. 

ZS?\ 

Western Electric MAN U FACTU RIN G AND SUPPLY UNIT OF THE BELL SYSTEM 

AN EQUAL OPPORTUNITY EMPLOYER 

Principal manufacturing locations in 13 cities • Operating centers in many of these same cities plus 36 others throughout the U. S. • Engineering Research 

Center. Princeton, New Jersey • Teletype Corporation. Skokie. Illinois. Little Rock. Arkansas • General headauarters, 195 Broadway, New York 7. New York 
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What’s new at Bethlehem Steel? 
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On a Pennsylvania mountaintop, new research laboratories... 
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On the Indiana lake front, we’re building a new steel plant 
Looking for real opportunity? On the crest of South Mountain, in 

Bethlehem, Pa., we have recently completed the industry’s newest research 

laboratories, a $4O-million investment aimed at making Bethlehem the 

leader in steel technology. And, at Burns Harbor, Indiana, we’re building a new 

plant at an initial investment of $250 million. It will incorporate 
the latest advances known to metalworking science. 

At Bethlehem Steel we have our sights set on continuous growth 
and modernization; constant development of new and improved products. 
This means career opportunities for alert and aggressive college graduates . . . 

in steel plant operations, sales, research, mining, shipbuilding, fabricated 

steel construction, and many other activities. 

You can get a copy of our booklet, “Careers with Bethlehem Steel 

_ 

and the Loop Course,” at your Placement Office, or by sending a 

postcard to our Personnel Division, Bethlehem, Pa. 

gg| BETHLEHEM STEEL An equal opportunity employer 
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OPPORTUNITY 

IS YOURS 

AT ALLISON 

■ For L. D. Shotts, the move from the University of 

Illinois was a natural. L. D. had learned of the work 

Allison is doing in advanced turbine engine develop- 
ment. Particularly, he was impressed with Allison’s as- 

signment to develop the T7B regenerative turboprop 
engine. 

The T7B—selected by the Navy for anti-submarine 

aircraft—utilizes turbine exhaust heat to raise the tem- 

perature of compressor discharge air, resulting in in- 

creased fuel economy for extended long-range and on 

station aircraft capability. 
Air-cooled turbine blades, another Allison achieve- 

ment, mark a significant advance in turbine engine 
state of the art. And, the workhorse of turboprops, the 

Allison T 56, continues to set new standards as our 

engineers find additional means of improving perform- 
ance and reliability. 

In addition to leadership in the turboprop area, 

Allison also is making great strides in the development 
of nuclear energy conversion projects, including a com- 

pact, mobile nuclear reactor and an energy depot con- 

cept which will permit manufacturing of fuel “on the 

spot” for military field units. 

Well-qualified, young engineers will find unlimited 

opportunities in the long-range, diversified energy con- 

version programs at Allison. Talk to our representative 
when he visits your campus. Let him tell you what it’s 

like in the creative environment at Allison where En- 

ergy Conversion Is Our Business. 

■ L. D. Shotts, BSME Univer- 

sity of Illinois, 1963, inspects 

wear patterns on a herringbone 

gear after dynamometer test- 

ing. This gear is part of a new 

reduction gear assembly being 

developed for advanced ver- 

sions of the Allison T 56 turbo- 

prop. 
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TUBE TESTING 

WITH EDDY CURRENTS 

By jack Lienesch, ME ’65 

NE OF THE biggest headaches in power plant main- 

tenance is the prevention of tube leaks in the steam 

generator and associated heat exchangers. In a large 
plant, these tubes may be thousands in number and may add 

up to hundreds of miles in length —finding out that a leak 

has developed is no problem; spotting its exact location is 

another matter. 

Boiler manufacturers in the past have utilized a hydro- 
static test to determine the location of a leak. This amounts 

to little more than filling a tube bundle with water under high 
pressure and looking for spilled water. Even such a basic 

method as this, however, has proved ineffectual in deter- 

mining all the possible failures in a tightly packed tube 

bundle, or in finding a tiny leak without destroying a tube 

completely. 

Researchers at General Electric’s Hanford Laboratories in 

Richmond, Washington, felt this inadequacy very strongly. 
Hanford has ten nuclear-powered steam generators whose 

heat exchanger units are cylindrical pressure vessels, each of 

which contains about twenty-one miles of stainless steel 

tubing. There was a definite need for rapid and accurate 

methods of determining the location of faulty tubes. As a 

result of this demand, Hugo A. Libby, a G.E. engineer at 

Hanford, began experimenting with a new eddy current tech- 

nique for tube inspection. He has recently applied to the 

Atomic Energy Commission for a patent for the device. 

Mr. Libby’s new method consists of a small, sensitive 

probe which is dragged through each tube and relays the 

tube s weaknesses by means of a change in its magnetic field. 

The new method effectively isolates harmful defect signals 
from normal background signals. Tubes which have been 

destructively examined, have, without exception, revealed 

defects in the exact location indicated by the eddy current 

tests. 

General Electric anticipates that the new technique will 

find wide application in nondestructive testing of nearly all 

types of metal tubing, whether circular or of some other con- 

figuration. Accurate tests have been run on tubing as small as 

one eighth inch in diameter. Tubing, which contained ther- 

mocouple wires imbedded in ceramic, has also been success- 

fully tested with the new instrument. 

The new techniques were primarily developed to inspect 
the tubing of the new N-Reactor steam generators (heat ex- 

changers). Leaks had been detected in the tubing of two gen- 
erators during hydrostatic tests and a rapid method of pin- 
pointing the faulty tubes was essential. 

R. L. Dickeman, Manager of the N-Reactor Department at 

Hanford, stated, "The development and adoption of this new 

tester on the steam generator problem is responsible for re- 

vealing an unsuspected condition with such accuracy and 

timeliness that repairs were possible without interruption of 

construction schedules.” 

The mechanical configuration of the N-Reactor steam gen- 
erators added to the problems of making the eddy current 

Insertion of the eddy current probe in the heat exchanger tubes 

in the steam generators required a man to work in a pipe only three 

feet in diameter. Probe was blown down the tube and withdrawn. 
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Far superior to previous hydrostatic methods of determining 
tube failure locations, Hanford’s new eddy current probe 

technique can easily differentiate between corroded areas of 
varying depth in the tube wall, readily distinguishing those 

that penetrate less than 50% into the tube wall, from those going beyond 50% 

tests. The generators are cylindrical pressure vessels, 57 feet 

in length by 10 feet in diameter with shells of 3 inch carbon 

steel, mounted horizontally. Each generator contains two 

bundles of U-shaped tubing, with each bundle consisting of 

nearly 1000 five-eighths O.D. stainless steel tubes. 

The eddy current tests are run through each tube end 

(4000 per generator). A probe assembly is blown into the 

tube with a few pounds of air pressure and then withdrawn 

at a uniform rate by cable. 

C PECIAL techniques were employed to analyze the test data. 

Signals from harmful defects were effectively isolated and 

distinguished from the normal background or test signals. It 
was these techniques which really made the tests effective. 

The test signal is electrically broken in quadrature com- 

ponents, each being fed onto a strip chart recorder that the 

vector signal from any point in the tube can be reconstructed 

in both amplitude and phase. The signals are also fed into 

an oscilloscope in such fashion that an operator can readily 
distinguish harmful defect signals from acceptable defect sig- 
nals. 

The tests have been particularly successful in locating re- 

gions containing intergranular corrosion in the N-Reactor 

steam generator tube walls. The new tests can differentiate 

between corroded areas of varying depth in the tube wall, 

readily distinguishing those that penetrate less than fifty per- 

cent into the tube wall from those that go beyond fifty per- 
cent. 

Hanford Laboratories tube test equipment is shown here in a 

sketch. The probe is blown down the tube to be tested with a few 

pounds of air pressure and withdrawn by a cable. Output instru- 

mentation, often over 50 feet away, records results by two methods. 
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The new tests can determine whether a given defect origi- 
nated on the tube’s outside or inside surface. They also per- 

mit the operator to distinguish clearly between holes or cor- 

roded areas and minor, non-harmful defects such as small 

tube dimensional variations, surface scratches, and minor iso- 

lated kinks, bumps or depressions. 
The probes, developed by Hanford Laboratories scientists, 

consist of two coils of 130 turns each of No. 38 copper wire 

connected in a series opposing circuit. The coils are wound 

on a cylindrical coil form with approximately one-sixteenth 

inch separation between them. The test frequency is 200 kc. 

The oscilloscope is connected to present the phase angle 
between the in-phase and quadrature components of the 

voltage vector. As defects are encountered in the tubing a 

figure eight is drawn on the face of the scope and the angle 
or tilt of the figure eight is a principle element in the identi- 

fication of the condition in the tubing. 

