


through a satellite built by Westinghouse 
Almost all we know about deep space we 
learned by studying light ... the faint, 
flickering li ght from distant stars. Now, 
suddenly, a whole new universe is opening 
up to us through sound from the stars. It 
comes via a sate lli te in which the British 
Government, NASA's Goddard Space 

Flight Center and Westinghouse eac h had 
a share. 

Thi s sound comes from millions of stars 
which we never knew before, because they 
emit no l ight. We couldn't hear them, 
eithe r, because the earth 's atmosphere 
shut off these noises, but now we can . 

The satellite, Arie l II, also tell s us how the 
earth's heat balance affects weather and 
how micrometeroids erode space ships. 

The British developed the scientific 
experi ments. Westinghouse built the sat
ell ite and integrated the system. NASA 
launched it. 

You can be sure if it's Westinghouse 

® 
For i nformation on a career at Westinghouse, an equa l op portu ni ty employer, 
w ri te L. H. Nogg le, West inghouse Ed ucati onal Departmen t , Pittsbu rgh, Pa. 15221. 

.. 



Tom Thomsen wanted challenging work 

He found it at Western Electric 
T. R. Thomsen , B.S.M.E., University of Nebraska , '58, 
came to Western Electric for several reasons. Impor
tant to him was the fact that our young engineers play 
vital roles right from the start, working on exciting 
engineering projects in communi ca tions including: 
electronic switching, thin film circuitry, microwave 
systems and optical masers. 

The wide variety of Western Electric 's challenging 
assignments appealed to Tom, as did the idea of ad
vanced study through full-time graduate engineering 
training, numerous management courses and a com
pany-paid Tuition Refund Plan. 

Tom knows, too, that we'll need several thousand 
experienced engineers for supervisory positions within 
the next few years. And he's getting the solid experi-

ence needed to qualify. Right now, Tom is developing 
new and improved inspection and process control 
techniques to reduce manufacturing costs of tele
phone switching equipment. Tom is sure that Western 
Electric is the right place for him. What about you? 

If you set the highest standards for yourself, enjoy 
a challenge, and have the qualifications we're looking 
for - we want to talk to you! Opportunities for fast
moving careers exist now for electrical, mechanical 
and industrial engineers, and also for physical science, 
liberal arts and business majors. For more detailed 
information, get your copy of the Western Electric 
Career Opportunities booklet from your Placement 
Officer. And be sure to arrange for an interview when 
the Bell System recruiting team visits your campus. 

Western Electric MANUFACTURING AND suPPLY UNIT OF TH£ BELL sYsTE=M (i' 
AN EQUA L OPPORTUN ITY EMPLOYER ~ 
Princi pal manufacturing locations in 13 cities □ Operating centers in many of these same cities plus 36 others throughout the U.S. 
Engineering Research Center, Princeton, N. J. □ Teletype Corp., Skokie, Ill., Little Rock, Ark. □ General Headquarters, New York City 



Scan your next horizon ... with us 
Remember looking forward as a 
Freshman to graduation? Seemed 
distant, didn't it? But now that 
you're there you realize that the 
longest journeys are taken one step 
at a time-and that once you've 
reached the top of the hill, you look 
out upon the next horizon. 

If you have travelled the road 
wisely, you are now equipped with 
a certain amount of skill, a larger 
view of life, and an indefinable urge 
to answer a new challenge. In short, 

you are the man we're looking for. 

At Phillips, horizons of greater 
opportunity are always open to the 
talented college graduate. Our prod
ucts are diverse, ranging from fine 
petrochemicals and plastics to ag
r icultural, automotive, aviation and 
marine products. Our resources are 
plentiful, our facilities excellent. 

Here's the proposition: Whether 
your interests lie in research, pro
duction or sales, or one of a myriad 
of other facets of the petroleum in-

dustry, we supply the challenge and 
the room to grow-you supply the 
brains and determination. We find 
it's an unbeatable combination. Ask 
your campus placement office about 
arrangements for an interview or 
write to us today. 

PHILLIPS PETROLEUM COMPANY 
EMPLOYEE RELATIONS DEPARTMENT 

BARTLESVILLE, OKLAHOMA 74004 

AN EQUAL OPPORTUNITY EMPLOYER 

A PHILLIPS REl?RESENTATIVE WILL BE ON THE CAMPUS OF UNIVERSITY OF MISSOURI ON NOV. 3 -4 
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From the Editor's Desk 

For many, this is the beginning of another year at Mizzou . For some, 

however, this is the beginning of a whole new life, a college life. This is the 

time for you to decide what you want out of college. After your four years at 

Mizzou, do you want to look back and say that the only thing you accom

plished was to graduate? Or, do you want to be able to look back with a 

feeling of pride and accomplishment and be able to say that you did a lot 

more than graduate? Do you want to be able to say that you belonged to 

some clubs and organizations; that you participated in Engineer's Week; 

that you were active on campus; that you were a leader and not a follower? 

The University of Missouri is much more than an academic education. 

It's a chance to develop yourself as an individual and to learn how to get 

along with and lead people. I hope that many of you will take advantage of 

this opportunity. 

Members for the Engineer's Club and the professional societies, par

ticipators in Engineers Week and staff members for the Shamrock, to name 

a few, are always needed. Even if you missed Merry-Go-Round you can still 

join many of these organizations. 

What you do here at Mizzou will influence the rest of your life. It's up 

to you to decide if you want to help your university and be active on campus. 

The choice is yours. 
S. C. V. 

FRONTISPIECE 

OCTOBER, 1964 

You are in the stars in the new St. Louis Planetarium. Very 
popular, the Planetarium has shown the heavens to thou
sands. The p,rojector was built in Japan and is one of the 
few of its kind. 
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80 years ago the first 
cash register helped 
shopkeepers remember. 

NCR's job for 80 years has been 
to make things easier and more 
profitable for businesses of all kinds 
and sizes. How? By producing the 
most complete and efficient line of 
record keeping and data processing 
equipment obtainable. We began by 
marketing the first cash register
the first automated system for 
handling sales and cash! Today 
NCR continues to make things 
easier for government, industry, 
business and banking with a full 

Today NCR's new 
thin-film rod memory 
helps this computer 
remember better. 

line of equipment to handle 
everything from original 
entry to final report. Latest 
is a rod memory computer that 
cycles in billionths of a second! 

Equally as important as the de
velopment of the total system con
cept of record keeping are the many 
research and development pro
grams which NCR has in progress. 
Important advances in encapsula
tion, photochromism, thin-film and 
laser technology have contributed 

ward movement 
of the American economy 

and to the betterment of its citi 
zens. If you would like to be con
sidered for positions that are now 
opening for qualified persons at 
NCR, write to T. F. Wade, Technical 
Placement, NCR, Dayton, Ohio 
45409. All correspondence will be 
treated confidentially. An equal op
portunity employer. 

BE SURE TO VISIT THE NCR ..P-A\'ll10N AT THE N. Y. WORLD'S FAIR. THE NATIONAL CASH REGISTER COMPANY ® 



You can 
have a lot of 

fun on Timken® 
Bearings 

INBOARD WITH AN OUTDRIVE. This new Chrysler-Dana Drive 90 ° offers boating 
buffs big power in a small space. Dock your boat at home? The outdrive tilts up 
55 ° for easy trailering. Timken® bearings keep the prop and drive shafts rigid 
as a Marine. 

SEATS IN MOTION. New York's new Shea Stadium stands move to accommodate 
10,000 fans in two blocks of 5,000 seats. They roll on Timken bearings from the 
first and third baseball foul lines to the football sidelines. 

NO PLAY FOR BEARINGS. Timken bearings work hard to make your world more 
leisurely. They're made of nickel-rich steel for long life-even when loads and 
conditions become unsportsmanlike. 

FORE? NO, THREE. Three wheels for the golfer who'd rather swing than walk. 
This new Cushman Golfster is a smart way to cover the links. Eight Timken 
bearings were chosen for the drive, axle and wheel applications. They're 
precision-made and case-hardened to take shock loads. The Timken Roller 
Bearing Company, Canton, Ohio. Also makers of Fine Alloy Steel and Rock Bits. 

QUALITY TURNS ON 

TIMKEN~ 
TAPERED 
ROLLER BEARINGS 

❖ YN ❖ y h ; ❖ y } { 'h } t ❖ } y y ❖❖ h}h t ❖ ""\ "'\y\ : : ❖ y } : ,> ❖ .-> ❖ 

[earn More ~bout tfiEi liml<en Company:; an Equ~f,QJj~rtU~itM'.lffiJilloyet." S«!ilcl'for Career Booklet. 
h } yh { ,~y}h ❖ »t ❖ y < ~ ❖,_\v: C< ❖ hh: ::::::,h❖ ~ 



THE BASIC CONCEPT OF 

THE SPECIAL 
THEORY 

OF ALBERT EINSTEIN 

This article has been reprinted 
from the November, 1959 issue of 
The Arkansas Engineer, a mem
ber of the Engineering College 
Magazine Association. 

A whispered rumor has been 
spreading widely among laymen 
in the las't few years to the effect 
that there are only 3 (or 4 or 5) 
people in 'the entire world that 
can understand the theory of rela
tivity as stated by Einstein. The 
person who hears such a rumor 
usually decides that there is no 
sense in even trying to under
stand such a profound theory and 
he had better shy away even 
from 'the mention of relativity. 

The layman who has taken the 
time to acquaint himself with Ein
stein's theory would be more 
likely to say that 'the theory is 
hard to believe ra'ther than hard 
to understand. 

It is neither hard to believe nor 
hard to understand the most basic 
concept of the theory of relativity 
and that is simply 'that all things 
(motion, length, even time) are 
relative. 

For instance, how would you 
tell someone how much you 
weighed unless you compared 
your weight with something else? 
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When you say that you weigh 175 
pounds, you are saying that you 
weigh 175 times as much as the 
metal weight kept by the Bureau 
of Standards . If a German says 
that he weighs 80 kilograms, he 
still is comparing his weight with 
an arbitrarily determined stand
ard weight. It is impossible to 
state weight or mass without stat
ing it in relative terms. 

Similarly, you cannot state a 
length or distance without stating 
it in relative terms, no matter how 
involved these relative terms are. 

If you have ridden in trains 
very often, the phenomenon of 
relative motion is probably not 
new to you. Perhaps you have 
stopped at a station with a train 
on the next track and you began 
to feel vibrations. You look out 
the window and see other win
dows moving past, so you nat
urally assume that your train is 
underway and you pick up your 
magazine and settle down for a 
long ride. How surprising it is to 
look up one moment to see the 
windows moving past and then to 
look up the next moment to see a 
porter leaning on his pushcart. 

An unthinking person might 
dismiss his experience at the train 

station by saying that absolute 
motion is motion in relation to 
the earth. If a p erson trying to 
chart the courses of the planets 
were to accept this explanation, 
the task of making all the courses 
relevant to a fixed position of 
the earth would be tremendously 
complicated. The earth would not 
do for a fixed reference in this 
case. 

When seven'teenth century as
tronomers decided that the earth 
went around the sun instead of 
vice versa, they began consider
ing the sun as the reference point 
for planetary movement. Since 
the advent of the theory of the 
expanding universe, that is, 'the 
theory that all stars are constant-
1y moving away from each other, 
the sun must also be discarded 
as the center of the universe. We 
must then draw the conclusion 
that there is no center of the uni
verse, no absolute motion, and 
further state that we use the sun 
as the center of our universe be
cause it is convenient to do so 
and not because the sun is abso
lutely devoid of motion. 

In summation, it is meaningless 
to say that an object, the sun or a 
train, is moving unless its move-

THE MISSOURI SHAMROCK 



ment is stated relative to some 
other object. 

The change of an object's ve
locity, its acceleration, is also rel
ative but is much more involved 
and is contained in what Einstein 
called his general theory as op
posed to his special theory. 

Einstein's special theory, in
cludes, as its name implies, only 
the special cases of bodies moving 
at constant velocity in relation to 
each other. He presented this 
theory in 1905 as a preliminary to 
the general theory which was 
presented formally in 19&1. 

The general theory encom
passes all phases of motion, accel
erated or not, and involves the 
use of tensor calculus, all of which 
would be beyond the understand
ing of all but the most educated 
of laymen. 

Only the special theory will be 
considered here. 

In order to logically and sci
entifically develop his special the
ory, Einstein adopted 'two funda
mental concepts, called the Two 
Postulates. 

The first postulate states what 
we have previously discussed, that 
all things are relative. Since mo
tion is responsible for changes in 
the other relative properties, the 
first postulate may be more sim
ply stated as "All motion is rel
ative." 

The second postulate is more 
difficult to understand. Suffice it 
to say at this point tha't the second 
postulate states that the effects 
of relative motion on other prop
erties cannot be detected. The sec
ond postula'te will become more 
clear later. 

These two assumptions, the 
postulates, cleared the way for 
the basic, all-inclusive statement 
that the three dimensions of mat
ter, (length, mass, and time) are 
all affected by relative motion. 

So that we can understand how 
relative motion affects these three 
properties, let us take the hy
pothetical case of two rocket ships 
far out in space moving away 
from each other at a relative ve-
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locity of, say, 100,000 miles per 
second. Let us equip each of these 
rocket ships with a yardstick, a 
barbell, and a clock. To conduct 
our measurement for us, let's 
put a prominent scientist, Otto 
Schmart, on one of the rockets. 
Let us say that Otto has the cap
ability of measuring the yard
stick, the barbell, and the clock 
on the other rocket from his posi
tion on his own rocket. It would 
be impossible for Otto to do this, 
of course, due to the second pos
tulate, but, for purposes of ex
planation, we will say that Otto 
can do this. 

First, Otto measures the yard
stick in the other rocket, which 
is traveling away from him at a 
velocity of 100,000 miles per sec
ond. Otto finds that the yardstick 
on the other rocket is shorter than 
his. Moreover, if the relative ve
locity of the rockets is increased, 
Otto finds that the other yard
stick gets shorter and shorter. 

Einstein derived equations and 
said that the relative size of the 
yardsticks or the relative size of 
any objects in relative motion, as 
measured from one to the other, 
obeys the following equation: 

M - 1 

where 1 equals the length of the 
yardstick in the other rocket as 
measured by Otto, L equals the 
length of Otto's yardstick, V 
equals the relative velocity of the 
rockets, and C equals the velocity 
of light. 

Since all motion is relative, 
there is no distinction between 
the rocket ships used by Otto. 
That is to say it makes no differ
ence from which rocket Otto 
makes the measurement. T'he 
yardstick on the other rocket will 
always appear shorter. Not only 
will it appear shorter, but the 
whole yardstick will appear to 
have shrunk, in fact, the whole 
rocket will appear to be smaller. 

This shrinkage is known as the 
Fitzgerald contraction and there 

is an applicable limerick well
known in scientific circles. 

There was a young fellow 
named Fisk 

Whose fencing was exceed-
ingly brisk; 

So fast was his action, 
The Fitzgerald contraction 
Reduced his rapier to a 

disk. 
It is odd that this effect should 

be known as the Fitzgerald con
traction since Fitzgerald had 
never heard of Einstein's theory 
when he tried to explain the con
traction effects that he had ob
served. He thought that the con
traction was due to the presence 
of the ether, which was a rather 
vague term used for a number of 
years to explain phenomena that 
are now attributed to Einstein's 
theory. 

Our space-minded scientist, Ot
to, has now decided to measure 
the weight of the barbell in the 
other rocket. He finds that, while 
the ban4ell has shrunk, it now 
weighs more, or rather, has more 
mass, than the barbell in his own 
rocket. The amount of the in
crease in mass is given by the 
equation: 

M 
m-----

{0i 
where m equals the mass of the 
barbell in the other rocket as 
measured by Otto, M equals the 
mass of Otto's identical barbell, 
and V and C are defined as be
fore: 

The similarity between this for
mula and the preceding one for 
contraction can be readily seen. 

When Otto measures the time 
of the clock in the other rocket, 
he finds that it is slower than his. 
Einstein's mathematics say that 
the other clock will be slower by 
an amount shown below: 

t=Tij+ 
Page 11 



Why total cost is so important 
to tiny tots . . . and taxpayers 

Total cost of what? Sanitary sewers. It makes no difference if they're municipal 
sewers or house sewers. There's still an initial cost ... and a total cost. It's the 
total cost that's important. It includes building the sewers initially, plus the cost 
of repairs and maintenance ... even replacement if the pipe disintegrates. 

Total cost is important to everyone in the community . .. from the youngest 
to the oldest. No one wants to build sewers twice. You want to build them once. 
You want them to last. You want low up-keep. That's what you get when you 
build with Dickey Perma-Line Glazed Clay Pipe. It's the one sure way to the 
lowest possible total cost ... for you, for _your children ... and their children, 
too. It never has to be replaced . It cannot rust, rot, corrode or disintegrate. 
It gives generations of trouble-free service. 

And, it has the Dickey Coupling on it, too. Made of urethane. Finest material @ available. For the lowest cost sewers, use this Coupling and 
Dickey Perma-Line Glazed Clay Pipe. 

ickey san itary g laz ed cl a y p i pe 

If i t 's m a d e of cla y it 's g o od ••• i f it's made b y D ickey it's b etter 

W . S . DICKEY CLAY MFG . COMPANY Bi rmingham, Al abama • Kansas City, M issouri 
Meridian, M ississippi • St. Louis, M issouri • San A ntonio, T ex as • Texarka na, Texas-A rkansas 

where t equals the time as meas
ured by Otto, T equals the time 
elapsed on Otto's clock, and V and 
C are defined as before. 

It can be seen from the equa
tions that if the rockets are sep
arating, Otto measures a smaller 
yardstick, a more dense barbell, 
and a slower clock; and if the 
rockets are coming together, Otto 
measures the other rocket's con
tents as expanded, less dense, and 
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faster. In the case of time, this is 
reasonable because it is not likely 
that it can be two different times 
at the same place. Our minds 
cannot comprehend such an oc
currence. 

It can also be seen from the 
equations that as the quantity V 
approaches C, the property meas
ured approaches a limit. It is also 
seen that if V is greater than C, 
the property measured is unde-

fined. Einstein explained this, 
however. 

Einstein states in his theory that 
there can be no objects in relative 
motion at a velocity greater than 
the speed of light, 186,000 miles 
per second. 

For instance, if a rocket ship 
were to take off toward the sun 
at a velocity relative to the earth 
of 100,000 miles per second and 
another rocket were to take off 
away from the sun at the same 
velocity, also relative to the earth, 
each rocket would measure the 
other rocket's velocity as under 
186,000 miles per second. This 
would seem contrary to common 
sense since we would expect them 
to be traveling at 200,000 miles 
per second, relative to each other. 
The velocities relative to the earth 
are not additive, however, and we 
must keep in mind the tremen
dous velocities involved. 

Einstein stated the exact veloc
ity that each rocket would meas
ure. These high velocities are 
difficult to visualize, mainly be
cause we cannot experience any
thing at present that can even 
approach them. The velocity of 
a jet plane, approximately 1500 
miles per hour, is almost insignif
icant per second attained by our 
rockets: 

Va+ Vb V-----
l + Va~~~ 

where v equals the velocity meas
ure by either rocket, Va equals 
the velocity of one rocket, Vb 
equals the velocity of the other 
rocket, (both in reference to 
another point), and C is defined 
as before. 

It can be seen from the preced
ing equation that the maximum 
possible velocity attainable by 
any object in relation to any other 
object is the speed of light, 186,000 
miles per second. 

The possible results of an ob
ject traveling faster than light are 
contained , in another scientific 
limerick. 

THE MISSOURI SHAMROCK 



There once was a lady called 
Bright 

Who could travel faster than 

ply by Einstein as: 

E = MC 
'2 

Mal: "It says here that in Cali
fornia last year they grew about 
2,449,000 tons of grapes." 

light; 
She went out one day, 
In a relative way, 
And came back the previous 

night. 

where E equals energy released, 
M equals mass converted, and C 
equals the speed of light. 

Hal: "Drink up man, they're 
gaining on us." 

'" Old grandpap Zeke had wan-

Although the portion of Ein
stein's theory discussed through 
Otto and his rocket ships promises 
to have far-reaching significance 
in any future theories, the general 
public is much more acquainted 
with another aspect of his theory. 

When Einstein had just pre
sented his views and other sci
entists were still examining it, 
skeptics of his theory were often 
overheard making comments like: 

dered off into the Ozark woods 
and hadn't showed up for supper. 
Young Zed, sent to look for him, 
finally located the old man stand
ing in some bushes. 

"Where's Einstein?" 

This aspect is the conversion of 
a tiny bit of matter into the en
ergy released by nuclear bombs 
and propulsion devices. The idea 

that civilization could be wiped 
out by a small amount of radio
active material has obscured the 
view of the relativity theory as a 
whole. The small part of the the
ory which resulted in the fantastic 
release of energy was stated sim-

"Oh, he's in Switzerland melt
ing all the Alpine snows with the 
energy from a match head." 

"Getting dark," the boy said. 
"Yep." 
"Ain't ye hungry?" 
"Yep." 

Since Alamagordo, Einstein's 
theory has had the last laugh. 

"Well, ye comin' home?" 
"Nope." 

Students are like blotters. They 
absorb what the instructor says, 
but they gel it backwards. 

"Why ain't ye?" 
"Standin' in a b'ar trap." 

'" Senior: "My girl says she is 

'" 
Professor: "This is the same 

going to leave me if I don't stop 
running around." 

exam that I gave last year, except 
that I've changed the answers." 

Freshman: "That's too bad." 
Senior: "Yeah, I'll miss her." 

CIVIL ENGINEERS: 
Prepare now for your future in highway 
engineering ... get the facts on The Asphalt 
lnstitute's new computer-derived method 
for determining structural design of Asphalt 
pavements for roads and streets 
Today, as more and more states turn to modern Deep
Strength* Asphalt pavement for their heavy-duty highways, 
county and local roads, there is a growing demand for engi
neers with a solid background in the fundamentals of Asphalt 
technology and construction. 

Help to prepare yourself now for this challenging future by 
getting the latest information on the new Thickness Design 
Method developed by The Asphalt Institute. Based on exten
sive statistical evaluations performed on the IBM 1620 and 
the mammoth IBM 7090 computers, accurate procedures for 
determining road and street structural requirements have 
been developed. 

All the facts on this new method are contained in The As
phalt Institute's Thickness Design manual (MS-1). This help
ful manual and much other valuable information are included 
in the free student library on Asphalt construction and tech
nology now offered by The Asphalt Institute. Write us today. 

*Asphalt Surface on Asphalt Base 

THE ASPHALT INSTITUTE 
College Park, Maryland 

OCTOBER, 1964 
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NOTES 

EQUIVALENT SUBSTITUTIONS MAY BE MADE 
FORT, AS DESCRIBED JN CHAPTER IV 

DESIGN TRAFFIC PERIOD IS TWENTY YEARS 

Thickness Design Charts like this (from the MS-1 manual) 

are used in this new computer-derived method. This chart 
enables the design engineer quickly to determine the 

over-all Asphalt pavement thickness required , based on 

projected traffic weight and known soil conditions. 

r------------------------1 
THE ASPHALT INSTITUTE 
College Park, Maryland 

Please send me your free student library on Asphalt con

struction and technology, including full details on your 
new Thickness Design Method. 

Name ____________ Class __ _ 

School ________________ _ 

Address. ________________ _ 

City __________ State _____ _ 

________________________ J 
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STEP FORWARD 
WITH FORD MOTOR COMPANY 

An Open Letter to the 1965 
College Graduate 
from Donald N. Frey, 
Assistant General Manager, 
Ford Division of 
Ford Motor Company 

Donald N. Frey was awarded a bachelor's degree in metal
lurgical engineering by the University of Michigan in 1947 
and a doctorate in 1950. One year later, he joined Ford 
Motor Company as manager of the Metallurgical Depart
ment in the Scientific Laboratory. In 1962, Dr. Frey was 
appointed assistant general manager of the Ford Division 
with responsibility for all engineering, product planning 
and purchasing activities. He is 41 years old. 

America's automobile industry is in the midst of a challenging era, with pros

pects of an even more exciting and demanding tempo in the years to come. 

Ford Motor Company is determined to achieve leadership in all phases of its 

operation. This leadership promises to bring lasting success to the company, its 

employes and its stockholders. 

It will take people to accomplish this objective. Engineering, finance, styling, 

marketing, product planning, sales-all require people with the knowledge, 

judgment and personal drive to avail themselves of the unprecedented oppor

tunities offered by a great industry. 

The automobile business is growing. More cars are being bought now than ever 

before. With increases in population and consumer buying power, even more 

will be bought in the future. Realizing this, Ford Motor Company seeks to 

attract college graduates who have the capacity to grow with the company 

and the market. 
Right now, our plans call for employing about a thousand of the best 1965 

graduates we can find, with all types of educational backgrounds. We need 

specialists, but we also need persons with broad liberal-arts training who can 

handle a wide variety of assignments. Actually, in our company, many gradu

ates grow into jobs totally unrelated to their degrees. They have discovered 

that Ford offers intellectually challenging opportunities for those with the 

ability to seize them. We invite you to make the same discovery. 

Contact your Placement Office and arrange to see our representative. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

An Equal Opportunity Employer 



Is it possible that a leading maker of 
jet engine turbine blades rlad a hand in 
giving Pat Deegan a fresh sandwich 
today that was made last night~ 

It's perfectly logical to assume that the nation's leading cations at Un ion Carbide. It's one of the world's largest 

producer of alloying metals like chromium, manganese, producers of chemicals, and it makes ingredients for 

tungsten, and vanadium could become an expert on textiles, paint, and urethane foam for cushioning. It is 

their use in new forms of steel. One result is the devel- one of the most diversified private enterprises in the 

opment of a new kind of stronger stainless steel. field of atomic energy. As a world authority in super-

Nor would it be surprising that the nation's pioneer cold fluids, it produces tons of liquefied hydrogen, 

and leading producer of plastic raw materials would oxygen, and nitrogen for fueling space vehicles. It's a 

be selling plastic food bags with a new kind of fold- leader in carbon products and makes exhaust nozzle 

lock top that locks in freshness. They're called "Glad" liners for rockets, brushes for electric motors, and elec-

Bags, and they keep Pat Deegan's lunch fresh even trodes for electric arc furnaces. And its consumer prod-

though it was packed the night before. ucts include world-leading "Prestone" anti-freeze. 

But you'd have every reason to doubt that two such In fact, few other corporations are so deeply in-

unlike activities could come from the same • valved in so many different skills and activities 
company. Provided you didn't know about I that will affect the technical and production 

Union Carbide. ' • : I capabilities of our next century. 

In fact, you'll come across lots of diversifi- The next century starts with Pat Deegan's lunch. 

UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK, N. Y. 10017. IN CANADA, UNION CARBIDE CANADA LIMITED, TORONTO 
Divisio ns : Carbon Products, Chemicals, Consumer Products, Food Products, Internati ona l, Linde, Metals, Nuclear, Olefins, Ore, Plastics, Silicones and Stellite 



The Stress Analysis 

ofa 

Strapless Evening Gown 

(This article was originally 
written by Charles E. Siem of the 
CALIFORNIA ENGINEER and 
has been run in a large percentage 
of the college engineering maga
zines in the country and is now 
being reprinted for your enjoy
ment. This article has attained the 
title of being a "classic'' of those 
articles written for engineering 
magazines.) 

Since the beginning of recorded 
history, the human being has 
worn some type of clothing either 
for protection or warmth. How
ever, the present trend among the 
"fair sex" is to wear clothing not 
for protection or warmth, but 
solely to attract the attention of 
the opposite sex. To be more spe
cific, it is through the use of cloth
ing that the female most effec
tively catches the eye of the very 
appreciative but totally unsus
pecting male. 

A variety of methods are em
ployed to bring about this libido 
awakening infliction on the poor 
male. One very popular method 
employed by the female is to wear 
transparent, or seemingly trans
parent, cloth to good advantage in 
certain areas. A common example 
of this type of clothing is the 
transparent nylon blouse. An
other powerful attention-gather
ing device is the tightly fitting 
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garment. A well known example 
of this type of weapon is the 
sweater. Yet another provoking 
method is by actually reducing 
the amount of body area covered 
by cloth. A good example of this 
method is the modern bathing 
suit. A delightful device which 
has sufficiently aroused the notice 
and curiosity of the masculine sex 
is the use of durable but fragile 
appearing cloth which gives the 
impression that at any moment 
the garment will slip down or 
that, better yet, certain parts 
might slip out of place. The best 
example of this method of at
tracting the attention of the weak 
and susceptible male is the strap
less evening gown. 

Effective as the strapless eve
ning gown is in attracting atten
tion, it presents tremendous engi
neering problems to the structural 
engineer. He is faced with the 
problem of designing a dress 
which appears as if it will fall off 
at any moment and yet actually 
stay up with some small factor of 
safety. Some of the problems 
faced by the engineer readily ap
pear from the following structural 
analysis of strapless evening 
gowns. 

If a small elemental strip of 
cloth from a strapless evening 
gown is isolated as a free body in 

PLANE 8 

r ....,!~~ 

"""'--''.,,,,
F 

C 

Figure 1 

PL8NEA 

the area of plane A of Fig. 1, it 
can be seen that the tangential 
force F is balanced by the equal 
and opposite tangential Force F . 
Also the downward vertical force 
W caused by the weight of the 
dress below plane A is balanced 
by the force F acting vertically 
upward due to the stress in the 
cloth above plane A. Therefore, 
since the algebraic summation of 
vertical and horizontal force is 
zero, and no moments are acting, 
the elemental strip is in equilib
rium. But consider an elemental 
strip of cloth isolated as a free 
body in the area of plane B of 
Fig. 1. The two tangential forces 
F 1 and F 2 are equal and opposite 
as before, but the force W, due to 
the weight of the dress below 
plane B, is not balanced by an up-

THE MISSOURI SHAMROCK 



"we explore freely . . . 

and no restrictions are set upon 
our imagination. " 

The speaker was a brilliant young Navy 
scientist discuss ing his work, and he might 
well have been referring to the Naval Ordance 
Laboratory at White Oak, Maryland, where 
technological explorations are pursued to the 
ultimate advantage of the nation's posture 
of defense. 

Who would have thought, especially before 
the advent of POLARIS, that a submarine 
could someday fire what appears to be an 
ordinary torpedo which would, a few seconds 
later, take off upwards into a ballistics tra
jectory ... drop its rocket motor somewhere 
down-range ... re-enter the water intact at 
supersonic speed ... automatically arm itself 
... and let loose a nuclear blast that will 
decimate any number of submerged hostiles ? 

Today, SU BROC promises to be the deadliest 
anti-submarine warfare weapon ever devised, 
but when it was first dreamed up by NOL 
scientists back in 1957 it presented the 
thorniest set of problems yet to face the still
young missile age. That SUBROC itself, 
•ogether with its sonar detection system and 

special digital computer fire control system, 
are almost ready for fleet use is a real tribute 
to NOL's creativity, technical direction, and 
test & evaluation capabilities. 

But SUBROC- although an undertaking of 
incredible proportions- is just one in a long 
series of NOL projects in anti-submarine 
warfare, air and surface weaponry, ae robal
listics, chemistry, explosives, and materials 
research. Many such dreams have become 
reality at NOL- seven new magnetic ma
terials that have sharply upgraded magnetic 
amplifiers, magnetometers, and electromag
netic transducers ... new ways to measure 
drag, stability, and heating effects of missiles 
traveling in excess of Mach 10 . . . the arming 
and fuzing devices for POLARIS .. . a new 
data reduction method for underwater 
acoustics that opens the door to passive sonar 
ranging ... two new nuclear depth bombs ... 
and literally hundreds more. 

There are more than 1,000 graduate profes
sionals at NOL-White Oak today, but the 
Laboratory is always interested in talented 
explorers - especially those delving into aero 
and electro technologies. And, to help you 
explore more freely (and productively), NOL 
offers: 
• assignments of national importance 
• the finest equipment and facilities to be had 

(900 acres of them) 
• several programs for advance degrees in 

cooperation with Washington-area uni
versities. The University of Maryland even 
holds some courses on NOL premises 
which you may attend during working 
hours. (NOL has always been fertile ground 
for PhD theses.) 

• the sti mulus of working with top people in 
their specialties, many of whom are staff 
members and lecturers at colleges and uni
versities. 

• the added stimulus offered by the Wash
ington environment, now one of the top 
four R & D centers - private as well as 
government - in the country. 

The same young Navy scientist we quoted 
earlier also remarked: " ... if a scie111is1 wanrs 
rhe freedom ro sari.1/y his inre/lec111a/ hunger 
and open doors now closed lo him, his bes/ bet 
is 10 work/or the Governme111." 

Check your College Placement OITTce for news 
of NOL interviews on campus, or write Lee 
E. Probst, Professional Recruitment Division, 
Naval Ordnance Laboratory-White Oak, 
Silver Spring, Maryland , for more details . 
The Navy is an equal opportunity employer. 



ENGINEERS & SCIENTISTS: General Dynamics [Astronautics offers you the 
challenges of the future - today. As the space-oriented division of the great 
General Dynamics Corporation, Astronautics has a heritage of leadership in the development 
of our nation's current space capabilities. We continue to build on this strong background 
as we design and develop new systems and devices that will help to shape the future course of 
space technology. Your alert response to the fascinating challenges we offer will 
establish guidelines for your successful career at Astronautics. 

Scientific and technical opportunities exist at all degree levels in activities that include 
RESEARCH, DESIGN, DEVELOPMENT, TEST, COMPUTER PROGRAMMING, 
RELIABILITY, and ADMINISTRATION. 

For General Dynamics I Astronautics career information, see your placement officer and 
watch for campus interview schedules, or write to Mr. B. L. Dobler, Chief of Professional 
Placement and Personnel, Dept. 130-90, General Dynamics [Astronautics, 5899 Kearny Villa Road, 
San Diego, California 92112. An Equal Opportunity Employer. 

GENERAL DYNAMICS I ASTRONAUTICS CHUH ID 
We Will Visit Your Campus November 6 



ward force F because there is no 
cloth above plane B to supply this 
force. The algebraic summation of 
horizontal forces is zero but the 
algebraic summation of vertical 
forces is not. Therefore, this ele
mental strip is not in equilibrium 
but it is imperative, for social rea
sons, that this elemental strip be 
in equilibrium. If the female is 
naturally blessed with sufficient 
pectoral development, she can 
supply this very vital force and 
thereby place the elemental strip 
in equilibrium. If she is not, the 
engineer has to supply this force 
by artificial methods. 

In some instances the engineer 
has made use of friction to supply 
this force. The friction force is 
expressed by F=fN where F is 
the frictional force, f is the co
efficient of friction and N is the 
normal force acting perpendicu
larly to F. Since for a given fe
male and a given dress, f is con
stant; then to increase F, the 
normal force N has to be in
creased. One obvious method of 
increasing the normal force is to 
make the diameter of the dress 
at line C, Fig. 2 smaller than the 
diameter of the female . at this 
point. This has, however, the dis
advantage of causing the fibers 
along line C to collapse and if too 
much force is developed the wear
er will experience undue discom
fort. 

As if the problem were not 
complex enough, some females re
quire that the back of the gown 
be lowered to increase the expo
sure and correspondingly attract 
more attention. In this case the 
horizontal forces F 1 and F 2 are 
no longer acting horizontally, but 
are acting downward at an angle 
a with the horizontal as shown 
by T1 and T 2 of Fig. 1. Therefore, 
there is a total downward force 
equal to the weight of the dress 
below plane B plus the vector 
summation of F 1 of the two in
clined forces, T 1 and T 2 • But this 
vector sum F 1 increases in magni
tude as the back is lowered be
cause F 1 =2T sin a and the angle 
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a increases as the back is lowered. 
Thus the vertical upward force F 
which has to be supplied for equi
librium is greatly increased for 
low-back gowns. Also since there 
is no cloth around the back of the 
wearer, the force acting through 
the elemental strip B, perpendicu
lar to the vertical axis of the fe
male, is greatly reduced and it is 
this force which keeps the eve
ning gown of the lady from falling 
forward, away from the wearer
attracting attention by this meth
od is considered unfair tactics 
among females. Therefore, for 
very low-back evening gowns the 
engineer has to resort to bone or 
wire frameworks to supply suf
ficient and perpendicular forces. 

If the actual force supplied is 
divided by the minimum force 
that is required to hold the dress 
up, the resulting quotient defines 
a factor of safety. This factor of 
safety should be as large as pos
sible, but there the engineers run 
into the difficulty of keeping 
frameworks ligh't and inconspic
uous. Therefore, a compromise 
must be made between a heavy 
framework and a low factor of 
safety. With ingenious use of these 
frameworks, the backs of strapless 
gowns may be lowered until cleav
age is impending. Assuming the 
female is naturally endowed to 
supply the vertical force F still 
leaves the problem incomplete un
less an analysis is made of the 
structures supplying this force. 

E 

0 

Figure 2 

These structures are of the nature 
of cantilever beams. Fig. 2 shows 

one of these cantilever beams 
(minus any aesthetical details) re
moved as a free-body (and indeed 
many such beams can be, in real
ity, removed as free-bodies). Since 
there are usually two such di
vided, the force acting on any one 
beam is F / 2. This force is dis
tributed over the beam from A to 
F of Fig. 2. More exposure and 
correspondingly more attention 
can be had by moving the dress 
line from A toward B. Unfor
tunately there is a limit stress, 
P = vertical force F / 2, and A = 
area over which the bearing stress 
acts, then 

F 1 
S = P / A = - X -. 

2 A 
Since F / 2 is constant, if the area 
A is decreased, the bearing stress 
S must increase. The limit of ex
posure is reached when the area 
between B and C is reduced to a 
value which causes the bearing 
stress to increase to the "danger 
point." 

A se~~na condition exists which 
also limits the amount of expo
sure. The vertical force, F / 2, is 
balanced by a shear force S acting 
on the area from D to E and by 
an internal moment M, Fig. 2. 
The moment M causes tension in 
the fibers of the beams between 
E and A and compression in the 
fibers between C and D. As the 
dress line is moved from A 
toward B the moment M is in
creased, thereby increasing the 
tension and compression of the 
fibers. The second limit of expo
sure is reached when the tension 
and compression stresses in these 
critical areas reach the "danger 
point." 

Since these evening gowns are 
worn to dances, an occasional 
horizontal force F shown in Fig. 
2, is accidentally delivered to the 
end of the beam causing impact 
loading. This impact loading 
causes compression in all the fi
bers of the beam. This compres
sion tends to cancel the tension 
in the fibers between E and B but 
it increases the compression in 

( Continued on page 26) 
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Engineering News 

HYDROFOIL FERRY 
A new concept in water trans

portation is being born in Seattle, 
Washington that could affect eve
ry major port city in the United 
States and a major segment of the 
marine industry. 