The strip chart recorder provides a permanent trace of the 

two voltage vectors, in such a manner that the phase angle 
can be reconstructed from the chart alone. Reconstruction of 

the phase angle from the chart provides the identification of 

the condition encountered in the tubing with the eddy current 

probe. 
Much conjecture as the possible future uses of the eddy 

current technique has been offered. Already, tubing manu- 

facturers have started using the probes as an accurate re- 

corder of test section conditions. Perhaps, in the near future, 
steam power plants will stock electronic probe equipment as 

a matter of policy. ■ 

A reproduction of the eddy current test record showing the type 

of intergranular corrosion identified in the heat exchanger tubing. 

The grain boundaries have been dissolved away by the corrosion. 

Installation of tube bundles in a pressure vessel for one of 

the ten Hanford N-Reactor steam generators. The pressure vessels 

are 57 feet in length, 10 feet in diameter, with shells of 3 inch 

carbon steel. Each boiler contains two bundles of U-shaped tubing. 
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In Choosing a Career, 
Consider these 

Advantages—- 
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-y If you want to begin your engineering career 

Yk with one of the nation’s foremost research and 

« development departments in the control of 

fluids, consult your placement office or write 

directly to Mr. John Mullen, Personnel Director, 
Fisher Governor Company, Marshalltown, la. 
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anywhere in the world 
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ORIGIN OF THE UNIVERSE 

By Ken Bower, EE ’64 

“W r HY did you want to climb the mountain?” was 

asked of the conqueror of the Matterhorn. The 

answer given was a profound simplicity, "Because 

it was there!” 

Man has always had an inborn curiosity concerning the 

world around him. He habitually absorbs himself with un- 

known quantities. This innate curiosity, interwoven with the 
fiber of reason which is unique to man, is the very attribute 

which places him above the rest of the animal kingdom. 
There is always a great deal of satisfaction associated with 

earning another’s respect. The most obvious way of winning 
their respect was to defeat them in some form of competition. 

As the population from mankind began to grow, he found 

it quite advantageous to separate himself into small groups, 
wherein he could find security from the seasons and from 

predatory beasts. 

With the competition severely reduced by such close liv- 

ing, the competitive spirit was transcended, to appear in the 
form of rivalries between the groups. This competition mani- 
fested itself in as many ways as man’s mind could conceive. 

Some groups engaged their neighbors in annual games, with 

the winning tribe claiming to be the better tribe. Some 

groups made war on their neighbors. Some ate their neighbors. 
While the merits of the various techniques which man 

invented with which to antagonize his neighbors is a matter 

of some discussion, it is obvious that the formed a part of the 
vehicle which transported this spirit of competition to our 

present time. One can easily perceive many remnants of these 

competitive techniques in evidence in our world. The tribes 
are just larger. 

It is of great significance that the individual curiosity of 

man was preserved over so long a period of time, when group 
ventures were stressed. Whatever was the mechanism of the 
forces of this retention, fact remains that men of deep vision 
have explored relentlessly the environs of man since the foun- 
dation of his existence. 

Through the very fact that man was governed by the sun, 
which defined his days, and by the weather, which he imag- 
ined to be a weapon the gods used to discipline him, man 

was led to have an anxious interest in the heavens. Perhaps 
the methodic changes of the moon’s phases, the curious wan- 

dering stars, the splendor of a meteor shower, or the peaceful, 

tantalizing aurora spurred his interest anew when it began to 

wane. Perhaps the fixed background, with its inherent air of 

permanence, held his interest. To see almost nightly a vast 

display of tiny twinkling lights, without having any knowl- 

edge of its origin or function, was the possible cause for 

man’s endeavors for knowledge. 
The history of astronomy is sufficiently well known as to 

be adequate without enchantment in this context. It consists 

of the works of many men, over many centuries. With Brahe, 
Kepler, and Newton, the fund of knowledge was classified, 
fortified, and modified, and astronomy became a science. 

Like all schools of knowledge, astronomy was plunged into 

the Industrial Revolution, to fight for its continued life with 

sciences of obvious and immediate application to man’s ter- 

restial existence. No person of reasonably coherent thoughts 
could argue against the economic wisdom of studies of 

chemistry, of physics, and of mathematics; but why should ra- 

tional educators and businessmen devote money in substantial 

sums to the study of distant galaxies—to gain knowledge of 

what happened to some region of the universe a billion light- 
years from earth, a billion years ago? Because it was'there? 

Are institutions so rich that they can afford to squander 
money, which might go for obviously useful research, on 

telescopes and cameras? 

All scientific progress has been accompanied and aug- 
mented by the formulation of theories to explain some given 
phenomenon; theories which are continually revised as new 

data are obtained. The theory stands or collapses according as 

it predicts correctly or erroneously some physical interaction 

of objects. As a theory withstands the tests to which it is 

subjected, it slowly becomes accepted as a physical law. 

If it fails to predict or agree with some observed physical 
reality, as in the case of the partially reconciled theories of 

light, it serves as a useful basis and stepping-stone to more 

exact theories. In all instances, however, the formation of 

new theories resulted from the realization that the now out- 

moded theories had inherent inaccuracies! The observed data 

were not compatible with the theory. The "scientific method” 

—an elusive animal at best —is that name assigned to the 

attempts of man to reduce a fantastic accumulation of knowl- 

edge to a set of "simple” rules, which are, in turn, compatible 

with, and capable of predicting, the data observed. 

In the twilight of civilization, the challenge of competition manifested itself in 

many ways. Some groups engaged in games with their neighbors . . . some 

groups made war on their neighbors . . . some groups ate their neighbors. 
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What better place from which to extract the data exists 

than the entire universe? Where can one find bodies so dense 

as to weigh thousands of tons per cubic inch? Or matter so 

scarce that a region the size of a basketball would be lucky 
to contain a molecule of gas for a fleeting moment? Where 

can one find temperatures from near absolute zero to millions 

of degrees? Where could one find continual nuclear holo- 

causts so large that if they were concentric with our sun, they 
would engulf the entire orbit of the earth within their 

surfaces? 

Is there any comparison of the value of data collected here, 
on earth, which is essentially nowhere, to that taken there, 
which is everywhere else? 

Of course there is! Where would astronomy be if a gentle- 
man long ago had not decided to make a lens? No plant life 

has ever been studied by long-range telescope (with the 

possible exception of primitive plant life on Mars); no elec- 

tric generator was ever built because the moon changes its 

phase. 
A truly intelligent, economically sound assault on the un- 

known by scientific methods can best be attained by a mar- 

riage of all of the various types of knowledge available. 

Because of the recent advancements in communications and 

transportation, and*because of the very size of the laboratory 
the universe is, we may rightly expect that observations of 

the universe will play an increasingly important role in our 

lives just because it is there. 

I N 1826, a German astronomer, Heinrich Olbers (1758- 
1840), published a rather interesting paper, in which he 

attempted to determine the amount of light reaching earth 

from stellar sources. Due to the tremendous observed num- 

ber of stars, Olbers assumed that there was some average 
brightness, and average diameter, which could be assigned to 

typical stars, which would yield the correct result in his cal- 

culations. His further assumption of a uniform distribution of 

stars was also quite reasonable, in accordance with all obser- 

vations. To ease the problems of calculations further, he 

assumed that the universe was in a static state —that is, that 

the distant stars were not in motion, and that no dust or foggy 
material were present, which would diminish the light from 

the stars. 

The calculations now proceed with ease. A star of constant 

diameter will subtend increasingly small solid angles as it 

becomes increasingly more distant from an observer. This 

angle varies as the inverse of the square of the distance be- 

tween the observer and the star. The inverse square of light 
provides the final bit of impetus to the calculations. 

Let there be a region of space, in the form of a hollow 

sphere, concetric with the earth. If AR represents the radial 

thickness of the shell, and R the inner radius, then the volume 

of the shell is roughly 4?rR 2 AR. If N is the number of stars 

per unit volume, and L represents the typical light emitted 

per star, the total light emitted from the shell is 

4ttR 2 (AR)NL. 

By the time the light from any one of the stars reaches 

earth, it spreads out over a sphere of radius R, and its bright- 
ness at earth is 2 of its brightness at one unit of distance. 

Hence, the total light received from the shell must be 

NL (AR). Taking the limit, now (mathematicians need not 

watch), as we arrive at the differential light the earth 

receives from the shell: NLdR. 

One must be cautious in the next step. Note that some 

stars are excluded from being sources in that they are hidden 

behind nearer stars. It is thus obvious that the N in the for- 

mula must be replaced by some "effective N,” which becomes 

systematically smaller as R increases. This effect prevents the 

sum of light from reaching infinity, as R varies from zero up- 

wards, but the resulting calculation still yields a surprisingly 
large amount of light. Earth, predicts the calculation, is con- 

tinually being bombarded with light from all quarters —light 
of such intensity that the sun’s disc might appear to be just 
a little dull in comparison. Light accompanied by amounts 

of heat which would raise the temperature of the earth —in 

fact, of the whole of the universe—to over 10,000°F. Since 

this light comes from all directions, there would be no such 

entity as "night” in existence. 