The 40-ton hydrofoil of North
west Hydrofoil Lines, Inc., is now 
in operation. Objec'tive of the 40-
knot ( 46 mph) HS Victoria is to 
bridge the gap between ships and 
aircraft by proving for the first 
time that deep water hydrofoils 
are economical for distances up to 
180 nautical miles (207 miles) and 
more. 

The 65-foot craft works on an 
airline styled schedule between 
Seattle, Washington and Victoria, 
British Columbia. Four round
trips a day, two in the morning 
and two in the afternoon, will 
take 7 5 passengers on the 7 5 mile 
run each trip. 

''The HS Victoria operates like 
a short range airline with passen
gers being able to make reserva-
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tions, and leave and arrive on a 
fixed schedule," explained Wil
liam I. Niedermair, president of 
Northwest Hydrofoil Lines. 

In addition, docking facilities 
which are located nearly in the 
heart of both Victoria and Seattle 
eliminate the hour-long airport 
commuting time in both cities. 
The HS Victoria will be a year
round operation while the Seattle 
to Victoria direct ferry service 
only runs at the peak of the tour
ist season between June and Sep
tember. 

During the year the HS Vic
toria will carry approximately 
45,000 passengers, estimates Nie
dermair . 

This unique transportation con
cept could make possible a po
tential of 100 domestic hydrofoils 
localed in 30 to 35 port cities 
around the continental United 
States plus Alaska and Hawaii, 
predicts Niedermair. 

The HS Victoria is the first of 

CHUCK SWETT, I.E. '66 

a line of U.S. flag operated ocean
going hydrofoils . . . ships more 
nearly like aircraft than seacraft. 

For example, this hybrid of the 
sea uses two General Electric tur
boshaft engines, normally found 
on helicopters, 'to propel the 75-
passenger ship to speeds up to 50 
miles per hour. These engines are 
geared to the propeller through 
a unique GE-developed aircraft
type transmission that bends 
around corners. 

The ship travels on hydrofoils 
or "underwater wings" which 
work in water much the same as 
an aircraft's wings or airfoils op
erate in the air. Finally, 'the Cap
tain maneuvers and "flies" the 
craft as it skims over the water 
with General Electric automatic 
controls much like the ones G.E. 
makes for jet aircraft. 

A combination of lightweight 
aircraft-type gas 'turbine engines, 
a unique transmission system that 
bends around corners, and use of 
aluminum instead of steel or 
wood makes hydrofoils in the HS 
Victoria class really practical, ex
plains Niedermair. 

X-15 PROGRAM 
The National Aeronautics and 

Space Administration and U.S. 
Air Force have added nine new 
experiments to the research tasks 
of the X-15 hypersonic "service" 
airplane. The new duties extend 
the research aircraft's planned 
missions through 1968. 

The new missions include ad
vanced technological studies in 
support of United States' aeronau
tical and space science programs 

( Continued on page 25) 
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What is so different 
about International Harvester? 

The difference lies in diversification. International Harvester 
manufactures motor trucks, farm equipment and construction 
equipment-as well as gas turbines, aerospace equipment, industrial 
tractors and steel. We offer career opportunities in each of these 
fast-growing fields ... a choice of careers in design, development, 
engineering, testing, manufacturing or sales of over a 
thousand products. 

Few companies have changed as much as International 

Harvester in the past decade. We are now setting up new 
manufacturing plants throughout the free world. All of our 

many product lines are growing vigorously. And growth means a 
better future for those who join us today. 

We are now interviewing students in many different fields 
-mechanical, electrical, industrial, metallurgical or agricultural 
engineers, liberal arts, accounting, chemistry, business or 
math majors. Check with your Placement Officer now for a date to 
see an IH representative when he visits your campus. If 
interviews are not yet scheduled, write directly to the Supervisor 
of College Relations, International Harvester Company, 
180 North Michigan Avenue, Chicago 1, Illinois. 

II IN INTERNATIONAL HARVESTER 
An Equal Opportunity Employer 

® 



The man who said 
"you can't take it with you" 
was born a long time before Garrett 
started making life support systems. 

Asa matter 
of fact, 
unless man does take his earthly 
environment with him into space, 
he hasn't got a chance. 

For here is a world that has no 
oxygen, no pressure, no gravity. 

To live and work for weeks and 
months in orbital flight - a need 
dictated by urgent space 
projects now in progress -
man must have the most 
sophisticated life support pJ 
system ever built. 

It has to provide him 
with oxygen, water, 
pressurization - complete 
climate control. 

It has to guard him I, 
against temperatures that 
range from near absolute 
zero to the re-entry heat of 
thousands of degrees. 

It has to be a miracle package. 
The question becomes: Who is 

now building such an environ
mental system? 

The answer is, of course, Garrett. 

As long ago as 1941, Garrett 
management saw that man could 
go no higher, no faster, without 
pressurization of aircraft. When 
Garrett's AiResearch division 
delivered the first systems, 
suddenly the ceiling was 
off the world. 

Today over 90% of the 
free world's aircraft carry 
Garrett environmental 
systems. Millions of hours 
of operation have been 
accumulated by heat trans-
fer equipment, turbomachinery, 
controls. 

This experience led Garrett to 
build the life support systems 
that protected our astronauts on 
the recent Mercury flights. 

The same know-how is now at 
work supplying "shirtsleeve" envi
ronments for Gemini and Apollo. 
These systems will keep man alive 

for weeks in space. Now 
longer flights 

are being 
planned

manned 
orbiting 

laboratories and space stations. 
Garrett already knows how to solve 
life support problems for months 
in space. Much of the system work 
is completed and components built. 

What are the reasons for this 
unique capability? 

The most experienced men 
are Garrett men. The most 
advanced facilities are 
Garrett. The only applied 
system for outer space is 
Garrett built. 

When the problem is 
environmental, the solu

tion comes from Garrett 
because ... 

Garrett 
• • is experience 

II Ln, Anil"le, • PhoonU 

For furth er information about many interesting project areas and career opportunities at The Garrett Corporation, 
write to Mr . G . D. Bradley at 9851 S. S epulveda Blvd., Los Angeles. Garrett is an equal opportunity employ er. 



ENGINEERING NEWS 
( Continued from page 20) 

in such areas as stellar phofogra
phy, advanced structures and ma
terials, aerodynamics a:nd data 
systems, and ramjet propulsion. 

The studies and tests will take 
advantage of the airplane's unique 
capabilities for flight at high alti
tudes through the edge of the 
earth's atmosphere into nearby 
space, and at hypersonic speeds. 

The tasks increase the useful 
life of the three X -15 airplanes 
far beyond original plans when 
the program was approved 10 
years ago as a joint project of the 
Air Force, Navy, and NASA. 

The X-15 was designed for a 
speed of more than 4,000 mph 
and altitudes up to 250,000 feet. 
It has been flown above 350,000 
feet and attained 4,100 mph and 
is expected to attain more than 
5,000 mph when a modified ver
sion is flown later this year. 

Some of the new studies will be 
carried out simultaneously with 
the basic work in aerodynamic 
heating, operational, and control 
problems, life sciences and hyper
sonic aerodynamics and struc
tures. 

Dr. Raymond L. Bisplinghoff, 
NASA Associate Administrator 
for Advanced Research and Tech
nology, whose office has charge 
of the X -15 research program 
said, "The new studies could pro
vide major contributions in the 
use of improved systems and in
strumentation, newly developed 
techniques and more detailed 
analyses. It is evident that the 
X-15 can perform urgently 
needed studies in the upper at
mosphere and nearby space far 
better, more efficiently and at 
lower cost than any other method 
we have today." 

RAMJET RESEARCH 
The X-15 will be used to m

vestigate most of the conditions 
of environment at extremely high 
pressures inside Ramjet engines 
in hypersonic flight. Scientists are 
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interested in hypersonic air
breathing propulsion at speeds 
from Mach 3.0 to 10.0 (2,000 to 
6,700 mph). 

STRUCTURES RESEARCH 
Structures research has been 

limited in the X-15 program to 
date because no provisions were 
made on the original airplanes 
for significantly changing the 
structure or instrumentation. The 
outboard half of the right wing 
of X -15 No. 2 has been made de
tachable, and plans are to test 
wing tips made of titanium, co
lumbium and other materials and 
their alloys, using advanced fab
rication and structural techniques. 

ADVANCED FLIGHT DATA 
SYSTEM 

Preparation of an advanced in
tegrated flight data system is un
der way and will be flown in an 
NASA F 5D airplane at the Flight 
Research Center before installing 
and flying it in the X-15 next 
summer. Other tests will be made 
with deceleration devices which 
could be useful on advanced 
spacecraft as well as airplanes. 

ST AR TRACKER 
Work on equipment for ultra

violet photography of the stars 
has been completed on X-15 No. 2 
and will be carried aloft after 
that airplane is ready for flight. 
The star study, devised for 
NASA's Office of Space Science 
and Applications, under contract 
to the University of Wisconsin, 
will begin next Fall. 

The equipment will obtain ul
traviolet photographs of the stars 
from altitudes above 40 miles, as 
a means of testing theories per
taining to their origin and make
up. When observed from the 
ground and middle altitudes, ul
traviolet rays are obscured by 
ozone in the atmosphere. Sound
ing rockets have been used for 
such studies but they cannot be 
oriented precisely on the star
targets a:nd occasionally the pho
tos are lost when the payload is 

not recovered. The X -15 will fly 
above the ozone layer, remain 
aloft for periods of several min
utes, and obtain better results be
cause the pilot can aim the cam
era gear precisely on 'target, by 
precision control of airplane atti
tude. 

Instrumentation for the star 
tracker consists of a gimballed 
platform containing four cameras 
(photometers) , to be mounted in 
the instrumentation bay behind 
'the cockpit. Clamshell doors atop 
the airplane will be opened as the 
aircraft arches over its long bal
listic flight path and is positioned 
by its pilot for a clear view of 
the stars selected. It will be possi
ble to make a continuous series 
of photographs in different ultra
violet wavelengths. 

The s'tar tracking system is 
slated for use later in NASA's 
observatory satellite program. 

HORIZON SCANNER 
A horizon scanner is being 

used in X-15s for study of light 
across the spectrum and to obtain 
information on means for accu
rate sensing of the horizon. This 
problem becomes more difficult 
as aircraft and spacecraft fly 
farther away from the earth. 

IONIZATION GAGE 
An alphatron ionization gage 

will be mounted in a small wing
tip pod for density measurements 
of the atmosphere above 100,000 
feet, and a similar pod will house 
equipment for obtaining microme
teorites. Other experiments will 
investigate infra-red and ultra
violet data for the Air Force at 
the extremes of the X-15's higher 
altitude capabilities. 

OTHER MISSIONS 
The X -15 research program al

so will involve evaluation of ad
vanced vehicle systems and struc
tural materials. The Air Force 
will test an advanced integrated 
flight data system which will en
able the pilot to plan his landing 

(Continued on page 28) 
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STRAPLESS GOWN 
( Continued from page 17) 

the fibers between C and D. The 
critical area is at point D, as the 
fibers here are subjected not only 
to compression due to moment 
and impact, but also to shear due 
to the force S. With the combina
tion of a low, heavy dress and im
pact loading, the fibers at point D 
can be stressed to the "danger 
point." 

There are several reasons why 
these properties have never been 
determined. For one, there is a 
scarcity of these beams for ex
perimental investigation. Many 
females have been asked to volun
teer for experiments along these 
lines in the interest of science, 
but, unfortunately, there have 
been no cooperative subjects. 
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Also, there is the difficulty of the 
investigator having the strength 
of mind to ascertain purely the 
scientific facts. Meanwhile, trial 
and error and shrewd guesses will 
have to be used by the engineer 
in the design of strapless evening 
gowns until thorough investiga
tions can be made. 

"You can't beat the system," 
moaned a student after looking at 
his semester grades. "I took a 
course in basket weaving for a 
snap elective and then two Nava
hos enrolled and raised the curve 
so that I flunked." 

"" Since we call professors "profs", 
it's easy to figure out what we 
ought to call assistants. 

Alumni News 
John C. Jackson, MSCE '64, 

has just completed the initial 
phase of a six-months' training 
program with The Babcock & 
Wilcox Company and has been 
assigned to its boiler division 
headquarters in Barberton for 
specialized training. 

Jackson is undergoing exten
sive 'training prior to assuming a 
technical assignment with the 
company. 

Mr. R. N . Healy joined the 
Technical Division of Humble Oil 
and Refining Company on June 8, 
1964, and was assigned to the 
Light Ends Section. He received 
his B.S. Degree in Chemical En
gineering from the University of 
Missouri in June, 1964. 

Charles M. Haynes (B.S. in En
gineering 1930 EE 1932) has been 
appointed Superintendent of En
gineering for the Empire District 
Electric Company at Joplin, Mis
souri to replace 0. A. Pendleton 
who retired April 30, 1964. Haynes 
has a son, Charles H. Haynes, 
who received his B.S. degree in 
Mechanical Engineering in June 
1964 and who is employed by the 
Natural Gas P ipeline Company 
of America in Amarillo, Texas. 

Gary W. Dumm has joined The 
Trane Company's Dallas, Texas, 
sales office as a sales engineer, 
Joe Rohats, manager of the Dallas 
office, has announced. 

Trane is a manufacturer of air 
conditioning, heating, ventilating 
and heat transfer equipment for 
commercial, residential and indus
trial applications. 

Dumm is a 1962 graduate of 
the University of Missouri with 
a Bachelor of Science degree 
in civil engineering. In 1963 he 
received his Master's degree. 
Prior to receiving his field assign
ment, Dumm completed the Trane 
specialized graduate engineering 
training program. 
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What every graduating engineer 
cand his protessors> should know about AC-MILWAUKEE 
Sure, everybody's got a career program. But we think you'll find 
ours a little more stimulating, more rewarding, and at least in
triguing enough to spend the next minute or so reading about it. 

We call it our "Career Acceleration Program." In it, you 'll work on 
such advanced projects as an avionics system for supersonic aircraft, 
a guidance/navigation system for the Apollo Command Module and 
LEM, and a new guidance system for the Titan 111 space launch vehicle. 

Seven hours a day you'll work on a specific project. You'll spend one 
hour each day in formal class work. These classes include courses in 
Inertial Instruments, Inertial Guidance, Digital Computers, Advanced 
Transistors, Advanced Servomechanisms, Integrated Circuits, Space 
Mechanics, plus other mathematics and undergraduate disciplines 
as required . 

We also have a Tuition Refund Plan that pays all of your tuition costs 
upon satisfactori ly completing college-level courses of study under
taken voluntarily. Our "in-plant" evening educational program 
offers additional opportunities for technical improvement. 

If you are completing your BS or MS degree in EE, ME, Math or 

Physics, we invite you to inquire about the opportunities at any of 
our three locations. AC in MILWAUKEE-our main research, develop
ment and manufacturing facility. AC in BOSTON-our Research and 
Development Laboratory specializing in advanced inertial compo
nents; spacecraft and avionics guidance/ navigation systems. AC in 
LOS ANGELES-our Research and Development Laboratory special
izing in advanced airborne computers; ballistic missile and space 
booster guidance/navigation systems. For further information, see 
your college placement office regarding a 
General Motors/ AC on-campus interview, 
or write directly to Mr. G. F. Raa sch, 
Director of Scientific and Professional 
Employment, Dept. #5753, General Motors 
Corporation, Milwaukee, Wisconsin 53201. 
PhDs, please note : Positions are available 
in all three AC locations for PhDs, depend-
ing on concentration of study and area AC SPARK PLUG 
of interest. You are invited to contact The Electronics Division 

of Genera I Motors 

Mr. Raasch for additional information. An Equal Opportunity Employer 



ENGINEERING NEWS 
( Continued from page 25) 

approach rapidly from reentry to 
touchdown on the ground. 

X-15 No. 3 is equipped with a 
self-adaptive control system which 
aids the pilot by sensing airplane 
motions and automatically adapt
ing the airplane's control motions 
to these conditions. The system 
aids the pilot in flights above i'ts 
design altitude (250,000 feet) and 
during rapid changes of speed. 

X-15 No. 1 is slated for modifi
cations later. X-15 No. 2, which 
was heavily damaged in a landing 
accident in November 1962, has 
been repaired and modified to in
crease its speed to more than 
5,000 mph. The work was per
formed at the North American 
Aviation plant in L os Angeles, 
where the X-15s were built, and 
the aircraft was delivered today 
to the Government at Edwards. 

Overall responsibility for the 
X-15 program belongs to the Na
tional Research Airplane Commit
tee under Chairman, D r. Hugh 
L . Dryden, Deputy Administrator 
of NASA. Other members are L t. 
Gen. James Ferguson, USAF, 
Deputy Chief of Staff, Research 
& Development, and Admiral C . 
T . Booth, USN, D eputy Chief of 
Naval Operations for Air. 

X-15 project management is by 
the Air Force Project Office, 
Aeronautical Systems Division, 
and the Aeronautics Division of 
NASA's Office of Advanced R e
search and Technology. Flight 
projects are carried out by the 
two agencies jointly at NASA's 
Flight Research Center under 
management of P aul F. Bikle, D i
rector of the Center. 

C.E. "What do you do all day?" 
I.E. "Hunt and drink." 
C .E. "What do you hunt?" 
I.E. "Drink." 

"We've got a case of beriberi 
up here. What'll we do with it?" 

"Give it to the Engineers. 
They'll drink anything." 
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NASA News 
SMITHSONIAN AIDS NASA 

TRACKING 
In addition to NASA's world

wide tracking stations, the Smith
sonian Astrophysical Observatory 
operates a global system of tele
scopic cameras for optical track
ing of satellites. 

16 STATIONS TRACKED 

MERCURY 
The 16 tracking stations used 

in P roject Mercury were linked 
by 100,000 miles of teletypewriter, 
35,000 miles of telephone, and 
5,000 miles of data circuits. 

FUEL CELLS PRODUCE WATER 

FOR ASTRONAUTS 
Fuel cells to be used in NASA's 

P roject Gemini spacecraft w ill 
produce a pint of drinking water 
per kilowatt hour as a by-product 
of the chemical reaction of hydro
gen and oxygen. 

SPACEMOBILES ACTIVE 

OVERSEAS 
Of the 25 spacemobiles in 

which National Aeronautics and 
Space Administration lecturers 
carry the news of scientific and 
technical developments in space 
six are now operating overseas. 
There is one each in Argentina, 
Chile, M exico, and French-speak
ing Africa. Others are en route 
to Spain and New Zealand. 

SPACEMOBILES VISIT EVERY 
STATE 

Spacemobiles have now taken 
lecture-demonstrators on space 
science and technology to audi
ences in each of the 50 states. The 
appearances are booked by ar
rangement of the state depart
ments of education with the Na
tional Aeronautics and Space 
Administration. 

THREE STATIONS TRACKED 
RANGER VII 

NASA's Ranger VII which pho
tographed the Moon was tracked 
during its flight by three stations 
spaced equidistant around the 
Earth to allow continuous com
munications. They are in South 
Africa, Australia and California. 

CRATERS COVER SMALL 
PORTION OF MOON 

Ranger VII photos analyzed by 
NASA researchers indicate pri
mary craters, caused by high
velocity direct impacts, cover only 
about one per cent of the Moon's 
surface. 

RANGER VII FINDS NO 
CRACKS ON MOON 

Ranger VII photos disclosed the 
Moon has an undulating surface 
and some scattered ridges, but no 
cracks or fissures, the National 
Aeronautics and Space Admin
istration says. 

RANGER PROGRAM 
CONCEIVED IN 1959 

The Ranger lunar exploration 
program was conceived by NASA 
in 1959 and funded by Congress 
the following year. The first 
Ranger spacecraft was launched 
in August 1961. Ranger VII suc
ceeded in sending Moon photos 
back to Earth last July 31. 

SMALL ROCKETS PROBE 
ATMOSPHERE 

NASA is developing an opera
tional system of small sounding 
rockets to measure atmospheric 
wind, temperature, density and 
pressure at altitudes of 20 to 60 
miles. 

CASTOR, POLLUX ARE GEMINI 
TWINS 

Gemini, name of the two-man 
Earth orbital program of the fed
eral space agency, comes from 
the third constellation of the zo
diac featuring the twin stars Cas
tor and Pollux. 
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Another of your future's many facets at Monsanto 
With a company growing as fast as Monsanto (annual sales quadrupled to a hefty 
$1.2 billion in little more than a decade), design of new plants, equipment and 
systems has never been so important. Engineers are needed to apply their skills 
and knowledge ..• in known and unknown areas ... to help us manufacture the 
new and improved products that move Monsanto ahead-500 new products in the 
last 10 years. 

We can show you what this means in terms of increased professional opportunity 
••. how Monsanto's continuing expansion affords more and interesting growing 
room for you. 

See your Placement Director to arrange for an interview when we visit your campus 
soon. Or write today for our brochure, "Your Future and Monsanto," to Manager, 
Professional Recruiting, Dept. CM 64, Monsanto, St. Louis, Missouri 63166. 

An Equal Opportun ity Employer 

OCTOBER, 1964 



SHAMROCI( SEZ 
OVERHEARD IN E.E. LAB 
A glossary is provided at the 

end of the report to explain all 
the engineering terms marked 
with an asterisk. 

"Well, here we are again." 
"Yah." 
"I wonder what kind of an orgy 

we perform this week?" 
"Beats me." 
"Anyone read the experiment 

yet?" 
"No." 
"Not me." 
"I did." 
"Darn you, Taylor. You know 

the rules of our club. Nobody 
reads the experiment until fifteen 
minutes after the period starts. 

"I must have been out of my 
mind." 

"I guess we might as well get 
the show on the road." 

"Forsooth." 
"It says here, 

knowledge of the 
'From your 
oscilloscope* 

gained in previous experiments, 
connect the scope into the circuit 
shown, so the voltage fluctuation 
across the unilateral filibuster* 
may be observed'." 

"What's a unilateral filibuster?" 
"Beats me." 
"I'm snowed." 
"Belch." 
"This must be it." 
"That's my cigarette." 
"It says here, 'Plot the suicidal 

source current as a function of 
time measured in hours'." 

"That's sinusoidal, you idiot." 
"What does sinusoidal mean?" 
"I don't know." 
"Where do we put the amme

ter* in the circuit to measure 
source current?" 

"Across the source, I guess." 
"What happened?" 
"The needle went around three 

times and disappeared." 
"Try a bigger meter." 
"That needle just went around 

twice and melted." 
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"They don't make those meters 
like they used to. I guess we'll 
have to fudge that into the re
port ." 

"Remember that experiment we 
did last week?" 

"No." 
"Me either." 
"Can' say that I do." 
"Well, anyway, the curve I 

plotted had a shape just like my 
girl 's figure ." 

"My curve came out a circle." 
"Mine was square." 
"I plotted one that looked like 

a rip saw blade." 
"That's what happens when we 

don't decide what kind of curve 
we'r e going to plot before we 
write up the reports." 

"It says here, 'Name twenty 
practical, everyday uses you can 
think of for the filibuster'." 

"They must have bought a 
bunch of them from a starving 
professor and now they don't 
know what to do with them." 

"Which one of you guys is tak-
ing down the data?" 

"I thought you were." 
"I thought he was." 
"We don't have any data yet." 
"We'll have to fudge that into 

the report." 
"What kind of a curve should 

we use this week for our graphs?" 
"I always had good luck with 

the one with a big sag in it." 
"Yah. That one always works 

out pretty good." 
"Sort of hard to make up data 

for that one." 
"Let's use a straight line this 

time." 
"Okay. We can use the other 

one next week." 

"Sounds good to me." 

"Good enough." 

"Belch." 

"My gosh. I've been shot." 

"What happened to Taylor?" 

"He fainted. He said someone 
shot him." 

"I charged up that big capaci
tator* and touched one wire to 
each of his ear lobes." 

"That's a pretty good joke, Jim, 
I'll have to remember it." 

"You got a good head on you, 
Jim." 

"Where am I?" 
"Get off the floor and stop goof

ing off, Taylor." 
"Our fuse* just burned out 

again." 
"They don't make those fuses 

like they used to. Short a wire 
across it." 

"What do you think was on 
there before?" 

"It says here, 'Derive equations 
to fit each curve that you will 
plot, et cetera, ad nauseam'." 

"I think we can find a couple 
formulas written on the walls in 
the men's head downstairs that 
should fit into the report." 

"Y ah, there should be a couple 
there we can fudge in." 

"Eureka." 
"What's up?" 
"I found a microphone someone 

forgot in the oscilloscope." 
"You got a pair of plyers?" 
"I could use this mike with my 

ham set." 
Snip. 
Editor's note: The four students 

involved in this recorded conver
sation were strip,ped of their 
epaulets and brass buttons, had 
their slide rules broken in half 
over the dean's knee, and were 
drummed out of the corps. 

GLOSSARY: 
Ammeter . . . A meter used to 

measure the amms flowing in a 
circuit. 

Capacitor ... Replacement for the 
condenser. 

Fuse . . . Common replacement 
for the copper penny. 

Oscilloscope . . . Single channel 
television. 

Unilateral filibuster . . . You 
name it. 
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Anyone for hydrodesulfurization? 

How about it? Want to hydrodesulfurize? Hydrode

sulfurize oil, that is. Fuel oil. Dr. James Mosby, 

Purdue, '64 does. He experimentally optimizes the 

commercial procedure for removing sulfur. He's been 
working on hydrodesulfurization ever since he joined 

the American Oil Company as a chemical engineer 
last January. That's his pilot plant behind him. 

Even if you'd rather not hydrodesulfurize, there are 

literally scores of other science and engineering op

portunities at American Oil. If you 're interested in a 

career in the petroleum industry, write to J. H. Strange 

for information. His address : American Oil Company, 

P. 0. Box 431, Whiting, Indiana. ~ 

~ 'j(~ 
STANDARD OIL DIVISION STANDARD 

AMERICAN OIL COMPANY @~\I/~ 



19 Ways to Flunk Any Course 
Learn now that society will provide for you. Just because you are you. Just because you are paying 

for an education doesn't mean you have to get your money's worth. Don't be ridiculous. "If the learner 
hasn't learned," it isn't your fault, surely. 

1. GENERAL ATTITUDE-The B.B.A. degree is valuable. Successful grads have made it so. It is 
valuable because they produced. Le't them keep up the good work, but don't prepare to rob them of their 
glory, to increase the value. 

2. BE YOUTHFUL-Be young while you can. Why discard those good old high school days-and 
ways? Don't grow up until you just have to. People will always be understanding and appreciative of 
your adolescence. 

3-DRESS-Be yourself, dress naturally. Those business people can be very stuffy abou't sartorial 
matters. On that first job, they'll probably start you off as a porter anyway, so why not look like one? 

4. AROMATICS-The pungency of the locker room can be carried with you. A gamey "athletic" odor 
is a great personal asset-in class and out, in business and out-and fast. Carry your own atmosphere-be 
"aromatic." 

5. RELAX, ENJOY IT-A stiff posture restricts absorption. Spread yourself figuratively. Chairs in 
front, occupied or not, are fine for parknig feet, thus facilitating relaxation. 

6. MENTAL EFFORT-Some say that brain cells, like liquor bottles, can not be used twice. Save them, 
coddle them, spare them-in class and out. The mind (?) you save may be your own. 

7. DON'T ANTICIPATE-Who knows what might happen tomorrow-or for that matter next week, 
when the paper is due? Don't do it ahead of time-nothing might happen. Then you'd have no excuse. 

8. ACCURACY-Is for the birds. A misplaced decimal point is embarassing but not critical. You can 
always do it rignt when and if you get a job (on the basis of your excellent school record, of course) . 

9. DON'T WRITE, TELEGRAPH-Legibility went out with long underwear. None of the really big 
wheels like Napoleon, Hitler, or even Confucious--could write good English. 

10. SPELLING-Why bring that up? Phonetics are out, "word picture" didn't work, so your genera
tion just can't spell. Everyone understands and is sorry. You are unique-now don't go and spoil it. 

11. LATE PAPERS-Promp'tness here is a sign of servility. Be independent. Be different. A few days 
late shouldn't matter, especially if you use a good standard explanation. 

12. BE LATE-A "fashionable" entrance, after everyone else is seated, and the class is moving along 
-this calls attention to one, definitely. You can also be so ignorant about wha't has gone before and get the 
spotlight again. 

13. ATTEND IRREGULARLY-That's the stuff. Always being there is dreadfully boring. After all, 
one meeting is like another and the instructor gets tired of your face, too. 

14. BE CONVERSATIONAL-Talk it up. If the old buzzard doesn't make it interesting, it surely 
can't be interesting to your neighbor, can it? Competition is good for business, so why not for business 
educators? 

15. PREPARATION-A dangerous habit. Here again, let's don't anticipate. A heavy snow might make 
the work useless. And-the instruc'tor might resent having you come to class one day knowing what he is 
talking about. 

16. (BUT OTHERWISE) CLAM UP-Don't ever venture an opinion, don't defend a point; let some 
other jerk stick his neck out. Remember it may be better to remain silent and be thougnt ignorant-than 
to open one's mouth and remove all doubt. 

17. ON YOUR MARK-Don't get left at the post when the bell rings. A rustling of papers and plop
ping of books indicates alertness on your part to the hour of parting and reminds the Professor accordingly. 

18. REPETITION-A powerful force. If the files show that someone did a good paper on the topic last 
year, why should such a gem be discarded? The instructor will never recognize it if your pal was at U . of M. 

19. PLAGIARISM-If in preparing a paper you find that some author has said it better than you can; 
and a long 'time ago-don't dull initiative. Let him have his way--in your paper, too. It should be flattering 
to him. 
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Your life at Du Pont I one of a series for technical graduates 

Would you make a good catalyst? 
With us, creative technical employees are natural catalysts. 
They cause reactions. Good ones. 

For example, they helped us double our sales to $2.4 billion 
in the past 12 years. In the past 28 years alone, their research 
efforts helped us develop new products that created 40,000 new 
career positions. At this writing they're ironing the wrinkles 
out of 200 completely new products, with more on the way. 

Technical men and women are happy at Du Pont, too. They 
get a chance to move around-to actually change jobs without 
changing companies and without losing their accrued benefits. 
Their future bursts with promise, because they know we fill 
important positions from within. 

Would you make a good catalyst at Du Pont? Learn all the 
facts by letting us send you more information. Write us a letter 
now (or clip and mail our coupon). 

~ .E ... u.s. P.U.Off. 

BETTER THINGS FOR BETTER LIVING . .. THROUGH CHEMISTRY 

An equal opportunity employer 

Technical men we'll especially need from the Class of '65 
Chemists 
Chemical Engineers 

Mechanical Engineers 
Industrial Engineers 

r--------------------------------------7 
E. I. du Pont de Nemours & Co. (Inc.) 
2531-B Nemours Building 
Wilmington, Delaware 19898 

When I'm graduated, I'll be a _________ ~ 
(List profession) 

Please send me more information about how I might fit 
in at Du Pont. 

Name. __________________ _ 

Class, ____ Major _____ Degree expected ___ _ 

College _________________ _ 

My address ________________ _ 

City ________ Zone State _____ _ 
L ______________________________________ J 



Men on the rriove 

at Bethleherri Steel 9EfH EHEt.f 
ST EL 

DON YOUNG, MET.E., DREXEL '62-
Don is General Turn Foreman in our 
Bethlehem, Pa., Plant's electric fur
nace melting department, producing 
fine alloy and tool steels. 

ROLAND MOORE, C.E., MICHIGAN 
'59-Rollie is our Sales Representa
tive in Des Moines, Iowa. His tech
nical training has been a valuable 
asset in selling steel products. 

WALT BANTZ, E.E., SCRANTON '63-
Engineer at our research laboratories 
in Bethlehem, Pa ., Walt is shown 
evaluating performance of ultrasonic 
equipment for detection of flaws in 
steel plates. 

ROGER BOLLMAN, M.E., RENSSE
LAER 'GO-Roger is a production engi 
neer in the Sparrows Point plate mills. 
He has been working on the develop
ment of rolling procedures for alloy 
steel plates. 

-

DAVE SPARKS, MIN.E., OHIO STATE 
'60-Dave is Assistant to the Super
intendent of one of our modern mines. 
His previous assignments covered vir
tually all aspects of our coal mining 
operations. 

JIM LESKO, CH.E., PENN STATE '60 
-As Turn Foreman in the coke works 
at our Johnstown, Pa ., Plant, Jim 
applies both his undergraduate engi 
neering background and his natural 
leadership abilities. 

These alert young men are a few of the many recent graduates who joined the 
Bethlehem Loop Course, one of industry's best-known management development 
programs. Want more information? We suggest you read our booklet, "Careers 
with Bethlehem Steel and the Loop Course." Pick up a copy at your Placement 
Office, or write to our Manager of Personnel, Bethlehem, Pa. 

An equal opportunity employer 
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We give Ch. E.s modern tools 
and a chance to stick out their necks 

Some of our chemical engineers work on fabrics for ladies' 
coats, some on lunar orbiters, some on raising the hatch
ability percentage of turkey eggs. The assortment runs on 
and on too long for easy credibility. The assortment of 
engineering disciplines that we use besides chemical also 
gets too long. 

We do not deny, however, that sensitized film and paper 
remain our largest single business. Instead of waning they 
are waxing. High-order chemical engineering is our secret. 
This is a nice secret to know. We want to teach it to 
upcoming chemical engineers endowed with enough mental 
flexibility to recognize that mathematical model-building 

EASTMAN KODAK COMPANY, 

which correlates dollars with millionths of an inch of accu
racy in superimposing color emulsion layers can be as 
exciting a practice of their profession as calculating the 
diameter of pipe with which to feed a still. 

In addition to the upcomingness, the flexibility, and the 
professionalism, one further characteristic can elevate the 
possessor above a merely good, satisfactory career: a feeling 
that "the company" really means "me" rather than some 
vague "them," a feeling which on fortunately rare occa
sions becomes so strong that he is willing to wage a stiff 
battle for a good idea. 

Drop us a note if we interest you. 

Business and Technical Personnel Department, Rochester, N.Y. 14650 
An equal-opportunity employer offering a choice of three communities: IKodakl Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 



Advancement in a Big Company: 
How it VVorks 

An Interview with General Electric's C. K. Rieger, Vice President and Group Executive, Electric Utility Group 

C. K. Rieger 

■ Charles K. Rieger joined General Elec

tric 's Technical Marketing Program after 

earning a BSEE at the University of Mis

souri in 1936. Following sales engineering 

assignments in motor, defense and home 
laundry operations, he became ma~ager of 

the Heating Device and Fan Division in 

1947. Other Consu:TJer-industry management 
positions followed. In 1953 he was elected 

a vice president, one of the youngest men 
ever named a Company office r. Mr. Rieger 
became Vice President, Marketing Services 

in 1959 and was appointed to his present 

position in 1961. He is responsible for all 
the operations of some six divisions com

posed of 23 product operations oriented 

primarily toward the Electric Utility market. 

Q. How can I be sure of getting the 
recognition I feel I'm capable of earn
ing in a big company like G.E.? 

A. We learned long ago we couldn't 
afford to let capable people get lost. 

That was one of the reasons why G.E. 
was decentralized into more than a 

hundred autonomous operating de
partments. These operations develop, 

engineer, manufacture and market 

products much as if they were inde-

pendent companies. Since each de

partment is responsible for its own 

success, each man's share of author
ity and responsibility is pinpointed. 

Believe me, outstanding performance 
is recognized, and rewarded. 

Q. Can you tell me what the "promo
tional ladder" is at General Electric? 

A. We regard each man individually. 
Whether you join us on a training 
program or are placed in a specific 
position opening, you'll first have to 

prove your ability to handle a job. 
Once you've done that, you'll be given 

more responsibility, more difficult 

projects-work that's important to 

the success of your organization and 

your personal development. Your abil
ity will create a "promotional ladder" 
of your own. 

Q. Will my development be confined 
to whatever department I start in? 

A. Not at a 11 ! Here's where "big com

pany" scope works to broaden your 
career outlook. Industry, and General 

Electric particularly, is constantly 

changing- adapting to market the 

fruits of research, reorganizing to 
maintain proper alignment with our 
customers, creating new operations 
to handle large projects. All this rep
resents opportunity beyond the limits 
of any single department. 

Q. Yes, but just how often do these 
opportunities arise? 

A. To give you some idea, 25 percent 

of G-E's gross sales last year came 

from products that were unknown 

only five or ten years ago. These new 

products range from electric tooth 
brushes and silicone rubber com

pounds to atomic reactors and inter
planetary space probes. This chang

ing Company needs men with ambi
tion and energy and talent who aren't 

afraid of a big job-who welcome the 
challenge of helping to start new 
businesses Ii ke these. Demonstrate 

your ability-whether to handle com

plex technical problems or to manage 
people, and you won't have long to 

wait for opportunities to fit your 

needs. 

Q. How does General Electric help 
me prepare myself for advancement 
opportunity? 

A. Programs in Engineering, Manu
facturing or Technical Marketing give 

you valuable on-the-job training. We 
have Company-conducted courses to 

improve your professional ability no 

matter where you begin. Under Tui
tion Refund or Advanced Degree Pro

grams you can continue your formal 
education. Throughout your career 

with General Electric you'll receive 
frequent appraisals to help your self
development. Your advancement will 
be largely up to you. 

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write 
Personalized Career Planning, General Electric, Section 699-11, Schenectady, N. Y. 12305 

GENERAL. ELECTRIC 
An Equal Opportunity Employer 





Why would a scientist pay $3200 for this little coil of wire from Westinghouse? 

l 

Because it is leading to new discoveries in physics, electric power and space travel. 
T he little coil is made with a most remark
able wire. Cooled to 452°F below zero, it 
becomes a super-conducting magnet. 

In labs all over the country, sc ientists are 
using the Westinghouse super-magnet to 
explore id eas like generating electric power 

di rectly from a st ream of hot gases; build
ing new kinds of atom smashers; develop
ing power systems fo r long-distance space 
trave l and commun icat ions. 

The Westinghouse super conducting 
magnet operates on less power than an or-

din a ry li ght bulb. But it ha s twice the 
st rength of an electro-magnet we ighing 20 
tons an d using 100,000 watts of electricity. 

That' s why this little Westinghouse mag
net is a bargain at $3200. 

You can be sure if it's Westinghouse 

@ 
For information on a ca reer at Westinghouse. an equa l opportunity employer, 
write L. H. Nogg le, West inghouse Educat ional Department, Pittsburgh 21, Pa. 

j,, 

r 
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Is it possible that a builder of 
space simulation equipment 
has a hand in Becky Hull's 
ballet lesson? 