The astute reader will readily agree that something is not 

quite right with this result. By seemingly reasonable logic, we 

have arrived at the prefectly absurd conclusion that it never 

gets dark at night. 
Olbers concluded that the assumption which was wrong 

was that there was no dust which would intercept the stars’ 

light. Hence, concluded Olbers, there must be gas and dust 

in the "outer space.” This conclusion was correct, but it did 

not resolve his paradox, as he thought it did. 

For if, as Olbers concluded, there were this dust, it too 

would absorb radiation, heat up, and become a source of light 
itself. 

Perhaps a different distribution of stars might cause the 

paradox to be soluble. In 1922, C. V. L. Charlier suggested 
that, just as stars were grouped into galaxies, and galaxies into 

clusters of galaxies, so might clusters of galaxies form super 

clusters, and so proceed indefinitely. While this would indeed 

resolve the paradox, it also lacks the element of simplicity we 

desire. Just where one should truncate the series involves 

many problems. A little reflection on the types of configura- 
tions possible which would resolve the paradox should quickly 

discourage the most ardent person. 

If the assumption of average intensity were correct, then 

we could construct a model where the intensity of stars de- 

creases as they become more distant from earth. This would 

resolve the paradox, but would also define the region about 

earth as the center of the universe. This is a trap of the type 

into which man has fallen since he first considered the 

heavens. Let us not also fall; moreover, to avoid this situation, 
let us agree that any theory which predicts that there is a 

center of the universe near earth will be our last choice of 

possible solutions to a problem. 

Something seems not quite right here . . . 

by seemingly reasonable logic, we have arrived at the perfectly 
absurd conclusion that it never gets dark at night. 
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What if the universe were not static? Could that resolve 

our paradox? Suppose that the universe were expanding, for 

instance. Compared with those from a static star, the number 

of, and energy of photons from a receding star are less. Thus, 
it will be in perfect harmony with observation, and with the 

calculation modified to account for it. However, this motion 

of recession must be of a very special kind if an observer or 

another galaxy is to see the same effect as we do. The motion 

which satisfies this requirement defines a system where the 

speed of recession of a galaxy is directly proportional to its 

distance from the observer. This motion will not define a 

center of the universe at all, since this effect will remain true 

everywhere. 
We may say, then, that we have concluded that it is dark at 

night because the universe is expanding! The rate of the 

actual expansion will determine the amount of light received 

—the faster the recession, the darker the night. 

By observing the amount of light received on a moonless, 
cloudless night, then, we may calculate the proportionality 
constant, H, in the formla 

HS = d 

H proportionality constant 

S speed of recession of star 

d distance to star 

This value turns out to be H = 10 billion years. It is a 

noble number, and deserves a name. Let us call it Hubble’s 

constant. The fact that Hubble’s constant has the dimensions 

of time is deemed by many to be of great significance in the 

history of the universe. This is discussed again later. 

Olbers first published his paradox in 1826. His unfortunate 

failure to follow a line of reasoning similar to that above 

ranks as one of the classical missed opportunities in the 

history of science. 

For it was nearly one hundred years later, in 1924, that 

Edwin P. Hubble confirmed the actual expansion, and made 

the first (inaccurate) calculations of the constant which was 

to bear his name. 

The measurement techniques used by Hubble and his 

predecessors are quite ingenious in themselves. The Doppler 
effect—the lengthening of the wavelengths of light from 

receding objects—was known by 1842. In 1848, Fizeau sug- 
gested that measurements of the wavelengths of the spectral 
lines received from receding stars would yield to fairly accu- 

rate measurements. Comparison of the wavelengths of a par- 
ticular line received from a star with the same line, as 

expected from a static source, allowed for a calculation of 
the radial motion of the star. In 1868, Sir. William Huggins 
first measured the radial speed of Tirius. The shift of fre- 

quency accounted for only one-ten thousandth of the total 

frequency, but Huggins managed to arrive at the value of 

29 miles per second recession. 

I N 1912, the first measurement of the radial motion of an- 

' other galaxy was performed by V. M. Slipher. His meas- 

urements, when corrected for the rotation of our "Milky 

Way,” yielded the result that the Andromeda Galaxy was 

approaching us at about thirty miles per second. 

However, when motions were determined for other gal- 
axies, Slipher noted that most of them were receding at a 

very high velocity. Astronomers were quite surprised by this 

fact, for Olber’s paradox had been all but forgotten. 
With the Doppler effect applicable to the measurement of 

the speeds of the very distant galaxies, astronomers set about 

to find just what these distances were. 

”, 
. . we have concluded that it is dark at night 

because the universe is expanding!” 

At top, the diagram for the parallax method for measuring the 
distance between stars; center, for the bug, a two dimensional 

world seems one dimensional; at bottom, each dot is a speeding 
galaxy which attracts intergalactic dust to form a new galaxy. 
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Production Superintendent Carl W. Yost, Assistant to Vice President Thomas E. Senior Research Scientist Malcolm H. 
B.S. Chemical Engineering, U. of Alabama, Watson, 8.A., Earlham Collegers currently Von Saltza, Ph.D,, U. of Wisconsin, is cur- 

is now supervising Glycols and Polyols helping to run Brass Sales, Metals Division. rently working at the Squibb Institute for 
Production, Organics Division. Medical Research, Squibb Division. 

They started with Olin 5 years ago. 

These men, and a great many of their colleagues, 
have come a long way in 5 years. And they can 

expect to go a great deal further. Because at 

Olin, how well a man does depends entirely on 

his own character and abilities, not on age or 

politics or length of company service. (That’s one 

of the reasons these men and others came to Olin 

an idea doesn’t pan out, they’re encouraged to try 
and try again. Because here at Olin we believe 

that trial and failure are integral parts of every 

important success. 

These are the kind of men we need, and we’re more 

than willing to go a long way to get them. If you’re 
our kind of man, the same goes for you. Can we 

in the first place.) talk about it? Say when. 

These men think a great deal; they *■ y 
_ 

Call or write Mr. Monte H. Jacoby, 
wonder, they explore, they try. When mb 

I 9 College Relations Officer, Olin, 460 

they succeed, they’re rewarded. When JIL JLJIL JBL Park Ave., New York 22, N.Y. 

“An equal opportunity employer” 
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The most accessible way to measure the distances to the 

stars was the method of parallax. The simplest method to 

explain the calculations involved is to work through a 

problem. 

Suppose that, at the instant the earth is furthest from the 

sun, we note a certain region of the sky, and notice a star so 

bright that we are forced to assume that it is comparatively 
near. From previous observations we are certain that this 

star is obscuring a very dim, distant star. The two stars would 

line up with earth. Six months later, earth passes closest to 

the sun, we note that the stars are no longer in a line, and we 

quickly measure the angle between them. Suppose that this 

angle is 1.74" of angle. Six months later still, when we 

might have expected the stars to be in line, we note that they 
are still separated. Suppose this angle is 0.36" of angle. 

Referring to the diagram, we know the distance AB to be 

186,000,000 miles. Also, if C is stationary, we have 

d - $3 —s2 

Since star D is assumed to be very distant, let 6% « 0, and 

Now we are in a position to complete the computations. 
Since there is a permanent displacement noted over the year, 
it follows naturally that half of the displacement, 1.18", 
occurred in half the year. Thus, 

9i = 1.74" — 0.18" = 1.56" 

Now, 1.56" = 0.0000075 radians, and 

(AB) 0(AC), so we get 
AB 

« AC 
e 

or AC = 24.8 x 10 12 miles/6.3 x 10 12 miles/Light yr. 
= 3-94 Light years. 

Since the nearest star —Alpha Centauri, is about 4.3 light 
years away, the angles given above are larger than would be 

expected in actual distance measurements. Since the radial 

motion per year of the star was also measured, the tangential 
motion of the star is easily calculated. 

Certain problems are inherent to the parallax measurement. 

First, the most accurate measurement of the distance to a star 

would require a full year of observation. Secondly, the angu- 
lar displacements are commonly much smaller than the values 

used in our example. Modern techniques enable measure- 

ments of angle to about 0.01 second of angle. This corre- 

sponds to the angle subtended by the head of a pin at a 

distance of ten miles. But even this amazing precision be- 

comes insufficient beyond several hundred light years. 

Astronomers had noted, luckily, that certain stars would 

vary in brightness in regular fashion, an effect which was 

easily observable on earth. Purely for academic reasons, the 

period and brightness extremes of many of these stars were 

measured and catalogued. The first such star, discovered in 

1874 by a certain John Goodricke, in the constellation 

Cepheus. The general name "Cepheid variable” was quickly 
applied to stars falling into this class. 

Since the distances to these stars were, in general, known, 
the extremes of the absolute brightness of the star could be 

calculated. In 1912, Mill Henrietta Leavitt found that there 

was a definite relation between the period of a Cepheid vari- 

able, and its absolute brightness. Merely by measuring the 

period of oscillation of the brightness of a star, and measuring 
its average brightness, one can calculate the distance which 
would account for the observed light. 

When these variable stars were used in computing the 

distances to the near galaxies, they were found to be very far 

removed from our galaxy, hence, were assumed to be of 

coordinate rank with ours. Hubble’s measurements and calcu- 

lations indicated that the external galaxies were roughly 
10,000 light-years. 