You'd expect that the leading maker of arc carbons that pro- of the company known as Union Carbide. 

duce the brilliant light for projecting motion pictures would be All kinds of seemingly unlikely side-by-side activities turn up 
called upon to duplicate the sun's rays in space simulation at Union Carbide every day. As a leader in metals and alloys, 

chambers. These chambers are used to test space devices, it developed a new, stronger stainless steel, and among the 
such as the communications satellites and space vehicles... results are better subway carsc fe( New York City. In cryo

and even the astronauts themselves. genies, it manufactures the equipment for a technique in brain 
And it probably wouldn't surprise you to learn that a com- surgery based on the use of supercold liquid nitrogen. Its 

pony that produces half a dozen different types of plastics consumer products include "Eveready" brand batteries and 
would also create an anti-static agent as part of the vinyl "Prestone" brand anti-freeze. And it is one of the world's most 
plastic it developed for phonograph records. This keeps dust diversified private enterprises in the field of atomic energy. 

from sticking to record surfaces. The sound is improved. The In fact, few other corporations are so deeply involved in 
record lasts longer. And Becky Hull's ballet lessons are per- so many different skills and activities that will affect the 
formed to music that's more faithfully reproduced. • technical and production capabilities of our next 

But would space simulation equipment and better I century. 
materials for phonograph records come from one • • : • And we have a feeling that Becky Hull's future is 

company? Indeed they would, in the unusual case just as bright as ours. 

UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK, N . Y. 10017. IN CANADA, UNION CARBIDE CANADA LIMITED, TORONTO 
Divisions: Carbon Products, Chemicals; ConsUmer Products, Food Products, International, Linde, Metals, Nuclear, Olefins, Ore, Plastics, Silicones and Stellite. 



WHERE 

Santa Clara, 
California 

DO YOU GO FROM 

Denver, 
Colorado • 

Omaha, 
Nebraska 

Lincoln, 
Nebraska •• Columbia, 

Missouri 
Kansas City, 

Missouri • • • 
• Tulsa, 

Dallas, 
Texas • 

Oklahoma 

Beaumont, 
Texas 

St. Louis, 
Missouri 

HERE? 

Today is not too early to consider and plan where you will "go from here." 
Graduates in mechanical, civil, industrial, electrical and architectural engineering 
will find an abundance of challenging career opportunities with Matkin & Company. 

Natkin & Company are mechanical contractors specializing in industrial and com
mercial process piping, heating, plumbing and air conditioning covering a wide 
variety of mechanical installations. Typical projects for which job booklets are 
available are: BMA Tower, Kansas City; American Airlines Jet Overhaul, Mainte
nance, and Engineering Center, Tulsa; and Pope Pius Library, St. Louis. 

Natkin offers the positive advantages of a medium-sized, up-to-date-and-going
places company that operates under a carefully planned expansion program. Our 
management takes a very personal interest in your career and development; offers 
a specialized training course that is highly personal in nature; and believes in rapid 
advancement from within. At Natkin, recognition comes quickly . .. and you can 
travel as far and as fast as your abilities permit. 

If you are sincerely seeking a career with security and opportunity . .. look to 
Natkin & Company! 

For information on your career opportunities with Natkin & Company, please 
contact: 

L. M. Farber, Executive Vice President 
1924 Oak Street, Kansas City, Missouri 
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Change. Change. Change. That's research. 

Change is at the heart of our Re
search and Development program. 
The optical font characters in the 
illustration above are part of a lan
guage that both people and elec
tronic computer systems can under
stand ... just one of an ever-growing 
list of scientific achievements by 
NCR people that have brought about 
many changes in such areas as 
electronics, photochromics, semi
conductor materials, and paper 

technology. All of these advances are 
of vital interestto business, industry, 
government and military agencies. 

For example, because of NCR 
research, it is now possible to re
duce a full page the size of a news
paper to a tiny rectangle of space. 
The reduction is made possible 
through NCR's photochromic micro
image process. A minute area can 
hold thousands of micro-capsules ... 
cell-like structures containing useful 

materials produced by means of 
NCR's amazing chemical process of 
micro-encapsulation. 

Perhaps your own changing inter
ests and professional employment 
objectives coincide with those of 
NCR. If so, and you would like to be 
considered for positions that a re 
now opening, write in complete con
fidencetoT. F. Wade, Technical Place
ment, The National Cash Register 
Co., Dayton 9, Ohio. 
AN EQUAL OPPORTUNITY EMPLOYER 

BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR THE NATIONAL CASH REGISTER COMPANY ® 
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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 44 706. An 
equal opportunity employer. 





Editorial-

RE-EDUCATING THE ENGINEER 

The rapid pace of technlogical change, characteristic of our era, is creat
ing obsolescence in men as well as in machines. The doctor, lawyer, business
man and all professional people are hard put to assimilate the new 
knowledge developed since they left school ten or fifteen years ago. 

"In another fifteen years I suspect it will be accepted practice for indus
try to send its best engineers back to school," predicts author David Allison 
in the June issue of INTERNATIONAL SCIENCE AND TECHNOLOGY Maga
zine. "At first it will be hard for some corporations to see the advantage of 
doing without their best people for perhaps a year and paying salary plus 
tuition at the same time. Eventually, however, the move will be seen as a 
competitive necessity." 

Of all the professions, engineering is the most acutely aware of the 
information gap and is moving more rapidly than most of the others toward 
counteracting the problem. The engineer is haunted by personal obsoles
cence, by the nagging feeling that he is out of touch with new fields in 
which relevant knowledge exists. 

Some gains are being made with dozens of after hours retraining pro
grams, intensive short courses, summer courses and so on . A substantial 
amount-about $50 million-has been invested in such programs. There are 
serious questions, however, about whether or not they really constitute a 
short-cut to re-education. 

Since 1940, the engineering colleges of the U. S. have graduated some 
700,000 bachelor engineers-about one-sixth of whom went on to receive 
an advanced degree. About one half of these 700,000 engineers received 
their initial degrees before 1953-just about the time the better engineering 
schools began to put more emphasis on science and math. Many of these 
men, now in their early thirties and up, are not merely in need of brush-up 
courses but lack the very fundamentals of modern technology. 

On the other hand, engineering schools have simply not been equipped 
to readmit the engineer whose formal education ended ten or fifteen years 
ago. "If you were to put him in a class with graduate students-or even with 
juniors or seniors," according to one faculty member, "he probably could 
not survive the first term. And if he did-even if he had been an outstanding 
student ten years ago-he would not rank among the top people in the 
class." 

But even if this approach to engineering re-education spreads to all the 
major engineering schools, the national problem will not be altered much 
unless each engineer is enabled and willing to give one-third of his produc
tive hours to re-educating himself . 

(Courtesy of Inte rnational Science and Technology Magazine} 

FRONTISPIECE 

The tri-sonic XB-70A making its debut at its roll-out ceremonies. Gap
ing maw in box-like structure beneath wing is air intake for ship's six 
jet engines. About 85 per cent of the craft's gleaming skin is made from 
stainless steel, which ressits temperatures as high as 630 F. 

(Photo Courtesy of Armco Steel Corporation) 
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Men on the rriove 

at Bethleherri Steel 

JIM DAVIS, CH.E., GEORGlA TECH '59 
-Jim is a salesman in our Chicago 
District. His technical training has 
been a valuable asset in selling steel 
products. 

FRED EWING, C.E., CARNEGIE TECH '60 
-Fred is a turn foreman, super
vising a force of 130 men in the rod 
and wire mills at our Sparrows Point, 
Md., Plant, the nation's largest steel 
plant. 

LEON HARBOLD, MET.E., LEHIGH '59 
-Leon ' s many assignments around 
the open hearths at our Sparrows 
Point, Md., Plant led to his latest pro
motion as Assistant to the Superin
tendent of #3 Open Hearth. 

FRANK PERETIN, E.E., PITT '60 
-As an engineer in the Johnstown, Pa., 
Plant Electrical Department, Frank's 
duties involve power generation and 
distribution, drive systems, and elec
tronic controls. 

DENNIS WITMER, CH.E., MARYLAND '61 
-An engineer at our research labora
tories in Bethlehem, Pa., Dennis is 
shown using a microprobe to study 
corrosion -resistant coatings on sheet 
steel. 

BILL BALLEK, M.E., LAFAYETTE '62 
-As turn foreman in the Bethlehem 
Plant forge shop, Bill supervises 
hammer forge and mechanical press 
operations. He also coordinates qual
ity control for the entire shop. 

These alert young men are a few of the many recent graduates who joined the 
Bethlehem Loop Course, one of industry's best-known management development 
programs. Want more information? We suggest you read our booklet, "Careers 
with Bethlehem Steel and the Loop Course." Pick up a copy at your Placement 
Office, or write to our Manager of Personnel, Bethlehem, Pa. 

An equal opportunity employer 
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Another of your future's many facets at Monsanto 
As a billion-dollar manufacturer of hundreds of products-in 40 U. S. plants, 15 
overseas-Monsanto considers the manufacturing engineer of prime importance. 
His talents are needed to find new ways (and improve old ways) of increasing yields, 
improving control, lowering costs- bringing plants up to optimum performance. 

You will have the satisfaction of applying your engineering skills and knowledge, 
and seeing the results ... from inception to final operation ... and have the full 
responsibility for your decisions. There are production challenges now awaiting 
good men ••• plus substantial rewards for meeting them. 

Let us show you what they can mean to you ... professionally, personally, financially. 
Write today-we'll send you our brochure, "Your Future and Monsanto." Address: 
Manager, Professional Recruiting, Dept. CM 64, Monsanto, St. Louis, 
Missouri 63166. An Equal Opportunity Employer ® 



The Amazing World 

of Infra-Red 

Infra-red rays constitute one of 
the most importan't physical forces 
in your life, yet few people know 
what they are, how they work, or 
what incredible things they offer 
us in the years ahead. 

If you drive a car, chances are 
that infra-red rays were used to 
bake the paint onto the body. 
When you dine in a restaurant, 
your food is probably kept piping 
ho't by infra-red rays until the 
waiter picks it up. These remark
able rays are not only responsible 
for the first major heating break
through in the last half century
they're even the source of most 
of the heat we receive from the 
sun! 

Oddly enough, invisible heat 
rays were discovered in 1800 by 
an English astronomer, Sir Wil
liam Herschel, who was conduct
ing a heat test on the visible color 
bands produced by a prism. As he 
moved his thermometer from 
band to band, he noticed that the 
temperature always rose toward 
the red end. Then he made one of 
those unlooked-for discoveries 
which happen so often in the his
tory of science. When he edged 
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the thermometer just outside the 
red band, where there was no 
light at all, the temperature was 
higher than ever! He had discov
ered an invisible radiation that 
could produce great heat. 

A year later a German chemist, 
Johann Wilhelm Ritter, found in
visible rays outside the violet 
band of the spectrum which he 
named "ultraviolet", meaning "be
yond the violet". Scientists there
fore named Herschel's rays "in
frared", meaning "below the red". 

Like visible light, infra-red rays 
travel through space at about 
186,000 miles a second. But infra
red rays have lower vibration 
rates (or frequencies) and longer 
wave lengths than those of light. 

Why do infra-red rays produce 
heat? Shorter and middle-range 
infra-red waves have frequencies 
that can stir molecules into faster 
motion. Because motion is heat, 
this faster motion of the molecules 
adds heat to the object which is 
struck by infra-red radia'tion. 

There are three ways of heat
ing-conduction, convection, and 
radiation-but only the first two 
have been widely used until re-

cently. When you heat one end of 
a metal rod, the other end gets 
hot, too. That's conduction. Con
vection depends on heating the 
air-with a radiator for example. 
This sets up air currents which 
eventually warm up your living 
room. 

Conventional space heating sys
tems operate indirectly, creating 
a warm blanket of air around a 
person. This reduces body heat 
losses. In small, enclosed areas 
this is not a problem, but as floor 
space grows and roofs become 
higher, more and more heat is re
quired to warm the greater vol
ume of air needed for comfort. 
Heating costs rise proportionately. 

Radiant heat depends on infra
red rays. Like those of the sun, 
these rays can travel across empty 
space. They change into heat only 
when they strike persons and ob
jects that absorb them. Infra-red 
radiant heating overcomes many 
of the shortcomings of space heat
ing because it heats surfaces and 
people directly rather than by 
convection from warm air. 

But with the sun as a shining 
example of infra-red radiation, 
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why has it taken us so long to 
put this principle of heating to 
work? The answer is that no low
cost way of producing infra-red 
rays was developed until recently. 

Heating technologists for sever
al decades had been stymied in 
perfecting a simple, efficie•nt gas 
infra-red generator. 

Then, in 1956, a radically new 
approach to gas infra-red genera
tion by a German scientist, Guen
ther Schwank, opened a vast new 
potential for industrial, commer
cial and residential heating. 

In the Schwank generator, com
bustion of gas near the surface of 

a patented ceramic mat creates an 
operating temperature of 1650°F. 
Each ceramic unit is perforated 
with 200 holes per square inch 
through which an air-gas mixture 
feeds. The large number of holes 
and the physical characteristics of 
the ceramic material make possi
ble the high surface temperature. 
The ceramic tile, when its tem
perature is raised, radiates infra
red energy in the wave lengths 
readily absorbed by most common 
materials. 

The feeling of warmth created 
by infra-red can be illustrated by 
stepping from the shade into sun-

MINIATURE SUNS: Infra-red generators beam heat directly where it's needed 
first-to men, floors and equipment. 
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light on a cool day. Your body 
is warmed instantly while the air 
remains cool. In an infra-red 
heated building, a person is 
warmed by radiation from the 
generator and by radiation, con
duction and convection from 
the floor-w all-furni ture-machin
ery surfaces, which become radi
ators themselves. In an infra-red 
heated factory, workmen don't 
experience a sharp change in air 
temperature when they go out
side or into unheated areas of the 
plant; tools and machinery are 
always w~rm to the touch. Addi
tional advantages are absence of 
drafts, noise and odors. 

For outdoor heating, gas infra
red heaters which feature wind
proofing, pressurized housings 
and electric ignitions are being 
used in theater marquees, home 
patios, outdoor restaurants, swim
ming pools, sidewalk banking win
dows, and racetrack grandstands. 

Portable heaters which carry 
their own gas tanks can be 
wheeled anywhere by one man. 
A series of these portable heaters 
keeps the muscles of Michigan 
State University football players 
on the bench warm and supple 
when the mercury hovers near 
freezing at Lansing, Michigan. 

Portable hand heaters (they 
come up to temperature in only 
60 seconds) can warm a man at 
his work bench, quick-dry plaster, 
thaw piping, bake paint and plas
tics, heat asphalt tile to ready-to
lay softness, cure concrete, dry 
out flooded areas ... and turn 
outside winter jobs warm. 

A maintenance man in an east
ern plant recently came up with 
another use for his portable gas 
infra-red heater. He was quick
patching • plaster in a far corner 
of the plant, using the infra-red 
warmer to speed the plaster's 
drying, when the lunch buzzer 
sounded. Moments later he was 
seated cross-legged beneath the 
patch job, his lunch-pail open ... 
and before him atop the heater 
he'd been using for plaster drying, 
was a gaily percolating coffeepot! 

Page 13 



Providing power 
for every 
environment ••• 



provides 
challenge 
for 
virtually 
every 
technical 
talent 
at 

Being a technically trained man ... we assume you 
are looking ahead to a career of exciting growth and 
accomplishment and that you are looking for a com
pany possessing these same qualities. 

If our assumption is correct, we would like you to take 
a close look at us. For this Company, while solving the 
problems of the day, thrives on a sort of creative rest• 
lessness which anticipates the challenges of tomorrow. 
And more important to you, it recognizes its engineers 
and scientists as the master key to its present success 
and future progress. 

From a solid foundation of basic and applied research, 
our Company has gained a firm foothold in the land, 
sea, air, and space programs that are helping to shape 
our nation 's future. Our engineers and scientists are 
exploring ever-broadening avenues of energy conversion 
for every environment. Should you join them, you'll be 
assigned early respons ibility ... to apply your engineer
ing talents to such areas as advanced gas turbines .•• 
rocket engines ... fuel cells and nuclear power. 

Such trail-blazing projects command the best of varied 
talent. That's why you'll f ind at Pratt & Whitney Air
craft men with college training as diverse as their 
responsibilities. You will also find that opportunities 
for professional growth are further enhanced by our 
corporation-financed Graduate Education Program. 
Your degree? It can be a B.S., M.S. or Ph.D. in: 
MECHANICAL • AERONAUTICAL • ELECTRICAL • CHEMICAL 

and NUCLEAR ENGINEERING • PHYSICS • CHEMISTRY 
• METALLURGY• CERAMICS • MATHEMATICS • ENGINEER· 
ING SCIENCE or APPLIED MECHANICS. 

For further information concerning a career with Pratt & 
Whitney Aircraft, consult your college placement of
ficer-or-write to Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford 8, 
Connecticut. 

Pratt & Whitney 
Aircraft 

SPECIALISTS IN POWER ... POWER FOR PROPULSION-POWER 
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE 
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND IN• 
DUSTRIAL APPLICATIONS. 

Pratt & Whitney Aircraft u 
DIVISION OF UNITED ARAFT CORP, 

CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA An Equal Opportunity Employer 



Eight-Man 

Mars Mission 

Mars may well be the target for 
the first manned interplanetary 
exploration. A current conceptual 
design for such a mission calls for 
a nuclear-fission turboelectric 
spacecraft 400 feet long and 
weighing 450,000 pounds. There 
are no plans to build such a space
craft as yet, but space scientists 
make such conceptual designs to 
determine how parts would fit to
gether, to make weight estimates 
and to establish what special prob
lems might require research. 

The Mars mission calls for an 
eight-man crew to make the round 
trip in 500 days. For the same 
trip, a chemical rocket would 
have to weigh almost ten times as 
much as the electric rocket. 

If a spacecraft is to take off 
from the earth's surface, its thrust 
must be greater than its weight. 
Consequently, this electric space
craft will not take off from earth. 
It must be boosted into orbit 
about earth by chemical rockets. 
However, once in earth orbit the 
225-ton spacecraft could fly very 
well with a small thrust. The elec
tric rocket engine would be 
started in orbit and the ship would 
climb "up" or away from the 
earth in a spiral path. As the elec
tric rocket continued thrusting, 
the spacecraft would orbit around 
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the earth in an ever-widening 
spiral until it effectively left the 
earth's gravitational field. More 
precisely, it would enter a region 
in space where the gravity pull 
of the earth is slight compared 
with the gravity of the sun. 

When the vehicle is about half
way to Mars, it is orbiting the sun 
faster than Mars because it is 
closer to the sun than Mars is. The 
spacecraft must be swung around 
in order to apply the reverse 
thrust necessary to slow it down 
to the speed of Mars. When the 
spacecraft reaches the gravita
tional field of Mars, it must spiral 
down to a satellite orbit around 
Mars and continue to thrust back
ward as it spirals down. The low 
thrust of the electric rocket will 
not permit a direct landing on 
Mars. 

If the spacecraft is manned, the 
crew may descend to the surface 
of Mars in a chemical rocket 
while the electric spacecraft con
tinues to swing around Mars in its 
satellite orbit. The return to earth 
would be similar-spiral out from 
Mars, fly toward earth, spiral in
to earth orbit, and 500 days after 
takeoff, the eight-man crew would 
return to earth via a small craft. 

The thermonuclear fusion sys
tem is still another advanced pro-

pulsion concept. The tremendous 
temperature from nuclear-fusion 
would be used to heat a propel
lant to a very high temperature. 
The propellant would then rush 
out a rocket nozzle at high ex
haust velocity. 

Although the tremendous prob
lems associated with controlling 
thermonuclear fusion have been 
considered for 15 years, the vir
tually limitless advantages of suc
cess have continually whetted 
scientific interest. A rocket pow
ered by fusion would need no 
auxiliary power source because 
the fusion reaction is self-sustain
ing. Furthermore, one pound of 
"heavy hydrogen" or deuterium 
fuel can produce ten million kilo
watt-hours of electricity at a cost 
of only $100 per pound. 

There are two basic problems 
that must be understood and 
solved before you can even think 
of building a fusion rocket. Atom
ic nuclei in the fuel must collide 
with enough energy to fuse and 
create a new nucleus with an ac
companying release of energy. 
Sufficient collision energy can be 
obtained by heating the gaseous 
fuel to temperatures greater than 
six hundred million degrees-

( Continued on page 25) 
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Find a career 
expanding 

and improving 
the Bell System 

Microwave relay towers assure reliable land transmission of tele
phone, radio, television and data traffic-with complete flexibility. 

To serve a growing America, we are steadily en-
larging our communications system ... opening new 
route-miles of cable and microwave ... bringing more 
customers into the network ... adding new services. 

As a result, the Bell System offers unique career op
portunities to ambitious young engineers who want to 
work on projects commensurate with their talents. 

In the Bell System there are literally hundreds of in
triguing engineering assignments ranging from the plan
ning of telephone service for large communities to the 
development of miniaturized components for equip
ment. A Bell System career can bring an engineer an 
exciting variety of tasks, every one important, with every
thing needed to carry them out. 

The Bell System companies are equal opportunity 
employers that match the benefits, salaries and working 
conditions of other companies. Few can match them, 
however, for work that is interesting and important. 

You owe it to yourself to investigate your career pos
sibilities in the Bell System. Have your Placement 
Office arrange a date with our interviewing team, or get 
in touch with a local Bell operating company. Either 
way, we'll welcome a chance to talk with you. 

(a\ !~~n~el~!~IT~e~ph Co. \e, and Associated Companies 

C. S. LONG LINES lays and maintains Bell System undersea tele
phone cables that provide dependable overseas transmission. 



Electric Propulsion 

Future space missions requiring 
heavy payloads to travel quickly 
into deep space are not practical 
with conventional chemical rock
etry. Three simple mathematical 
expressions pinpoint the inade
quacy of chemical rockets for in
terplanetary missions and forecast 
the future of electric rockets. 

(1) thrust equals the propellant 
flow rate times the exhaust ve
locity; 

(2) total impulse equals thrust 
times the thrusting time; and 

(3) total impulse equals pro
pellant mass times exhaust ve
locity. 

Thus, for a specific space mis
sion, a specific total impulse is re
quired. 

Chemical combustion can re
lease only a definite maximum 
amount of energy from each 
pound of propellant. This energy 
can be made no greater. Conse
quently, exhaust velocities and 
thrusting times of chemical rock
ets are limited; staged rockets are 
needed to accelerate useful pay
loads to orbital velocities. On the 
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other hand, minute electrically 
charged particles can be acceler
ated to high exhaust velocities
limited only by the means avail
able to accelerate them. Theoreti
cally, a charged particle could be 
accelerated to the speed of light-
186,000 miles per second. 

This suggestion was first made 
in 1906 by Dr. Robert H. God
dard, an American rocket pioneer, 
but it was more than half a cen
tury before full-scale studies of 
electric propulsion were begun. 

The electric thrustor is only 
part of the entire propulsion sys
tem which includes a power-gen
erating source, control system, 
and propellant. The tiny engines 
use electric power to accelerate 
propellant material to a high ex
haust velocity. By one of New
ton's basic laws of motion, this 
rearward exhaust produces an 
"equal and opposite" forward 
thrust force that propels the ve
hicle through space. This thrust is 
produced because material is be
ing thrown out the back, not be
cause anything is pushing against 

air. Actually, most electric rocket 
engines will not work in air. It 
just gets in the way of the ex
haust. Consequently, electric
powered spacecraft of the future 
will be launched aboard a chemi
cal rocket. Once in the near 
vacuum of space, the electric en
gines will take over. 

There are three general types 
of electric rocket engines-elec
trothermal, electromagnetic and 
electrostatic. 

The electrothermal rocket is 
similar in some respects to a con
ventional chemical rocket. Al
though the propellant does not 
burn, it is heated to high temper
atures and expanded through a 
nozzle to produce thrust. Heating 
can be achieved either by passing 
the propellant through an electric 
arc or by flowing it over an elec
trically heated surface. The elec
trically heated, or resisto-jet, is in 
a fairly advanced state of develop
ment; efficiencies are around 60 
per cent. Because the exhaust ve-

(Continued on page 20) 
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■ Reuben C. Gooderum, BSME 
Wisconsin, 1962, is shown examining 
combustion liners after a thermal 
paint engine test at Allison Division, 
General Motors, Indianapolis, Indi
ana. Thermal paint, developed by 
Allison, is used to determine temper
ature gradients existing on engine 
parts . 

Gooderum is one of the young engi
neers at Allison assigned to design 
and development of air-cooled tur
bine engine hardware. This work in
volves rig testing of turbine engine 
parts to determine optimum configu
rations. Parts later are endurance
tested on engines to prove the design. 

New, air-cooled turbine blades de
veloped by Allison engineering have 
permitted more than 250 °F higher 
turbine inlet temperatures on turbo
prop engines, providing as much as 
63 % increased horsepower for the 
same engine envelope. 

We think you, too, will like the 
creative climate at Allison, as well as 
the advantages of being associated 
with a long-established leader in the 
design, development and production 
of high performance aircraft engines. 
Talk to our representative when he 
visits your campus. Let him tell you 
what it's like at Allison where Energy 
Conversion Is Our Business. 

An equal opportunity employer 

Alliso:n_ 
THE ENERGY CONVERSION DIVISION OF 

GENERAL MOTORS, INDIANAPOLIS, INDIANA 



·~re there any 
East Coast labs doing "What's 
Organic Research?" available 

" in RC1D 
How around 

"DO YOU about HAvEANv NewYork?'' 
MANUFACTURING 

a sales 
assignment 

in the 
Chicago 

FACILITIES 
IN THE 
SOUTH?" "/;:; •lA t1 

. l!J)Olltu a- start 
at a location with 
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? " "Any chance of are a . moving around the country?" 

IF LOCATION is important to you in choosing your first job, why not talk to the company that has 
130 plants and research centers throughout the U.S.A., as well as scores of sales offices from 
coast to coast? Your placement office can tell you when our interviewer will be on campus. 

AN EQUAL OPPORTUNITY EMPLOYER 

DIVISIONS : BARRETT· FIBERS • GENERAL CHEMICAL· INTERNATIONAL· NATIONAL ANILINE • NITROGEN • PLASTICS • SEMET-SOLVAY • SOLVAY PROCESS • UNION TEXAS PETROLEUM 



Why become an engineer at 
Garrett-AiResearch? You'll have to 
work harder and use more of 
your knowledge than engineers 
at most other companies. 

If you're our kind of engineer, 
you have some very definite ideas 
about your career. 

For example: 
You:ve worked hard to get a 

good education. Now you want to 
put it to work in the best way 
possible. 

You will never be satisfied with 
run-of-the-mill assignments. You 
demand exciting, 
challenging projects. 

You not only accept 
individual responsibil
ity - you insist upon it. 

Does that sound like 
you? Then AiResearch 
is your cup of tea. 

Our business is 
mainly in sophisticated aerospace 
systems and subsystems. 

Here, research, design, and de
velopment lead to production of 
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actual hardware. 
That means you 
have the oppor
tunity to start with 
a customer's problem 
and see it through to a 
system that will get the job done. 

The product lines at AiResearch, 
Los Angeles Division, are environ
mental systems, flight information 

and controls sys
tems, heat transfer 
systems, secondary 

power generator 
systems for missiles 

and space, electri
cal systems, and 

specialized indus
trial systems. 

In each category AiResearch 
employs three kinds of engineers. 

Preliminary design engineers do 
the analytical and theoretical 
work, then write proposals. 

Design engineers do the lay
outs; turn an idea into a product. 

Developmental engineers are 
responsible for making hardware 
out of concepts. 

Whichever field fits you best, we 
can guarantee you this: you can 
go as far and fast as your talents 
can carry you. You can make as 
much money as any engineer in a 
comparable spot - anywhere. And 
of course, at AiResearch, you'll 
get all the plus benefits a top com
pany offers. 

Our engineering staff is smaller 
than comparable companies. This 
spells opportunity. It gives a man 
who wants to make a mark plenty 
of elbow room to expand. And 
while he's doing it he's working 
with, and learning from, some of 
the real pros in the field. 

If the AiResearch story sounds 
like opportunity speaking to you
don't fail to contact AiResearch, 
Los Angeles, or see our repre
sentative when he comes to your 
campus. 

We'll be happy to talk to you -
about you and your future. 

And put this in the back of your 
mind: 

In a field where meeting chal
lenges pays off in rewards ... 

AiResearch 
ls challenge 

II An equal opportunity 
employer 

-
AiResearch Manufacturing Division 
Los Angeles 
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ELECTRIC PROPULSION 
(Continued from page 18) 

locity of electrothermal rockets is 
limited to about twice that of 
chemical rockets, they will prob
ably not be used for interphne
tary space flight. However, they 
could be used for attitude control 
of large spacecraft. This maxi
mum is imposed on the exhaust 
velocity by the breakup or dis
sociation point of the molecules in 

the propellant gas. The breaking
up process absorbs energy with
out significantly raising the gas 
temperature. 

The electromagnetic rocket en
gine, often called the plasma rock
et, ionizes the propellant gas to 
form a plasma which is then ac
celerated rearward by electric 
and magnetic fields . This plasma 
is merely a quantity of atoms. The 
resulting electrons and ions swirl 

Why tightness is so important 
to Palomar . .. and pipe joints 

At Mt. Palomar in California, astronomers using the world's largest telescope, 
sometimes wait years for planets to move into position for viewing and photo
graphing. Imagine what would happen iflight leaked into the telescope at the cru
cial moment. Think of the waste of time ... and patience ... and the expense. 

You may not realize it, but the same thing applies to sewers. Both house sewers 
and municipal sewers. People sometimes wait for years to get sanitary sewers 
... and then ground water pours in. Sewers are overloaded. Operating costs go 
up. Problems begin to pile up. All because the joints in the sewers are not tight. 

It doesn't have to be this way. You can build sewers with tight joints. The 
Dickey flexible, compression Coupling will do the job. It's made of the finest 
material available ... urethane. With this Coupling, the lines are sewage-tight. 

Ground water is locked out. Don't gamble. Build with Dickey 
Perma-Line Clay Pipe and the Dickey Coupling. 

ickey sanitary glazed clay pipe 

If it's made of clay it's good ••• If it's made by Dickey it's better 

w.s. DICKEY CLAY MFG. COMPANY Birmingham, Alabama. Kansas City, Missouri 

Meridian. Mississippi• St. Louis, Missouri• San Antonio, Texas • Texarkana, Texas-Arkansas 
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about in tremendous disorganiza
tion. In this state, the plasma can 
conduct electric current just as a 
copper wire does. Thus, when an 
electric current is made to pass 
through the plasma in the pres
ence of a magnetic field, a force 
is exerted on the plasma. This 
"body force" accelerates the plas
ma rearward to a high exhaust 
velocity. 

Various electromagnetic designs 
using cold plasma, around 4000 °, 
are currently under study. As the 
plasma rocket will operate in 
pulses of exhaust, it would be 
most practical in satellite orbit 
control. Argonfueled thrustors 
have been designed with opera
tional efficiencies around 25 per 
cent. The ultimate in a plasma 
rocket that we can visualize today 
would be controlled thermonu
clear fusion. The hydrogen bomb 
is an uncontrolled thermonuclear 
fusion reaction. The energy of 
such a powerful reaction, properly 
controlled, would allow plasma 
temperatures of one billion four 
hundred million degrees. Al
though such a thrustor is far in 
the future, research work is pro
gressing with these possibilities in 
mind. 

At present, the most promising 
thrustors are the electrostatic or 
ion rocket engines. As in the plas
ma thrustor, propellant atoms are 
ionized. However, in the electro
static engine the electrons are en
tirely removed from the ionization 
region at the same rate with 
which the ions are accelerated 
rearward. The ions, accelerated 
by an electric field, reach a high 
exhaust velocity and thereby pro
duce thrust. The freed electrons 
must be removed from the ionizer 
and ejected from the spacecraft in 
order that their negative charge 
does not pile up and interfere 
with the ionizing voltage. Electric 
power is required to remove them. 
The electric generator is a kind 
of electron pump, which labors 
furiously to pull the freed elec
trons down from the ionizer. Once 

( Continued on page 22) 
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Your life at Du Pont . .. 
one of a series for technical graduates 

How to join Du Pont closest to the top 
Join us right out of school. Few men start higher at Du Pont 
-or with more promise-than graduating engineers. That's 
because we fill virtually ~ important positions from within . 

It's a policy that's helped us grow 750% since 1937. Since 
1950 our sales have more than doubled from $1 billion to $2.4 
billion. Forty thousand new employment opportunities and 
50% of our 1962 sales volume came from products created by 
Du Pont research in the last 28 years! 

And because new products cont inually emerge from our re
search labs, responsible new career opportunities constantly 
spring up for our technical men. In fact, there's room for you 
to actually "change jobs" within Du Pont-to seek out the spot 
best suited to you without loss of your accrued benefits. 

Consider us if you're ready to make your career decision. 
You may be closer to the top than you think! Write us a letter, 
or mark and mail our coupon today! 

BETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY 

An equal opportunity employer 

Technical men we'll especially need from the Class of '65 
Chemists 
Chemical Engineers 

Mechanical Engineers 
Industrial Engineers 

,--------------------------------------7 
E. I. du Pont de Nemours & Co. (Inc.) 

2531 -B Nemours Building 

Wilmington, Delaware 19898 

When I'm graduated, I'll be a _ _ _ ______ _ 
(Li st profess ion) 

Please send me more information about how I might fit 
in at Du Pont. 

Name. __________________ _ 

Class, ____ Major, _____ Degree expected ___ _ 

College _________________ _ 

I 
My address_________________ I 

I 
I 

City ___ _____ Zone State.______ : 

L--------------------------------------~ 



ELECTRIC PROPULSION in space, where there are no stray 
particles to help neutralize the 
ion beam. 

lant it uses in 1,000 seconds. Elec
trostatic thrustors function in the 
2,000 to 20,000 range. Above 
these figures, the electromagnetic 
thrustors can take over. However, 
their most efficient applications 
are expected to be in the 1,000 to 
10,000 second range. 

( Continued from page 20) 
the electrons are forced down to 
zero potential, they can be ejected 
from the engine. In fact, these 
electrons must be injected into 
the ion exhaust beam in order to 
neutralize the accumulated posi
tive electric charge in the ex
haust. 

Specific impulse is the measure 
of a rocket's capability in much 
the same way that miles per gal
lon describes the operation of a 
car. Each electric thrustor has a 
specific impulse range in which it 
operates best. Electrothermal 
thrustors have the lower end of 
the impulse scale up to 1,500 sec
onds. Thus, if an electrothermal 
engine has a specific impulse of 
1,000 seconds, this means that the 
rocket generates one pound of 
thrust for every pound of propel-

Much research has been done 
on electric rocket thrustors. Much 
more remains to be done. The ini
tial flight engines will serve only 
to check out the workability of 
the propulsion system. Bigger, 
better and even more reliable ones 
will be needed for advanced mis
sions. 

These ion engines operate quite 
well in the vacuum tanks where 
they have been tested for hun
dreds of hours. But, unlike space, 
vacuum tanks have walls that 
produce stray particles. Thus, the 
final research test must be made 

Nov. 19 & 20 

Nov. 20 
Nov. 20 

Nov. 23 
Nov. 23 & 24 
Nov. 24 
Nov. 30 
Dec. 1 

Dec. 1 
Dec. 1 

Dec. 1 
Dec. 2 

Dec. 2 
Dec. 2 
Dec. 2 
Dec. 2 
Dec. 3 
Dec. 3 

Dec. 3 
Dec. 7 
Dec. 7 
Dec. 8&9 
Dec. 10 
Dec. 10 & 11 
Dec. 14 

Dec. 15 & 16 

Dec. 16 

FALL 1964 INTERVIEWING SCHEDULE 
*General Electric Company ___________________________ Various locations ____ _ CH.E, EE, ME, IE, 

CHEM., MATH., PHYSICS 
U. S. Army Materiel Command ________ __________ St. Louis, Mo. ______________ CE, ME, IE 

*U. S. Army Engineers __________________________________ Kansas City, Mo. & 
St. Louis, Mo. _________ __ CE, EE, ME 

FMC Corporation ___________________________________________ Lawrence, Kansas ____ CH.E, ME 
Monsanto Chemical Company _____________________ Various locations _______ CH.E, EE, ME 
Union Bag Camp Paper Corporation _________ Various locations ______ CH.E, EE, IE, ME 
Honeywell --------------------------------------------------------Various locations ______ EE, ME, MA TH., PHYSICS 
Naval Ordnance Laboratory _______________________ Silver Spring, Md. ____ CH.E, EE, ME, CHEM., 

PHYSICS 
Atlas Chemical Industries, Inc. ____ ___ _________ Wilmington, Del. ________ CH.E, CHEM. 

*Corning Glass Works ____________________________________ Various locations _____ __ CH.E, CE, EE, IE, ME, 
CHEM., MATH., PHYSICS 

J osten's ________________ ---------------------------------------------Owatonna, Minn. ________ .IE, IND. MGT. 
Bethlehem Steel Co. ________________________ ________ _______ Various locations ___ __ CH.E, CE, EE, IE, ME, 

PHYSICS, CHEM. 
Allied Chemical Corporation ______________________ Various locations ______ CH.E, ME, CHEM. 
Socony Mobil Oil Co., Inc. ________________ __________ Worldwide ____________ ____ _ CH.E, CE, EE, IE, ME 
Wyandotte Chemicals Corporation _____________ Wyandotte, Mich. _____ CH.E 
The Sherwin-Williams Co. _____ __ ________ ____________ Cleveland, Ohio ___ __ ___ CH.E, ME, IE, CHEM. 
Gulf Oil Corporation _____ ________ ______________ ________ Houston, Texas _____ _____ CH.E, ME, IE, EE 
Minnesota Mining & Mfg. Co. _______________________ St. Paul, Minn. ___________ CH.E, EE, IE, ME, 

PHYSICS, CHEM. 
Service Pipe Line Co. ____________________________ __ ____ Tulsa, Okla. ____ _____ ____ CH.E, ME, IE, EE 
Washington State Highway Dept. ________ __ ____ State of Washington_ CE 
Bobbie Brooks Incorporated _______________________ Various locations ______ IE 

*Olin ______ __ _____ ________ _____ _________________________________________ Various locations ___ _ CH.E, ME, IE, CHEM. 
The California Company ____ __ ______________________ La. & Miss. __________________ CE, ME 

*The Trane Company ______ ___ __ __________________________ Various locations _________ CH.E, CE, IE, ME 
Pratt & Whitney Aircraft ___ __________________________ Various locations _________ CH.E, EE, ME, CHEM., 

PHYSICS, MATH. 
DuPont ________ _____ _____________________________________ ___________ Various locations ________ CH.E, CE, EE, IE, ME, 

PHYSICS, CHEM. 
*Sheffield Division (Armco Steel Corp.) ___ Various locations ____ CH.E, EE, IE, ME, CHEM. 