However, in 1952, Walter Baade, an American astronomer, 

discovered that there were two types of Cepheid variables in 

existence. The measurements within the Milky Way were 

with Type II Cepheids, while those on the external galaxies 
by Type II Cepheids. 

When the resulting corrections were made, the distances 

to, and the diameters of the external galaxies had to be 

multiplied by a factor of ten, which suddenly demoted our 

galaxy to a very average position. 

By 1929, Hubble had begun to note a regularity in the 

motions of the galaxies. He had found that the rate of reces- 

sion of the galaxies within six million light years of the 

Milky Way was directly proportional to their distance. 

By 1931, he extended the range of validity of his law to 

1.5 billion light years; by 1936, the validity was confirmed to 

2.4 billion light years. Finally, in 1957, the law was declared 

valid up to seven billion light years, or about 44,000,000,000,- 
000,000,000,000 miles. At that distance, the galaxies are 

receding at about four-tenths of the speed of light. 

Obviously, at a distance of about two and one half times 

the distances now measurable, the galaxies would be receding 
at the speed of light, if they continue to follow Hubble’s law. 

Since this possibility can be precluded, we can only render 

opinions as to what happens at such great distances. 

We may conclude that Hubble’s law fails to hold at these 

distances for instance. But then, another galaxy "A” outside 

the range of the law will not obey Hubble’s law relative to 

its near galaxy neighbors. Also, observers within that galaxy 
could distinguish a direction to the expansion, since the 

galaxies more distant from the earth would recede more 

slowly, relative to observers within "A,” than would the 

galaxies nearer earth. At some other point in the universe, the 

situation would also occur, and the direction of the expansion, 
in conjunction with that direction originally determined, 
would define our region as some favored region—the center 

of the universe. Let us disregard this possibility for sanity’s 
sake. 

SUPPOSE, instead, that Hubble’s law holds to the end of 

creation. Since matter cannot travel at the speed of light 
relative to other matter, the universe must be bounded, lying 
totally within a sphere 18 billion light-years in diameter, 
centered in the earth. Since this sphere contains all of matter, 

it must contain the center of all of the matter. If his center 

were earth, we would disregard it. If it were any place else, 
reasonable observers there would probably disregard it. 

This presents rather an interesting dilemma —if Hubble’s 
law holds at extreme distances, there must be some center of 

the universe, which we agreed not to allow. If Hubble’s law 

fails to hold, then there exists also a center of the universe. 

We are thus in the rather awkward position of having two 

seemingly opposite views of the conditions existing at the 

extremes of the universe both suggesting the geocentric model 

of the universe, something we have faithfully disregarded. 
To avoid the embarrassing situation of admitting a mis- 

calculation, let us reach into the hat of warped solutions, and 

announce boldly that the universe is finite, but unbounded. 

Page 42 The Purdue Engineer 



Work for a bearing and steel company? 
What’s exciting about that? 

Nothing—if you’re bored by Project 
Mohole, turbine engines, the world’s 

tallest crane, and biggest strip-min- 
ing shovel, a telephone cable-laying 
ship now crossing the Pacific, space 

exploration, the Spirit of America 

race car, the Alweg Monorail, a 

moveable grandstand for the new 

District of Columbia Stadium, Atlas 

missiles and defense work — 

They’re all recent projects involv- 

ing The Timken Roller Bearing 
Company, world’s largest manu- 

facturer of tapered roller bearings 
and a leading producer of fine alloy 
steel. 

The Timken Company is the 

world’s largest because our engi- 
neers developed tapered roller bear- 

ings that revolutionized our "meat 

and potatoes” markets in the Auto- 

motive, Railroad, Farm and Con- 

struction machinery industries. 

At the Timken Company you 

receive up to four years’ training in 

one or more of 22 training programs 
— 80% of which are for young 

engineers. 
Instruction takes place on the job 

and in the classroom. With pay. And 

we participate in executive develop- 
ment programs at well-known uni- 

versities. 

If you come with us, you can be 

an indoor-type working in straight 
research, testing and production. Or 

you can be an indoor-outdoor-type 
and become a sales engineer, helping 
customers solve their design prob- 
lems, which are also ours. 

You’ll work with one of three 

products: Bearings, Steel or Rock 

Bits. Uses for these products number 

in the growing thousands. 

There are 31 Timken Company 
domestic sales offices in the United 
States and Canada. Practically every 

major city has one. 

We serve markets in 119 countries 

from 14 manufacturing plants in 
England, France, Australia, South 

Africa, Canada, and the U. S. 

And we’re still growing. 
So if you’re interested in our kind 

of work, why not get in touch with 

us? Write Dept. MC for our 12-page 
career booklet. 

The Timken Roller Bearing 
Company, Canton, Ohio 44706. An 

equal opportunity employer. 
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It this is true, then the statement, "It is dark at night" is 

sufficient to imply, "The universe is finite, but unbounded.” 

This choice of statements is rather convenient, for if the 

universe is finite, there is no need for the speeds of recession 

to approach the speed of light. If it is unbounded, Hubble’s 

law is not necessarily non-linear anywhere. Hence, we have a 

solution which will solve our dilemma —provided the solution 

itself is plausible. 
Consider the illustration of the circle. On the circle is a 

spot, representing a bug, which can go either backwards or 

forwards along the circumference. Quite unaware that the 

"line” he is on folds back on itself, he might well consider it 

to be infinite. It is obvious that the line is not infinite, but it 

is unbounded in the sense that the bug can go either forwards 

or backwards as far as he pleases. Here, a two-dimensional 

entity is mistakenly assumed to be one-dimensional. 

A similar situation occurs when a bug on a sphere assumes 

it to be a flat, infinite plane. Here again is a finite entity 
which yields an air of infinitude to its inhabitants, in that they 
may proceed in any planar direction indefinitely. A similar 

misconception was held by man about the earth until a fellow 

named Columbus took a cruise in the Caribbean. 

By simple analogy, there could exist some four-dimensional 

region which is inhabited by strange creatures who believe it 

to be three-dimensional. If the region were sufficiently large, 
the curvature of the "three-space” would not be noticeable, 
and the creatures would consider it to be infinite, though, in 

reality, it was finite and unbounded. 

Many theories are floating about concerning the origin of 

the universe, which would tend to explain the state it is in. 

One theory stands out among the multitude—the steady-state 
theory—which predicts more things correctly than any other 

theory. 
In this theory, "creation” was not a one-shot, long ago 

occurrence. "Creation” is still occurring! 
The major points are something on this order: 

1. There have always been galaxies. 
2. Spontaneously, and from "nowhere,” and in even dis- 

tribution over the expanse of the universe, hydrogen 
molecules are continually being created. 

3. The universe is now in steady state. 

The creation of this hydrogen gas is proceeding at a rate 

such that a volume the size of the earth would probably ex- 

perience the formation of "new” gas equal in weight to a 

heavy particle of dust every million years or so. This is 

sufficiently small to be immeasureable. The height of under- 

statement! 

Suppose that we have a situation with a galaxy moving 
through the intergalactic gas at a considerable speed. Gas 
molecules will be attracted to the galaxy, but by the time the 
molecules reach their destination, the galaxy will have moved 

on. 

B 'EHIND the galaxy, there will occur a region of space 
with a high concentration of this gas. There occurs a 

point at which this concentrated gas will collapse under its 

own gravitation, thereby forming a galaxy. This galaxy may 
be captured by its mother galaxy, forming a small cluster, or 

may strike off on its own. We then expect to see both clusters 

of galaxies, and single, "field” galaxies. When the clusters get 
extremely large, galaxies may escape, and become field gal- 
axies. Thus, there will be a steady-state concentration of field 

galaxies and clusters. 

By referring to the figures above, we see that the size of 

the parent galaxy will affect the concentration of the gas in 

its wake. The concentration is a measure of the compression 
therein, which in turn determines the temperature of the gas, 

which in turn determines the state of motion of the gas itself, 
which must finally be controlled by the gravitational forces. 

We thus see that the mass of the parent is sufficient to de- 

termine the mass of the child. Moreover, light parents will 

give birth to light children heavier than they, and heavy 
parents will beget heavy children lighter than they. Thus, in 

the steady state, the galaxies will tend to one standard size—- 

-10 43 
or 10 44 grams—which is precisely the range noted. 

Since the universe is expanding, but must, by postulate, be 

in a steady state, the gas used in forming the galaxies must 

be replaced. By referring to Hubble’s constant, we can calcu- 

late the rate of creation necessary to maintain steady-state 
density. 

One thing we didn’t explain is the motion that the original 
galaxy we considered must have had relative to the gas. When 

galaxies escape from clusters to become field galaxies, they 
must have a considerable speed. 

The major proponents of the steady-state theory—Her- 
mann Bondi, Thomas Gold, Fred Hoyle, and D. W. Sciama, 

among others —have justified theoretically the existence of 

Cepheid variables of both types; of the heavy elments; of the 

formation of Red Giants; of White Dwarfs; and of many 
other natural, observed phenomena, by using their steady- 
state, continuous creation theory. It is from their works that 

much of the elaboration in this paper was taken. 