*These Companies will interview here again in the spring. 
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ALWAY!> OPEN THIS VALVE 

SLOWLY 50 THAT NO 
MERC.URY ESC.APE$ FROM 
THE, MANOMETER TUBE. 

c:,_ 

EIGHT-MAN MARS MISSION 

(Continued from page 16) 

more than 100,000 times hotter 
than our Sun. 

The first problem is how to heat 
the gas to such incredible temper
atures. Long before the fuel 
reaches thermonuclear tempera
tures it will become a plasma, a 
gaseous mixture of ions and elec
trons carrying electrical charges. 
This plasma cannot be further 
heated until it can be confined. 

No known material can hold 
something at a temperature a 
hundred thousand times hotter 
than the !:;urface of the sun. Thus, 
the plasma must be contained in 
something not subject to over
heating. Finding that "something" 
is the second problem. A magnetic 
bottle may be the answer. Since 
the particles in the plasma are 
charged, they will be repelled by 
a surrounding magnetic field . If 
the field is sufficiently strong, it 
will be able to restrain the in
credibly hot plasma with no ma
terials problem because the plas
ma is not in contact with any 
material-only a magnetic field. 
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A magnetic bottle will trap the 
charged plasma particles in much 
the same way as energetic radia
tion from the sun is trapped in 
the Van Allen radiation belts en
circling the earth. Of course, if 
the plasma is to be used for pro
pulsion, some of the particles must 
escape. For this purpose, the mag
netic bottle will be built open at 
one end. Then, as energetic parti
cles escape, they will heat hydro
gen and this hydrogen will be ex
panded through a nozzle and 
ejected at velocities up to 500,000 
miles per hour to create thrust to 
propel the spacecraft on its long 
journey into deep space. 

Although such a spacecraft is 
far in the future, basic research 
on both the magnet and thermo
nuclear heating is underway. Cre
ating and studying high-strength 
magnetic fields-powerful enough 
to restrain gases at pressures 
greater than 23,000 pounds per 
square inch-is one vital part of 
thermonuclear rocket research. 

High-purity aluminum in a 
channel of stainless steel was 
made into a spiral coil. This coil 
is cooled by submersion in a cry
ogenically cold liquid. Liquid 
neon at 410 degrees below zero 
appears to be the best coolant. At 
such extremely low temperatures, 
the electrical resistance in alumi-

\, : 

,,~~::.ir 

num is a thousand times less than 
that at room temperatures; thus, 
much stronger magnetic fields can 
be induced with much less power. 

Using only two magnet coils in 
the first test, NASA researchers 
obtained a field of 50,000 gauss. 
This is one hundred thousand 
times greater than the earth's 
magnetic field. Researchers esti
mate that the desired magnet 
strength-200,000 gauss over a 
volume one foot by two feet-will 
be obtained with twelve coils. 

The NASA Plasma Physics 
Branch at Lewis Research Center 
is studying the possibility of ini
tiating and controlling a fusion 
reaction in a plasma. The ignition 
temperature of this reaction is one 
billion four hundred thousand 
degrees. 

Plasmas contain a great deal of 
energy but Lewis researchers have 
been exploring the prospect of 
adding even more energy by forc
ing the randomly swirling parti
cles into resonant motion. In the 
current experiments, radio fre
quency waves are piped into a 
hydrogen plasma. When these 
waves are at the correct frequen
cy, the ions begin to resonate. In 
resonance, ions swirl about in tiny 
circles that get bigger as the ions 
move faster. Because they go fast
er, they are hotter by definition. 

SAY YO{J GOT AIV OP£# ,800.K TEST? 
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BUI.I.ARNEY 
Statistics show that Vassar 

graduates have 1. 7 children, while 
Yale graduates have 1.4 children 
on the average. This proves that 
women have more children than 
men. 

Confucius say: "Man who 
crosses ocean twice and doesn't 
take a bath is a dirty double
crosser." 

And then there was the con
demned golfer who asked the 
hangman, "Mind if I take a couple 
of practice swings?" 

E.E.: "I nearly ran over a pe
destrian a few minutes ago and I 
think he was from Miami." 

M.E.: "How do you know he 
was from Miami?" 

E.E.: "Well, when he reached 
the sidewalk I heard him say 
something about the sun and the 
beach." 

The eager relatives gathered for 
the reading of the will. It con
tained one sentence. "Being of 
sound mind, I spent every damn 
cent I had." 

A bouncer in a downtown sa
loon had thrown out the local 
free-loader for the fifth time, but 
the undaunted victim staggered 
back for more. 

An engineer watching the per
formance finally tapped the 
bouncer on the shoulder. "Know 
why that bum keeps coming 
back?" he asked. "You're putting 
too much back-spin on him." 
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The M.E. instructor held the 
chisel against the rusted bolt. He 
looked at the M.E. student and 
said, "When I nod my head you 
hit it." 

They're burying him at noon 
today. 

Professor (pointing to a cigar
ette on the floor): "Jones, is this 
yours?" 

Jones (pleasantly): "Not at all, 
sir. You saw it first." 

A fellow walked into a doctor's 
office and said, "Doctor, I feel ter
rible. I want you to give me a 
thorough examination." 

The doctor said, "Fine. First let 
me ask you a few questions." 

"Go right ahead," said the man. 
"First, do you drink much 

liquor?" 
"I have never touched the vile 

potion." 
"Uhuh. Do you smoke?" 
"I have never touched the filthy 

weed." 
"Do you run around much 

nights?" 
"I am in bed every night by 

nine o'clock for a fine night's 
rest!" 

"How about women?" 
"They have no fascination for 

me." 
"Uhuh. Tell me, do you have 

sharp pains in the head?" 
"That's just it! I have terribly 

sharp pains in the head." 
"That's your trouble. Your ha

lo's on too tight." 

"" Then there was the local weath-
erman who asked for a transfer 

for the following reason: "The cli
mate doesn't agree with me." 

"' Its remarkable how much fun 
you can get laughing at the pic
ture on your ID card before real
izing that's what you really look 
like. 

"" Did you hear about the new 
medical discovery? Frozen band
aids for cold cuts. 

"' M.E.: "Do you know who the 
first engineer was?" 

E.E.: "No, who?" 
M.E.: "Adam, he furnished 

spare parts for the first loud 
speaker." 

"" Legally the husband is the head 
of the house and the pedestrian 
has the right of way. Both are 
fairly safe unless they try to ex
ercise their rights. 

"' For Chem E.'s: We've often 
heard it said that gasoline and al
cohol don't mix. Actually, they 
mix, but they just don't taste 
good. 

"" With the successful launching of 
a satellite with a dog inside, Rus
sian scientists are planning a 
second animal launching. Soviet 
geneticists are busy trying to de
velop a breed of cattle small 
enough to fit into a sputnik. This 
will be the herd shot round the 
world. 

"" Professor: "A fool can ask more 
questions than a wise man can 
answer." 

Student: "No wonder so many 
students fail your exams." 
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Sophisticated engineers can rise rapidly here 
Ed, Bob, and Hipparchus (their true identities hidden here 
against pitiless kidding by all-too-real colleagues) are three 
Kodak mechanical engineers on their way to a management 
meeting for the up-and-coming. Let us consider differences 
rather than similarities. 

Ed works on those inexpensive, sure-fire cameras that 
Americans as well as citizens of the rest of the civilized world 
think of when "Kodak" is mentioned. The big boss who 
chose Ed for his department says: "Along with Ph.D.s in 
solid-state physics, I look for B.S. and M.S. mechanical 
engineers from whom I can expect the unexpected. The spots 
for sophisticated engineering don't always have a sign over 
the door that says 'SOPHISTICATED.' Who would ever 
have dreamed ten years ago that low-price zoom lenses and 
automatic exposure-setters and through-the-lens finders 
could deliver the performance they do today? The doozers 
we have ready to unveil next year and the year after that 
are well in hand, fortunately . Then what?" Then what is 
Ed's responsibility. He will need help from fellows now in 
college. Maybe you. 

Bob works on data-recording and information-retrieval 
photographic systems. His work has to impress cost-minded 
brother engineers in other companies as well as banks and 

EASTMAN KODAK COMPANY, 

other hard-nosed commercial customers. He meets the 
requirements of a boss who says: "The type I need was 
called an 'inventor' a generation ago. The difference is that 
in 1965 he will need a lot more mathematics, engineering 
physics, chemistry, hydraulics, electronics, and other book
learning than an inventor needed in 1925. When it comes 
time to relax, though, you'll find him building something 
with his hands, and it's probably something pretty clever 
and unusual that works real well." As it happens, Bob's 
inain hobby is neither bridge nor folk singing. 

Old Hip calls square dances and doesn 't care who knows. 
Policy proscribes discussion of the nature but not of the 
philosophy of his engineering. His boss puts it: "In con
sumer and commercial products, where regular service can 
easily be part of the engineering plan, perfection would 
carry a price tag that made no sense. With us, a perfect 
score is the only acceptable goal. Nothing less makes eco
nomic sense. Before our guys can think of what is sensible, 
they have to think of what is possible. It can be very enjoy
able for the right type of smart apple." 

Drop us a line if you can see yourself as any of these three 
right types, whether in mechanical engineering, chemical 
engineering, electronic engineering, chemistry, or physics. 

Business and Technical Personnel Department, Rochester, N. Y. 14650 
An equal-opportunity employer offering a choice of three communities: IKodakl 

Rochester. N. Y .. Kirnrsoort. Tenn .. and Longview. Tex. 



Advancement in a Big Company: 
How it \Norks 

An Interview with General Electric's C. K. Rieger, Vice President and Group Executive, Electric Utility Group 

C. K. Rieger 

■ Charles K. Rieger joined General Elec

tric 's Technical Marketing Program after 

earning a BSEE at the University of Mis

souri in 1936. Following sales engineering 

assignments in motor, defense and home 

laundry operations, he became manager of 

the Heating Device and Fan Division in 

1947. Other Consumer-industry management 

positions followed . In 1953 he was elected 

a vice president, one of the youngest men 

ever named a Company officer. Mr. Rieger 

became Vice President, Marketing Services 

in 1959 and was appointed to his present 

position in 1961. He is responsible for all 
the operations of some six divisions com

posed of 23 product operations oriented 

primarily toward the Electric Utility market. 

Q. How can I be sure of getting the 
recognition I feel I'm capable of earn
ing in a big company like G.E.? 

A. We learned long ago we couldn't 

afford to let capable people get lost. 

That was one of the reasons why G.E. 

was decentralized into more than a 

hundred autonomous operating de

partments. These operations develop, 

engineer, manufacture and market 

products much as if they were inde-

pendent companies. Since each de

partment is responsible for its own 

success, each man 's share of author

ity and responsibi l ity is pinpointed. 

Believe me, outstand ing performance 

is recognized, and rewarded. 

Q. Can you tell me what the "promo
tional ladder" is at General Electric? 

A. We regard each man individually. 

Whether you join us on a training 

program or are placed in a specific 

position opening, you'll first have to 

prove your ability to handle a job. 

Once you've done that, you ' I I be given 

more responsibility, more difficult 

projects-work that's important to 

the success of your organization and 

your personal development. Your abil

ity will create a " promotional ladder" 
of your own. 

Q. Will my development be confined 
to whatever department I start in? 

A. Not at al I! Here's where "big com

pany" scope works to broaden your 

career outlook. Industry, and General 

Electric particularly, is constantly 

changing- adapt ing to market the 

fruits of research , reorganizing to 

mainta in proper alignment with our 

customers, creating new operations 

to handle large projects. All this rep

resents opportunity beyond the limits 

of any single department. 

Q. Yes, but just how often do these 
opportunities arise? 

A. To gi ve you some idea, 25 percent 

of G-E's gross sales last year came 

from products that were unknown 

only five or ten years ago. These new 

products range from electric tooth 

brushes and silicone rubber com

pounds to atomic reactors and inter

planetary space probes. This chang

ing Company needs men with ambi

tion and energy and talent who aren 't 

afraid of a big job-who welcome the 

challenge of helping to start new 

businesses Ii ke these. Demonstrate 

your abi I ity-whether to handle com

plex technical problems or to manage 

people, and you won't have long to 

wait for opportunities to fit your 

needs. 

Q. How does General Electric help 
me prepare myself for advancement 
opportunity? 

A. Programs in Engineering, Manu

facturing or Technical Marketing give 

you valuable on-the-job training. We 

have Company-conducted courses to 

improve your professional ability no 

matter where you begin . Under Tui

tion Refund or Advanced Degree Pro

grams you can continue your formal 

education. Throughout your career 

with General Electric you'll receive 

frequent appraisals to help your self

development. Your advancement wi 11 

be largely up to you. 

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write 
Personalized Career Planning, General Electric, Section 699-11 , Schenectady, N. Y. 12305 

GENERALfj ELECTRIC 
An Equal Opportunity Employer 
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Moon shot rehearsal: when the Gemini spacecraft meets its target 

Westinghouse radar will guide the astronauts to this meeting in outer space 
When the Gemini two-man spacecraft lifts 
off, a dramatic dress rehearsal for the first 
moon trip will begin. The astronauts' mis
sion: to maneuver their spacecraft and join 
it with an Agena rocket already orbiting 
the earth at more than 17,500 miles per hour. 

A new Westinghouse radar system will 
gu ide the chase. Locating the target, the 
spacecraft will send out radar pul ses. Com
puter-translated responses will guide the 
astronauts until the target is reac hed. 

A vital prelude to future space travel, the 

rendezvou s experiment wi ll one day be 
routine . Meanwhile, Westinghouse is al
ready working on other advanced radar 
systems for lunar landings, planet explora
tion, space stat ion support and deep 
space missions. 

You can be sure if it's Westinghouse 

@ 
For informafion on a career at Westinghouse, an equa l opportunity employer, 
write L. H. Noggle, Westinghouse Ed ucat ional Department, Pittsburgh, Pa. 15221. 



You can 
have a lot of 

fun on Timkene 
Bearings 

INBOARD WITH AN OUTDRIVE. This new Chrysler-Dana Drive 90° offers boating 
buffs big power in a small space. Dock your boat at home? The outdrive tilts up 
55° for easy trailering. Timken® bearings keep the prop and drive shafts rigid 
as a Marine. 

SEATS IN MOTION. New York's new Shea Stadium stands move to accommodate 
10,000 fans--in two blocks of 5,000 seats. They roll on Timken bearings from the 
first and thircl baseball foul lines to the football sidelines. 

NO PLAY FOR BEARINGS. Timken bearings work hard to make your world more 
leisurely. They're made of nickel-rich steel for long life-even when loads and 
conditions become unsportsmanlike. 

FORE? NO, THREE. Three wheels for the golfer who'd rather swing than walk. 
This new Cushman Golfster is a smart way to cover the links. Eight Timken 
bearings were chosen for the drive, axle and wheel applications. They're 
precision-made and case-hardened to take shock loads. The Timken Roller 
Bearing Company, Canton, Ohio. Also makers of Fine Alloy Steel and Rock Bits. 

QUALITY TURNS UN 

TIMKEN. 
TAPERED 
ROLLER BEARINGS 

Learn More About the Timken Company, an Equal OpP9rtunity Employer. Send for Career Booklet. 



Stability 

The stability of a body in motion 
can best be evaluated when inter
fering forces are severe enough to 
test its structure or divert it from a 
pre-established direction. A corpora
tion is a body of people in motion 
and its stability is measured by 
planned achievement. 

As a corporation NCR has been 
tested for more than 79 years. 
Throughout this period, direction 
has been maintained and objectives 
achieved. The objective of NCR? 
Better systems for business. This 
singleness of purpose with bal
anced diversification has led to 
growth and the TOTAL SYSTEMS con-

cept. The products and services of 
NCR, made possible by practical 
research and development, are re
spected throughout the world in 
120 countries. 

Research and development at 
NCR is broad and reflects a seriously 
considered investment of past years. 
Plans for future expansion of facili
ties reflect a faith in the stability 
of the Company and in the devoted 
talents of NCR men of science who 
will add impetus to overall plans. 

The stability of NCR is conducive 
to the advancement of career-mind
ed scientific and engineering 
personnel. Creative efforts are re-

BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR 

warded with responsible challenging 
work. Professional individuals at 
NCR find the personal stability, un
derstanding and encouragement 
required for growth. 

Personnel with professional 
backgrounds and interest in or
ganic or physical chemistry, solid 
state physics, or chemical engineer
ing in areas of paper technology, 
inks, ribbons, coatings, etc., are 
invited to contact us. 

T. F. Wade, Technical Placement, 
The National Cash Register Com
pany, Main & K Sts., Dayton 9, Ohio. 

An equal opportunity employer. 

THE NATIONAL CASH REGISTER COMPANY ® 
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Men on the move 

at Bethlehem Steel 

BRUCE SHAFEBOOK, MET.E., LE
HIGH '60-Bruce supervises the met
allurgical lab that watchdogs the 
quality of alloy, tool, and bearing 
steels made at our Bethlehem, Pa ., 
Plant. 

BERNIE BAST, CH.E., PENN STATE 
'61-An engineer in our research 
laboratories in Bethlehem, Pa., Bernie 
is shown making distillation studies for 
a research project on coal chemicals. 

JACK LAMBERT, E.E., KENTUCKY '60 
-Jack works on design, installation, 
and maintenance of power stations, 
distribution networks, motors, and 
drive systems at our Steelton, Pa., 
Plant. 

ALVIN TYLER, MET.E., CASE INSTI
TUTE '60-"Tim" is a salesman as
signed to our Buffalo District. His 
technical training is a valuable asset 
in selling steel products. 

DON McCANN, M.E., PRATT '60-
After experience as a maintenance, 
design, and construction engineer, 
Don became a cost-control specialist 
at our Lackawanna Plant, near Buf
falo, N.Y. 

DON DIXON, C.E., MASSACHUSETTS 
'60-A field engineer in our Fabri
cated Steel Construction Division, Don 
supervises steel erection for major 
buildings and bridges. 

These alert young men are a few of the many recent graduates who joined the 
Bethlehem Loop Course, one of industry's best-known management development 
programs. Want more information ? We suggest you read our booklet, " Careers 
with Bethlehem Steel and the Loop Course." Pick up a copy at your Placement 
Office, or write to our Manager of P ersonnel, Bethlehem, Pa. 

An equal opportunity employer 
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FROM THE EDITOR'S DESK 

the nw 

CIVIL ENGINEERS: 
Prepare now for your future in highway 
engineering ... get the facts on The Asphalt 
lnstitute's new computer-derived method 
for determining structural design of Asphalt 
pavements for roads and streets 
Today, as more and more states turn to modern Deep
Strength* Asphalt pavement for their heavy-duty highways, 
county and local roads, there is a growing demand for engi
neers with a solid background in the fundamentals of Asphalt 
technology and construction. 

Help to prepare yourself now for this challenging future by 
getting the latest information on the new Thickness Design 
Method developed by The Asphalt Institute. Based on exten
sive statistical evaluations performed on the IBM 1620 and 
the mammoth IBM 7090 computers, accurate procedures for 
determining road and street structural requirements have 
been developed. 

All the facts on this new method are contained in The As
phalt Institute's Thickness Design manual (MS-1). This help
ful manual and much other valuable information are included 
in the free student library on Asphalt construction and tech
nology now offered by The Asphalt Institute. Write us today. 
*Asphalt Surface on Asphalt Base 

THE ASPHALT INSTITUTE 
College Park, Maryland 
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FROM THE STAFF 
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Thickness Design Charts like this (from the MS-1 manual) 
are used in this new computer-derived method. This chart 
enables the design engineer quickly to determine the 
over-all Asphalt pavement thickness required, based on 
projected traffic weight and known soil conditions. 

r------------------------1 
THE ASPHALT INSTITUTE 
College Park, Maryland 

Please send me your free student library on Asphalt con
struction and technology, including full details on your 
new Thickness Design Method. 

Name ____________ Class, __ _ 

School _______________ _ 

Address, _______________ _ 

City __________ State _____ _ L ________________________ J 
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Laser Provides Accurate 
Length Measurements 

Information supplied by U.S. 

Department of Commerce. 

The successful measurement of 
length with a laser has just been 
completed at the National Bureau 
of Standards. By the use of a laser 
beam as an interferometric light 
source, K. D. Mielenz, H. D. Cook, 
K. E. Gillilland, and R. B. Ste-

phens of the Bureau staff, meas
ured the length of a meter bar 
with an accuracy better than a 
part in ten million. This accom
plishment means that the laser
which up to now has had only 
limited practical applications-has 
become a scientific tool for achiev
ing dimensional accuracy of a 
high order. 

'I'he extreme sharpness and directivity of a laser beam is demonstrated in this 
experimental gas laser in operation at the Westinghouse Research Laboratories. 
Using a mixture of helium and neon gases, the laser produces a continuous beam 
of coherent light of the type used for experiments in laser communications, distance 
measurement (ranging), guidance and mapping. 
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STEVE RICHARDS 

Conventional light sources, such 
as krypton-86 or mercury-198 
lamps, do not permit direct 
interferometric measurements of 
lengths greater than a few deci
meters. Hence, successive de
terminations are made to measure 
longer lengths, requiring tedious 
and time-consuming procedures. 
At the time the laser concept was 
theoretically developed a few 
years ago, National Bureau of 
Standards recognized that its 
highly coherent light would pro
vide a unique method for inter
ferometrically measuring greater 
lengths. When the theoretical con
cept had been reduced to practice, 
studies were undertaken to adapt 
lasers to such measurements. 

In early experiments, a helium
neon continuous-wave laser pro
duced interference fringe patterns 
over an optical path of 200 
meters. This result showed that 
the use of a laser was feasible 
for measurements over greater 
lengths than can be measured 
with conventional light sources. 
In these experiments, however, 
the frequency of the laser oscilla
tion tended to be unstable, so that 
an accurate interferometric meas
urement could not be made. A 
technique was then devised for 
analzying laser frequencies; with 
the information thus obtained, a 
helium-neon laser with improved 
stability was designed and built. 

The performance of this laser 
was then tested in actual length 
measurements by means of an 
automatic fringe-counting inter
ferometer that had been devel
oped for measuring line standards 
up to one-meter lengths. The laser 
was kept in single-mode opera-

( Continued on page 16) 
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Graduation ,was only the beginning 
of Jim Brown's education 

Because he joined Western Electric 
Jim Brown, Northwestern University, '62, came with 
Western Electric because he had heard about the Com
pany's concern for the continued development of its 
engineers after college graduation. 

Jim has his degree in industrial engineering and is 
continuing to learn and grow in professional stature 
through Western Electric's Graduate Engineering 
Tra in,ng Program. The objectives and educational phi
losophy of this Program are in the best of academic 
traditions, designed for both experienced and new 
engineers. 

Like other Western Electric engineers, Jim started 
out in this Program with a six-week course to help in 
the transition from the classroom to industry. Since 
then, Jim Brown has continued to take courses that 
will help him keep up with the newest engineering 
techniques in communications. 

This training, together with formal college engi
neering studies, has given Jim the ability to develop 
his talents to the fullest extent. His present responsi
bilities include the solution of engineering problems 
in the manufacture of moly-permalloy core rings, a 
component used to improve the quality of voice 
transmission. 

If you set the highest standards for yourself, enjoy 
a challenge, and have the qualifications we're looking 
for - we want to talk to you! Opportunities exist now 
for electrical, mechanical and industrial engineers, 
and for physical science, liberal arts and business 
majors. For more information, get your copy of the 
Western Electric Career Opportunities bookiet from 
your Placement Officer. And be sure to arrange for an 
interview when the Bell System recruiting team visit'.: 
your campus. 

Western Electric MANUFACTURING AND suPPLY UNIT oF THE BELL sYsTEM tj\ 
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. N. J. □ Teletype Corp., Skokie, Ill., Little Rock, Ark. □ General Headquarters, New York City 



Engineering News 

COMPUTER TEACHING 
SYSTEM 

Scientists and Engineers at 
IBM's Research Center, York
town, N.Y., are working on a 
teaching system using computors. 
These teaching systems now un
der development can simultan
eously give individual instruction 
to a number of students in a wide 
variety of courses. 

The IBM Research Division's 
experimental system makes the 
capabilities of a computer system 
accessible for convenient use in 
experiments by educators. The 
system is based on standard IBM 
equipment, but incorporates an 
experimental computer language 
that makes it simple for educators 
to put courses into the computer. 

The College of Education of The 
Pennsylvania State University, 
University Park, is undertaking 
an experimental study in coop
eration with IBM to prepare in
structional material for computer 
presentation and to study its ef
fectiveness. Faculty members at 
Penn State are preparing four 
courses for use by students at a 
typewriter station located on 
campus. This station is connected 
via commercial telephone lines to 
an IBM data processing system at 
IBM's Thomas J. Watson Re
search Center in Yorktown, N.Y. 

A variety of other experiments 
can now be undertaken to eval
uate "computer assisted instruc
tion," and to devise and test ways 
of using the approach to best ad
vantage. IBM emphasizes that the 
ultimate usefulness of computers 
for instruction will not be known 
until extensive experiments have 
been conducted. 
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Such studies will enable edu
cators to learn how different sub
jects can best be taught with the 
system, and how computer as
sisted instruction could be inte
grated into an overall educational 
process. An important feature of 
the Penn State studies is that each 
course author is both accom
plished as a teacher and expe
rienced in the subject matter to be 
taught. 

In the experimental system, a 
teacher's instructions, questions 
and guidance are stored :in the 
computer and presented to stu
dents on typewriter consoles or 
other student station equipment. 
Since the student's response-
made on the typewriter-can be 
analyzed by the computer, pres
entation of subsequent course 
material can be tailored to the 
needs of each student. 

At present, each student sta
tion consists of a typewriter con
sole, through which the student 
receives directions from the sys
tem. The student's response on the 
typewriter can be many words in 
length. The computer analyzes 
the student's reply, and, accord
ing to the plan laid out by the 
teacher, responds with clues, 
questions, remedial study matter, 
drills or the next assignment. The 
computer also can record re
sponse times, errors and other 
data on the student's performance. 
Thus, an extensive analysis of 
both student performance and the 
adequacy of the course is pos
sible--with the opportunity of im
proving each. 

The extensive record-keeping 
capability of the computer system 
will also permit valuable research 

LARRY RAMSEY, M.E. '66 

on teaching techniques and the 
learning process itself. Thus, apart 
from its usefulness as an instruc
tional tool, computer assisted in
struction could lead to better 
understanding of the educational 
process. 

COMMUNICATIONS SYSTEM 
A new system of voice com

munications transmitted on a 
beam of light was announced by 
the National Aeronautics and 
Space Administration. 

The system differs from pre
vious ones in that the originating 
station requires no power other 
than the human voice. And the 
NASA Retrometer is believed to 
be alone among light beam com
munications systems in offering 
a simple, convenient, and inex
pensive device at one terminal. 

The Retrometer-so-called be
cause the light beam over which 
voice signals are sent is returned 
to its source by a simple reflector 
-was devised at NASA's Langley 
Research Center, Hampton, Va. 

A Langley researcher, Numa E. 
Thomas, developed the Retro
meter while investigating optical 
methods of communications be
tween the ground and a re-entry 
vehicle during the radio blackout 
period. 

The discovery was revealed in 
a Technology Utilization Report 
issued by NASA's office of Tech
nology Utilization. T-U Reports 
are detailed descriptions of space 
technology innovations with high 
potential for non-space use. 

In the new Report, T-U points 
out that successful development 
of systems based upon the Retro
meter principle might find use in 
many areas. 

THE MISSOURI SHAMROCK 



Why become an engineer at 
Garrett-AiResearch? You'll have to 
work harder and use more of 
your knowledge than engineers 

at most other companies. 

If you're our kind of engineer, 
you have some very definite ideas 
about your career. 

For example: 
You've worked hard to get a 

good education. Now you want to 
put it to work in the best way 
possible. 

You will never be satisfied with 
run-of-the-mill assignments. You 
demand exciting, 
challenging projects. 

You not only accept 
individual responsibil
ity - you insist upon it . . 

Does that sound like 
you? Then AiResearch 
is your cup of tea. 

Our business is 
mainly in sophisticated aerospace 
systems and subsystems. 

Here, research, design, and de
velopment lead to production of 
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actual hardware. 
That means you 
have the oppor
tunity to start with 
a customer's problem 
and see it through to a 
system that will get the job done. 

The product lines at AiResearch, 
Los Angeles Division, are environ
mental systems, flight information 

and controls sys
tems, heat transfer 
systems, secondary 

power generator 
systems for missiles 

and space, electri
cal systems, and 

specialized indus
trial systems. 

In each category AiResearch 
employs three kinds of engineers. 

Preliminary design engineers do 
the analytical and theoretical 
work, then write proposals. 

Design engineers do the lay
outs; turn an idea into a product. 

Developmental engineers are 
responsible for making hardware 
out of concepts. 

Whichever field fits you best, we 
can guarantee you this: you can 
go as far and fast as your talents 
can carry you. You can make as 
much money as any engineer in a 
comparable spot - anywhere. And 
of course, at AiResearch, you'll 
get all the plus benefits a top com
pany offers. 

Our engineering staff is smaller 
than comparable companies. This 
spells opportunity. It gives a man 
who wants to make a mark plenty 
of elbow room to expand. And 
while he's doing it he's working 
with, and learning from, some of 
the real pros in the field. 

If the AiResearch story sounds 
like opportunity speaking to you
don't fail to contact AiResearch, 
Los Angeles, or see our repre
sentative when he comes to your 
campus. 

We'll be happy to talk to you -
about you and your future. 

And put this in the back of your 
mind: 

In a field where meeting chal
lenges pays off in rewards ... 

Ai Research 
ls challenge 

II An equal opportunity 
employer 

-

AiResearch Manufacturing Division 
Los Angeles 
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Providing power 
for every 
environment ••• 



provides 
challenge 
for 
virtually 
every 
technical 
talent 
at 

Being a technically trained man ... we assume you 
are looking ahead to a career of exciting growth and 
accomplishment and that you are looking for a com
pany possessing these same qualities. 

If our assumption is correct, we would like you to take 
a close look at us. For this Company, while solving the 
problems of the day, thrives on a sort of creative rest• 
lessness which anticipates the challenges of tomorrow. 
And more important to you, it recognizes its engineers 
and scientists as the master key to its present success 
and future progress. 

From a solid foundation of basic and applied research, 
our Company has gained a firm foothold in the land, 
sea, air, and space programs that are helping to shape 
our nation's future. Our engineers and scientists are 
exploring ever-broadening avenues of energy conversion 
for every environment. Should you join them, you'll be 
assigned early responsibility ... to apply your engineer
ing talents to such areas as advanced gas turbines ..• 
rocket engines ... fuel cells and nuclear power. 

Such trail-blazing projects command the best of varied 
talent. That's why you'll find at Pratt & Whitney Air
craft men with college training as diverse as their 
responsibilities. You will also find that opportunities 
for professional growth are further enhanced by our 
corporation-financed Graduate Education Program. 
Your degree? It can be a B.S., M.S. or Ph.D. in: 
MECHANICAL• AERONAUTICAL • ELECTRICAL • CHEMICAL 
and NUCLEAR ENGINEERING • PHYSICS • CHEMISTRY 
• METALLURGY • CERAMICS • MATHEMATICS • ENGINEER· 
ING SCIENCE or APPLIED MECHANICS. 

For further information concerning a career with Pratt & 
Whitney Aircraft, consult your college placement of
ficer-or-write to Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford 8, 
Connecticut. 

Pratt & Whitney 
Aircraft 

SPECIALISTS IN POWER ... POWER FOR PROPULSION-POWER 
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE 
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND IN
DUSTRIAL APPLICATIONS. 

Pratt & Whitney Aircraft u 
DIVISION OF UNITED ARAFT CORP. 

CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

F~ORIDA OPERATIONS WEST PALM BEACH, FLORIDA An Equal Opportunity Employer 





Shamrock Sweetheart 
Freshmen do get around. If you don't believe it, 

you haven't met Miss Joellyn Tracy, a tall, attractive 
brunette with a taste for travel who has lived in Ger
many and Tokyo as well as the United States. 

The daughter of an Army lieutenant colonel, 
Joellyn was born in Washington, D.C. and has lived 
in Virginia, Texas, Oklahoma, Maryland, Ohio, Kan
sas and Hawaii. 

Now a pre-journalism student and a pledge of 
Alpha Phi, this graceful beauty (5' 7", 135 pounds) 
anticipates returning to Europe in the future. 
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LASER MEASURES 
(Continued from page 8) 

tion by adjustment of its rf-power 
supply, and it was made to oper
ate at or near the center of the 
red neon spectral line at a wave
length of approximately 632.8 
nanometers (6328 A 0 ) by tuning 
the laser cavity length. 

Since the neon wavelength pro
duced in the laser was not known 
with sufficient accuracy, it was 
determined in comparative inter-

ferometric measurements. Inter
ference fringe counts were ob
tained over various portions of a 
decimeter line standard, first by 
use of a standard mercury-198 
lamp and then by use of the laser. 
The neon wavelength of this laser 
was then calculated by use of the 
internationally accepted value for 
the mercury-198 wavelength at 
436 nm. This calculation showed 
the neon wavelength to be 632.-
81983 nm under standard metro-

Why unrestricted flow is so important 
to super jets ... and sewer pipe 

During take off, fuel consumption in super jets is tremendous ... approximately 
650 lbs. per minute. But at flying altitude, it's only 250 lbs. per minute. That's 
why jets climb so steep ... why unrestricted flow of air around the wings is so 
important. It's obvious to an airline company that unrestricted flow means 
one thing ... lower operating costs. 

Unrestricted flow is important under the ground, too. In sanitary sewers, for 
example. If wastes don't flow smoothly through municipal sewers and house 
sewers, maintenance costs add up . .. rapidly. Even the smallest restriction in 
the pipe is potential trouble. 

That's why Dickey Perma-Line Clay Pipe is glazed ... to give it a smooth, 
glass-like self-scouring surface ... to assure maximum flow characteristics. And 
the glaze is an improved glaze, too. It's better than ever before. So, when you build 

sewers with Dickey Perma-Line Glazed Clay Pipe, you can 
count on generations of trouble-free, low-cost service. Remember 

1
- C .. k. theeglayze on Perma-Line Pipe is a Dickey mark of quality. 

sanitary glazed clay pipe 

If It's made of clay It's good ••• If It's made by Olckey It's better 

W.S. DICKEY CLAY MFG. COMPANY Birmingham, Alabama• Kansas City, Missouri 

Meridian, Mississippi• St. Louis, Missouri• San Antonio, Texas • Texarkana, Texas-Arkansas 
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logical conditions, that is, in air at 
20°C containing 0.03 percent car
bon dioxide at standard at
mospheric pressure and at 1330 
N/ m 2 (10 mm of mercury) water 
vapor pressure. 

The automatic fringe-counting 
interferometer, with the laser as 
a light source, was then used to 
measure the length of a meter bar 
in terms of this wavelength. As 
the meter bar inside the inter
ferometer was moved over its 
entire length, interference fringes 
produced by the laser were auto
matically counted. From the total 
count of 3 160 460.33 fringes, or 
half-wavelengths, the length of 
the meter bar was determined to 
be 1.000 000 98 m. This length 
agreed to within 7 parts in 100 
million with an independent meas
urement of 1.000 001 05 m for this 
meter bar. In addition, measure
ments of each decimeter gradua
tion on the bar agreed with the 
independent measurement to bet
ter than 0.000 000 5 meter. 

Throughout these experiments, 
the performance of the interfero
meter was found to be improved 
when the laser was substituted 
for mercury-198 lamp. With the 
laser, the contrast of the fringe 
pattern remained constant over 
the full length of the meter, thus 
providing a higher signal-to-noise 
ratio over the entire path. With 
mercury-198 light, a fading of the 
fringes and, hence, an increase 
of the noise level was noticeable 
even over the length of the deci
meter bar. 

The laser was "stable" by virtue 
of its compact and sturdy design; 
however, it was "unstabilized" in 
the sense that no electronic feed
back mechanism was used to lock 
its wavelength output automat
ically to the center of the neon 
line. Hence, stablilized lasers with 
single-mode operation will be used 
in future experiments to elim
inate the need for manual adjust
ment. Thus, accurate length meas
urements through the use of a 
laser may ultimately be routinely 
performed. 

THE MISSOURI SHAMROCK 
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TAKE A LOOK AT TOMORROW! 
FORD MOTOR COMPANY'S EXPERIMENTAL GAS TURBINE SUPERHIGHWAY TRUCK 

ANTICIPATES THE NATIONAL HIGHWAY NETWORK OF THE 1970's. 

A new era in trucking is almost here. When the 41,000-mile national highway network is completed it will be 
possible for the first time to schedule coast to coast, big payload hauling. Ford Motor Company's answer to 

the challenge is this experimental tractor-trailer combination. A tandem axle drive tractor, powered by 

a 600 hp gas turbine engine permits a cruising speed of 70 miles per hour, a non -stop range of 600 miles. 

Designed for long-distance, non-stop operation, the two-man cab includes sleeping facilities, fold-away table, 

lavatory, toilet, oven, refrigerator and TV for the co-driver-with over 6'3" of headroom. Because of its 
cruising speed, the truck will be compat ible with the normal passenger car flowrate of traffic. 

Other unique features are its odorless exhaust and extremely quiet operation. 

Anticipating the opportunit ies and needs of the future is standard practice at Ford Motor Company. 
That's why it's such an exciting place to work. Look to Ford Motor Company for a career with growth potential 
and satisfaction-from pure science to manufacturing .•. marketing to labor relations. 

The American Road, Dearborn, Michigan 

An equal opportunit11 emplo11er 

THE MISSOURI SHAMROCK 



Shhh ! Enginuity at work! 

That's Bill Emrich immersed in his work behind that 
Lincoln engine. He's testing new oil additive formula
tions, designed to make new engines produce to their 
potential. Yet, whatever he develops has to meet the 
needs of older engine models, too. You might say it's a 
matter of enginuity. 

Bill uses several test engines: among these are a Labeco 
one-cylinder, a Caterpillar one-cylinder and special 
Lincoln and Oldsmobile engines. He tests oil additives 
and formulations for sludge, rust, wear and reaction to 
high-temperatures under severe operating conditions. 
His findings will help car owners to get greater mileage 
between oil changes, longer engine life. A most important 
project. Yet, Bill is only 24 years old. Just last year, he 
came to American Oil and is now working for Amoco 

Chemicals, a sister company. Bill graduated from the 
University of Illinois with a B.S. degree in mechanical 
engineering. 

The need for young professional people in positions of 
responsibility and creativity is great. Bill happens to be 
an automotive engineer, but he still might be working 
for us had he chosen a different field-mathematics, 
physics, chemistry. A variety of opportunities exist here 
at American Oil Company. 

For information, write to J. H. Strange, American Oil 
Company, P.O. Box 431, Whiting, Indiana. :jj 

~ iii~ STANDARD OIL DIVISION STANDARD 

AMERICAN OIL COMPANY @~Ill~ 



BUI.LARNEY 
"Lady, if you'll give us a nickel, 

my brother will imitate a hen." 
"What will be do, cackle?" 
"Naw, he wouldn't do a cheap 

imitation like that. He'll eat a 
worm." 

• 
The first day of school the 

teacher informed the class that if 
anyone had to go to the res't room, 
he should raise two fingers. 

Little Willie looked puzzled 
and asked the teacher: "How's 
that gonna stop it?" 

Tau Beta Pi Pledges 
Fall Semester, 1964 

Seniors 
Harold Dean Talley 
Sidney Dean Hester 
Robert M. Edwards 
Carl W. Meyer 
Joseph John Flanagan 
Donald Dean Marler 
Hernan Acevedo 
Harry Dean Riead 
Michael P. Casey 
Gilbert Lamar Camburn 
Stephen D. Clark 
Paul Gordon Bockelman 
Jack R. Sandridge 

Juniors (2nd Semester) 
Leslie Roger Shears 
Ernest Lenard Hall 
Donald Douglas Price 
Lee Milo Hazel 
William P. Dotson, Jr. 
Harry Theron Walden 
Joseph Floyd Cormier 

Honor Juniors (1st Semester) 
Roy Eugene Baity, Jr. 
Leonard W. Haseman 
Thomas R. Keller III 
Graduate Students 

Larry E. Williams 
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"My husband would never 
chase after another woman," de
clared the lady. "He's 'too fine, too 
decent, too old." 

A motorist broke down in a 
lonely part of Illinois pork coun
try and found refuge for the night 
in a farmhouse. The next morning, 
his breakfast was served in a 
large bowl. As he ate he found 
'that he was very popular with a 
small pig which kept nuzzling 
him affectionately. 

The farmer's explanation
"W al, it ain't you the pig likes. 
It's jest that you're a-using his 
bowl mister!" 

Not long ago, one of our city
bred engineering students was 
making a trip through the coun
try. As he passed a fertile field he 
spied an unusual sight-a farmer 
helping a calving. Now our engi
neer didn't have the slightest idea 
what was happening, and he 
stopped his car to watch the 
spectacle. He could tell that the 
farmer was having an awful time 
assisting the cow. 

Presently he got out of the car, 
approached the farmer, and said, 
"Want some help?" And so sweat
ing and straining, he assisted the 
farmer at the difficult task. Then 
at last, the calf was born. 

Gratefully, the farmer accom
panied the engineer to his auto
mobile to see him off. Bu't hesitat
ing, as he wiped the sweat from 
his brow, the engineer looked up 
and said, "Say, mister, just how 
fast was the calf going, when it 
hit the cow." 

Papa Robin returned to 'the 
nest and proudly announced that 
he had just made a deposit on a 
brand new Buick. 

A man traveling in a pullman 
upper berth was aroused in the 
night by a tapping on the bottom 
of his bunk. He peered over the 
side and found 'the lady below 
trying to get his attention. 

"I hate to disturb you," she 
said, "but I'm cold. I thought you 
might have a blanket you could 
spare." 

"Are you married?" the man 
asked, in a whisper. 

She nodded. 
"Well," he whispered, "in that 

case, let's get warm like married 
people do." 

"What do you mean?" she 
asked. 

"Get your own damn blanke't," 
he snarled. 

Editor and pinmate pre-party for 
Engineers Ball. 

THE MISSOURI SHAMROCK 



"we explore freely . . . 

and no restrictions are set upon 
our imagination." 

The speaker was a brilliant young Navy 
scientist discussing his work, and he might 
well have been referring to the Naval Ordance 
Laboratory at White Oak, Maryland, where 
technological explorations are pursued to the 
ultimate advantage of the nation's posture 
of defense. 

Who would have thought, especially before 
the advent of POLARIS, that a submarine 
could someday fire what appears to be an 
ordinary torpedo which would, a few seconds 
later, take off upwards into a ballistics tra
jectory ... drop its rocket motor somewhere 
down-range ... re-enter the water intact at 
supersonic speed ... automatically arm itself 
... and let loose a nuclear blast that will 
decimate any number of submerged hostiles? 

Today, SUBROC promises to be the deadliest 
anti-submarine warfare weapon ever devised, 
but when it was first dreamed up by NOL 
scientists back in 1957 it presented the 
thorniest set of problems yet to face the still
young missile age. That SUBROC itself, 
together with its sonar detection system and 

special digital computer fire control system, 
are almost ready for fleet use is a real tribute 
to NOL's creativity, technical direction, and 
test & evaluation capabilities. 

But SUBROC- although an undertaking of 
incredible proportions- is just one in a long 
series of NOL projects in anti-submarine 
warfare, air and surface weaponry, aerobal
listics, chemistry, explosives, and materials 
research. Many such dreams have become 
reality at NOL- seven new magnetic ma
terials that have sharply upgraded magnetic 
amplifiers, magnetometers, and electromag
netic transducers ... new ways to measure 
drag, stability, and heating effects of missiles 
traveling in excess of Mach 10 . . . the arming 
and fuzing devices for POLARIS ... a new 
data reduction method for underwater 
acoustics that opens the door to passive sonar 
ranging .. . two new nuclear depth bombs ... 
and literally hundreds more. 

There are more than 1,000 graduate profes
sionals at NOL-White Oak today, but the 
Laboratory is always interested in talented 
explorers-especially those delving into aero 
and electro technologies. And, to help you 
explore more freely (and productively), NOL 
offers: 
• assignments of national importance 
• the finest equipment and facilities to be had 

(900 acres of them) 
• several programs for advance degrees in 

cooperation with Washington-area uni
versities. The University of Maryland even 
holds some courses on NOL premises 
which you may attend during working 
hours. (NOL has always been fertile ground 
for PhD theses.) 

• the stimulus of working with top people in 
their specialties, many of whom are staff 
members and lecturers at colleges and uni
versities. 

• the added stimulus offered by the Wash
ington environment, now one of the top 
four R & D centers - private as well as 
government - in the country. 

The same young Navy scientist we quoted 
earlier also remarked: " ... if a scientist wants 
the freedom to satisfy his intellectual hunger 
and open doors now closed to him, his best bet 
is to work for the Government." 

INOL 
Check your College Placement Office for news 
of NOL interviews on campus, or write Lee 
E. Probst, Professional Recruitment Division, 
Naval Ordnance Laboratory-White Oak, 
Silver Spring, Maryland, for more details. 
The Navy is an equal opportunity employer. 



Could a U.S. firm that helped 
save a cotton crop abroad 
also have a hand in keeQing 
Jayne Tippman·s skin soft 8 

You'd expect that a U.S. company engaged in mining, dozen major plastics, along with plastic bottles and 

production and marketing in over a hundred countries packaging films. And it's one of the world's most diver

might have an impact on many national economies. And sified private enterprises in the field of atomic energy. 

you'd be right. For instance, with an insecticide sold un- Among its consumer products are "Eveready" batteries 

der the trade mark "Sevin," this company was largely and "Prestone" anti-freeze. Its carbon products include 

responsible for saving a middle east cotton crop. the largest graphite cylinders ever formed, for possible 

And when a leading chemical manufacturer's prod- use in solid-fuel rockets. Its gases, liquefied through 

ucts include silicones, which have a soothing and pro- cryogenics-the science of supercold-include liquid 

tective effect on skin, they're bound to turn up in skin oxygen and hydrogen that will be used to propel the 

lotions, creams, and emollients. Jayne Tippman uses them space ships designed to reach the moon. 

to keep a glowing complexion that weather can't beat. In fact, few other corporations are so deeply in-

Cotton fields and skin lotions are unlikely • volved in so many different skills and activities 

markets for one company's products. Unless I that will affect the technical and production 

that company is Union Carbide. • • : I capabilities of our next century. 

But then, Union Carbide also makes half a It's a future that glows like Jayne Tippman. 

UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK, N. Y. 10017. IN CANADA, UNION CARBIDE CANADA LIMITED, TORONTO 
Divisions , Carbon Products, Chemicals , Consumer Products, Food Products, International, Linde , Metals, Nuclear, Olelins, Ore, Plastics, Silicones and Stellite 



This is industrial engineering? 

Yes. 

And if that 's all there were to it, our industrial engineer
ing ranks couldn't possibly hope to deserve alert recruits 
from engineering colleges that lead rather than follow. 

Watching an operator react to the explanation of a new 
assembly procedure is just one of the more easily photo
graphed of a long series of subtle operations in the math
ematics that link psychological, physical, and economic 
factors into a sense-making structure. 

We admire fine intuitions in an engineer. We seek chaps 
who have involved themselves with nuts and bolts since 
childhood. Yet the task is to improve on the familiar fruits 
of intuition. The job consists of upgrading others' work and 
one's own to higher, more productive levels of abstraction 
than simple-minded busyness with nuts and bolts. 

Kodak is of a size and diversity to afford room for more 

EASTMAN KODAK COMPANY, 

than one pattern in industrial engineering. A man 's succes
sive assignments here are as varied as his college courses. 
Confidence grows. He finds he has built a solid reputation 
by carrying a project from design to the stage, years later, 
where the aim is to squeeze another tenth of a percent into 
the production efficiency. 

We also welcome another type. When a project reaches 
80% of completion, this industrial engineering personality 
won't resent an invitation to form a new team with new 
counterparts in design and manufacturing engineering to 
start a new and more stimulating project. Gladly will he 
retain responsibility for the old one and six or seven that 
preceded it. 

Drop us a line. Industrial engineers aren't all. We need to 
hear from mechanical engineers, chemical engineers, elec
tronic engineers, chemists, and physicists as well. 

Business and Technical Personnel Department, Rochester, N.Y. 14650. 

IKodakl An equal-opportunity employer offering a choice of three communities: 
Rochester, N .Y., Kingsport, Tenn., and Longview, Tex. 



Advancement in a Big Company: 
How it~orks 

An Interview with General Electric's C. K. Rieger, Vice President and Group Executive, Electric Utility Group 

C. K. Rieger 

■ Charles K. Rieger joined General Elec
tric's Technical Marketing Program after 
earning a BSEE at the University of Mis
souri in 1936. Following sales engineering 
assignments in motor, defense and home 
laundry operations, he became manager of 
the Heating Device and Fan Division in 
1947. Other Consumer-industry management 
positions followed. In 1953 he was elected 
a vice president, one of the youngest men 
ever named a Company officer. Mr. Rieger 
became Vice President, Marketing Services 
in 1959 and was appointed to his present 
position in 1961. He is responsible for all 
the operations of some six divisions com
posed of 23 product operations oriented 
primarily toward the Electric Utility market. 

Q. How can I be sure of getting the 
recognition I feel I'm capable of earn
ing in a big company like G.E.? 

A. We learned long ago we couldn't 
afford to let capable people get lost. 
That was one of the reasons why G.E. 
was decentralized into more than a 
hundred autonomous operating de
partments. These operations develop, 
engineer, manufacture and market 
products much as if they were inde-

pendent companies. Since each de
partment is responsible for its own 
success, each man's share of author
ity and responsibility is pinpointed. 
Believe me, outstanding performance 
is recognized, and rewarded. 

Q. Can you tell me what the "promo
tional ladder" is at General Electric? 

A. We regard each man individually. 
Whether you join us on a training 
program or are placed in a specific 
position opening, you'll first have to 
prove your ability to handle a job. 
Once you've done that, you'll be given 
more responsibility, more difficult 
projects-work that's important to 
the success of your organization and 
your personal development. Your abil
ity will create a "promotional ladder" 
of your own. 

Q. Will my development be confined 
to whatever department I start in? 

A. Not at al I! Here's where "big com
pany" scope works to broaden your 
career outlook. Industry, and General 
Electric particularly, is constantly 
changing- adapting to market the 
fruits of research, reorganizing to 
maintain proper alignment with our 
customers, creating new operations 
to handle large projects. All this rep
resents opportunity beyond the limits 
of any single department. 

Q. Yes, but just how often do these 
opportunities arise? 

A. To give you some idea, 25 percent 
of G-E's gross sales last year came 
from products that were unknown 
only five or ten years ago. These new 
products range from electric tooth 
brushes and silicone rubber com
pounds to atomic reactors and inter
planetary space probes. This chang
ing Company needs men with ambi
tion and energy and talent who aren't 
afraid of a big job-who welcome the 
challenge of helping to start new 
businesses like these. Demonstrate 
your ability-whether to handle com
plex technical problems or to manage 
people, and you won't have long to 
wait for opportunities to fit your 
needs. 

Q. How does General Electric help 
me prepare myself for advancement 
opportunity? 

A. Programs in Engineering, Manu
facturing or Technical Marketing give 
you valuable on-the-job training. We 
have Company-conducted courses to 
improve your professional ability no 
matter where you begin. Under Tui
tion Refund or Advanced Degree Pro
grams you can continue your formal 
education. Throughout your career 
with General Electric you'll receive 
frequent appraisals to help your self
development Your advancement will 
be largely up to you. 

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write 
Personalized Career Planning, General Electric, Section 699-11, Schenectady, N. Y. 12305 

GENERAL. ELECTRIC 
An Equal Opportunity Employer 





How will the stars get to the top at CBS? On 16 new Westinghouse elevators. 

The world's brainiest elevators are going 

into the new CBS Headq uarte rs build ing 
in New York. They're Westinghouse Se
lectomatic Mark IV's. 

They "think" thei r way to you r floor. 

They don 't beli eve in keeping you waiting 

fo r needless trips to top or bottom. Th ey'd 
rather wait fo r you somewhe re in-between. 

When you ring, an elect ronic brain sends 
them instantly to you r floor. 

Westinghouse Mark IV elevators get to 

you 30¾ sooner than the most efficient 
elevators ever could before. That's why 
they're the quickest way to the top at CBS 

-and 163 other buildings across America. 

You can be sure if it's Westinghouse 

@ 
For information on a career al Westinghouse, an equal opportunity employer, 
write L. H. Noggle, Westi nghouse Educa tional Department, Pittsburgh, Pa.15221. 



Don't miss the boat! 
The boat is the Navy's Hydroskimmer, powered by four 1100-horsepower 
gas turbines built by the Solar Division of International Harvester. 

More significantly, the skimmer is a symbol of new opportunities at 
IH-the company that is also developing gas turbine power for tractors and 
trucks-the company that is already number one in heavy-duty trucks, 
farm tractors and equipment-that is building new plants on six continents 
to serve customers in 144 countries of the free world. 

We are also growing in construction equipment and steel production. 
Research and engineering expenditures are becoming one of our 
largest budget items. 

We need mechanical, electrical, chemical, metallurgical, agricultural, 
ceramic and general engineers. Check your Placement Office now for a date 
to see an IH representative when he visits your campus. If interviews are 
not scheduled, write directly to the Supervisor of College Relations, 
International Harvester Company, 180 N. Michigan Ave., Chicago 1, III. 



The small white rectangle above rep
resents the approximate size of space 
required to contain one page of news
paper-size document reduced for stor
age through NCR's PHOTOCHROMIC 
MICRO-IMAGE process. The small 
white dot on the right shows the area 
that would hold thousands of micro
capsules (cell-like structures con
taining useful materials) produced 
through NCR's amazing chemical proc
ess of MICRO-ENCAPSULATION. 

One apparent application of the 
NCR Photochromic Micro-Image proc
ess is that it permits easy and efficient 

storage, access and reproduction of 
voluminous data. The process of 
Micro-Encapsulation has applications 
cutting across many fields of interest 
including paper coatings (such as on 
our Carbon less Transfer paper), food, 
pharmaceuticals, adhesives, etc. 

Our Research and Development 
programs are not limited to the fields 
of Photochromics and Micro-Encap
sulation. Rather, the programs ex
tend into many disciplines including 
physical and chemical research in the 
areas of semi -conductor materials 
and devices that will have practical 

BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR 

application in computer development 
and add to the total effort of the 
company. The NCR effort is concen
trated on the total systems concept. 

To determine whether your career 
plans fit in with our research and de
velopment plans, merely drop us a 
note with a brief description of your 
interests and scientific background. 
Applications at all professional levels 
will be considered. Write to: T. F. 
Wade, Technical Placement, The 
National Cash Register Company, 
Main & K Streets, Dayton 9, Ohio. 

AN EQUAL OPPORTUNITY EMPLOYER 

THE NATIONAL CASH REGISTER COMPANY ® 



You never stop growing at Du Pont 
Growth is a 160-year habit with us. Take sales. Since 1937 
they've increased 750%-to $2.4 billion in 1962. 

We spend more than $90 million a year in R&D. In fact, 
there are at least 200 new products under investigation at this 
writing and more being developed each day. 

What could DuPont's growth mean to you? Since we always 
fill important positions from within, it could mean fast advance
ment, new responsibilities, new horizons-growing financial and 
creative satisfaction. 

It could mean, too, more numerous and more varied oppor
tunities. The new Du Pont engineer is likely to move from his 
original assignment to one or two others in the course of his 
first five years. This gives him a chance to "change jobs" right 
inside Du Pont. 

In 1963, more than 700 new B.S. graduates planted their 
feet at Du Pont. Perhaps you'd like to join us, too. Write today. 

~ 
Rf<o. U.5.P.o.T.Off, 

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 

An equal opportunity employer 

TECHNICAL MEN WE'LL NEED FROM THE CLASS OF '65 

Chemists 

Chemical Engineers 

Mechanical Engineers 

Industrial Engineers 

,--------------------------------------7 
E. I. du Pont de Nemours & Co. (Inc.) 
2531-B Nemours Building 
Wilmington, Delaware 19898 

When I'm graduated, I'll be a _________ _ 
(list profession) 

Please send me more information about how I might fit 
in at Du Pont. 

Name __________________ _ 

Class ____ Major ___ __ Degree expected ___ _ 

College ___ _______________ _ 

My address ___________ _____ _ 

City ________ Zone State _ _ _ _ _ 
L ______________________________________ J 



GOING OUR WAY? 
At Phillips, the road to greater oppor
tunity is always open to the talented 
college graduate. We believe that suc
cess is made up of brains, determina
tion, hard work and a program of 
continuing personal development. We 
set no limit on a man's progress. If you 
feel the same way about your future 
we'd like to ta lk to you. 

Phillips manufactures a diversity 
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of products which includes fine chem
icals, plastics, fertilizers, automotive, 
aviation and marine fuels and lubri
cants. Our growth is insured by ade
quate reserves, a background of 
successful experience and a core of 
technically oriented employees eager 
to build even greater success. 

In whatever phase of the petroleum 
industry you may wish to specialize-

research, production, sales or one of 
a myriad of others-you'll find room 
to grow at Phillips. Ask your campus 
placement office about arrangements 
for an interview or write to us today. 

PHILLIPS PETROLEUM COMPANY 
EMPLOYEE RELATIONS DEPARTMENT 
BARTLESVILLE, OKLAHOMA 74004 
AN EQUAL OPPORTUNITY EMPLOYER 
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Why become an engineer at 
Garrett-AiResearch? You'll have to 
work harder and use more of 
your knowledge than engineers 

at most other companies. 

If you're our kind of engineer, 
you have some very definite ideas 
about your career. 

For example: 
You've worked hard to get a 

good education. Now you want to 
put it to work in the best way 
possible. 

You will never be satisfied with 
run-of-the-mill assignments. You 
demand exciting, 
challenging projects. 

You not only accept 
individual responsibil
ity - you insist upon it. 

Does that sound like 
you? Then AiResearch 
is your cup of tea. 

Our business is 
mainly in sophisticated aerospace 
systems and subsystems. 

Here, research, design, and de
velopment lead to production of 
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actual hardware. 
That means you 
have the oppor
tunity to start with 
a customer's problem 
and see it through to a 
system that will get the job done. 

The product lines at AiResearch, 
Los Angeles Division, are environ
mental systems, flight information 

and controls sys
tems, heat transfer 
systems, secondary 

power generator 
systems for missiles 

and space, electri
cal systems, and 

specialized indus-
trial systems. 

In the Phoenix Division there are 
gas turbines for propulsion and 
secondary power, valves and con
trol systems, air turbine starters 
and motors, solar and nuclear 
power systems. 

In each category AiResearch 
employs three kinds of engineers. 

Preliminary design engineers do 
the analytical and theoretical 
work, then write proposals. 

Design engineers do the lay
outs; turn an idea into a product. 

Developmental engineers are 
responsible for making hardware 
out of concepts. 

Whichever field fits you best, we -
can guarantee you this: you can 
go as far and fast as your talents 

can carry you. You can make as 
much money as any engineer in a 
comparable spot - anywhere. And 
of course, at AiResearch, you'll 
get all the plus benefits a top com
pany offers. 

Our engineering staff is smaller 
than comparable companies. This 
spells opportunity. It gives a man 
who wants to make a mark plenty 
of elbow room to expand. And 
while he's doing it he's working 
with, and learning from, some of 
the real pros in the field. 

If the AiResearch story sounds 
like opportunity speaking to you
don't fail to contact AiResearch, 
Los Angeles, or Phoenix, or see our 
representative when he comes to 
your campus. 

An equal opportunity employer 

AiResearch 
is challenge 

II 
Los Angeles • Phoenix 

THE MissoURI SHAMROCK 



Before going into a little of 
the development of Engineers' 
Club, and what it tries to stand 
for, a quick look at the officers 
and committees of the Club is 
called for. 

The executive council of En
gineers' Club consists of: The 
President, Vice-President, Chair
man of St. Pat's Board, Secretary, 
Treasurer, Business Manager, and 
a representative of each of the 
six professional societies. The club 
has one advisor who heads the 
faculty advisory board which con
sists of the advisors of the six 
societies. 

There are two standing com
mittees in Engineers' Club. One 
is the St. Pat's Board which has 
charge of planning and running 
the activities during Engineers' 
Week. This board is made of stu
dents from Engine School who 
petition for a committee job. 

The other standing committee 
is the Board of Publications. To 
this board falls the job of publish
ing the College of Engineering's 
magazine, "The Missouri Sham
rock." 

The Engineers' Club was estab
lished in 1904 when the students 
felt that they had a need for some 
kind of an organization which 
could represent them to the fac
ulty. They needed a representa
tive body to go before the faculty 
and convince the teachers of the 
need for an "Engineers' Day", as 
Engine Week was originally 
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Engineer's Club 

called. The main function of the 
Club was to run "Engineers' 
Day." Little was done by the 
Club in any other areas. 

As time passed, the students be
gan to see that Engineers' Club 
could be used to a greater ad
vantage than just planning "En
gineers' Week". 

Before the individual profes
sional societies began to form, 
Engineers came together at En
gine Club meeting to get ac
quainted with other students, 
with faculty members, and to find 
out, from guest speakers, what 
was happening in industry and 
how their field fit into the over
all picture. 

Slowly, the societies began to 
form and the students drifted 
away from Engine Club meetings 
and went to the societies. Each 
of the societies operated as a unit 
unto itself without cooperating 
with the other societies in any 
way. 

The older members of the Col
lege began to notice that instead 
of becoming a close knit group, 
the societies continued to with
draw from each other even more. 
The students looked for a way 
to draw all of the societies to
gether. They decided to draw up 
a constitution for Engineers' 
Club and outline a manner in 
which the societies could work 
closer together in a more effec
tive and worthwhile manner. 

Although the idea of the con-

stitution was fine , the structure 
of the document was not strong 
enough and the societies and En
gine Club have again drifted fur
ther apart. 

A s the situation exists right 
now-Engineers' Club wishes to 
be a representative of all the stu
dents in Engine School. In order 
to make this new attempt work, 
the Club and the societies need 
the support of each and every 
student, faculty member, and stu
dent societies (professional and 
honorary). 

You may ask, "How can I sup
port Engineers' Club?" The an
swer is simple-Go to Engine 
Club meetings, and Societies 
meetings. Support the various ac
tivities of the groups. Engine Club 
meetings are once a month, as are 
the society meetings. They are us
ually over within a couple of 
hours. For the effort put out to 
attend these meetings, you will 
receive more than you will lose. 

OFFICERS 

President ____ ___ ________ __ ___ __ Wallace Palmer 
Vice-President ____ ____ __________ C. Henry Sims 
Secretary __ ____ __ _____ _________ Steve Rolwing 
Treasurer __ ______________ ___ __ _____ ___ Bill Shanks 
Chairman, St. Pat's ____ Donald Flora 
Sec'y, St. Pat's ___________ Mike Williamson 
Business Manager ____ ______ Charlie Dressel 
Mem bership Chm. ----------~-- Bob Lutman 
Publicity Chm. _______ ____ _____ Larry Clemens 
Attendance & Disc. Connie Lou Lowry 
Adviser ______ Dr. Richard Covert 

Date 
Feb. 2 
March 2 
April 6 
May 7 

FUTURE MEETINGS 
Time 
7:00 
7:00 
7:00 
7:00 

Place 
E.E. Aud. 

s.u. 
s.u. 
s.u. 
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Tau Beta Pi was founded at 
Leigh University on June 15, 1885 
by Edward H. Williams, Jr. Mis
souri Alpha chapter was estab
lished on November 15, 1902 at 
the University of Missouri as the 
tenth undergraduate chapter of 
Tau Beta Pi. Tau Beta Pi was 
established to offer an organiza
tion for outstanding engineering 
students and was to be the paral
lel of Phi Beta Kappa in liberal 
arts. Tau Beta Pi is one of the 
six members of the Association of 
College Honor Societies. 

The purpose of Tau Beta Pi is 
to mark in a fitting manner those 
who have conferred honor upon 
their alma mater by distinguished 
scholarship and exemplary char
acter as undergraduates in en
gineering, or by their attainments 
as alumni in the field of engineer
ing, and to foster a spirit of lib
eral culture in the engineering 
colleges of America. 

Tau Beta Pi members are 
elected only by an undergraduate 
chapter of the fraternity. (Elec
tions are held during both Fall & 
Winter semesters). Those under
graduates w ho s e scholarship 
places them in the highest one
eighth of the second semester 
junior class or in the highest one
fifth of the senior class are con
sidered for membership. Each se
mester the three highest first 
semester juniors are invited into 
membership provided their grade 
point average is above 3.4. How
ever, unselfish activity is deemed 
essential for membership because 
Tau Beta Pi believes that no man 
can become a worthy engineer 
without the welfare of his asso
ciates, his organizations, and his 
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Tau Beta Pi 

community at heart. Women are 
not eligible for membership, but 
the award of the Women's Badge 
is made to the women who meet 
the regular requirements of schol
arship and character. To date 404 
women have been awarded Tau 
Beta Pi Women's Badges by 85 
chapters. All graduated members 
are known as alumnus members. 
There are now 30 chartered alum
nus chapters. 

The two most important na
tional projects of Tau Beta Pi are 
the graduate fellowship and the 
student loan programs. The Fel
lowship Program is the major 
tangible objective of Tau Beta 
Pi. It is a time-proven idea which 
has opened a splendid new field 
of opportunity for the honor so
ciety. From the first the purpose 
has been to finance, for a select 
group of members chosen for mer
it and need, a year of graduate 
study at any college in any field 
of engineering, requiring only 
that the applicant shall have a 
definite purpose and that at the 
year's end he shall submit a state
ment summarizing his work. The 
resources of Tau Beta Pi's Stu
dent Loan Fund are available at 
any time to student members who 
otherwise would be without suffi
cient money to remain in college 
until the end of the current year 
or to complete their courses. 
Loans of any amount from $25 
to $500 are made for a maximum 
of three years, and the rate of 
interest is three percent per an
num on the unpaid balance. Mis
souri Alpha Chapter operates a 
loan fund for initiation fees. The 
official quarterly magazine of Tau 
Beta Pi, THE BENT, was first 

published in 1906 and is now is
sued in February, April, July and 
December. 

Projects of the Missouri Alpha 
Chapter include: obtaining guides 
for the annual University Day 
held each October, presenting an 
award to the outstanding senior 
in engineering each year during 
Engineers' week, furnishing Time 
magazine to the University of 
Missouri's Engineering Library, 
and passing out book marks and 
letters of welcome to the fresh
man engineering students each 
Fall. The most important individ
ual project undertaken in recent 
years, the erection of a large cast
ing of the bent of Tau Beta Pi, 
the official emblem of our fra
ternity, was finally completed 
this Fall. The monument is lo
cated in the area between the 
Civil Engineering wing and the 
main wing of the engineering 
building. It is dedicated "to out
standing engineers of the future." 

Tau Beta Pi has experienced a 
steady growth since its beginning 
in 1885 until now there are 122 
undergraduate chapters which 
have initiated over 127,000 mem
bers. Missouri Alpha has now in
itiated 1,415 members in its 62 
years and presently has 57 active 
members. 

OFFICERS 

President ____ ____________ Charles Leech, III 
Vice-President ________ __ ___________ Tom Picraux 
Rec. Secretary __________________________ Dan Gill 
Cor. Secretary ____________ Art Druckenmiller 

Treasurer ------------------------------- Bob Lutman 
Cataloger ------------ --------------- Jim Campbell 
Faculty Adviser ___ _______ __ Prof. John Lysen 
Advisory Board _______ ____ Dean J.C. Hogan 

Dean Wm. Sangster 
Dr. Milo Bolstad 

Richard Angus 

THE MISSOURI SHAMROCK 



The University of Missouri Stu
dent Chapter of The American 
Society of Civil Engineers adopted 
its pr esent constitution in 1940. 
The A.S.C.E. Student Chapter 
gives students an excellent oppor
tunity to become acquainted with 
the Civil Engineering Faculty and 
to learn of current topics of in
terest in Engineering from guest 
speakers and members of the Fac
ulty. 

The Chapter has at least eight 
meetings per school year, one of 
which is a dinner, and plans at 
least one field trip a year. 

The first regular meeting of the 
Chapter was held on October 20th, 
in room 153 of the Engineering 
building. Donald Becker, Senior 
Engineer in the Division of 
Bridges for the Missouri State 
Highway Department, gave an in-

AS.C.E. 
teresting talk on "Bridge Design 
and Plan Production". Texts of 
his talk were distributed. After 
the meeting was closed, refresh
ments were served and informal 
discussion continued. 

The November meeting was 
held on the 17th in the same room 
as the first meeting. Richard H. 
Hilleary of Sverdrup, Parcel, and 
Associates Incorporated of St. 
Louis delivered an interesting 
talk on the construction of the 
Chesapeake Bay Bridge-Tunnel. 
Slides were shown illustrating 
the unique construction methods 
used. A field trip to Laclede Steel, 
in St. Louis was set up for De
cember 4th. Some of the faculty 
and student members were to at
tend the A.S.C.E. Chapter meet
ing in St. Louis that night. 
However, both ventures were 

called off because of the weather. 
The December meeting was 

held on the 15th, in room S-8 of 
the Student Union. Dr. Kenneth 
P. Buchert, Professor Mark P. 
Harris, and Dr. William M. Sang
ster of the Civil Engineering fac
ulty gave interesting talks on how 
their particular fields are applied 
to Engineering problems in the 
field. Plans for a field trip to La
clede Steel in February were 
discussed, but action was tabled 
until the next meeting, which 
will be in February. 

The A.S.C.E. Student Chapter 
is open to all Civil Engineering 
students. The fees are $1.50 per 
semester, with Freshmen being 
exempt. Each April, officers for 
the following year are elected. 
The presidency is limited to the 

(Continued on page 13) 

The American Institute of Chemical Engineers 

The American Institute of 
Chemical Engineers is a profes
sional society for chemical engi
neers with the general objectives 
of advancing chemical engineer
ing in theory and practice and 
maintaining a high professional 
standard among its members. 

The A.I.Ch.E. was organized in 
Philadelphia on June 22, 1908 by 
meeting of forty chemical engi
neers, making this the youngest 
of the major professional engi
neering societies. This parallels 
the growth of Chemical Engineer
ing which is one of the newest 
branches of enginering, having 
it's birth in this century. Since 
1908 the society has grown until 
today it has 25,000 members in 
over eighty Local Sections. 
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Knowing that new talent for 
Chemical Engineering comes from 
colleges and wanting to instill the 
professional attitude in students, 
A.I.Ch.E. maintains Student 
Chapters on more than a hundred 
college campuses in the United 
States and Canada. These Student 
Chapters are for students enrolled 
in a curriculum leading to a de
gree in Chemical Engineering. To 
become a member of a Student 
Chapter the student must agree 
to abide by the Constitution, 
Code of Ethics, and By-Laws of 
A.I.Ch.E. Along with this there 
is a small annual membership 
fee. Once the student has joined 
the Student Chapter he has the 
right to vote in chapter elections, 
attend the meetings, and subscribe 

to "Chemical Engineering Prog
ress ." 

There are several activities that 
the Student Chaptei;s, engage in. 
There are monthly meetings of 
the chapter which usually have 
business concerning the activities 
of the chapter along with talks, 
pertaining to Chemical Engineer
ing and related fields, by speakers 
from university and industrial 
backgrounds. The Student Chap
ters are also active in Regional 
Conferences which are held once 
a year in geographically conven
ient areas. These conferences con
sist of inspection trips, banquets, 
presentation of student papers, 
and an address by some promi
nent individual. For example the 

(Continued on page 16) 
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Alpha Epsilon Honor Society 

Alpha Epsilon is an Agricultur
al Engineering Honorary which 
was organized to give recognition 
to those Agricultural Engineers 
who manifest worthy qualities of 
character, scholarship and profes
sional attainment. 

Alpha Epsilon was established 
at the University of Missouri on 
May, 1959. Since then seven chap
ters have been formed and a 
national office has been organ
ized. Actually the idea of Alpha 
Epsilon was created by Mr. Paul 
Doll, P.E., A.E. , Executive Di
rector of Missouri Society of Pro
fessional Engineers. Mr. Doll, a 
Tau Beta Pi, had been associated 
with other ·Honoraries and being 
an Agricultural Engineer, he 
wondered, "Why shouldn't Agri
cultural Engineers have a De
partmental Honorary," so he 
wrote the Association of College 
Honor Societies in 1959 regarding 
the formation of an Honor So
ciety. 

After the information on form
ing an Honor Society had been 
gathered, the first meeting of stu
dents and faculty was held on 
April 1, 1959. Temporary officers 
were selected and a constitution 
was written by the faculty ad
visors with the assistance of Mr. 
Doll. At this meeting a motion 
was made to establish the Alpha 
Chapter of the Alpha Epsilon 
Honor Society for Agricultural 
Engineers at the University of 
Missouri. 

On May 14, 1959, the first or
ganizational meeting was held 
and officers were elected and the 
constitution was adopted. Profes
sor M. Jones was elected as first 
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faculty advisor of Alpha Epsilon. 
Also the Alpha Epsilon Motto and 
Key were discussed at this time. 

Soon after this, all of the Agri
cultural Engineering Departments 
in the United States were told 
about Alpha Epsilon and the 
other chapters were formed. With 
chapters at various other Univer
sities, some provision had to be 
made for an official office of Al
pha Epsilon. Mr. Doll agreed to 
serve as Acting Executive Secre
tary until the American Society 
of Agricultural Engineers 1961 
winter meeting at Chicago was 
held. At this meeting the Nation
al Office was to be organized. 

At the winter meeting of 
A.S.A.E., the National Council 
was established with Mr. Doll 
being elected President and Mr. 
M. R. Gebhardt, University of 
Missouri, Secretary-Treasurer. 
The headquarters for the National 
Office is at the University of Mis
souri. 

The object of the Alpha Epsilon 
Honor Society is to promote the 
high ideals of the engineering 
profession, to give recognition to 
those Agricultural Engineers who 
manifest worthy qualities of char
acter, scholarship, and profession
al attainment, and to encourage 
and support such improvements 
in the Agricultural Engineering 
profession that make it an instru
ment of greater service to man
kind. 

There are three classes of mem
bership in the Missouri Alpha Ep
silon Chapter, these are active, 
alumni, and honorary. The offi
cers consist of President, Vice 
President, and Secretary-Treas-

urer. A faculty advisor is elected 
by the active members to help 
assist with the duties of the chap
ter. 

To become an active member 
in Alpha Epsilon a student in 
Agricultural Engineering must be 
a Junior in the upper quarter of 
his class, a Senior in the upper 
1/a of his class or a graduate stu
dent with at least a 3.25 cumu
lative grade point average. In 
addition to having the desired 
scholarship rank the student must 
be of unimpeachable character, 
have ability to make use of the 
knowledge, information, and ideas 
he may acquire, have a capacity 
for hard work, must have demon
strated his ability to work in har
mony with other people, and have 
demonstrated his deep interest in 
the furtherance of his chosen pro
fession by his active participation 
in its activities. 

To summarize Alpha Epsilon 
and what it stands for , I would 
like to quote the preamble to the 
constitution: 

"In order that those in the pro
fession of Agricultural Engineer
ing, who as a result of academic 
attainment or by achievement in 
practice have exhibited qualities 
of leadership and character that 
bring credit and honor to their 
profession may establish closer 
bonds for mutual benefit, the con
stitution of this Agricultural En
gineering Honor Society is here
by established. 

OFFICERS 

President __ ____________________ _______ _Larry Pochop 
Vice-President _______ ________ Hari Har Panda 
Secretary-Treasurer ___ __ _________ Loren Bode 
Adviser _______________ ___ Prof. D. B. Brooker 
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In the spring of 1922 two groups 
of civil engineering students at 
the University of Illinois, one 
calling itself Chi Epsilon, and 
the other calling itself Chi Delta 
Chi, independently of each other 
took steps to petition the faculty 
for permission to establish an 
honorary civil engineering fra
ternity. As soon as the existence 
of the two groups became known 
to each other, plans were imme
diately propagated to merge the 
two groups. On May 20, 1922, the 
Council of the University granted 
perm1ss10n to the petitioning 
group of 22 charter members to 
found the CHI EPSILON FRA
TERNITY. 

Dedicated to the purpose of 
maintaining and promo'ting the 
status of Civil Engineering as an 
ideal profession, Chi Epsilon was 
organized to recognize the char
acteristics of the individual Civil 
Engineer deemed to be funda
mental to the successful pursuit 
of an engineering career, and to 
aid in the development of those 
characteristics in the Civil En
gineering student. Engineering, 
the application of scientific prin
ciples to the practical needs of 
society, is assuming a constantly 
increasing responsibility for the 
physical well-being of all people, 
and thus calling for competence 
of high order. This responsibility 
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Chi Epsilon 

can be discharged only by a pro
fessional group whose members 
are possessed of a good basic tech
nical ability, intelligence, moral 
integrity, and effective social 
poise in their relationship with the 
larger community of which they 
are a part. To contribute to the 
improvement of the profession, 
Chi Epsilon fosters the develop
ment and exercise of sound traits 
of character and technical ability 
among Civil Engineers, and its 
members, by precept and ex
ample, toward an ever higher 
standard of professional service. 
Active membership shall be lim
ited to those students who have 
maintained a grade average in 
scholarship in the highest one
third of the junior class with a 
minimum grade point average of 
2.75 and the highest one-third of 
the senior class with a minimum 
grade point average of 2.50. The 
selection of active members shall 
be based on character, practical
ity, and sociability as well as 
scholarship. 