Certainly, as more information is derived from the uni- 

verse, these theories will be rejected or evolved to fit the data. 

Until such time as man can call himself master of the uni- 

verse, which probably will never happen, he must be content 

to make attempts at explaining it, by theory, in hopes that 

he will better be able to cope with it. 

At this point, I am reminded of a story by Isaac Asimov, 
about a computer which was built to digest all of the data 

available in the universe. The computer’s task was to de- 

termine if the entropy of the universe could ever be increased. 

After several years of work, feeding data to the computer, 
the scientists pushed the button to ask for the answer, but the 

computer typed: 

"SUFFICIENT DATA NOT YET AVAILABLE.” 

At each subsequent attempt, the computer gave this same 

answer. Millions of years wore by. By this time the computer 
was a solar powered, self-repairing, growing monster that 

covered the earth like a huge octopus. Yet the answer re- 

mained: 

"SUFFICIENT DATA NOT YET AVAILABLE.” 

As the eons rolled along, bright stars like our sun began 
to burn out, yet the computer kept growing, absorbing other 

planets and even reaching out into the galaxy. Yet when 

asked about the possibility of bringing back the lost warmth 

of the dead suns, the answer remained: 

"SUFFICIENT DATA NOT YET AVAILABLE.” 

At last, the computer had engulfed the entire universe, 
except for a few tons here and there. There was a pause in 

its intricate circuitry, and then its output flooded the uni- 

verse; 

"SUFFICIENT DATA NOW AVAILABLE . . . 
LET THERE BE LIGHT.” 
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Picture of 

a committee 

at work! 

The man in the picture is a committee of 

one having a big meeting—with an idea. 
He is working independently in one of 

nine modern engineering and research cen- 

ters established by International Harvester 

—a company which has doubled its re- 

search and engineering budgets in the past 
ten years. 

Few other companies have created so 

many new opportunities for college gradu- 
ates with scientific ambitions. 

If you are a mechanical, industrial, elec- 

trical, agricultural, chemical, ceramic, met- 

allurgical, general or civil engineer... or a 

mathematician, computer technologist or 

program analyst, you are invited to learn 
more about new and challenging engineer- 
ing assignments at IH now. 

We are now interviewing men interested 
in careers in the design, development, engi- 
neering, manufacturing and testing of more 

than a thousand different IH products. 
The men chosen will be recognized 

members of a team that is first in world 

production of heavy-duty trucks, farm trac- 

tors and agricultural equipment, a world 

leader in the manufacture of earthmoving 
and construction equipment and a pioneer 
in gas turbine development. 

Would you like to get better acquainted? 
Just send the coupon below. 

Using a mile of wire and 320 strain gages, a 

young engineer sets up static stress tests in the 

new IH Construction Equipment Laboratory. 
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MEN 
...In the fields of 

AERONAUTICS, ASTRONAUTICS and AUTOMATION, 
Engineers and Scientists at McDonnell 

have the experience which can 

give impetus to your professional goals. 

For two decades, McDonnell engineered-and-built jet fighter air- 

craft have held prominent roles in America’s Armed Forces. Today, 
four versions of the McDonnell Phantom, with 15 world speed and 
climb records, have been selected and are being built in great quan- J 
tity for three air arms of our Nation. 

In manned spaceflight, America’s experience and McDonnell’s 

are the same. The engineers who built the successful Mercury Space- 
craft are now devoting their energy and experience to the prime 
contract for the Gemini two-man rendezvous spacecraft. ASSET, a 

winged glide vehicle built of exotic metals for research in the reentry 
regime made its first flight from Cape Canaveral last September. wSlBr 

If you would work with Men of Experience; if you would find 
stimulation in projects of great national importance; if you have a 

background of top scholastic achievement; and if you have the energy 
and drive to work your way to the top, investigate your opportunities 
with McDonnell. jHOI 

For additional information about k Mr. D. F. WATERS 
McDonnell Opportunities, send A 

r 
i । 

your educational resume to: j 
McDonnell Employment M 

f Dept. 62 CEM, Box 516 J 
An Equal Opportunity Employer St. Louis, Missouri 63166 

/ 1 

ON CAMPUS INTERVIEWS: March 10,11,1964 
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Delco Means 

Opportunity to 

George 
Fitzgibbon 
■ George Fitzgibbon is a Senior Experimental 
Chemist at Delco Radio. He’s pictured here examin- 

ing silicon rectifier sub-assemblies for microscopic 
solder voids during the development stage. 

George received his BS in Chemistry from the 

University of Illinois prior to joining Delco Radio. 
As he puts it, “I found, at Delco, an opportunity to 

take part in a rapidly expanding silicon device de- 

velopment program. The work has proved to be 

challenging, and the people and facilities seem to 

stimulate your best efforts.” 

The young graduate engineer at Delco will also 

find opportunity—and encouragement—to continue 

work on additional college credits. Since our incep- 
tion, we’ve always encouraged our engineers and 

scientists “to continue to learn and grow.” Our 
Tuition Refund Program makes it possible for an 

eligible employee to be reimbursed for tuition costs 

of spare time courses studied at the university or 

college level. Both Purdue and Indiana Universities 

offer educational programs in Kokomo, and Purdue 

maintains an in-plant graduate training program for 

Delco employees. 
Like George Fitzgibbon, you too may find chal- 

lenging and stimulating opportunities at Delco Radio, 
in such areas as silicon and germanium device de- 

velopment, ferrites, solid state diffusion, creative 

packaging of semiconductor products, development 
of laboratory equipment, reliability techniques, and 

applications and manufacturing engineering. 
If your training and interests lie in any of these 

areas, why not explore the possibilities of joining 
this outstanding Delco—GM team in forging the 

future of electronics ? Watch for Delco interview 

dates on your campus, or write to Mr. C. D. Long- 
shore, Dept. 135A, Delco Radio Division, General 

Motors Corporation, Kokomo, Indiana. 

An equal opportunity employer 
solid stote electronics • 

Delco Radio Division of General Motors Corporation 

Kokomo, Indiana 
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BOILERMAKERS 
By Dave Miller, MetE ’65 

p IROFESSOR Landgrebe did all of 

his graduate and undergraduate 
work right here at Purdue. So perhaps 
he more than any other man on cam- 

pus knows what the engineering prob- 
lem facing students here is and how it 

could be improved. Professor Land- 

grebe received his Bachelor’s Degree 
in EE in 1956 his master’s ’5B and his 

Ph.D. in ’62. 

Professor Landgrebe felt that one of 

the major problems facing the engi- 
neering student is the student himself. 

By this, he meant that a large majority 
of the students who enter engineering 
are not more interested in engineering 
than they are any other field. Engineer- 
ing in today’s day and age is regarded 
to be quite glamorous and exciting. 
Partly due to the recent plunge into a 

technological race with the U.S.S.R. 

Many parents encourage their children 

to enter the engineering profession 
just as they used to toward becoming 
a doctor or lawyer. High schools also 

tend to encourage students who have 

done well in math, physics or chemis- 

try to enter the engineering field. A 

large majority of these students would 

probably be just as well off majoring in 

chemistry, physics or math alone. And 

as is often the case many do switch 

into one of these fields after entering 
college. Engineering is a tough road to 

travel and many students just aren’t 

that interested in engineering to stick 

it out. Professor Landgrebe is very 

suspicious of the student who comes to 

college and tells his counselor that he 

has had ambitions to become an engi- 
neer since he was a boy. This person is 

eventually due for a shock because in 

all likelihood his idea of engineering 
and what engineering actually is may 

be quite different. Professor Landgrebe 
said it is far sadder to see the students 

who stay in engineering who want to 

transfer out of engineering but due to 

the stigmas attached, they are hesitant 

to transfer into the school of field they 
really are interested in. The freshman 

engineering staff is trying to improve 
the counseling section in order that the 

new engineering student will be more 

able to decide whether he is in the 

right engineering field or whether he 

should be an engineer at all. 

When asked about the tendency at 

Purdue to put all of the students in a 

large lecture type class, Professor Land- 

grebe said that at first he opposed this 

type of class but also stated that a 

small group is not a necessary require- 
ment for learning. He felt that large 

lecture classes require the professor to 

strive harder to get and maintain his 

audience’s attention. One bad effect of 

large classes is that the student feels 

sort of lost in the crowd. The student 

doesn’t have the pressure exerted upon 

him to do the homework as when he 

was in a smaller class and the professor 
could more readily check on what 

progress the students are making. Pro- 

fessor Landgrebe feels that certain 

courses need to be kept small simply 

because of the nature of the material 

being presented. At this time, Purdue 

has a sophomore course in circuits 

which is monitored on television. 