Since Chi Epsilon is an honor
ary organization its activities are 
limited. Chi Epsilon presents an 
award to the outstanding sopho
more in civil engineering at the 
annual engineering convocation. 
It also sponsors an exhibit during 
St. Pat's week. The social activ
ities consist of two initiation ban-

quets a year. 
At the present time there are 

10 active members and 11 pledges 
in the local chapter. Throughout 
the country there are 57 chapters 
and 17,100 members. 

OFFICERS 
President __ __ ____________ __ ___ ___ __ James Beasley 
Vice President _______ _________ David Smith 
Secretary ___ __ ____________ ______ Raymond Hicklin 
Treasurer ---- ------------------------- Clinton Smith 
Editor of the Transit ____ __ __ __ Les Conklin 
Adviser ___ __ _______ __ _ Dr. Donald Buettner 

A.S.C.E. 
(Continued from page 11) 

Senior class; The vice-presidency 
to the Junior class; While the sec
retary and treasurer may come 
from either the Sophomore or 
Junior class. 

The University of Missouri 
Chapter of A.S.C.E. is kept in 
close contact w i th A.S.C.E. 
through the Advisory Board, the 
Contact Member and Associate 
Contact Member, and the So
ciety's Committee on Student Af
fairs. The Advisory Board is 
composed of the entire Civil En
gineering Faculty. The Chapter's 
Contact Member is Walter E . Van
delicht of 1415 Dixon :Rrive, 
Jefferson City, Missouri. The As
sociate Contact Member is Ronald 
D. Pamperl, 1561 RcJ..ilway ; Ex
change Building, St. Louis. 

Graduates in Civif Engit,j€ering 
who have been active,m~inbers of 

( C911,tinued .. on,-rpage 16 ). 
c*-i\>-
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Providing power 
for every 
environment ••• 



provides 
challenge 
for 
virtually 
every 
technical 
talent 
at 

Being a technically trained man ... we assume you 
are looking ahead to a career of exciting growth and 
accomplishment and that you are looking for a com
pany possessing these same qualities. 

If our assumption is correct, we would like you to take 
a close look at us. For this Company, while solving the 
problems of the day, thrives on a sort of creative rest
lessness which anticipates the challenges of tomorrow. 
And more important to you, it recognizes its engineers 
and scientists as the master key to its present success 
and future progress. 

From a solid foundation of basic and applied research, 
our Company has gained a firm foothold in the land, 
sea, air, and space programs that are helping to shape 
our nation's future. Our engineers and scientists are 
exploring ever-broadening avenues of energy conversion 
for every environment. Should you join them, you'll be 
assigned early responsibility ... to apply your engineer
ing talents to such areas as advanced gas turbines .• , 
rocket engines ... fuel cells and nuclear power. 

Such trail-blazing projects command the best of varied 
talent. That's why you'll find at Pratt & Whitney Air
craft men with college training as diverse as their 
responsibilities. You will also find that opportunities 
for professional growth are further enhanced by our 
corporation -financed Graduate Education Program. 
Your degree? It can be a 8.S., M.S. or Ph.D. in: 
MECHANICAL • AERONAUTICAL • ELECTRICAL • CHEMICAL 

and NUCLEAR ENGINEERING • PHYSICS • CHEMISTRY 

• METALLURGY • CERAMICS • MATHEMATICS • ENGINEER-

ING SCIENCE or APPLIED MECHANICS. 

For further information concerning a career with Pratt & 
Whitney Aircraft, consult your college placement of
ficer-or-write to Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford 8, 
Connecticut. · 

Pratt & Whitney 
Aircraft 

SPECIALISTS IN POWER .. . POWER FOR PROPULSION-POWER 

FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE 

AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND IN• 

DUSTRIAL APPLICATIONS. 

Pratt & Whitney Aircraft u 
DIVISION OF UNITED ARAFT CORP. 

CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA An Equal Opportunity Employer 



A.1.CH.E. 
( Continued from page 11) 

regional conference of our local 
chapter this year will be at Mis
souri School of Mines at Rolla. 
It will be attended by such schools 
as Washington University, Kan
sas State, Kansas University, and 
Arkansas Universfty. There is a 
Student Contest Problem which 
is sponsored by the professional 
branch of A.I.Ch.E . and prepared 
by a subcommittee of practicing 

engineers. The best solution is 
awarded the A. McLaren White 
award of $200 and the second 
prize is the A. E. Marshall award 
of $100. A Scholarship Award is 
made each year on the recom
mendation of the chapter counse
lor to the student who has attained 
the highest scholastic average 
during the first two years of 
school. This award consists of a 
certificate, lapel pin, and a two 
year subscription to either Chem-

Why strength is so important 
to satellites ... and sewer pipe 

To withstand the fantastic force applied to it during launch, a satellite must be 
exceptionally strong. Strength must be an inherent part of its design and manu
facture ... and, it must retain this strength. 

So it is with sanitary sewer pipe. The health of a community depends to a large 
extent on how well municipal sanitary sewers and house sewers do their job. They 
must not fail because of inadequate pipe strength. Strength must be an inherent 
part of the pipe. 

Strength is an integral part of Dickey Perma-Line Clay Pipe. It's built right 
in. Nothing can take it away. The pipe body is so dense, there is strength to 
spare in all sizes, from 4-inch through 36-inch diameters. 

And the patented Dickey Coupling is a perfect work-mate for Dickey Perma
Line Glazed Pipe. This Coupling is made of the finest material available ... @ urethane. Together, this Coupling and Dickey Perma-Line Pipe 

assure you strong, tight, low-cost sewers. 

. k 1C ey sanitary glazed clay pipe 

If it's made of clay it' s good . .. if It's made by Dickey it's better 

W.S. DICKEY CLAY MFG. COMP.ANY Birmingham, Alabama• Kansas City, Missouri 
Meridian, Mississippi• St. Louis, Missouri• San Antonio, Texas , Texarkana, Texas-Arkansas 
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ical Engineering Progress or the 
A.I.Ch.E. Journal. The student 
chapter is also active in our own 
local activities such as Engineer
ing Week and University Day 
when many chapter members 
volunteer to work on laboratory 
exhibits and explain the exhibits 
to visiting high school students. 

Through the activities on local 
and national levels plus close cor
respondence with the professional 
branch of A.I.Ch.E. it is possible 
for the Chemical Engineering stu
dent to develop professionally in 
his ability as an engineer and as 
a responsible person with high 
standards demanded by the pro
fession . Upon his graduation from 
an accredited school the student 
member can transfer his member
ship to that of an associate mem
ber of the professional branch of 
A.I.Ch.E. and continue to grow 
as a practicing engineer. For rea
sons of present and future growth 
as an engineer it is highly desir
able for the Chemical Engineer
ing student to become an active 
member in his Student Chapter of 
A.I.Ch.E . 

OFFICERS 
President __ ______ _____________ __ Randolph Knapp 
Vice-President ________________ Harold Swindell 
S ecretary ____ _______________ _____________ ______ Bob Page 
Treasurer ____________ __ _____ __ ___ ________ Dean Talley 
Adv iser ______________________ Dr. Ralph Luebbers 

A.S.C.E. 
( Continued from page 13) 

the A.S.C.E. student chapter, and 
who apply and qualify shortly 
after graduation, receive special 
consideration. They are exempted 
from the entrance fee and upon 
admission into A.S.C.E. pay only 
pro-rated dues for the first year. 
Admission into A.S.C.E. is recog
nition of status as a man and as 
an Engineer. 

The next meeting of the Uni
versity of Missouri Student Chap
ter of A.S.C.E. will be February 
15th in room S-8 of the Student 
Union. The program plans are be
ing completed . 

OFFICERS 
President ___ __ ___ _____________________ Clinton Smith 
Vice-President _________ _____________ David Smith 
Secretary --·-----------------------· LesUe Conklin 
Treasurer ________ ______ ______ Donald Garrison 
Adviser ________ _______ __ Prof. Kenneth Buchert 

THE MISSOURI SHAMROCK 



find a career 
expanding 

and improving 
the Bell System 

Microwave relay towers assure reliable land transmission of tele
phone, radio, television and data traffic-with complete flexibility. 

To serve a growing America, we are steadily en-
larging our communications system ... opening new 
route-miles of cable and microwave ... bringing more 
customers into the network ... adding new services. 

As a result, the Bell System offers unique career op
portunities to ambitious young engineers who want to 
work on projects commensurate with their talents. 

In the Bell System there are literally hundreds of in
triguing engineering assignments ranging from the plan
ning of telephone service for large communities to the 
development of miniaturized components for equip
ment. A Bell System career can bring an engineer an 
exciting variety of tasks, every one important, with every
thing needed to carry them out. 

The Bell System companies are equal opportunity 
employers that match the benefits, salaries and working 
conditions of other companies. Few can match them, 
however, for work that is interesting and important. 

You owe it to yourself to investigate your career pos
sibilities in the Bell System. Have your Placement 
Office arrange a date with our interviewing team, or get 
in touch with a local Bell operating company. Either 
way, we'll welcome a chance to talk with you. 

(A\ !!i~n~el~!~IT~e~ph Co. \e, and Associated Companies 

C. S. LONG LINES lays and maintains Bell System undersea tele
phone cables that provide dependable overseas transmission. 



''The development 
of management 

is essential 
to our goal of 
great growth'' 

An equal opportunity employer 

At the 1964 stockholders' meeting, Arjay Miller, 

President of Ford Motor Company, emphasized the 

Company's far-sighted recruitment program and its accent 

on developing management talent: 

"One aspect of our planning is crucial to the success of 

everything else we do. It engages the best thoughts and efforts of 

our whole management team, from top to bottom, throughout the 

world. I am speaking of the development of management. The 

immediate future of our Company depends heavily upon the abilities 

of the people who are now key members of our management team. 

"In the longer run, our future depends on what we are doing at 

the present time to attract and develop the people who will 

be making the major decisions 10 to 20 years irom now. We are 

developing management competence in depth in order to attack the 

problems that will confront a company of great growth-and 

great growth (both in profits and sales) is exactly the goal 

we have established for Ford Motor Company. 

"We are continuing to emphasize recruiting. Last spring, 180 of our 

management people devoted part of their time to recruiting 

outstanding graduates from colleges and universities throughout 

the U.S. Last year, these efforts resulted in our hiring over 

1,000 graduates, 220 more than the year before. 

"We are seeking and we are finding young men-and young women, 

too-with brains and backbone-people who have the ability and 

the desire to make room for themselves at the top. We give our 

trainees challenging assignments with as much responsibility as 

they can carry. We promote them as fast as they are ready. Those 

who are interested in easy security soon drop out. Those who 

have what we want stay with us, and move up quickly to increased 

responsibility and the pay that goes with it. Thanks to the quality 

of the people we are recruiting and developing, I am firmly 

convinced that our outlook is most promising." 

4F4D 
MOTOR COMPANY 

The American Road, Dearborn, Michigan 



Another of your future's many facets at Monsanto 
With a company growing as fast as Monsanto (annual sales quadrupled to a hefty 
$1.2 billion in little more than a decade), design of new plants, equipment and 
systems has never been so important. Engineers are needed to apply their skills 
and knowledge ... in known and unknown areas ... to help us manufacture the 
new and improved products that move Monsanto ahead-500 new products in the 
last 10 years. 

We can show you what this means in terms of increased professional opportunity 
•.. how Monsanto's continuing expansion affords more and interesting growing 
room for you. 

See your Placement Director to arrange for an interview when we visit your campus 
soon. Or write today for our brochure, "Your Future and Monsanto," to Manager, 
Professional Recruiting, Dept. CM 64, Monsanto, St. Louis, Missouri 63166. 

An Equal Opportunity Employer 



WHAT DOE.$ NATKIN & COMPANY OFFER YOU? 

A CAREER .•• 

with a remunerative, lang•range future! Graduates in mechanical, 
civil, electrical, industrial, and architectural engineering will find 
unlimited career opportunities and new horizons with Natkin & 
Company! 

JOB DIVERSIFICATION 

that adds interest and challenge! Natkin & Company are Mechanical 
Contractors specializi11g in industrial and commercial heating, piping, 
plumbing, air condi\ioning, power plants and a wide range of 
mechanical installations in all cegions of the nation! 

TRAINING PROGRAMS ..• 

carefully planned and operated lo provide maximum, realistic em• 
ployee growth! Natkin management takes a highly personal interest 
in your career and development, and offers a personalized and 
specialized train ing that is very personal in nature, and covers all 
phases of our business. 

RAPID ADVANCEMENT ... 
for qualified, ambitious personnel who wish to go places in a hurry! 
Natkin management believes in fast promotion-from within-and 
you can travel just as far and as quickly as your interest and 
abilities permit. 

ADVANTAGES . .• 
of a medium-sized aggressive company. We are large enough to 
offer plenty of security . .. small enough to provide executive re
sponsibility quickly. Our twelve plants are constantly expanding, new 
facilities are being built . . . and we have solid plans for our 
future-and yours! 

If you are looking for a career with security and opportunity, then 
look lo Natkin & Company! 

For more information on career opportunities with Natkin & Com-
pony, please contact: 

L. M. Farber, Executive Vice President 
1924 Oak Street, Kansas City, Missouri 

!rJIC:I: 
& COMPANY 

1924 Oak Street Kansas City 8 , Missouri 

COMPLETE SALES, ENGINEERING, CONSTRUCTION, 
AND SERVICE FACILITIES LOCATED AT: 

Beaumont, Texas 
Columbia, Missouri 
Dallas, Texas 
Denver, Colorado 

Houston, Texas 
Lincoln, Nebraska 
Omaha, Nebraska 
Santa Clara , California 

St Louis, Missouri 

Titusville (Cape 
Kennedy) Florida 

Tulsa , Oklahoma 



Defense Engineering atilCA 
Current-Pumped Abrupt 

Junction Varactor 
Power-Frequency Converters 

The varactor diode has become well known 
as an excellent device for low-noise amplifica
tion. Recently, however, the varactor diode 
has been used in high-level frequency con
verters as both a means of obtaining large 
amounts of power, tunable over wide band
widths, and as a means of placing FM and PM 
information on a CW source, such as a 
varactor multiplier. The high-level parametric 
upconverter differs from a low-noise para
metric amplifier in the area of conversion 
efficiency. 

One of the problems in the large signal 
solution for a varactor frequency converter 
is the infinite number of terms found when 
attempting to evaluate the Taylor expansion 
for charge as a function of voltage for an 
arbitrary varactor. If one reverses this approach, 
and finds the expansion for voltage as a 
function of charge, with a junction exponent, 
'Y, of½ (abrupt junction varactor), it is found 
that the series is finite and easily utilized to 
find a more exact solution for the diode 
transfer impedance. 

Because of its inherent symmetry, a push
pull application of the diodes provides a large 
degree of signal isolation, as well as an in
crease in allowable input power. This type 
of circuit provides an output at the upper 
sideband frequency which may be isolated 
from the pump circuit, by diode balance, 
without the need for lossy filters. Tunability 
is readily attained using the appropriate im
pedance matching networks without the added 
complications associated with low-loss tunable 
tilters. A low-pass filter is necessary in the 
signal port to prevent the pump power from 
being dissipated in the signal circuit. 

A simplified representation of a circuit using 
only coaxial networks, is shown in the figure. 
This pa rticular circuit uses what might be 
referred to as a section of coaxial-coax. The 
diodes are pumped in series by means of a 
balanced transmission line, which may be 
designed using the techniques available for 
constructing "balun transformers." The signal 

is introduced through a low-pass filter and 
drives the diodes in the push-pull, parallel 
mode. The resultant idler is generated in a 
TEM mode, with the conductors acting as a 
quarter-wave coaxial tuning assembly. The 
output may be removed using a current probe, 
coupled to the idler center conductor at the 
proper impedance tap. The output cavity may 
be tuned by varying the position of the rear 
shorting wall (A-A), using sliding finger con
tacts. With this approach, power levels of 
several watts have been handled with a con
version loss of 3db compared to power level 
of several milliwatts with I 0db conversion loss 
for conventional resistive mixers. 

Reference-Perlman, B. P., "Current-Pumped 
Abrupt Junction Varactor Power-Frequency Con
verters," to be published March 1965, IEEE 
Transactions on Microwave Theory and Techniques. 

Room Temperature GaAs 
Laser Communications 

Communications was among the first appli
cations considered after the invention of the 
laser. Practical realization of the goal was 
delayed by the difficulties associated with 
inefficient energy conversion and inadequate 
modulation techniques. The discovery of the 
semiconductor injection laser in 1962 greatly 
reduced these difficulties, but introduced the 
restriction of operation under cryogenic con
_ditions. Gallium arsenide injection lasers 

promise energy conversion efficiencies of 20- , 
30% , while modulation of the optical signal ' 
can be accomplished simply by modulating 
the injection current. Early in 1964, the cryo
genic restriction was eliminated when efforts of 
RCA scientists proved successful in discovering 
a type of gallium arsenide diode which ex
hibited laser action at room temperature with 
threshold currents much lower han those 
previously reported. This discovery permitted 
the engineering of a room temperature com
munications link and in May, 1964, such a 
communications link was demonstrated for 
the first time. The system employs pulse fre
quency modulation at a 20 kc repetition rate, 
has a bandwidth of 5 kc, and can operate in 
bright sunlight. Ranges up to three miles have 
been obtained while operating within the atmos
phere. Using parallel diodes, a much greater 
range is feasible. The narrow linewidth of 20 
angstroms permits the use of narrow band 
optical filters thereby reducing background 
noise. The system is free of radio frequency 

These recent achievements in Defense Engineering are indicative of the 
great range of activities in research, applied research, advanced development, 
design and development at RCA. To learn more about the many scientific 
challenges in both defense and commercial engineering awaiting bachelor and 
advanced degree candidates in Electrical or Mechanical Engineering, Physics, 
Chemistry or Mathematics, write: College Relations, Radio Corporation of 
America, Cherry Hill, New Jersey. 

JANUARY, 1965 

interference which plagues conventional com
munication systems, and is so efficient that 
three nickel cadmium batteries (the size of 
standard flashlight cells) can provide hours of 
continuous operation. 

Reference-# I. H. Nelson, J. l. Pankove, F. Hawry/o, 
G. C. Dousmanis, C. W. Reno, .. High-Efficiency 
Injection Laser at Room Temperature," Proc. IEEE 
(correspondence), Vol. 52, No. 11 , p. 1360, Nov., 
1964. # 2. D. Kar/sons, C. W. Reno, W. J. Hannan, 
"Room Temperature Ga As Laser Voice Communica
tion System," Proc. IEEE (correspondence), Vol. 52, 
No. 11, p. 1354, Nov., 1964. 

15 Megacycle Tape 
Bandwidth Response 

RCA engineers have developed an advanced 
magnetic recording system with the highest 
bandwidth response reported to date. This 
achievement results from integrated efforts in 
all phases of magnetic recording, such as: 
air !?earing design, high performance servos 
(50 kc response), precision mechanisms and 
magnetic head circuitry. 

This recent accomplishment is being used in 
equipment with two 8 Mc bandwidth channels 
designed for application in a precision radar 
system. In this design the heads are rotated to 
achieve 3200 inch- per- second head-to-tape 
speed in a transverse scan mode. The unit uses 
a specialized form of a frequency modulated 
carrier system to achieve a response from I 00 
cycles per second to 8 Mc. The 3200 JPS head 
speed permits a wavelength of 0.32 mils at a 
10 Mc FM carrier. Head gap lengths of 
90 x I 0·6 inches are employed to achieve 
FM response to 15 Mc. 

Closed-loop electronically 
variable delay line system 

In order to effect a high reproduction ac
curacy for radar use, five servomechanisms are 
employed to insure stability of tape and head 
motion. The most interesting of these is a 
pure electronic servo employing the principle 
of variable delay to remove time displacement 
errors from the signal. This system employs a 
25 to I loop gain at a bandwidth of 50 kc. 
This closed-loop system achieves a time-base 
accuracy of ± IO nanoseconds. The rms value 
of this error is less than 5 nanoseconds, 
equivalent to less than 5 feet of radar range 
error, a new standard of excellence for radar 
recording accuracy. 

Reference-F. D. Kell and J. D. Rittenhouse, 
"Advanced Tape Equipment for Instrumentation 
Recording," RCA Pub/. No. PE-189, containing re
prints of /3 technical papers on Magnetic Recording. 

The Most Trusted Name 
in Electronics 

An Equal Opportunity Employer 

21 



Engineering News 

"ANDY," THE 
ANTHROPOMORPHIC DUMMY, 

GETS HIS "BRAIN" FOR 
APOLLO FLIGHT 

Moon bound apollo astronauts 
will know pretty much what to 
expect from acceleration and "G" 
forces thanks to "ANDY" the an
thropomorphic dummy shown 
above getting his "brain". "AN
DY's" skull, fitted out with 13 
tiny electronic sensing and trans
mitting devices, together with the 
rest of the humanoid, is now un
dergoing drop tests and other pre
manned flight experiments. 

These experiments are being 
conducted by North American's 
Space and Information Systems 
Division, Downey, California, for 
NASA's Manned Spacecraft Cen
ter, Houston, Texas, as part of the 
Apollo program. The electronic 
skull package senses the rate 
changes and "G" forces on the 
dummy's head through use of tiny 
sub-miniature rate gyros and ac
celerometers for all three axes of 
movement. Fairchild Controls, a 
Division of Fairchild Camera and 
Instrument Corporation, produc-
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ers of the skull package, say that 
rate changes of up to 500° per 
second and accelerations of + 50 
G's may be encountered by the 
dummy during some phases of the 
flight. Thus, by comparing the 
dummy's encountered forces with 
man's known capabilities, flight 
regimes for Apollo can be estab
lished to protect the Moon voy
agers during their trip. 

CHESAPEAKE BRIDGE 
The 17.6 mile Chesapeake Bay 

Bridge-Tunnel, opened in April 
1964, has been nominated the 
"Outstanding Civil Engineering 
Achievement" of the year. 

The American Society of Civil 
Engineers, a 53,000-member pro
fessional society, sponsors the 
yearly award. 

Crossing Chesapeake Bay now 
takes the motorist over and un
der the open sea, where the Bay 
meets the Atlantic Ocean-be
tween Norfolk and Delmarva 
Peninsula. The new facility cuts 
driving time between New York 
and Florida by an hour and a half 
and avoids Washington, D. C. and 
Baltimore. 

The civil engineering achieve
ment combines 12½ miles of low
level trestle, four man-made is
lands raised from the bottom of 
the Bay, two tunnels, each over 
a mile long, a high and medium
level bridge, and several miles of 
approach roads. The bridge
tunnel project was financed by a 
$200 million dollar toll-revenue 
bond issue and does not have the 
benefit of tax money. 

Two thirds of the project's 
length is made up of low-level 
trestle, consisting of 858 spans 
of 75-feet with a 25-ft. clearance 

LARRY RAMSEY, M.E. '66 

over mean low level. It, and other 
bridge structures, are designed for 
20-ft. waves and a 10-ft. storm 
surge. The superstructure for 
each trestle span consists of pre
cast, prestressed concrete units 
resting on precast concrete pile 
caps which are supported by 
sand-filled 53-inch diameter con
crete piles. 

To assure navigation require
ments for major naval vessels and 
commercial shipping, two tunnels 
were built at channel locations. 
Entry to the tunnels is through 
four man-made islands built of 
sand to 30 feet above the sea in 
40 ft. of water. The islands are 
1,500 ft. long and 230 ft. wide. 

Watertight sections of double
wall steel casing in 300 ft. lengths 
were fabricated in Texas, towed 
1,700 miles to Norfolk and even
tually sunk into a leveled trench 
beneath the sea. These formed the 
two mile-long tunnels which are 
ventilated by equipment located 
on the islands. 

The mammoth project was com
pleted through the efforts of six 
major companies assisted by sev
eral hundred subcontractors and 
suppliers. 

The 17 .6 mile Chesapeake Bay Bridge
Tunnel project is in the competition 
to be named the "Outstanding Civil 
Engineering Achievement" of the year. 

(Continued on page 24) 
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Bob Reinstrom is observing a potentially more 

economical system for producing enriched 

uranium on a large scale by separating molecu

lar species with supersonic gas jets. 

Young Engineers Find Opportunity at Allison 
■ Bob Reinstrom came to Allison Division, General 
Motors, early in 1962 following his graduation from 
the University of Minnesota with a BS degree in Mech
anical Engineering. 

As a research engineer at Allison, he has been asso
ciated with the Nuclear Liquid Metal Cell Program, the 
MCR (Military Compact Reactor) Project, and the 
Energy Depot Project. In these assignments, he has 
contributed to these studies: 

1-Analysis and design of heat transfer equipment 
to investigate boiling, condensing, and thermal cycling 
in closed liquid metal systems. 

2-The steady-state parametric optimization and 
transient behavior analysis of nuclear reactor systems. 

3-Thermodynamic analysis of open chemical pro
cesses. 

Presently, Bob is doing graduate work in engineering 
at Purdue University-Indianapolis campus ... one of 

the many advantages of a job with Allison. 
Allison's broad education and training programs offer 

unlimited opportunities to the young graduate engineer 
desiring education beyond the normal four or five years 
of college training. 

If you're interested in knowing more about Allison's 
Graduate Study Program, see our interviewer when he 
visits your campus. Or, write now for your copy of 
Allison's brochure, explaining your opportunities for 
advancing your professional career at Allison. Send your 
request to: Allison Division, General Motors Corpora
tion, Indianapolis, Indiana 46206, Att: Professional and 
Scientific Placement. 

An equal opportunity employer 

.AllisoI1 GM 
THE ENERGY CONVERSION DIVISION OF 

GENERAL MOTORS, INDIANAPOLIS, INDIANA General Motors 



ENGINEERING NEWS 
( Continued from page 22) 

MAGNETIC MEDICAL 
INSTRUMENTS 

Hairpins, nails, tacks, safety 
pins (open and closed), keys, and 
other iron objects swallowed ac
cidentally by children and adults 
can be retrieved without surgery 
by two new medical instruments 
developed at the General Electric 
Research Laboratory. 

The new medical "tools," de
signed around powerful Alnico 
magnets, may facilitate · the re
covery of iron objects from the 
food tracts of the human body. 
The devices are being tested by 
Dr. Arthur Q. Penta, director of 
the department of broncho-esoph
agology at St. Clare's and Ellis 
hospitals in Schenectady, New 
York. 

Most of the foreign bodies that 
become lodged in the upper in
testinal tract normally make an 
uneventful exit from the body. 
But when the foreign body is 
long, sharp, or jagged, its passage 
may perforate the stomach and 
intestine. In such cases, it- is de
sirable to remove the swallowed 
object as quickly as possible. 

For a number of years, physi
cians have used simple permanent 
magnets to retrieve swallowed 
iron objects. In a typical case, a 
flexible cable-with a magnet 
at its tip-is inserted down the 
patient's throat until the magnet 
comes in contact with the swal
lowed object. Magnet and object 
then are withdrawn. The entire 
procedure is followed on a fluoro
scope, and can be carried out 
quickly. 

The new magnetic medical 
"tools" grew out of a visit to the 
Research Laboratory by Dr. Pen
ta, one of the pioneers in this 
field . During his visit, Dr. Penta 
pointed out that simple permanent 
magnets could not be used in 
certain cases, such as the removal 
of an open safety pin from a pa
tient's stomach. The magnet might 
grasp the open safety pin with the 
sharp point projecting up, making 
it impossible to withdraw the 
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safety pin without some danger 
of puncturing the delicate tissues 
of the stomach and esophagus. 

Dr. Fred E. Luborsky, a phys
ical chemist, and Miss Betty J. 
Drummond, a technician, devel
oped a "switchable" permanent 
magnet device that could be 
turned "on" or "off" at will. Be
fore this device is switched on, 
contact can be made on the spring 
of an open safety pin. The safety 
pin can then be turned around 
and removed blunt end first. 

The new medical "tool" is about 
30 inches long by one-quarter inch 
in diameter. It consists basically 
of a stainless steel cable enclosed 
in a plastic tube, which ends in 
an iron tip. When the permanent 
magnet at the end of the control 
cable is slid forward until it 
touches the iron tip, the tip be
comes magnetized. When the per
manent magnet is retracted into 
a magnetic shield, the tip loses its 
magnetism. 

At the time of his visit to the 
Research Laboratory, Dr. Penta 
also had pointed out that certain 
regions of the stomach are inac
cessible to a magnet on the end 
of a flexible cable-because of 
the angular shape of the esopha
gus as it enters the stomach. This 
led to the development of a second 

device-a "steerable" magnet-by 
Dr. Luborsky and, Miss Dr:um
mond. 

The "steerable" magnet also 
consists basically of a stainless 
steel control cable enclosed in a 
plastic tube. However, a spring 
hinge is located near a permanent 
magnet at the tip of the device. 
After the device has been placed 
in a patient's stomach, a physician 
can maneuver the magnet upward 
simply by pushing down on the 
control cable. The magnet can 
then be rotated to any desired 
position, reaching previously in
accessible regions of the stomach. 

"These new medical instru
ments are an important break
through in this field," Dr. Penta 
commented today. "For example, 
the complete procedure-from in
sertion of one of these devices to 
its removal-takes only two or 
three minutes. No anesthesia or 
hospitalization is required, and 
the patient may be discharged im
mediately. Another advantage is 
that no special training is re
quired in the use of these new 
devices. Thus, in smaller commu
nities that do not have a specialist 
available , the general practitioner 
-under fluoroscopic guidance
should be able to use these in
struments successfully.'' 

Inside Story. Switchable medical magnet can be turned "on" or "off" at 
will, and can 1·etrieve swallowed sharp objects at greatly reduced hazard to the 
patient. Inserted gently down patient's throat (left), device is steered under 
fluoroscopic guidance to the spring of open safety pin, and switched "on." Safety 
pin is then turned around and removed blunt end first (right). If the safety pin 
had been grasped with the sharp point projecting up, as a simple permanent 
magnet would have done, delicate tissues might have been scratched or punctured 
during withdrawal. The new medical "tool" was developed at the General Electric 
Research Laboratory in Schenectady, N. Y. These X-ray photographs were taken 
by Dr. Arthur Q. Penta, a local specialist who is testing the new device. 
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,Men on the ,nove 

at Bethlehe,n Steel 

JIM ANTHONY, I.E., JOHNS HO~lNS 
'60-An operations research man at 
our Sparrows Point, Md., Plant, Jim 
applies techniques such as linear pro
gramming, regression analysis, ex
ponential smoothing, CPM, and PERT 
to complex production problems. 

JIM BULLOCK, E.E., BROWN '58-
Jim is an electrical engineer at our 
Bethlehem, Pa., Plant. His broad
ranging duties include instructing 
technicians in the intricacies of elec
tronics. 

TOM FREE, MET.E., CASE INSTITUTE 
,'60-After experience in both mills and 
laboratories, Tom became a Lacka
wanna Plant metallurgical service en
gineer. His job is to solve problems in 
customers' plants. 

SAM COLEMAN '62, DOUG HATCHER 
'61, BOTH M.E., SOUTH CAROLINA 
-Sam and Doug are salesmen in 
our Atlanta District. Their technical 
training is a valuable asset in selling 
steel products. 

DICK PEOPLES, C.E., NORTHEAST
ERN '60-Dick helped build our new, 
$20-million continuous galvanizing 
mill at the Lackawanna Plant, near 
Buffalo, N.Y. Now he's foreman of the 
mill's production line. 

JOHN O'BRIEN, CH.E., NOTRE DAME 
'60, AND DICK HOSTETTER, M.E., 
PENN STATE '58-Production engi
neer O'Brien and research engineer 
Hostetter worked together on an auto
matic gage-control system for a mill 
at our Sparrows Point, Md., Plant. 

These alert young men are a few of the many recent graduates who joined the 
Bethlehem Loop Course, one of industry's best-known management development 
programs. Want more information? We suggest you read our booklet, "Careers 
with Bethlehem Steel and the Loop Course." Pick up a copy at your Placement 
Office, or write to our Manager of Personnel, Bethlehem, Pa. 

An equal opportunity employer 
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BULi.ARNEY 
A six-foot-four hunk of man 

with a five-day growth of beard 
on his face barged into a Denver 
saloon, shot out the lights, tore a 
phone book in half, and then 
tossed down six straight scotches 
without taking a breath. The bar
tender, flabbergasted, gasped, "I 
don't reckon I've even seen you 
round these parts. Where are you 
from?" 

The uninvited guest spat di
rectly into a cuspidor fourteen 
feet away and growled, "I'm down 
from Cripple Creek. They threw 
me out of the mining camp be
cause I was too effeminate." 

• 
Poise is that quality that en-

ables you to buy a new pair of 
shoes while ignoring the hole in 
your sock. 

• 
Love-the delusion that one 

woman differs from another. 

• 
The six-year-old had received 

a detailed lecture from his father 
on the facts of life, the birds, and 
bees, and simple biology. Papa 
leaned back at the end of the re
cital and said, "Now if there is 
anything else you want to know 
don't hesitate to ask me son." 

The boy pondered a minute, 
then gravely asked his father, 
"How come they put out the 
Saturday Evening Post on Wed
nesday?" 

• 
A young C.E. was proudly 

showing the Governor his first 
big project, a three million dollar 
dam. The Governor stared in 
amazement and exclaimed, "Heav
ens, the water-it's supposed to 
be on the other side." 
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There is a ,rumor on The Hill 
that the prerequisite for ,Mechan
ics 311 is a previous attempt at 
Mechanics 311. 

• 
Love makes the world go 

round; but then, so does a swal
low of tobacco juice. 

• 
E. E.: "Who spilled mustard on 

my waffle?" 
Wife: "Oh John! How could 

you? This is lemon pie." 

• 
Then there was a chemical en-

gineer who wouldn't let his wife 
feed their kid milk before it went 
to sleep because he reasoned that 
the kid would toss from side to 
side; that milk truns to cheese, 
cheese turns to butter, butter to 
fat, fat to sugar, sugar to alcohol; 
therefore, the kid would wake 
up with a hangover. 

• 
Demo. Judge: "Have you ever 

earned a dollar in your life." 
Prisoner: "Yes your honor. I 

voted for you in the last election." 

• 
In Paris, it's frankness; 
In Panama, it's life; 
In a professor, it's clever; 
But in a college magazine, 
It's smutty. 

• 
Then there's the fellow who 

bred his parakeet to a tiger. He 
doesn't know what he's got, but 
when it talks, he listens. 

• 
As he felt his way around the 

lamp post, the overloaded chem
ical engineer muttered, "S'no use, 
I'm walled in." 

A Texan had a small farm with 
just a few sheep. One day his 
wife, while dyeing some bed
spreads blue, had a little lamb fall 
into the bucket of dye. A passing 
motorist saw the · lamb with the 
blue fleece and bought it f6~ · $50. 
So the Texan figured he had a 
good thing going and colored some 
more lambs which brought big 
profits. 

"Pretty soon," he recalled, "I 
was coloring them pink, blue, 
yellow, and green and you know 
-now I'm the biggest lamb dyer 
in Texas." 

Two farmers bought V olks
wagens on the same afternoon. 
Next morning one called the 
other: 

"Luke, I just opened the hood 
of my new car. Somebody's stole 
my engine." 

"That's all right Clem; I just 
looked in my trunk-they gave 
me one with TWO engines. I'll 
bring you my spare." 

• 
A revenue man was looking for 

a bootlegger deep in the Kentucky 
hills. At a fork in the trail he 
came to two paths. Sitting on one 
of the paths was the bootlegger's 
son, a small toddler. 

"Which path leads to your pa's 
still?" the revenue man asked. 

The little fellow got up slowly 
and said, "This one do, but it 
don't lead back." 

Slipsticking: The art of rubbing 
two sticks together and looking 
through a rock with a line on it 
to get the wrong answer. 
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The mechanical engineer who decides to join 
forces with us upon completion of his formal 
education will discover soon enough that the 
biggest part of his education is still ahead of him. 
This cliche can be interpreted two ways. 

The literal way-"Line spread function" mathe
matizes certain aspects of image structure in 
optical theory. Very few mechanical engineers 
shelter behind academic ivy long enough to get 
that deep into other men's games. If, for example, 
we need mechanical engineers capable of com
municating with our optical physicists for a 
common purpose-and we have such purposes in 
our little-known but heavy aerospace commit
ments-we had better provide the right fertilizer 
for ivy ourselves. So we do. Some of the more 
sophisticated current ideas on what constitutes 

EASTMAN KODAK COMPANY, 

Some 

M.E.s 
are 

• going 

to learn 
what 
this 

means 

engineering have strong partisans among the 
men from whose ranks a newcomer can pick his 
boss here. 

The hard-boiled way-The nice part about 
being an engineer here is that a man can find a 
level of sophistication to suit his interests even 
without risking the shifting sands of internation
al policy. We are plainly, frankly, proudly, and 
gloriously commercial. We need men to whom to 
teach the technical subtleties of making money 
from satisfying the everyday needs of people and 
of business . When done properly, it can be as 
challenging to the intellect as the work of the 
engineer across the road who gets the same sig
nature on his paycheck for ideas on palpating 
the moon. 

Drop us a line. 

Business and Technical Personnel Department, Rochester, N.Y. 14650 
An equal-opportunity employer offering a choice of three communities: IKodakl Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 



Advancement in a Big Company: 
How it V\forks 

An Interview with General Electric's C. K. Rieger, Vice President and Group Executive, Electric Utility Group 

C. K. Rieger 

■ Charles K. Rieger joined General Elec

tric's Technical Marketing Program after 

earning a BSEE at the University of Mis

souri in 1936. Following sales engineering 

assignments in motor, defense and home 

laundry operations, he became manager of 

the Heating Device and Fan Division in 

1947. Other Consu:ner-industry management 

positions followed. In 1953 he was elected 

a vice president, one of the youngest men 

ever named a Company officer. Mr. Rieger 

became Vice President, Marketing Services 

in 1959 and was appointed to his present 

position in 1961. He is responsible for all 

the operations of some six divisions com
posed of 23 product operations oriented 

primarily toward the Electric Utility market. 

Q. How can I be sure of getting the 
recognition I feel I'm capable of earn
ing in a big company like G.E.? 

A. We learned long ago we couldn't 

afford to let capable people get lost. 

That was one of the reasons why G.E. 

was decentralized into more than a 

hundred autonomous operating de

partments. These operations develop, 

engineer, manufacture and market 

products much as if they were inde-

pendent companies. Since each de

partment is responsible for its own 

success, each man's share of author

ity and responsibility is pinpointed. 