When asked about the attendance 

problem, he felt that the students in 

many cases have to be made to attend 

or else they would slowly slip into 

habitual absence. The same is true on 

homework. If the student is not re- 

quired to hand in any homework, the 

student will have the tendency to brush 

over the work lightly rather than really 
work on the problems until he has the 

assignment mastered. Professor Land- 

grebe told of a summer shop session 

held here in which people in various 

industries were brought in to learn 

new techniques and ideas. They weren’t 

given any formal homework assign- 
ments —only reading material. At the 

end of the course, the primary com- 

plaint that the class had concerning 
the course was that the students felt 

they needed to be pushed more into 

studying by having to hand in written 

assignments. Even these men and wom- 

en who were from industry found that 

they had the tendency to leave the read- 

ing go until it was actually too late. 

Perhaps students of all ages need to 

be forced to keep up in their studies; 
but after reaching college level courses, 

students should realize that cutting 
classes or ignoring homework assign- 
ments only cheats themselves. 

Professor Landgrebe concluded: 

"Every student has paid, in one way or 

another, for his education. Therefore, 
he isn’t hurting the university or his 

professor by sloughing off —he’s only 

limiting his own success in his field 

after graduation. ■ Holder of three degrees here Professor Landgrebe 
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“A LTHOUGH I’m definitely glad to 

have an engineering education 

under my belt, I’m not sure if I would 

choose to go through it all over again,” 
admitted Bob Hostetler, Editor-in-Chief 

of the Purdue Engineer, when asked 

about his decision to go into engineer- 
ing. He seems to have stated well the 

feeling of many engineering seniors. 

"Engineering gives the individual a 

tremendous background for many 

fields. Unfortunately, it may, at the 

same time, force the serious student to 

neglect many of the non-academic ex- 

periences that should be gained as a 

college student,” Bob further relates. 

Bob, a senior in Engineering Sci- 

ences, has not let this happen to him. 

Coming from a small high school, he 

was admittedly a "closet case” his first 

semester on campus. "Learning how to 

study and giving myself a good founda- 

tion for future studies was very valu- 

able to me later,” he states. He has 

continued to do creditable academic 

work as evidenced by his membership 
in Tau Beta Pi and Phi Eta Sigma 
honoraries and his 5.22 graduation 
index. 

The fall of his sophomore year, he 

joined the Engineer staff as assistant 

articles editor, and since has served as 

articles editor and as editor-in-chief for 

the past year. He has also been active 

in his fraternity, Triangle, on the rush 

committee, as steward, and as a mem- 

ber of the executive committee. His 

achievements in campus activities have 

been recognized by his election to the 

Gimlet Club and Omicron Delta 

Kappa. 

He is convinced that the smaller 

activities like the Engineer are the best 

place for those people desiring either 

an activity requiring only a small 

amount of work, or one in which quick 
advancement can be found. 

Without prompting, Bob offered his 

views on how to obtain, as he calls it, 
a "complete education” at college. "As 

no one will deny, the academic educa- 

tion is of first importance. The best 

way to take care of this is to study very 
hard the freshman year and to establish 

oneself scholastically. But after this has 

been accomplished, students must look 

around their college environment and 

begin participating in and learning 
from extra-classroom activities. Pity the 

graduate who realizes too late the 

many opportunities that college life 

offered him.” ■ 

J OHN FARIS, eighth semester E.E., 
came from a small town in Missouri 

half the size of Purdue and settled 

immediately into activities. His first 

efforts included radio station KMRX 

in H-3, where he spent his freshman 

year, and the Purdue Amateur Radio 

Club before starting at the Engineer 
his second semester at the university. 
John has served for three years in the 

Business Department being Advertis- 

ing Manager, Finance Manager, and 

presently Business Manager. However, 
these are not his only accomplishments 
since entering Purdue. John is pres- 

ently finishing his term as the Engi- 
neer’s representative on the Engineer- 

ing Council, Purdue’s engineering stu- 

dent’s representative council, and, final- 

ly, pledge trainer of his fraternity, 
Triangle. 

Faris is also active in Army ROTC 

where he is a cadet major in the Signal 
Corps and last semester was named a 

Distinguished Military Student. He has 

been elected a member of the Purdue 

Order of Military Merit, Army honor- 

ary, and Scabbard and Blade, national 

tri-service military honorary. When 

asked about his decision to "go ad- 

vanced,” Faris replied, "I decided long 
before I came to Purdue I wanted to 

serve as an officer. I think two years 
experience as an officer will be invalu- 

able when I enter the industrial world.” 

John plans to enter the service in the 

spring of 1965 and to be sent to Japan 
or some other Far Eastern post. 

I asked if he had any particular 
views he would like to air to the public 
to which he replied in his Missouri 

twang, "Yeah, as a matter of fact I’ve 

got a couple of things about Purdue 

I would like to say. First, I believe the 

engineering curriculum would be more 

valuable to the student if it were a 

five year program, much heavier in lib- 

eral arts and electives. In this way the 

student could not only dig deeper into 

subjects of special interest, but also 

have a better perception of the truly 
fine and magnificent things that take 

place in this world. Then too, I would 

like to see more personal inter-relations 

between students and faculty. I feel 

that most professors are deeply inter- 

ested in what the student thinks and 

feels and also desire closer relations 

between the two groups but somehow 

at Purdue the spark to achieve strong 

student-faculty relations is missing.” 
In summing school up John said, 

"The house, activities, dating, studying, 
the people—man it’s away of life! ■ 

Editor —Bob Hostetler. 

Brothers at Triangle. 

Business Manager—John Faris. 

| February, 1964 Page 49 



■ ■ 

• IV id Male Wanted-Male Help Want, 
. j MaU ’ *Ulp — -! 

-! mTcSmst" molder Real Estat 
Sector SQUEEZER 
aiding ance: Ht 0 .2 d sintv 2d shift: liberal Because of c 

SS? STS growth and ® 

I”? symbols 6 

; 

1 f®'- 
.. M ACtFR r . stce! C ' 3 "' lg C °' org 3 ™ 7 '? llo ? 0 

-omental specifics- MAIN AULA 
1 . s , . ST . portmilty < 

_ 
knowledge of other । 

. 
• _ 

r 

professional 
~ 

YOUNG M”■- ■ -* 

/industries, ; ENGINEERS 
iir.C, 

v 
erndneering* design, in- | We have several openings (tior .with safcu* 

•' 
transmission & dis- electrical engineering for talization plan, ) 

h N FOREMAN X Jon systems, etc. S’Xnt to a compre- The man we .. 

Applicant should also 
hen tive training program must possess 

f and acceptance Of PE 
rience in direct- ; 

n the field of engineer- standards ot n, 

;1 ?hier ing the work of engineers ing design. Qualified ap- integrity. ‘ 
& 

g 
technicians, and be 

' if cants 
B 
wl ll receive tram- For a con idenU. 

W eCtion'. 1 U willing t 0 assume full re- f ; tem planning, call our sa. y > ma. 

reeled. 
* * 

bility for the de- 
sI X design, transmis- - eh w, for a 

; 
i 

3 —" 

velopment, planning and sjon an d distribution de- hient. 
' 

‘ trance organization of a major ; etc , 
an d will, upon 

■ 
iranC engineering division. completion of their train- 

~ 
; 

W MEN ! Only recognized experts i ng , assume responsibility ~ 

JD MEN ! in the field of power en- for the direction, o r B a ™- 
_ ? 

; I gineering need apply- 
za tion and completion of | - REAL ESI 

cn for following § alary commensurate engineering projects in j SALES MA? 

V | with experience and past the utility industry, Starb , 
iTV CLAIM record. ing salary will be 

wh ?- wish !\u futurT” 
tRVISOR POSITIONS OPEN pendent upon the quah- 
uKVibUts. I kJNI 1 

fictions of the applicant. ume builders. Send q- 

•ce Required A FTP R JANUARY hcations oi me 3*2^—- 

UsATfON A 
1975 POSITIONS NOW 

..RVISOR 1 " AVAILABLE 
openings for \ 

■nenced M en 

\ LINE MELD MECHANICAL APTITUDE 
„ 

PRESSMAN; 

WHY WAIT? 
‘ 

. - 

ried men- 'Xr ' SERVICEM/- 
‘ opportunities. .... 

... 0 , 
' 

-ate ant Increases 

WISCONSIN ELECTRIC POWER COMPANY 

SYSTEM 

Wisconsin Electric Power Co. Wisconsin Michigan Power Co. Wisconsin Natural Gas Co. 
MILWAUKEE. WIS. APPLETON, WIS. RACINE, WIS. 

Page 50 
The Purdue Engineer 



/ j I 

Playing a big c SR 
supporting gSwi 

r01e... 
HI - 

Industrial piping runs big ... up to 30" in ' *9 
diameter and more. And its weight is moas- 19 
ured in tons. 47 £ 

Piping like this poses critical stress prob- l| ' ‘ 

lems . . . especially where there are high tern- Bl \ 

pcratures and high pressures. 

Grinnell Pipe Hangers and Supports, engi- X* 

neered to keep stress within safe limits, are 

industry’s answer to pipe support problems. 
They compensate for heat expansion, and for 

pressure surge, vibration and a variety of other H| 
complex service conditions. It’s another reason f*® 

why industry looks to Grinnell when piping is 

involved. 