Believe me, outstanding performance 

is recognized, and rewarded. 

Q. Can you tell me what the "promo
tional ladder" is at General Electric? 

A. We regard each man individually. 

Whether you join us on a training 

program or are placed in a specific 

position opening, you'll first have to 

prove your ability to handle a job. 

Once you've done that, you'll be given 

more responsibility, more difficult 

projects-work that's important to 

the success of your organization and 

your personal development. Your abil

ity will create a "promotional ladder" 
of your own. 

Q. Will my development be confined 
to whatever department I start in? 

A. Not at all! Here's where "big com

pany" scope works to broaden your 
career outlook. Industry, and General 

Electric particularly, is constantly 

changing - adapting to market the 

fruits of research, reorganizing to 

ma intain proper alignment with our 

customers, creating new operations 

to handle large projects. All this rep

resents opportunity beyond the limits 
of any single department. 

Q. Yes, but just how often do these 
opportunities arise? 

A. To give you some idea, 25 percent 

of G-E's gross sales last year came 

from products that were unknown 

only five or ten years ago. These new 

products range from electric tooth 

brushes and silicone rubber com

pounds to atomic reactors and inter

planetary space probes. This chang

ing Company needs men with ambi

tion and energy and talent who aren't 

afraid of a big job-who welcome the 

challenge of helping to start new 

businesses like these. Demonstrate 

your ability-whether to handle com

plex technical problems or to manage 

people, and you won't have long to 

wait for opportunities to fit your 

needs. 

Q. How does General Electric help 
me prepare myself for advancement 
opportunity? 

A. Programs in Engineering, Manu

facturing or Technical Marketing give 

you valuable on-the-job training. We 

have Company-conducted courses to 
improve your professional ability no 

matter where you begin . Under Tui

tion Refund or Advanced Degree Pro

grams you can continue your formal 

education. Throughout your career 

with General Electric you ' ll receive 

frequent appraisals to help your self

development. Your advancement will 

be largely up to you. 

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write 
Personalized Career Planning, General Electric, Section 699-11 , Schenectady, N. Y. 12305 

GENERAL. ELECTRIC 
An Equal Opportunity Employer 
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On top of Kitt Peak, the world's largest solar telescope 

gives scientists the largest image of the sun man has ever had 
At the top of the gleaming white tower in 
the upper pictu re is a 60-inch quartz mirro r 
which prec isely tracks the sun all day in 
the clea r, dry air above the A ri zona desert. 

It is crad led in a carri age cal led a helio
stat, built by Westinghouse. 

Part of th is telescope is tunne led out of 

the flank of the mountain . Sun light is re
flected 480 feet down th is tunne l and back 
up 280 feet into a dark viewing room by 
means of two other mir ro rs, a lso on 
Westinghouse mountings. 

By study ing the sun's image here, scien
ti sts hope to learn more about t he sun's 

magnetic field and how sunspots affect 
ou r weather and communications. 

The 60-ton heliostat at the Kitt Peak 
Nationa l Observatory is designed to t rack 
the daily motion of the su n to an accuracy 
of 1/1000 of an inch. 

You can be sure if it's Westinghouse 

@ 
For information on a career at Westinghouse, an eq ual opportunity employer, 
write L H. Noggle, Westinghouse Ed ucational Department, Pittsburgh, Pa, 15221. 



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 170 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,foriour 12-page 
career booklet. 

The Timken Roller Bearing 
Company, Canton, Ohio 44706. An 
equal opportunity employer. 



What is a chemical engineer doing at NCR? 

Lots of things. With a BS, MS or 
Ph.D. in chemical engineering, he 
may be working with plastic~. poly
mers, inks, paper, metals, foods or 
pharmaceuticals. 

In NCR's Finishes Control Labora
tory, his assignment might deal with 
new process design for electro or 
electroless plating. Or with new 
etching techniques for printed-thru
hole circuit boards. 

In Chemical Development, he 
might be working with special paper 
products for business systems 
(such as carbonless transfer and 

thermocopy paper, punched cards, 
and tape) . He might be developing 
new media storage by changing 
materials and coating techniques. 

In the Plastics Laboratory, you 
may find him evaluating new mate
rials, determining new methods of 
production, developing new proc
esses or improving old ones. 

Capsular Research and Product 
Development would involve him in 
NCR's unique microencapsulation 
process which locks up a material 
in a microscopic capsule for subse
quent release. This has applications 

in such fields as pharmaceuticals, 
foods and adhesives. 

In NCR' s Materials Analysis 
group, he might assist our research 
organizations - qualifying produc
tion materials or developing new 
wet and dry test techniques. 

If your interests fit into this 
broad picture of process develop
ment, product development and pro
duct application, we'd like to hear 
from you. Write to Thomas F. Wade, 
Technical Placement, NCR, Dayton, 
Ohio 45409. An equal opportunity 
employer. 

BE SURE TO VISIT THE NCR PAVILION AT THEN . Y. WORLD'S FAIR. THE NATIONAL CASH REGISTER COMPANY ® 



Another of your future's many facets at Monsanto 
If you like the idea of proving your ability rapidly, consider marketing for Monsanto 
as a career. This worldwide company (represented in 70 nations), has quadrupled 
sales in the last twelve years, is expanding rapidly. 

Monsanto needs men with sales talent who also have the creative ability to antici
pate and generate demand for future products. You'll have the stimulation of pio
neering with new, exciting products that demand full use of your professional skills. 

See your Placement Director to arrange for an interview when we visit your campus 
soon. Or write for our brochure, ''Your Future and Monsanto,'' to Manager, Profes
sional Recruiting, Department 960, Monsanto, St. Louis, Missouri 63166. 

An Equal Opportunity Employer 
® 



Why become an engineer at 
Garrett-AiResearch? You'll have to 
work harder and use more of 
your knowledge than engineers 
at most other companies. 

If you're our kind of engineer, 
you have some very definite ideas 
about your career. 

For example: 
You've worked hard to get a 

good education. Now you want to 
put it to work in the best way 
possible. 

You will never be satisfied with 
run-of-the-mill assignments. You 
demand exciting, 
challenging projects. 

You not only accept 
individual responsibil
ity - you insist upon it. 

Does that sound like 
you? Then AiResearch 
is your cup of tea. 

Our business is 
mainly in sophisticated aerospace 
systems and subsystems. 

Here, research, design, and de
velopment lead to production of 
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actual hardware. 
That means you 
have the oppor
tunity to start with 
a customer's problem 
and see it through to a 
system that will get the job done. 

The product lines atAiResearch, 
Los Angeles Division, are environ
mental systems, flight information 

and controls sys
tems, heat transfer 
systems, secondary 

power generator 
systems for missiles 

and space, electri
cal systems, and 

specialized indus-
trial systems. 

In the Phoenix Division there are 
gas turbines for propulsion and 
secondary power, valves and con
trol systems, air turbine starters 
and motors, solar and nuclear 
power systems. 

In each category AiResearch 
employs three kinds of engineers. 

Preliminary design engineers do 
the analytical and theoretical 
work, then write proposals. 

Design engineers do the lay
outs; turn an idea into a product. 

Developmental engineers are 
responsible for making hardware 
out of concepts. 

Whichever field fits you best, we 
can guarantee you this: you can 
go as far and fast as your talents 

can carry you. You can make as 
much money as any engineer in a 
comparable spot - anywhere. And 
of course, at AiResearch, you'll 
get all the plus benefits a top com
pany offers. 

Our engineering staff is smaller 
than comparable companies. This 
spells opportunity. It gives a man 
who wants to make a mark plenty 
of elbow room to expand. And 
while he's doing it he's working 
with, and learning from, some of 
the real pros in the field. 

If the AiResearch story sounds 
like opportunity speaking to you
don't fail to contact AiResearch, 
Los Angeles, or Phoenix, or see our 
representative when he comes to 
your campus. 

An equal opportunity employer 

AiResearch 
is challenge 

Los Angeles • Phoenix 
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Space Exploration Highlights 
• NASA Activities lll 1964 

Photographs of the Moon's sur
face 1,000 times clearer than 
Earth telescopes produce and a 
Mariner satellite headed for Mars 
highlighted the accomplishments 
of the National Aeronautics and 
Space Administration in 1964. 

At 25 minutes and 49 seconds 
after 9 a.m. (EDT), July 31,
precisely the predetermined time 
-the Ranger VII crashed into the 
Moon. 

For the last 17 minutes of 68½
hour, 240,000-mile voyage, Ranger 
VII clicked off 4,316 extraor
dinary TV pictures of the lunar 
surface. Scientists were jubilant 
over the pictures showing de
tails of the Moon with 1,000 times 
the clarity of Earth telescopes. 

This flawless, textbook flight 
topped the nation's space ex
ploits in the year 1964. It also 
underscored the fact that 1964 
was a great year for unmanned, 
scientific exploration of space. 

This fact is further emphasized 
by Mariner IV, NASA's space
craft now speeding on its 325-
million-mile voyage to Mars on 
a photographic mission. 

With the launching of Mariner 
IV on Nov. 28, the United States 
undertook its most difficult mis
sion to date. Mariner will make 
its closest approach to Mars~ 
about 5,900 miles-on July 14, 
1965. 

During the year the space agen
cy continued its intensive prep
arations for the Apollo Moon 
landing. Giant Saturn boosters 
were coming off assembly lines 
and massive launch facilities 
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neared completion at Cape Ken
nedy. The Manned Spacecraft 
Center at Houston, with its Mis
sion Control Center, also neared 
completion. 

Project Gemini suffered a set
back on Dec. 9 when a malfunc
tion in the launch vehicle, with an 
unmanned spacecraft a b o a r d , 
failed on the pad. An earlier test, 
on April 8, was successful. 

The full effect of the December 
failure on the Gemini program 
was not clear at year's end. 

But during the year,NASA se
lected its astronauts to fly the 
first two-man Gemini mission in 
1965. They are Virgil I. Grissom 
and John W. Young, with Walter 
M. Shirra and Thomas P. Stafford 
as alternates. 

A nationwide s e a r c h was 
launched for some 10 to 20 scien
tist-astronauts for advanced Apol
lo and post-Apollo missions. 

It was also a year in which 
significant gains were made in 
nuclear rocket propulsion, and a 
year in which satellites further 
demonstrated the i r practical 
value. 

NASA's Nimbus weather satel
lite photographed cloud condi-

MARINER TRAJECTORY TO MARS 

tions over every square mile of 
Earth, and Syncom III televised 
the Olympic Games from Tokyo 
to the western world. 

On Jan. 29, 1964, NASA flight
tested its powerful Saturn I 
booster with the launching of SA-
5, the fifth in a series of ten. SA-
6 and SA-7 were also launched 
in '64 giving NASA a perfect 
record-seven successes in seven 
tries with the big Saturns. 

Neither SA-5, SA-6 nor SA-7 
launched later in the year, had 
any of the breath-taking drama 
of the Ranger epic or of a man
in-orbit, but they were crucial 
launches in that they boosted into 
orbit payloads of around 39,000 
pounds, the heaviest ever lifted 
off Earth. 

And they confirmed what ear
lier Centaur rocket launches es
tablished-that liquid hydrogen 
is a highly efficient fuel, with 
greater thrust than other chem
ical fuels, for upper stages of 
heavy launch vehicles. 

On Aug. 28, NASA launched 
weather satellite Nimbus I and 
the world had the first night-time 
photos of its cloud cover from 
space. 

In its lifetime of about a month, 
Nimbus I transmitted 27,000 re
markably c 1 ear day-and-night 
weather pictures including shots 
of hurricanes Cleo, Dora, Ethel 
and Gladys in the Atlantic and 
typhoons Ruby and Sally in the 
Pacific. What its infrared eyes 
saw in c o mp 1 e t e darkness 

(Continued on page 17) 
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Engineering and Science at RCA 

Ground Detection of 
Space Objects in the Night Sky 
RCA has designed and installed for the 

Air Force a new optical satellite surveillance 
system that utilizes advanced techniques in 
severa l fields including physics, electronics, 
mathematics and astronomy. Starting in the 
laboratory with a bread-board experiment to 
prove the feasibi lity of using image orthicon 
tubes as detectors of moving targets among the 

millions of stars in the night skies, a team of 
scientists and engineers carried the project 
through systems and design ana lysis, and 
produced the requisite equipment even to 
building an observatory on a mountain top in 
New Mexico. The system is now being evalu
ated under actual operating conditions. While 
performance data are security classified it can 
be said that the system is designed to detect, 
without a priori information, very dim satellites 
in real time, far beyond normal radar ranges. 

Optical physics and engineering of the highest 
order were required to produce an eleven-ton, 
27 inch f/1 telescope tha t uses 6 million optical 
fibers to present images to 12 orthicon 
cameras. Image motion processing necessary 
to find a tiny satellite moving slowly through a 
star field as dense as the Milky Way is accom
plished by entirely automatic electronic signal 
integration, star cancellation and data associ
ation and reporting. The very latest techniques 
of electronic engineering have produced highly 
sophisticated equipment for control, data 
gathering and ana lysis of results. 

System design , performance evaluation and 
computer programming have involved rigorous 
mathematical analyses app lied to new com
binations of scientific disciplines. Proof of the 
deductions are just beginning to emerge from 
the observatory, and much will be learned 
about applied astronomy as the system 
is used. 

Reference- J. A. Hynek and J. R. Dunlap, "Image 
Orthicon Astronomy," Sky and Telescope, Vol. 28, 
No . 3, p. 130, Sept., 1964. 

Color TV Receiver 
Automatic Degaussing 

Even the comparatively small magnetic fields 
exhibited by the earth can cause visible errors 
in color television reception. To give picture tube 
output proper color a lignment , while the TV 
receiver is in any desired location, an effective 
magnetic sh ield is required. But before a 
practical magnetic shie ld can perform its 
function, the shield must be degaussed in the 
specific magnetic field to be shielded. 

Degaussing enables the metal in the shield to 
"forget" its previous magnetic orientation and 
to magnetically realign to counteract an y new 
position. Degaussing affects the metal in the 
picture tube's shadow mask in the same manner. 

Usua ll y, a color television receiver is de
gaussed by driving a solenoid wound coil with 
120 volt AC line vo ltage and moving the coil 
aro und the front of the tube ... then slowly 
drawing the co il away. This operation usuall y 
is required every time the position of the color 
receiver, with respect to the earth's magnetic 
field, is changed. 

Recently, RCA introduceda11tomatic dega11ss
ing. This gives the color instrument freedom of 
movement, regardless of the earth's magnetic 
field. Automatic degauss ing also protects the 
receiver from magnetic fields generated by 
nearby vacuum cleaners and other electrical 
appliances. 

An RCA innovation, automatic degaussing 
is accompli shed during initial warm-up-each 
time the color receiver is turned on from a 
cold start. The surge currents charging the 
electrolytic capacitors of the B+ supply start 
from a high value and decrease exponentially 
during the charging time. A thermistor in 
series with this charging current starts at 
approximately I 10 ohms and decreases to 4 
ohms as the current's heating effect changes 
the resistance. 

A voltage-dependent resistor, in se ries with 
the degaussing coils (wound on the picture 
tube shie ld), acts as a switch to connect the 
coils across the thermistor only during the 
warm-up of the receiver. Thus, the slow draw
ing away of the coil in manual degaussing is 
simulated automatica lly. 

These recent achievements are indicative of the great range of activities in 
research, applied research, advanced development, design and development 
engineering at RCA. To learn more about the many scientific challenges 
awaiting bachelor and advanced degree candidates in Electrical or Mechanical 
Engineering, Physics, Chemistry or Mathematics, write: College Relations, 
Radio Corporation of America, Cherry Hill, New Jersey. 
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Energy Conversion 
One of the most attractive new methods 

for the direct conversion of heat to electricity 
is the thermionic generator. In many applica
tions, however, the effic ient use of a thermionic 
generator requires some form of low voltage 
DC to AC inversion. Such generators de
veloped at RCA are capable of several hundred 
watts output at efficiencies of 20'/r . Because 
this power is generated at only 0.5 vo lts, 
techniques were needed to step up output to 
practical vo ltage levels. Under Navy and Air 
Force sponsorship, RCA has now developed a 
tunnel diode inverter system capable of in
verting the output of ther111ionic generato rs 
and other low voltage power sources to any 
AC voltage desired , with efficiencies up to 
80% . This is believed to be the first time that 
usable power has been developed fro111 a 
thermionic generator. 

The new system employs the use of gallium 
arsenide, a sem iconductor material which 
provides larger bandgaps and hence higher 
efficiencies and temperature capabilities. The 
tunnel diode inverter system has the advantage 
over previous designs in the following areas: 

Radiation resista11ce-operable at radiation 
levels of 1011 nvt with only sma ll decreases in 
efficiency. Temperature-GaAs tunnel diodes 
have been operated successfull y at 200' C. 
Circuit simplicity-An extremely simple circuit 
is required consisting of only one transformer 
and two tunnel diodes, while the more conven
tional type of transistor inverter requires several 
transformers, resistors, diodes and transistors. 
Cost-Weight-Volume-Due la rgely to their sim
plicity, these advantages are obvious over other 
circuits of comparable performance. 

These advanced engineering achievements 
represent a real breakthrough in energy con
version that is extremely important to our 
defense and space efforts. 

The Most Trusted Name 
in Electronics 

An Eq11al Opportunity Employer 
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Earthquake Engineering 

Just exactly what causes 
quakes is something scientists are 
still researching. The most widely 
accepted idea, called the elastic 
rebound theory, holds that the 
earth's crust is co·ntinually sub
jected to distortions whose source 
is not exactly understood. An ac
cumulation of stress builds up, 
and when the magnitude of the 
stress exceeds the strength of a 
section of the crust rock, a frac
ture occurs. Then the rock adja
cent to the fracture snaps back 
to an unrestrained position, re
leasing pent-up energy that runs 
like a wave through the earth's 
structure. Some of these shock 
waves may travel through the 
earth at speeds of more than eight 
miles a second. 

Another less well-accepted the
ory to explain earthquakes states 
that the earth's interior is as hot 
as a furnace and that this heat 
causes expansion of the earth, 
stretching the crust and causing 
it to crack as would the shell of 
a quickly boiled egg. Whatever 
the cause, earthquakes are a com
mon occurrence, and the 1,200 
seismograph stations around the 
world may detect as many as half 
a million tremors in a year. 
Thousands of these do some dam
age-more than 600,000 persons 
have died in earthquakes since 
the beginning of the Twentieth 
Century. Earthquake experts em
phasize that most parts of the 
United States are susceptible to 
earthquakes and 40 states have 
experienced recorded shocks. 

10 

Two methods are commonly 
used to measure the size of an 
earthquake. One, a quake's mag
nitude, is an index related to the 
amount of total energy it releases, 
and is based on seismograph 
traces. Magnitude is indicated by 
the Richter scale, with the most 
severe quake ever recorded hav
ing an 8.9 reading. There is no 
upper limit. The energy released 
by an atomic bomb of the Hiro
shima type is equivalent to 6.3 
on the Richter scale, slightly more 
than the average magnitude found 
for the 1963 quake in Skopje, 
Yugoslavia. Two, earthquake in
tensity is a numbered evaluation 
of damage and effects of a shock 
in a given area, measured by per
sonal evaluation of the site. The 
scale most commonly used in the 
United States is called 'the Modi
fied Mercalli Intensity Scale of 
1931. It grades a quake in any 
of twelve degrees of damage, from 
a tremor that can't be felt, up 
to a quake that causes nearly to
tal destruction. 

In 1963 the five-man inspection 
team sponsored by American 
Steel and Iron Institute Commit
tee on Building Research and 
Technology was on hand in 
Skopje, Yugoslavia, two weeks 
after the shock struck there. 
Then when the strong quake hit 
Alaska in March, 1964, a six-man 
team of experts was organized and 
began work in Anchorage in 10 
days. As a result of these mis
sions, AISI now is publishing two 
new detailed reports en'titled, 

LARRY RAMSEY, PHYSICS, '66 

The Skopje, Yugoslavia Earth
quake and Anchorage and the 
Alaska Earthquake of March 27, 
1964. 

Why send engineers into the 
field to study quakes first hand? 
The reason for this is that of all 
engineering fields, earthquake en
gineering presents unusually 
troublesome problems. The field 
is especially difficult when an en
gineer or scientist wants to check 
under laboratory conditions what 
happens during a quake. Either 
the investigator must reproduce 
a building as a small-scale proto
type so it will be physically man
ageable, or he must build a full
size structure and face problems 

The Old City section of Skopje, Yu
goslavia received especially severe 
damage during the earthquake that 
struck July 26, 1963. Heavy tile roofs on 
adobe buildings in the Old City area 
exerted large lateral forces during the 
quake and the adobe walls did not 
have the strength or resilience to with
stand these forces. 

THE MISSOURI SHAMROCK 



of simulating the gigantic forces 
of an earthquake. When a real 
quake hits a city, nature carries 
out the experiment for the re
searcher. It may be a horrible 
form of experiment but it gives 
the engineer a chance to gather 
new information and check his 
theories under actual conditions. 
These studies help man to offset 
some of the harm earthquakes do, 
and like any basic research of 
this nature, they contribute to the 
public's general safety and wel
fare. 

Cities can prevent massive de
struction by earthquakes if they 
take advantage of the construc
tion materials, the building meth
ods, and the engineering knowl
edge already in existence today. 

This is the main conclusion 
reached by two engineering in
spection teams who conducted 
field investigations of the July 26, 
1963, earthquake in Skopje, Yu
goslavia, and the March 27, 1964, 
quake at Anchorage, Alaska. Two 
detailed reports published by the 
Committee on Building Research 
and Technology, American Iron 
and Steel Institute, tell what the 
inspection teams learned and the 
conclusions they reached. 

To get the first-hand informa
tion for the reports, American 
Iron and Steel Institute teams ex
amined the cities systematically, 
took hundreds of pictures, talked 
with local building experts, and 
combed through maps and con
struction drawings. 

These were the second and 
third earthquake investigations 
carried out by the Institute. In 
1960, a four-man engineering 
mission was sent to Agadir, Mo
rocco to inspect damage and re
port findings of that catastrophe. 
The primary lesson learned from 
that inspection-that the informa
tion on which to build much safer 
structures is readily available
is emphasized again in these re
ports. 

The Skopje and Alaska quakes 
were sharply different ca'tastro
phes, as the reports show. The 
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Medium and high-rise buildings generally suffered more damage than low
rise structures during the March 27, 1964 earthquake in Anchorage, Alaska. This 
was a conclusion reached by six earthquake engineering experts sent to Alaska 
10 days after the quake to investigate damage and report their findings. 

The J. C. Penney building at center, a five-story reinforced concrete structure, 
was twisted by the severe quake. Its west wall sheared off, and 4-inch-thick 
precast-concrete panels installed on two other walls shook loose and fell to the 
ground. 

Skopje shock is described as a 
minor seismological event whose 
movement seemed to be especially 
destructive to low structures such 
as the ado be houses and brick 
bearing-wall structures of that 
city. The quake's epicenter, or 
point on the surface below which 
movement starts, was very near 
the city. Some 1,200 persons died 
in the disaster, 10 percent of the 
city's buildings collapsed, and 65 
percent more were damaged be
yond economical repair. 

The report reveals that several 
factors probably combined to 
bring about the destruction. The 
small area of severe damage 
( damage was heavy in the center 
of town but negligible on the out
skirts), the small magnitude (6 
on the Richter scale), and the 
close epicenter suggested that the 
major zone of damage was in
fluenced by subgrade conditions. 
Thus, the alluvial soil under 
Skopje was probably a primary 
contributor to the damage. An
other factor is that Skopje is an 
ancient city with few modern 

structures designed to resist 
earthquake forces. The inspection 
team reports that Yugoslavia has 
had a seismic building code since 
1948 but there was evidence to 
indicate few new buildings had 
adequate provisions for lateral 
forces imposed by earthquakes. 

The Alaskan report describes 
that quake was one of the strong
est ever to occur in North Amer
ica. The main shock, which had 
a Richter magnitude of 8.4 (high
er than 8.9 has never been re
corded anywhere on earth), hit 
about 80 miles east of Anchor
age. 

The inspection team points out 
that the major cause of property 
damage in Anchorage did not 
come from vibration or shock but 
from earth slides. An unstable bed 
of clay underlying the city is 
blamed for four major slides. But 
such foundation failure is almost 
impossible to control by design. 

Unlike the Skopje catastrophe, 
effects of the quake in Anchorage 
appeared in general to be most 

(Continued on page 14) 
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Shamrock 
Sweetheart 

February's Sweetheart is Miss Pat Taylor who 
hails from Kansas City, Missouri. Pat, a member 
of Kappa Alpha Theta Sorority, is majoring in 
Fashion Merchandising. 

When asked about engineers, Pat replied, 
"I'd hate to be without them." We engineers would 
hate to be without girls like Pat. 



EARTHQUAKE ENGINEERING 
(Continued from page 11) 

harmful to high structures and 
it left most low structures pr ac
tically unaffected. Because An
chorage is a modern city where 
most structures are built to a 
seismic code, few of the high 
buildings collapsed a 1th o u g h 
many received moderate to heavy 
damage. 

The inspection team concluded 
that Anchorage structures gener
ally protected life well-about 
20 lives were lost there-but they 
found the quake to be remarkably 
effective in ferreting out struc
tural weaknesses. Some buildings 
appeared to have been designed 
without attention to seismic 
forces , and the investigators also 
found evidence of inadequate 

Will there be enough to fill all the glasses? 

Nothing is more natural than turning on a faucet for a cool, refreshing glass of water. 
But nothing in our normal daily lives is in greater danger of extinction. Unfortu
nately, the supply of clean water is shrinking constantly .. . at an alarming rate. 

Untreated wastes from homes, business and industry continue to pollute the 
nation's water resources. And this pollution is taking place at a time when our 
water needs are greatest. Just a few years ago, authorities were concerned about 
the supply of water for recreational purposes a nd for wild life. Now, the number 
one concern is clean water just for the drinking and cooking needs of a growing 
population. 

In the months and years to come, will t here be enough to fill all the glasses? 
That depends. If all of us insist on modern and adequate sanitary sewerage 
systems to carry away and properly treat wastes, then our pollution problem 

will be checked ... and in time eliminated. If we don't, all the 
glasses may be empty . .. in less time than you think. 

ickey sanitary glazed clay pipe 

If It's made of clay it' s good ... if It's made by Dickey It's better 

W.S. DICKEY CLAY MFG. COMPANY Birmingham, Alabama• Kansas City, Missouri 

Meridian, Mississippi• St. Louis, Missouri• San Antonio, Texas • Texarkana, Texas-Arka·nsas 
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connections of structural ele
ments, of poor construction joints, 
and a lack of ties in reinforced 
concrete. Structures with steel 
frames generally withstood the 
earthquake well, the team's con
clusions say. Moderate-height 
poured-in-place concrete struc
tures generally showed good per
formance , but performance of 
precast concrete structures was 
relatively poor. 

In stating lessons learned from 
the two quakes, the inspection 
teams stressed that certain fun
damental principles must be fol
lowed in seismic design. These 
guides are well known and the 
main problem, the reports im
ply, is putting them into practice. 

Here are some lessons learned 
from the two earthquakes: 

1) A building must be designed 
with the principle of "relative 
rigidities" in which the resisting 
elements of the structure share 
lateral loads in proportion to their 
rigidities. 

2) For good performance in a 
quake, building elements must be 
ductile as well as strong. If ele
ments are too brittle they will 
break and cause overloading in 
surrounding parts of the struc
ture. 

3) The inertial force originat
ing in any part of a structure is 
the product of the moving mass 
and acceleration. If the mass is 
great-as in a heavy building
the inertial force is high. If the 
building is lightweight, the in
ertial force is small. 

4) Connection details deserve 
special attention in earthquake 
zones. A connection should be de
signed so the member it joins 
yields before failure of the con
nection. 

5) Design, supervision and in
spection are all important in 
earthquake zones. The design 
must be based on empirical and 
theoretical knowledge and fol
lowed up by field inspection of 
construction by persons who 
know performance of structures 
during earthquakes. 

THE MISSOURI SHAMROCK 



■ One of the many rewarding advantages of an engi
neering career at Allison is the association-in a creative 
environment-with outstanding scientists and engineers 
in their respective fields. 

Dr. Y. S. Tang, Group Project Engineer in the Heat 
Transfer and Fluid Dynamics Section, is the calibre of 
man we believe you'd like to be associated with when 
you embark on your professional career. 

Dr. Tang was graduated from Chinese National Cen
tral University in 1944. He received his M.S.M.E. from 
the University of Wisconsin four years later, and in 
1952, received his Ph.D.C.E. from the University of 
Florida. 

Joining Allison in 1959, he is currently responsible 
for research in fluid dynamics and heat transfer devices 
for auxiliary power generation for space, under sea and 
terrestrial power plants. In the course of this work, 
he also carries out studies in boiling and condensing 

Here Dr. Tang is measuring photovoltaic cell 

performance with a variable rad iant energy 

source in one of the Engineering Research 

labs at Allison . 

liquid metals, radiant heat transfer and phase separa
tion in aei:osols. 

Let us tell you about your career opportunity at 
Allison, where "Energy Conversion Is Our Business." 
Talk to our representative when he visits your campus. 
Or, write now for a copy of our brochure which tells 
how the young graduate engineer can advance his pro
fessional career at Allison. 
Send your request to: Allison 
Division, General Motors 
Corporation, Indianapolis, 
Indiana 46206, Att: Profes
sional and Scientific Place
ment. 
An equal opportunity employer 

.Allison GM 
THE ENER GY CONVER S ION DIVISION OF -
GENERAL MOTO RS , INOIANAPOLIS, INDJANA Genera/Motors 



THE ARMY CORPS OF ENGINEERS 

offers you a challenging civilian career with: 

■ The world's foremost and largest engineering 
organization in the construction field, pioneering new 
and advanced engineering practices and concepts. 

■ An organization whose work embraces vir
tually the entire range of modern engineering in the 
construction field. Projects include research into 
basic science, engineering investigations and regional 
planning; design, construction, operations, mainten
ance, and management of hydro-electric power 
dams, flood control facilities, harbors and navigable 
streams; design, construction and maintenance of 
family housing, runways, hangars, roadways, hospi
tals, and nuclear power installations; and construc
tion of intercontinental ballistic missile and space 
launching sites. In addition are the allied fields of 
cartography, geodesy, mathematics, and engineer 
intelligence. 

■ An organization that recognizes each engineer as 
an individual, providing well-rounded career development 
programs with on-the-job training; courses at government 
expense in colleges, universities, and seminars as neces
sary to assure steady progression to top professional and 
managerial levels; encouragement and assistance in at
taining professional registration and recognition; and an 
opportunity to win national and international awards. 

■ An organization with offices and projects in nearly 
every one of the 50 States and in many foreign countries 
that encourages employees to further their development 
by accepting new and challenging assignments. 

■ An organization which provides excellent rates of 
pay with liberal fringe benefits, including generous retire
ment annuity, complete health and life insurance cover
age, paid vacation leave, military training leave with pay, 
generous sick leave; and special pay awards for outstand
ing performance and suggestions that improve operating 
efficiency. 

If you're thinking this is all too good to be true, 
you're wrong! All of the above is available to you in a 
civilian engineer career with the U. S. Army Corps of 
Engineers. l'I' you are interested, you can get further infor
mation from the Chief of Engineers, Department of the 
Army, Washington, D.C. 20315. 

AN EQUAL OPPORTUNITY EMPLOYER 

WRITE FDR AN ILLUSTRATED BROCHURE 11VDUR CAREER." 



SPACE HIGHLIGHTS 
(Continued from page 8) 

emerged as photos of startling 
clarity. 

The biggest scientific satellite 
ever launched in this country
OGO I (Orbiting Geophysical Ob
servatory)-began working in 
space on Sept. 4. Weighing more 
than 1,000 pounds, OGO I car
ried 20 different experiments-a 
record number-submitted by sci
entists from seven government 
laboratories and nine universi
ties. 

NASA researchers also har
nessed the laser (light amplifica
tion by stimulated emission of 
radiation) beam and used it suc
cessfully in 1964 for tracking a 
satellite in orbit. 

During the year NASA contin
ued aeronautical research on the 
supersonic transport and V / STOL 
(vertical short takeoff and land
ing) aircraft. The X-15 research 
airplane entered a new area of 
research and made its 121st suc
cessful flight to the edge of space. 
On Sept. 17 the black rocket air
plane completed five years of 
powered flight. 

The Explorer family of diversi
fied small scientific satellites in
creased more than 25 per cent 
in 1964, capped with the double 
launching of Explorers XXIV and 
XXV by a single Scout vehicle 
on Nov. 21. Explorer XXVI was 
successfully launched Dec. 21. 

The Scout had its greatest year, 
placing seven satellites in orbit. 

Sounding rockets were used to 
launch about 150 experiments for 
university, industrial, governmen
tal and foreign scientists. 

Explorer XXVI, launched Dec. 
21, completed NASA's 1964 
launch and mission schedules. Of 
the 33 missions attempted, 28 
were successful for an average of 
85 per cent. Of the launch pad the 
attempts numbered 32 with 28 
successes for an 87.5 percentage. 
Thus NASA's 1964 mission-launch 
boxscore showed better than 85 
per cent successes. 
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Alpha Pi Mu 
The Alpha Pi Mu Industrial 

Engineering Honor Society was 
organized to recognize those in
dividuals who have made high 
achievements in scholarship and 
leadership during their under
graduate program. This organiza
tion is to provide a common 
ground for these individuals to 
exchange ideas, lead, and advise 
future members. 

The founding of this organiza
tion was the result of the efforts 
of nine Georgia Tech students, 
who felt this need and initiated 
steps to fulfill it. This culminated 
in the Georgia Tech Charter of 
Alpha Pi Mu being charted and 
recognized on January 25, 1949. 
On March 17, 1949, the National 
Charter for Alpha Pi Mu Incor
porated was granted by the State 
of Georgia. This was the final 
step in establishing Alpha Pi Mu, 
both in name and legal status, as 
the National Industrial Engineer
ing Honor Society. In February 
1952, Alpha Pi Mu became the 
first associate member of the As
sociation of College Honor So
cieties and attained full member
ship in February 1959. Alpha Pi 

Mu is the only Industrial Engi
neering Society so recognized. 

The Missouri Chapter of the 
Alpha Pi Mu Industrial Engineer
ing Honor Society was chartered 
on May 17, 1963. Since that time, 
the chapter has had three initi
ations to recognize the individuals 
at the University of Missouri who 
have met the high standards of the 
society. 

The present officers of the So
ciety are: Keith L. Walker, Pres
ident; Jerry H . Campbell, Vice
president; Robert M. Stephens, 
Corresponding and Recording 
Secretary; and Sam D. Davis, 
Treasurer. The faculty advisor for 
the Society is Associate Professor 
of Engineering, James M. Beau
champ, Jr. 

Five new members were initi
ated into the Society on January 
8, 1965 and they are: Michael J . 
Williamson, Lee M. Hazel, Som
chand J. Shah, John D. Kastanek, 
and Joseph Floyd Cormier. The 
Alpha Pi Mu Industrial Engineer
ing Honor Society recognizes the 
achievements of these individuals 
and welcomes them into the So
ciety. 

ENGINEER'S WEEK 1965 
Saturday, March 13 ____________ Gas Economy Run-8 a.m. to 2 p.m 

Monday, March 15 _______________ ________ Queen Skits and Interviews-7:30 p.m. 

Midnight Movie 

Tuesday thru Thursday ·····-·•-··············································Voting for Queen 

Tuesday, March 16 ........................................ Slide Rule Contest-7 :30 p.m. 

Reception at Student Union for Queen Candidates-
8:00 p .m . 

Wednesday, March 17 ····················---···-······· Bar-B-Que-5:00 p.m. 

Thursday, March 18 ·······-----·······································.Lab Exhibits 

Friday, March 19 .................. Beard Growing Contest-12:40 p.m. 

Convocation-2:00 p .m . 
Knighting Ceremony-3:30 p.m. 

Saturday, March 20 .................................... Lab Exhibits-10 a .m. to 3 p.m. 

Green Tea-2:00 p.m. to 4:00 p.m. 
Banquet-6:00 p.m. 
Engineer's Ball 
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SPRING 1965 INTERVIEWING SCHEDULE 

March 4 Trans World Airlines, Inc. ____________ _________________ Various locations ______ ME, IE, EE 

March 4 Nalco Chemical Co. _________________________________________ Various locations _______ CH.E, CHEM. 

March 4 U. S. Army Engineers ___ __ __ _____________________ _________ St. Louis & Kansas 

City, Mo. ______________________ AG.E, CE, EE, ME 

March 4 Northern Natural Gas Co. of Omaha __ __ ______ Various locations _______ CH.E, EE, IE, ME, MATH. 

March 4 & 5 Corning Glass Works ______________________________________ _Dmaha, Nebraska ______ CH.E, CE, EE, IE, ME, 

PHYSICS, MATH., CHEM. 

March 5 

March 5 

March 5 

March 5 

March 8 

March 9 

March 9 

Factory Mutual Engr. Division ______________________ Various locations _____ ___ CH.E, CE, EE, IE, ME 

Butler Manufacturing Co. ________ __ _______ _____________ Kansas City, Mo. & 

Galesburg, Ill. _____________ AG.E, CE, IE, ME 
U. S. Geological Survey _____________ ___ ___________ ___ ___ All States ________________ _____ AG.E, CE, CHEM., 

PHYSICS, MATH. 
Rural Electrification Administration ___________ Through-out U.S. _______ EE, ME 
Ohio Edison Co. _________________________________ _______________ Akron, Ohio ___________ _____ EE 

Ford Motor Co. _________________________________________________ St. Louis, Mo. ______________ EE, IE, ME 

Natural Gas Pipeline Co. of America __________ Midwest U.S. A. _________ CH.E, CE, EE, IE, ME 

March 9 Nordberg Manufacturing Co. ________________________ Milwaukee, Wisc. _______ ME 

March 9 & 10 U.S. Air Force _________ ________________________________________ Worldwide ______________ ALL ENGINEERS, CHEM., 

PHYSICS, GEOL., MATH. 

March 9 Hawthorn Company ________________________________________ New Haven & 

Glasgow, Mo. _______________ CH.E, IE, ME 

March 10 Missouri Pacific Railroad Co. ________________________ Various locations _______ CE, EE, IE, ME 

March 11 & 12Bureau of Reclamation ___________________________________ Western States ____________ CE, EE, ME 

March 11 & 12 Armco Steel Corporation _______________________________ Various locations _______ CE, EE, IE, ME 

March 11 Pet Milk Company : ____ _______________________ Midwest & Southeast 

March 12 

March 12 

March 22 

U .S. ________________________________ AG.E, IE, ME 

Naval Research Laboratory ____________________________ Washington, D. C. ______ CE, EE, ME, PHYSICS, 

MATH., CHEM. 