Grinnell is piping . . . from hangers that IB 

support pipe to prefabricated systems for 

power and process plants and sprinklers for- UU | J|y 
fire protection. 

Grinnell offers industry the engineering 
(from basic metallurgy to piping systems 

design and prefabrication); the production 
facilities (eight large plants in the U. S. and 

Canada); the product line (everything in pip- \ f ilk 
ing); the experience (over 100 years of leader- / il 

ship in the field) to solve the toughest piping / A 
problems. 

Worth remembering — against the day you J ' l||r \ X—«l 
may have piping problems to solve. And worth u .1 

h ik i 
investigating now if you're looking for the un- | JE K 1 

usual in an engineering career! Write Grinnell iRT 
Company, Inc., 277 West Exchange Street, 
Providence 1, Rhode Island. IB i B I 

ib do I t 
Im * 

/ 

GRINNELL WMI// 
WHENEVER PIPING IS INVOLVED ■ 

Grinnell Company, Inc., Providence, R. I. Warehouses and distributors coast to coast. Representatives throughout the Free World. 

A pipe and tube fittings • welding fittings • engineered pipe hangers and supports • Thermolier unit heaters • valves 

i 
Grinnell-Saunders diaphragm valves . prefabricated piping • plumbing and heating specialties . industrial supplies 

water works supplies • Grinnell automatic sprinkler fire protection systems • Amco air conditioning systems 
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OF ENGINEERING 

INTEREST 

By Al Hribar, ME ’65 

At left, U. S. Steel’s new heat treated “Curve- 

master” rail, designed for curves where freight and 

passenger traffic is heavy, will be heat treated on the 

head only as illustrated by the black-to-gray shad- 

ing on the rail section. Through a new process 

developed by U. S. Steel the rail head is hardened 

to depths below those normally worn away under 

severe service. Full heat treatment of rail base and 

web is unnecessary since the head is the only rail 

surface which must withstand abrasive forces of 

car wheels. A two year study and test of rails in 

actual service indicate that this new rail will last 

several times longer than a conventional carbon rail. 

Bottom, photochromic glass, invented by scien- 

tists at Corning Glass Works, will darken to precise 
densities when exposed to light, and then clear to 

transparency when the light radiation is removed. 

In this series, the clock indicates the time of a com- 

plete darkening and clearing cycle. A device to 

register light transmission through the glass is below 

the glass sample. The full cycle takes less than three 

minutes. The Corning Glasses have not deteriorated 

during two years of day and night outdoor exposure 

or through darkening-clearing cycles performed 
thousands of times in the Corning laboratory. 
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At left, Bell Telephone Laboratories scientists 

P. K. Tien (right), D. Mac Nair (left), and H. L. 

Hodges (center), examine the new triode laser. The 

intensity of the laser light can be modulated like a 

triode by varying the voltage of a grid inside the 

laser tube. Excited by a beam of electrons of nearly 
identical energies emitted from a hot oxide cathode, 

the triode laser oscillates without the usual glow 

discharge present in ordinary gas lasers. The 

result of this is a hundredfold increase in effi- 

ciency per electron over ordinary lasers. There are 

two lasers parallel to each other in this photograph. 

At right is a new servo-controlled testing machine 

available from MB Electronics, a division of Tex- 

tron Electronics, which determines not only when 

a product fails but why it fails. The machine can 

assist research, development or production engi- 
neers study the behavior of practically any material 

including metals, plastics, elastomers, ceramics, 
cloth and paper. It can perform any test requiring 
the application of a precisely known and controlled 

force or deflection. Because the control console is 

entirely separate from the test bed, remote opera- 

tion is possible for testing of dangerous materials. 

At left, one of the new 42 cubic yard GMC tan- 

dem rear axle tractor rigs is dumping clay. Each 

tractor pulls a triple-axle dump semi-trailer and a 

five axle dump full trailer. These light-weight, high- 

strength diesel trucks form the base of a new firm 

led by veteran industrialist Roy Fruehauf. The 

tractors were designed and constructed for the con- 

struction industry and adapted for hauling peak 

payloads under Michigan’s axle weight laws. This 

fleet of trucks is considered by veteran construction 

men to be breakthrough in the field of tandem earth 

moving. 
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Result; More rust-resistant steel than 

ever before on 1964 Ford-built bodies! 

Ford Motor Company, pioneer in the use of galvanized A new process, now in limited test production, is the 

(zinc-clad) steel, long noted for its ability to fight off electrocoating of entire car bodies. This involves 

rust, is using increased amounts of this superior electrical attraction between positively charged metal 

material in 1964 car models. This marks further surfaces and negatively charged paint particles. When 

progress in our continuing efforts to solve the prob- the body is dipped in an aqueous solution containing 
lems of metal corrosion in car bodies. the paint particles, a form of “electroplating” occurs, 

Other Ford-developed rust fighters include special 
the paint seeking those areas with the least coverage, 

zinc-rich primers . . . aluminum and stainless steels 
until a com P |et e and uniform coating is deposited, 

in mufflers, moldings and body fasteners 
. . . quality More examples of engineering leadership at Ford 

baked-enamel finishes —all powerful barriers against Motor Company bringing better products to the 
rust in Ford-built cars and trucks. American Road. 

MOTOR COMPANY 

The American Road, Dearborn, Michigan 

WHERE ENGINEERING LEADERSHIP BRINGS YOU BETTER-BUILT CARS 
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GRADUATING ENGINEERS & SCIENTISTS: 

Some sound reasons why you should consider General Dynamics'Astronautics 
for a challenging and rewarding aerospace career are pictured below. 

We urge you to learn still more about Astronautics—the important completely 

space-oriented division of General Dynamics Corporation—by listening to the 3314 rpm 

recording offered below and by following news of Astronautics’ activities and 

accomplishments in your newspaper, trade magazines and technical journals. 

For more information and a personal interview, visit the Astronautics representative 
who will be on your campus soon. 

' I I 
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Advanced Programs An array of active projects and widely varied 
studies at Astronautics range from Atlas SLV-3, Centaur and Glotrac 

to Manned Space Stations, Lunar Base Support Systems and Orbiting 
Research Laboratory. 
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Ideal Location San Diego, California is the capital of moderate 
climate in the nation. Outdoor sports and recreation are year-round 
activities for enjoyment of your leisure hours. There is an abundance of 
academic and cultural opportunity in this city of more than 600,000 —a 

vigorous and growing community. 
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, 
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Modern Facilities More than $5O million have been invested in Astro- 
nautics’ plant and equipment. Complete laboratory, test and computer 
facilities are established in-plant to enhance the performance of Astro- 
nautics’ engineering tasks. 
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Inspiring Achievements The reliable Atlas, first ICBM in the free 

world, has also established a remarkable record as a launch vehicle — 

boosting more pounds of payload from the earth than any other vehicle 

in the free world to date. The impressive list of Atlas achievements in- 
cludes a perfect performance in the Atlas-Mercury series—four for four! 

WE WILL VISIT YOUR CAMPUS FEBRUARY 27 AND 28 

BRtt HEAR “THE GENERAL DYNAMICS I ASTRONAUTICS STORY” as told by the men who have had major 
responsibilities in the direction of such dramatic technological advancements as the Atlas- 

B®WB Mercury manned orbital flights and Centaur, the free world’s first liquid hydrogen-fueled space 

mKxWH vehicle. See your placement office for your personal copy of this 3314 rpm recording, or write 

t 0 r ’ R- E- Sutherland, Chief of Professional Placement and Personnel, Dept. 130-90, General 
Dynamics |Astronautics, 5882 Kearny Villa Road, San Diego, California 92112. 

GENERAL DYNAMICS I GIIIIIIIID 
* An Equal Opportunity Employer 
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THE LIONS ROAR 
by Sue Sulzycki 

OXIDATION: 

His love reached out for me 

As rust reaches out for new steel. 

His passion weakened the structure 

Of my resistance, and . . 
. 

I rusted. 

A young engineer in the service of 

our country called on a sixteen-year- 
old girl, and remarked to her parents 
that he was from lowa State. 

The girl’s father commented that he 

and his wife were married there seven- 

teen years ago. A startled expression 
passed over the soldier’s face. 

The next morning, the daughter said 
in disgust, "That certainly did it, Fath- 

er, I told him I was eighteen. So then, 
of course, I had to tell him I was illegit- 
imate.” 

Lulu is so thin that when she swal- 
lowed an olive 8 guys left town. 

"What’s the hurry?” 
"I bought a new textbook and I’m 

trying to get to class before the next 

edition.” 

Several engineers were exchanging 
stories about their experiences with the 

opposite sex. 

Aw, sniffed one. "Girls are a dime 
a dozen!” 

"Gee,” sighed a Bus. Ad. who had 

remained silent until now, "and all this 
time I’ve been buying jelly beans!” 

The Alabama farmer passed away 
and the preacher came to his wife to 

get some information about the poor 
man to use in his eulogy at the funeral. 
"Is he a Mason, an Elk, a Woodsman? 
Did he belong to the Chamber of Com- 

merce, the Ku Klux Klan?” 

The bereaved wife asked, "What’s 
the Ku Klux Klan?” 

The preacher explained, "Well, I 

guess you might say that’s the devil 
under a sheet.” 

With a timid smile, she said, "THAT 
he was!” 

"I seem to have run out of gas,” he 

said softly. 
Her face, small and white, was 

turned up to his, her eyes growing from 

beneath heavy lids. Her head swam. 

Slowly he bent over her. 

Relax . . . He was her dentist. 

Sig: "You have a faculty for making 
love.” 

Chi O: "Just a student body.” 

A girl was driving in her new car 

when something went wrong with the 

engine. The traffic light changed from 

green to red and back to green and 

still she couldn’t get the car to budge. 
Soon a traffic cop came up. 

"What’s the matter, miss?” he in- 

quired. "Ain’t we got the colors you 
like?” 

There are only two kinds of parking 
left on campus—illegal and no. 

"See this jewelry?” said the sorority 
pledge. "It once belonged to a million- 

aire.” 

"Gosh,” gasped an impressed sister, 
"what was his name?” 

"Woolworth,” the pledge replied. 

Newton’s tenth law — the dimmer 

the porch light the greater the scandal 

power. 

The father had not informed his 

little son of the impending arrival of 

the stork, but as the months passed the 

secret grew more and more difficult to 

conceal. Finally the stork dropped his 

bundle from heaven and the father 

broke the news to his son. 

"The stork has been flying over the 

house,” explained the father. "He’s 

swooping around.” 

"I hope he doesn’t scare mommy,” 
the lad replied, "She’s pregnant you 
know.” 

Girls in tight sweaters pull my eyes 
over their wool. 

I think that I shall never see 

A girl refuse a meal that’s free; 
A girl with hungry eyes not fixed 

Upon the drink that’s being mixed; 
A girl who doesn’t like to wear 

A lot of junk to match her hair; 
But girls are loved by guys like me 

’Cause I don’t like to kiss a tree. 

I never kiss, I never neck. 

I never say hell, I never say heck. 

I’m always good, I’m always nice. 

I play no poker, I play no dice. 

I never drink, I never flirt. 

I never gossip or spread the dirt. 

I have no lines or funny tricks, 
but what the heck — 

I’m only six. 

You can never tell about men, says 

Phyllis. Either they’re so slow you want 

to scream, or so fast you have to. 

Coed: "Do you think I’m conceited?” 

M.E.: "No, why?” 
Coed: "Girls who are as good look- 

ing as I am usually are.” 

A man’s face may not be familiar to 

the luscious young thing he’s speaking 
to, but his proposition nearly always is. 

Scene: A lonely corner on a dark 

night. 
A voice: Would the gentleman be so 

kind as to assist a poor hungry fellow 

who is out of work? I haven’t a thing 
in the world except this revolver. 

Then there was the Army wife whose 

husband had been in the South Pacific 
for three years. She started receiving 
letters from him in which he told of 

the beautiful South Sea Island belles, 
and of their growing fascination for 

him. 

Worried at this, she went to her phy- 
sician for advice. "Well,” said the doc- 

tor, "There is a chemical that can be 

introduced into an man’s food to lessen 

his natural emotions. Here’s a prescrip- 
tion; get some of this and put it into 

some cookies or candy, then send it to 

him and see what happens.” The wife 

got the chemical and, wishing to be 

certain, put a triple dose of it into some 

cookies, which she sent to her husband. 

She didn’t get another letter from him 

for seven months. When a letter finally 
arrived, she opened it hurriedly with 

trembling fingers. The letter began: 
"Dear Friend . 

. 
.” 
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This kind of engineer designs jobs instead of things 

Once upon a time there was a creature known to joke- 
smiths as “the efficiency expert.” When he wasn’t being 
laughed at, he was being hated. Kodak felt sorry for the 

poor guy and hoped that in time he could be developed into 

an honored, weight-pulling professional. That was long ago. 

We were then and are much more today a very highly 
diversified manufacturer. We need mechanical, electrical, 
chemical, electronic, optical, etc., etc. engineers to design 

equipment and processes and products for our many 

kinds of plants, and make it all work. But all the inanimate 

objects they mastermind eventually have to link up with 

people in some fashion or other—the people who work in 

the plants, the people who manage the plants, and the 

people who buy the products. That’s why we need 

“industrial engineers.” 

A Kodak industrial engineer learns mathematical model- 

building and Monte Carlo computer techniques. He uses 

the photographic techniques that we urge upon other manu- 

facturing companies. He collaborates with medicos in physio- 

logical measurements, with architects, with sales executives, 
with manufacturing executives, with his boss (G. H. Gustat, 
behind the desk above, one of the Fellows of the American 

Institute of Industrial Engineers). He starts fast. Don 

Wagner (M.5.1.E., Northwestern ’6l) had 4 dissimilar 

projects going the day the above picture was sneaked. He 

is not atypical. Want to be one ? 



An interview 

with G.E.’s 
Dr. George L. Haller 

Vice President—Advanced 

Technology 

As Vice President—Advanced Tech- 

nology Services, Dr. Haller is 

charged with coupling scientific 

knowledge to the practical operat- 
ing problems of a Company that 

designs and builds a great variety 
of technical products. He has been 

a radio engineer, both in industry 
and the armed services (Legion of 

Merit for development of radar 

counter-measures); physics profes- 
sor at Penn State and dean of its 

College of Chemistry and Physics; 
and a consulting engineer. With 

G.E. since 1954, he has been man- 

ager of its Electronics Laboratory, 
and general manager of the De- 

fense Electronics Division. He was 

elected a vice president in 1958. 

GROWTH THROUGH TECHNOLOGICAL CHANGE 

The Role of 

R&D in Industry 
Q. Dr. Haller, how does General Electric define that overworked term, Re- 

search and Development? 
A. At General Electric we consider “R&D” to cover a whole spectrum of 

activities, ranging from basic scientific investigation for its own sake to 

the constant efforts of engineers in our manufacturing departments to 

improve their products—even in small ways. Somewhere in the middle 
of this range is an area we call simply “technology”, the practical know- 
how that couples scientific knowledge with the engineering of products 
and services to meet customer needs. 

Q. How is General Electric organized to do research and development? 
A. Our Company has four broad product groups —Aerospace and Defense, 

Consumer, Electric Utility, and Industrial. Each group is divided into 

divisions, and each division into departments. The departments are like 

separate businesses, responsible for engineering their products and serving 
their markets. So one end of the R&D spectrum is clearly a department 
function —engineering and product design. At the other end is the Re- 

search Laboratory which performs both basic and applied research for 

the whole Company, and the Advanced Technology Laboratories which 
also works for the whole Company in the vital linking function of putting 
new knowledge to practical use. 

Having centralized services of Research and Advanced Technology does 
not mean that divisions or departments cannot set up their own R&D 
operations, more or less specialized to their technical or market interests. 
There are many such laboratories; e.g., in electronics, nuclear power, space 

technology, polymer chemistry, jet engine technology, and so on. 

Q. Doesn’t such a variety of kinds of R&D hamper the Company’s potential 
contribution? Don’t you find yourselves stepping on each other’s toes? 

A. On the contrary! With a great many engineers and scientists working 
intensively on the problems they understand better than anyone else, we 

go ahead simultaneously on many fronts. Our total effort is broadened. 
Our central, Company-wide services in Research and Advanced Tech- 
nology are enhanced by this variety of effort by individual departments. 

Q. How is Advanced Technology Services organized? 
A. There are three Advanced Technology Laboratories: Chemical and 

Materials Engineering, Electrical and Information Engineering, and Me- 
chanical Engineering; and the Nuclear Materials and Propulsion Opera- 
tion. The Laboratories do advanced technology work on their own, with 
Company funds, and on contract to product departments or outside customers 
and government agencies. NMPO works for the AEC and the military to 

develop materials and systems for high-temperature, high-power, low- 
weight nuclear reactors. ATS is the Company’s communication and in- 
formation center for disseminating new technologies. It also plans and 
develops potential new business areas for General Electric. 

Q. So R&D at General Electric is the work of a great many men in a great 
many areas? 

A. Of course. The world is going through a vast technological revolution—- 
in the ways men can handle energy, materials, and information. Our 
knowledge is increasing exponentially. In the last five years we have 
spent more than half the money ever spent for research and development. 
To keep competitive, and to grow, industry must master that mountain of 

new knowledge and find ways to put it to practical use for mankind. Only 
by knowing his field well and keeping up with the rush of new develop- 
ments, can the young engineer contribute to the growth of his industry—- 
and society as a whole. 

For complete information on op- 

portunities for engineers at 

General Electric, write: Person- 

alized Career Planning, Genera' 

Electric Company, Section 699- 

09, Schenectady, N. Y. 12305 