Eagle-Picher Company ------------------------------------Joplin, Mo. ___ ______________ ME, EE, CH.E, IE 
Phillips Petroleum Co. ____________________________ _______ Various locations ________ CH.E, ME, EE, CE, IE, 

PHYSICS, MATH., CHEM. 

GEOLOGY 
March 22 Wagner Electric Corporation __ __ ____________________ _st. Louis, Mo. ______________ EE, ME 

March 22 & 23 Frisco Railroad _________________________________________________ Springfield, Mo. _________ CE, ME 

March 22 

March 23 

Los Angeles Dept. of Water & Power ________ Los Angeles, Calif. ___ CE, EE, ME 
Black & Veatch _____________ __ ________________________________ Kansas City, Mo. ______ CH.E, CE, EE, ME 

March 23 a.m. Hormel & Company _______ ____ __ ________ ______ ______ _______ _Austin, Minn. ______ _______ IE 

March 23 Sporlan Valve Company ________________ __ _________ _____ Various locations _______ ME 

March 23 

March 24 

March 24 

March 25 

March 26 

March 29 

March 30 

March 30 
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Food & Drug Administration ____ _______ ___________ St. Louis, Mo. ____________ _ CH.E, EE, ME, CHEM., 

PHYSICS, MATH. 
Kansas City Power & Light Co. _____________ ____ Kansas City, Mo. ______ EE, ME 

Pratt & Whitney Aircraft ____________________ __________ Various locations ____ ___ CH.E, EE, ME, CHEM., 

PHYSICS, MATH. 
Missouri State Highway Comission ______________ State of Missouri ________ CE 
Emerson Electric Co. _____________________________________ St. Louis, Mo. ___________ __ EE, IE, ME 

Bechtel Corporation ________________________________________ Various locations ________ CH.E, CE, EE, ME 

Youngstown Sheet & Tube Co. ____________________ Youngstown, Ohio _____ CH.E, EE, IE, ME 
FMC Corporation ____ _________________________________________ Hoopeston, Ill. _____ _____ ME, IE 
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Design a 

better one 

and call it 

chemical 
I I 

eng1neer1ng 

We understand as well as the next company the 
difference between, let us say, a chemical equipment 
design engineer and an electro-mechanical develop
ment engineer. To turn out the volume we intend 
of such a fantastically demanding cross-product of 
chemical and mechanical engineering as a KoDAPAK 
Cartridge of KooACHROME-X Film, we have to 
interest fresh graduates answering to both these job 
descriptions and many, many others. 

In talking to shoppers from the campus, we find 
it wise to be very specific about job descriptions. 
We would create the wrong impression at the inter
view by referring to the job available as "profes
sional engineer." 

The young man is winding up four or five years 

EASTMAN KODAK COMPANY, 

of building himself into a good all-around engineer. 
Now comes the time to get specific. He is smart 
enough to know that the demand by strong 
organizations for all-around engineers under 25 can 
be expected to remain slack. He is right. The proj
ects awaiting engineers are terribly specific. But if 
he has picked the right employer, he will find that 
with each project brought off well the walls between 
the compartments of engineering get a little softer. 

By the time he discovers he has been transformed 
into that vague " professional engineer," he is hav
ing too much fun fighting our competitors by the 
boldness of his concepts to care what specialty he 
promised to devote his career to. 

On the chance that we might be the right 
employer, drop us a line. 

Business and Technical Personnel Department, Rochester, N. Y. 14650 

An equal-opportunity employer offering a choice of three communities: IKodakl Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 



Should You Work for a Big Company? 

An interview with General Electric's S. W. Corbin, Vice President and General Manager, Industrial Sales Division. 

S. W. CORBIN 

■ Wells Corbin heads what is probably 
the world's largest industrial sales organi
zation, employing more than 8000 persons 
and selling hundreds of thousands of di
verse products. He joined General Electric 
in 1930 as a student engineer after gradu
ation from Union College with a BSEE. After 
moving through several assignments in in
dustrial engineering and sales management, 
he assumed his present position in 1960. 
He was elected a General Electric vice 
president in 1963. 

Q. Mr. Corbin, why should I work for 
a big company? Are there some 
special advantages? 

A. Just for a minute, consider what 
the scope of product mix often found 
in a big company means to you. A 
broad range of products and services 
gives you a variety of starting places 
now. It widens tremendously your op
portunity for growth. Engineers and 
scientists at General Electric re
search, design, manufacture and sell 
thousands of products from micro
miniature electronic components and 
computer-controlled steel-mill sys
tems for industry; to the world's 
largest turbine-generators for uti Ii
ties; to radios, TV sets and appli-

ances for consumers; to satellites 
and other complex systems for aero
space and defense. 

Q. How about attaining positions of 
responsibility? 

A. How much responsibility do you 
want? If you'd like to contribute to 
the design of tomorrow's atomic re
actors-or work on the installation 
of complex industrial systems-or 
take part in supervising the manu
facture of exotic machine-tool con
trols-or design new hardware or 
software for G-E computers-or direct 
a million dollars in annual sales 
through distributors-you can do it, 
in a big company like General Elec
tric, if you show you have the ability. 
There's no limit to responsibility ... 
except your own talent and desire. 

Q. Can big companies offer advan
tages in training and career develop
ment programs? 

A. Yes. We employ large numbers of 
people each year so we can often set 
up specialized training programs 
that are hard to duplicate elsewhere. 
Our Technical Marketing Program, 
for example, has specialized assign
ments both for initial training and 
career development that vary de
pending on whether you want a 
future in sales, application engineer
ing or installation and service engi
neering. In the Manufacturing Pro
gram, assignments are given in manu
facturing engineering, factory super
vision, quality control, materials man-

agement or plant engineering. Other 
specialized programs exist, like the 
Product Engineering Program for you 
prospective creative design engineers, 
and the highly selective Research 
Training Program. 

Q. Doesn't that mean there will be 
more competition for the top jobs? 

A. You'll always find competition 
for a good job, no matter where 
you go! But in a company like G.E. 
where there are 150 product opera
tions, with broad research and sales 
organizations to back them up, you'll 
have less chance for your ambition to 
be stalemated. Why? Simply because 
there are more top jobs to compete 
for. 

Q. How can a big company help me 
fight technological obsolescence? 

A. Wherever you are in General Elec
tric, you'll be helping create a rapid 
pace of product development to 
serve highly competitive markets. As 
a member of the G-E team, you'll 
be on the leading edge of the wave 
of advancement-by adapting new re
search findings to product designs, 
by keeping your customers informed 
of new product developments that 
can improve or even revolutionize 
their operations, and by developing 
new machines, processes and 
methods to manufacture these new 
products. And there will be class
work too. There's too much to be 
done to let you get out of date! 

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write 

Personalized Career Planning, General Electric, Section 699-12, Schenectady, N. Y. 12305 

GENERAL. ELECTRIC 
An Equal Opportunity Employer 
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What are chemists doing at NCR? 
Plenty. Fundamental and Applied Re
search-Process and Product Devel 
opment. All of which are of continuing 
importance to the growth of NCR. 

Our Research results have practi 
cal applications: the process of micro
encapsulation permits the "lock-up" 
of a substance in minute capsules for 
subsequent release; a "Photochromic 
Micro-Image" process permits a book 
to be recorded on a two inch square 
film; a solution-spraying techn ique 
for the deposition of inorganic thin 
films for solar cells and memory de
vices; self-erecting polyurethane 
foam structures for space programs. 

And in Development? Improve
ments in NCR paper products and 
other supplies; determination of new 
materials or processes for printed 
circuit boards; improvement of tapes 
and mylar cards used as magnetic re
cording media; new processes and 
applications for plastic materials 
used in business equipment; in
creased utilization of analytical tools 
for research and production. 

These examples indicate that the 
talents of chemists at all levels in 
every major chemistry field-physical, 
organic , polymer, analytical, engi
neering, electrochemistry, and paper 

RESEARCH 
AN D 

DEVELOPMENT 

BE SURE TO VISIT THE NCR PAVILION AT THE NEW YORK WORLD'S FAIR 

chemistry-are utilized in NCR ' s re
search and development programs. 
Many of these are related to business 
systems which are normally asso
ciated with NCR; there are also other 
programs that have considerably 
broader applications. 

What would you do at NCR? Send 
us an outline of your interests and 
qualifications to determine if a career 
position currently exists. All corres
pondence will be given confidential 
consideration . T. F. Wade, Technical 
Placement, The National Cash 
Register Company, Dayton 9, Ohio. 
AN EQUAL OPPORTUNITY EMPLOYER 

THE NATIONAL CASH REGISTER COMPANY ® 



Special agent plots overthrow of hidden enemy. 

The hidden enemy is vapor in automobile fuel lines. 
Causes vapor-lock that stalls cars on warm days. 

Our special agent is Dr. John 0. Becker, University of 
Illinois, '64. Here he plots a temperature-pressure-fuel 
relationship as he specializes in fuel volatility at our 
vVhiting, Ind., Research & Development lab. One of his 
theories has already been proven. The next step-a 
practical application useful in re-blending gasoline. To 
make it less prone to vapor-lock. 

In his spare time, Dr. Becker is boning-up on car 

engines of the future. Mavbe someday he'll help us 
formulate a new kind of fuel for a yet-unknown engine. 

How about you? Looking for a challenge-and a 
chance to contribute to the exciting new technologies 
shaping tomorrow's world? Your opportunity may be 
here at American Oil. Whether you're a mechanical 
engineer, as Dr. Becker is, or a chemist, m etallurgist, 
mathematician or physicist. 

For more information, write J. H. Strange, American 
Oil Company, P.O. Box 431, Whiting, Indiana. 

~ 
~iiiiaiiii.: 

STANDARD OIL DIVISION STANDARD AMERICAN OIL COMPANY 
l!l!!l!ll\11~0 
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Why become an engineer at 

Garrett-AiResearch? You'll have to 

work harder and use more of 

your knowledge than engineers 

at most other companies. 

If you're our kind of engineer, 
you have some very definite ideas 
about your career. 

For example: 
You've worked hard to get a 

good education. Now you want to 
put it to work in the best way 
possible. 

You will never be satisfied with 
run-of-the-mill assignments. You 
demand exciting, 
challenging projects. 

You not only accept 
individual responsibil
ity - you insist upon it. 

Does that sound like 
you? Then AiResearch 
is your cup of tea. 

Our business is 
mainly in sophisticated aerospace 
systems and subsystems. 

Here, research, design, and de
velopment lead to production of 

6 

actual hardware. 
That means you 
have the oppor
tunity to start with 
a customer's problem 
and see it through to a 
system that will get the job done. 

The product lines at AiResearch, 
Los Angeles Division, are environ
mental systems, flight information 

and controls sys
tems, heat transfer 
systems, secondary 

power generator 
systems for missiles 

and space, electri
cal systems, and 

specialized indus-
trial systems. 

In the Phoenix Division there are 
gas turbines for propulsion and 
secondary power, valves and con
trol systems, air turbine starters 
and motors, solar and nuclear 
power systems. 

In each category Ai Research 
employs three kinds of engineers. 

Preliminary design engineers do 
the analytical and theoretical 
work, then write proposals. 

Design engineers do the lay
outs; turn an idea into a product. 

Developmental engineers are 
responsible for making hardware 
out of concepts. 

Whichever field fits you best, we 
can guarantee you this: you can 
go as far and fast as your talents 

can carry you. You can make as 
much money as any engineer in a 
comparable spot - anywhere. And 
of course, at AiResearch, you'll 
get all the plus benefits a top com
pany offers. 

Our engineering staff is smaller 
than comparable companies. This 
spells opportunity. It gives a man 
who wants to make a mark plenty 
of elbow room to expand. And 
while he's doing it he's working 
with, and learning from, some of 
the real pros in the field. 

If the AiResearch story sounds 
like opportunity speaking to you
don't fail to contact AiResearch, 
Los Angeles, or Phoenix, or see our 
representative when he comes to 
your campus. 

An equal opportunity employer 

AiResearch 
is challenge 

-Los Angeles • Phoenix 
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Your life at Du Pont I one of a series for technical graduates 

How to tell a career lrom a job 
A job is a job. A career is a place to grow. A career has a future. 
A job lives from day to day. In a job you get what you can, do 
what you must. In a career, rewards parallel your contributions. 

We're a career company. More than a third of our 90,000 
employees have been with us at least 15 years; 10,000 for more 
than 25 years. There are reasons for this. To assure growth we 
invest over $90 million a year in research. Fifty percent of last 
year's sales ($2.4 billion) came from products unheard of just 
28 years ago. Because customers like these products, we've 
grown 750% since 1937. -

Our career men share in this growth because we fill virtually 
all responsible positions from within. Our young men work in 
several areas to develop their capabilities. This way they can 
change positions without leaving the company. 

There are job men and career men. If you seek a career, we'd 
like to tell you about an interesting and rewarding one at 
Du Pont. Write us a letter or clip and mail our coupon today. 

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 

An equal opportunity employer 

TECHNICAL MEN WE'LL NEED FROM THE CLASS OF '65 

Chemists 

Chemical Engineers 

Mechanical Engineers 

Industrial Engineers 

,--------------------------------------7 
E. I. du Pont de Nemours & Co. (Inc.) 
2519-A Nemours Building 
Wilmington, Delaware 19898 

When I'm graduated, I'll be a _ ________ _ 
(List profession) 

Please rush me more information about how I might fit 
in at Du Pont. 

Name __________________ _ 

Class ____ Major _____ Degree expected ___ _ 

College _ _________ ____ _ __ _ 

My address ___ _ ___________ _ _ 

: City ________ Zone State _ ___ _ 

I 

L ______________________________________ J 



"Let the columns stand
let them stand a thousand 
years, a memorial to the men 
who in their magnificent 
presence, learned what life 
and duty are, to live the one 
and do the other. They will 
be a rallying point of future 
devotion and service to the 
University. And the sad col
umns will in future years 
prove of deep significance 
and impressive force upon 
the columns of new students 
growing ever longer as time 
proceeds . ... " 

Hon. G. F. Rothwell 
The columns, the most photo

graphed objects in the Middle 
West, have indeed become a sa
cred symbol of college life and 
traditions to the students of Mis
souri University. The history of 
the columns and the College of 
Engineering is a single history; as 
the significance of one has in
creased, so has the prestige of the 
other. Join us as we retrace the 
story of the columns and the Col
lege of Engineering. 

Missouri was only 19 years old 
when the young legislature passed 
the Beyer Act in 1839 establishing 
a free institution of higher learn
ing. The site for the first build
ing, which was to become Aca
demic Hall, was selected by the 
Board of Curators. The corner
stone was laid in 1840, the first 
classes were held in 1841, and the 
first commencement was held in 
1843 with two graduates. 

The early history of the Uni
versity of Missouri and the early 
struggles of the College of En
gineering are closely linked; for 
in 1849 when the University was 

8 

ENGINEERING 

just entering its tenth year, Act
ing President William Hudson, 
professor of astronomy and nat
ural philosophy, offered a course 
in civil engineering which con
sisted of "Surveying, Leveling 
and Classical Topography." The 
University of Missouri was the 
first institution west of the Mis
sissippi to offer any distinctly en
gineering training. 

Formal engineering education 
dates from 1856 when the Board 

1856 
invention of the dynamo by ten 
years and of the telephone by 
twenty years. 

The course in civil engineering 
in 1856 offered "The Structure of 
Roads and Railroads" (illustrated 
with instruments in the field in
cluding a theodolite for measur
ing angles in horizontal and ver
tical planes in land surveys, the 
first piece of laboratory equip
ment ever purchased by the Uni
versity for the teaching of engi-

Bottoms up! A fine shot angle of the Grand Kowtow of 1905. 

of Curators approved a chair of 
civil engineering and named Dr. 
Hudson to head the department. 
This was only three years after 
the establishment of the nation's 
first engineering professorship at 
Rensselaer Polytechnic Institute. 
Creation of the chair in engineer
ing here antedated the laying of 
the Atlantic cable by one year, 
the Civil War by four years, the 

neering). In addition, courses in 
physiology and anatomy, logic 
and rhetoric, intellectual philoso
phy and Christian evidence, moral 
science and political grammar, 
Latin, French and German were 
required of every engineering 
s t u d e n t. Such requirements 
would almost frighten the modern 
engineering student to some other 
vocation. Yet classical educators 

THE MISSOURI SHAMROCK 
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of the time said that engineering 
which dealt with the production 
of wealth and with the securing 
of physical comfort and leisure 
could not be thought of as higher 
education and culture. 

In the fall of 1859 the curators 
approved a plan to reorganize the 
University into seven academic 
departments an d three special 
courses of study called "schools," 
namely: a School of Scientific 
Agriculture a n d Mechanics, a 
School of Civil Engineering and 
a Normal School. But the follow
ing year the State Legislature, ap
parently prejudiced against prac
tical education as opposed to 
classical education, removed the 
B o a r d of Curators, dismissed 
practically the entire faculty in
cluding President Hudson and 
elected a new board. The new 
board promptly reduced the num
ber of departments to five, caus
ing havoc in the entire education
al set-up. After this engineering 
education seemed doomed at Mis
souri. 

Then came the Civil War and 
utter disruption. Since most of 
the students left for service, all 
activities were suspended and the 
buildings were occupied by Civil 
War troops. Early in 1862 the 
curators, faced with a debt for 
faculty salaries and having no re
liable source of income, were 
forced to discontinue normal op
erations. 

Prospects brightened, however, 
when Congress passed the Morill 
Land-Grant Act. Terms of the 
grant were formally accepted by 
an act of the Missouri Legislature 
on March 17, 1863. Under its pro
visions the Federal Government 

MARCH, 1965 

THE ORIGINAL BLARNEY STONE. Held in esteem and high reverence by all 
engineers, it made its appearance in 1906. At left is the front of the stone, at the 
right is the back. 

provided 330,000 acres of land for 
the endowment of a college of 
agricultural and mechanical arts. 
This act eventually put an end 
to the prejudices against utilitari
an courses of study and the oppo
sition of the legislature to non
classical curriculums. President 
Lathrop and four professors re
sumed their instruction without 
pay so that the terms of the Morill 
Act could be fulfilled. 

The Federal Government of
fered to detail Army Officers to 
the University to give instruction 
in civil and military engineering. 
To take advantage of this offer, 
the curators in 1868 established a 
department of civil and military 
engineering and provided that the 
degree of civil engineering be con
ferred on a student "who com
pletes and passes satisfactorily 
examinations in algebra, geome-

try, calculus, mechanics, as
tronomy, chemistry, mineralogy, 
g e o 1 o g y, descriptive geometry, 
military engineering, construction 
of common roads, pikes, gravel 
roads, railroads, bridges, canals, 
slack water navigation, and the 
improvement of rivers and har
bors." 

This was a milestone in the life 
of the University and marks the 
real beginning of the adap'tation 
of scholastic education to the 
changing needs of society and the 
University's realization of the 
great service it could render the 
people of the state. 

Although the terms of the Mor
ill Act had been accepted in 1863, 
it was not until February 24, 1870 
that the legislature approved a 
formal act providing that a Col
lege of Agriculture and Mechanic 

(Continued on page 12) 
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challenge 

0 

Dale Anderson 
B.A., Wittenberg University 

tor 
• 
1s: 

At many companies the opportunity to work on 
challenging projects comes after many years of 
apprenticeship and a few grey hairs. Not so at 
Ford Motor Company where your twenties can 
be a stimulating period. There are opportunities 
to prove your worth early in your career. Dale 
Anderson's experience is a case in point. 
After receiving his B.A. in Physics in June, 1962, 
Dale joined our College Graduate Program and 
was assigned to our Research Laboratories. 
Recently he was given the responsibility for cor
recting cab vibration occurring on a particular 
type of truck. His studies showed that tire eccen

tricity was the cause of the trouble. Since little change could be effected 
in tire compliance, his solution lay in redesigning the suspension system. 
Tests of this experimental system show the problem to be reduced to an 
insignificant level. 
That's typical of the kind of meaningful assignments given to employes 
while still in the College Graduate Program-regardless of their career 
interest. No "make work" superficial jobs. And, besides offering the oppor
tunity to work on important problems demanding fresh solutions, we offer 
good salaries, a highly professional atmosphere and the proximity to 
leading universities. 
Discover the rewarding opportunity Ford Motor Company may have for 
you. How? Simply schedule an interview with our representative when he 
visits your campus. Let your twenties be a challenging and rewarding time. 

The American Road, Dearborn, Michigan 

An equal opportunity employer 



Ara you ready tor a multi-million-dollar rasnonsibililY? 

If you are, there's a place for you on the Aerospace to show it in the Air Force. Your work can put you and 
Team-the U. S. Air Force. your country ahead. 
No organization in the world gives young people a You can earn your commission at Arr:; force Officer 
greater opportunity to do vital, responsible work. Training School, a three-month course open to both 
For example, just a short while ago a 23-year-old Air men and women. To apply, you must be within 210 
Force lieutenant made a startling breakthrough in days of your degree. 
metallurgy. And a recent All-America tackle is doing ad- For more information, contact the Professor of 
vanced research in nuclear weapons. u s 11·r Force Air Science. If your campus has no 
If you have talent, you'll have a chance ■ ■ AFROTC, see your Air Force recruiter. 
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Why total cost is so important 
to tiny tots . .. and taxpayers 

Total cost of what? Sanitary sewers. It makes no difference if they're municipal 
sewers or house -sewers. There's still an initial cost ... and a total cost. It's the 
total cost that's important. It includes building the sewers initially, plus the cost 
of repairs and maintenance ... even replacement if the pipe disintegrates. 

Total cost is important to everyone in the community ... from the youngest 
to the oldest. No one wants to build sewers twice. You want to build them once. 
You want them to last. You want low up-keep. That's what you get when you 
build with Dickey Perma-Line Glazed Clay Pipe. It's the one sure way to the 
lowest possible total cost ... for you, for _your children ... and their children, 
too. It never has to be replaced. It cannot rust, rot, corrode or disintegrate. 
It gives generations of trouble-free service. 

And, it has the Dickey Coupling on it, too. Made of urethane. Finest material @ available. For the lowest cost sewers, use this Coupling and 
Dickey Perma-Line Glazed Clay Pipe. 

ickey sanitary glazed clay pipe 

If It's made of clay it"s good .•• If it's made by Dickey It's better 

w.s. DICKEY CLAY MFG. COMPANY Birmingham, Alabama. Kansas City, Missouri 

Meridian, Mississlp-pf ·• ·St. Louis, Missouri• San Antonio, Texas • Texarkana, Texas-Arkansas 

1856-1965 
( Continued from page 9) 

Arts be organized specifically t o 
promote "a liberal education of 
the industrial classes in the sev
eral pursuits and professions of 
life." The College of Agriculture 
and Mechanic Ar'ts was to include 
a School of Engineering, a School 
of Analytical Chemistry and a 
School of Mines and Metallurgy. 
This step marked the transition 

12 

of the University from the old
style classical college into a pro
gressive University. 

At this time a code of student 
conduct was formulated 'to pro
mote the good order and welfare 
of the University. Each student 
was required to be present at the 
morning Chapel services, to ob
serve definite study hours and to 
conduct himself at all times as a 
well-bred gentleman. The student 

was given to understand that the 
University was for the "good and 
industrious young men of the 
State and not for the idle and 
disorderly, the vile and the vi
cious." Students were strictly for
bidden to enter billiard or drink
ing places, to carry concealed 
weapons, to use indecent language 
or to whistle within the Univer
sity building. 

As yet, the School of Engineer
ing had no faculty of its own. 
However, Professor N o r w o o d 
seemed to be tireless in his ef
forts to secure funds for the pur
chase of laboratory equipment for 
experimental work. The records 
show no evidences of his success 
but in a report to the president 
in 1873 he mentioned the acquisi
tion of an induction coil, "th2 
largest ever made," a Holtz static 
machine, an automatic arc lamp 
and a complete set of apparatus 
for illustrating wave motion. How 
he managed it is still an enigma. 

Other stout supporters of the 
progressive policy of the Univer
sity were Erastus L. Ripley, dean 
of the normal school who helped 
the new department by offering 
instruction in mechanical drawing 
and descriptive geometry and 
Paul Schweitzer, Prof. of Chem
istry and the first instructor to 
give a course in fuels, steam and 
the steam engines. A newcomer 
in mathematics, William A. Cau
thorn "Uncle Billy" provided stu
dents and faculty with many ; 
chuckle. One day he failed to se 
the appearance of the Polaris dur
ing an observation for time with 
the meridan transit. After he 
had rechecked his calculation for 
the time and the setting of the 
vernier for the declination and 
still could not see the star he ran 
to Joseph Ficklin, professor of 
astronomy, and excitedly told him 
that the star failed to appear in 
accordance with the ephemeris. 
Professor Ficklin went to the ob
servatory, deliberately removed 
the lens cover from the transit 
telescope and held it up in front 

(Continued on page 14) 
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Want to get in on 
the ground floor 
of something_ big? 

Like a $2 billion-a-year power business? Like unlimited 
opportunities for mechanical, electrical, chemical, 
metallurgical, civil and general engineers of every 
kind? You name it-International Harvester probably 
can offer you a career opportunity tailored to your own 
talents and interests. 

At International Harvester, power and the men who 
provide it are our lifeblood. We are the number one 

manufacturer of heavy duty trucks, farm tractors and 
farm equipment. We are growing fast in construction 
equipment, gas turbines, aerospace equipment. 

And we need help. IH already employs more than 
4000 engineers and technicians. We. are looking for 
more. In our research and development centers initia
tive, imagination and hard work are finding answers 
to some of the world's toughest problems. 

An Equal Opportunity Employer Interested? Contact your Placement Officer now for a date to see an 

® 

IH representative when he visits your campus . Or if interviews are not scheduled, 
write directly to the Supervi sor of College Rel ations, International Harvester 
Company, 180 N. Michigan Avenue, Chicago 1, Illinois. That ground floor may be 
closer than you think. How far you travel is pretty much up to you. 



1856-1965 
( Continued from page 12) 

of Cauthorn. "Uncle Billy," not 
used to stronger language, said 
"I'll declare!" 

The School of Engineering was 
officially separated from the Col
lege of Agriculture in 1877 to 
become a division of its own with 
Thomas J. Lowry, professor of 
civil and 'topographical engineer
ing, named it first dean. The 
School held its own faculty of 
nine members. In 1879 the School 
introduced a p r o gr am under 
which it brought noted engineers 
to the campus for special lectures. 
These included such famous per
sons as Capt. James E. Eads, de
signer and builder of the Eads 
Bridge in St. Louis, and George 
C. Pratt, noted railroad builder 
of that day who later became 
commissioner of railroads for Mis
souri. 

Electrical engineering as an in
tegral part of engineering educa
tion was introdµced in 1880 by 
Benjamin E. Thomas, Professor 
of Physics. In his course in phys
ics he taught the few practical 
applications of electricity known 
at the time. This included infor
mation on telegraphy, primary 
batteries and signalling. Bell's 
telephone and Edison's incandes
cent lamp were quite new then. 

Professor Thomas endeavored 
to get an appropriation for an 
Edison dynamo and lamps for ex
perimental work and teaching, 
but the University had no funds 
for this equipment. However, Dr. 
Laws, the President of the Uni
versity and a personal friend of 
Edison, influenced him to give 
one of 'the dynamos he manufac
tured to the School of Engineer
ing. The College still owns this 
dynamo. A manufacturer donated 
a steam engine to power the dy
namo, and on January 10, 1883, 
Professor Thomas and some of his 
students staged the first public 
demonstration of the incandes
cent lamp in Missouri and prob
ably the first in this part of the 
country. The full Board of Cur-
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ators was present for the exhibit. 
At the request of the curators, 

Thomas and his students wired 
the University chapel in Academ
ic Hall for electric lights. Thomas 
also installed the first telephone 
line in Columbia, running a line 
from the Boone County National 
Bank to the home of its president 
about a mile away. 

Thomas' energetic and imagina
tive work in the new field stimu
lated interest and enrollment in 
physics courses more than dou
bled in the next year. To meet 
the growing demand for compe
tent men familiar with the scien
tific principles of electricity, the 
telephone, and allied lines, Pro
fessor Thomas recommended the 
establishment of a department of 
electrical engineering with a de
gree in that field. This was done 
by the curators in 1885. The -first 
electrical engineering department 
in any American college was es
tablished just three years prior to 
this date at Massachusetts Insti
tute of Technology. 

In accordance with the provi
sions of the Morill Act a depar't
ment of mechanical arts was 
finally established at the Univer
sity in 1891, but it was placed 
within the College of Agriculture. 
C . W. Marx, a well-known me
chanical engineer, was appointed 
by the Board of Curators as the 
"superintendent of the newly cre
ated School of Mechanical Arts." 

On January 9, 1892 tragedy 
struck. Academic Hall, the first 

and principal building of the Uni
versity, was completely destroyed 
by fire. Ironically, the fire was 
apparently started by a short cir
cuit in the electric wiring which 
Professor Thomas had installed in 
the chapel. By morning nothing 
was left of the building except the 
six stately columns which had 
graced the front entranceway. 
Fortunately, the new equipment 
was little damaged but most of 
the old equipment was destroyed. 

The fire proved a blessing in 
disguise-particularly f o r the 
School of Engineering. A sympa
thetic governer and a generous 
legislature, goaded by an aroused 
public, provided funds for new 
buildings. Of the six which were 
constructed immediately, one was 
the present Engineering Building, 
another was the Mechanical Arts 
Building, now a part of the en
gineering group and a third was a 
new power house. 

The session of 1892-93 was a 
momentous one in the College of 
Engineering. The department of 
Mechanical Engineering was es
tablished on the same plane as 
civil and electrical. The school 
now had three departments, three 
degrees and three buildings which 
provided spacious quarters. 

Once again, an adversity befell 
the school. Its dean retired and 
the School of Engineering again 
lost its identity, being placed back 
under the College of Agriculture, 
to remain there for ten years. 

(Continued on page 16) 

A conspicuous entry in one of the parades of past years. 
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Sophisticated, work-saving aids 
help Bell System engineers 

provide important communications services 

As an engineer your future could be important to us. 
You might be able to contribute to our continuing 
leadership in the communications field. Therefore, you 
should know something about us and how we operate. 

Bell System engineers deal with modern problems 
in modern ways. They have at their command the 
latest in technology and equipment. 

An example is how computer programs aid in 
providing telephone service for new communities. 

Engineers at Bell Telephone Laboratories have 
devised computer programs broad enough in scope 
so that Bell System operating telephone companies 
can use them to engineer the required wide variety 
of telephone plant networks. 

As part of a continuing effort, programs have been 
designed to analyze communicatrons needs of an 
area for determining the best plant network layout 
and switching office location. 

In general, the necessary data are collected and the 

engineer selects a number of alternative plans to be 
analyzed in detail by a computer. His final decision is 
based primarily on an analysis of the computer output. 

The computer supplies more significant data, and 
supplies it much faster, than laborious, manual cal
culation methods. The engineer is thus relieved of 
dull, time-consuming computation, and he plans facili
ties with increased confidence-knowing that he is 
providing efficient and economical communications, 
tailored for a given area. 

You may well find a rewarding career in the Bell 
System, where people find solutions to exciting 
problems. The Bell System companies are equal 
opportunity employers. Arrange for an on-campus 
interview through your Placement Office, or talk to 
a local Bell System company. 

/4\ Bell System \e, American Telephone and Telegraph Co. and Associated Companies 

This? In this hypothetical geographical area, communications could be supplied with one large tele
phone switching office and a network of cables (left), or with three smaller offices and a different 
network (right). Many other combinations of offices and cable networks might be possible. 
This situation, although hypothetical, is typical of the complex telephone engineering prob
lems that are being solved with the aid of computer programs designed at Bell Laboratories. 

Or this? 



1856-1965 
(Continued from page 14) 

Nevertheless engineering edu
cation had been accepted within 
the realm of higher education, 
and the School of Engineering at 
the University of Missouri had re
ceived recognition from profes
sional societies and organizations. 
In 1902 the Alpha Chapter of Mis
souri of Tau Beta Pi was estab
lished at the University with 
eleven charter members. This 
honor society was a constant in
spiration to students in engineer
ing. 

N e w scientific developments 
were requiring introduction of 
new curricula. The University 
adapted its courses to the needs 
of professions and the demands 
of industry. Chemical engineer
ing was established as a depar't
ment in 1903 and soon became 
one of the important divisions of 
engineering education at the Uni
versity. 

By 1904 the enrollment in en
gineering had increased to such 
an exte·nt that the curators estab
lished an office of junior dean of 
engineering on a trial period of 
three years. The chairmen of the 
three departments, Professor H. 
B. Shaw of electrical engineering, 
Professor Putnam Spalding of 
civil and Professor A. M. Green of 
mechanical each served a year in 
this capacity. These men proved 
to the curators the wisdom of the 
separation and at the end of the 
three-year period the School of 
Engineering was again separated 
from agriculture with Professor 
Shaw as dean. 

Because of the vision and fine 
cooperation of these pioneer lead
ers, the College of Engineering 
was prepared to meet the ever 
multiplying demands of industry 
for men with a thorough knowl
edge of physical and chemical 
phenomena and of the laws gov
erning their relationships. The 
separation injected into the fac
ulty and student body a new spirit 
of self-reliance and strong deter-
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St. Pat Arrives 

mination to make good. 
Just as the columns stand on 

the guadrangle in solemn gran
deur as a tribute to the superb 
contributions of the deans and 
professors, the shamrock reposes 
above the main entrance of the 
Engineering building as a tribute 
to the superb contributions of a 
group of jovial students. 

In relating the story of the 
Shamrock and the Saint Patrick 
tradition, it is difficult to separate 
legend from fact. We have at
tempted to reconstruct the most 
probable sequence of events 
which occurred on that memor
able day of March 17, 1903. 

It was a few days before St. 
Patrick's Day of 1903 and the 
young men's fancy had turned to 
thoughts of cutting class. A group 
of senior engineers were gathered 
in front of the engineering build
ing. The conversation drifted to 
the same old subject for this was 
the time of the year when Pro
fessors seemed bent on working 
the engineers to death. They were 
lamenting the fact that it was a 

long time between holidays when 
some ingenuous soul came up 
with the idea that as St. Patrick 
had engineered the project of get
ting the snakes out of Ireland, he 
was the first engineer and it was 
only fitting 'that his birthday be 
observed as an engineer's holiday. 
"Erin Go Braugh" translated into 
English could only mean one 
thing. "St. Patrick was an engi
neer!" (Ed. note~It means "Ire
land Forever" in Ireland.) The 
idea was immediately recognized 
as being an inspired one and the 
group set out to notify the other 
engineers. Leo Brandenburger 
set forth 'the first St. Pat procla
mation which reads as follows:-

"WHEREAS, It has been the 
custom of certain uninformed 
ministers of the gospel to de
clare at various times the prac
tices and beliefs of our worthy 
St. Patrick, it was deemed ad
visable that 'the question of his 
origin and his life should be 
definitely and forever settled 
and 

WHEREAS, The investigation 
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has proved eminently success
ful, the result of which was to 
establish beyond any doubt or 
council that St. Patrick was an 
Engineer, it is therefore 
RESOLVED, That it is the sa
cred duty of each and every 
engineer 'to observe in a man
ner most fitting the glorious 
memory of our most beloved 
disciple, and it is further 
RESOLVED, That every engi
neer, senior, junior, sophomore 
and freshman, do each year on 
the day of St. Patrick refrain 
from all duties and attendance 
upon classes and spend the day 
in observing the memory of our 
pioneer brother. It is therefore 
RESOLVED, That each year in 
the Department of Engineering, 
on the day of St. Patrick a holi
day is declared. 
Signed: Senior, Junior, Sopho
more, Freshman." 
The reader will recall that at 

the time it was customary to have 
Chapel in the library every morn
ing. Inasmuch as St. Patrick was 
to be their Patron Saint the En
gineers went to Chapel. That was 
the first time most of them at
tended the service. 

After Chapel the hundred or so 
students participating gathered at 
the columns amid a great deal of 
yelling and cheering. A few stu
den'ts brought band instruments 
and joined in the noise making. 
Finally, President Jesse came 
charging down the steps from the 
President's House and declared 
that the holiday was illegal and 
the students taking part would be 
disciplined. Meanwhile, the band 
had started toward the Eighth 
Street entrance to the campus. 
President Jesse ended his har
angue by stating that gentlemen 
would return to their classes and 
rowdies would follow the band. 
Most of the engineers followed 
the band up-town. They also vis
ited the two girl's schools, Chris
tian and Stephens College. The 
originators, incidentally, got an 
additional "holiday" of one week. 

The 1904 St. Patrick doings 

MARCH, 1965 

Graduating 
engineers & 
scientists: 
Join IBM's 

new computer 
systems science 
training program 
Become a problem-solver and advisor to 
users of IBM computer systems in areas 
such as: 

• real -time control of industrial processes 
• communications-based information 

systems 
• time-shared computer systems 
• graphic data processing 
• computer-controlled manufacturing 

systems 
• management operating systems 
• engineering design automation 

All engineering and scientific disciplines are 
needed. IBM will give you comprehensive 
training, both in the classroom and on the 
job. Openings are available in all principal 
cities of the U.S. 

For more information see your placement 
director, or call the nearest IBM branch 
office. If you prefer, write to W. G. Williams, 
IBM Corporation, 1400 Baltimore Avenue, 
Kansas City, Missouri 64141. 

IBM 
DATA PROCESSING DIVISION 

Page 17 



were organized and directed by 
the 1905 class, then juniors. Pro
fessor Green, who had taken the 
demonstration of the previous 
year as a personal affront, threat
ened to fail any student in his 
classes who was not present on 
March 17. Many seniors who were 
taking his mechanics course for 
the second time could not afford 
the flunk. 

Months before March 17, 1905 
the engineering students began to 
lay plans for the celebration. I ': 
was decided that St. Patrick him
self would appear and receive the 
homage of his followers. That 
morning the Engineering Depart
ment marched to Chapel in 
body. St. Patrick was there in 
his regalia carrying a primitive 
level made from willow sticks. 
After the c o n v o c a t i o n the 
'Guards' repaired to the Engineer
ing Building where the grand 
'Kow-Tow' was held. This formed 
the most impressive and imposing 
spectacle of the occasion. As St. 
Pat appeared the 'Guards' as
sumed an attitude of profound 
reverence-hats off, k n e e 1 i n g 
down, with noses deep in the sod 
-while St. Patrick holding his 
transit in a solemn benediction, 
dedicated and forever consecrated 
St. Patrick's Day as an Engineer
ing Holiday for the observance 
of the ceremonies enacted and 
established on this occasion. Some 
enterprising photographer caught 
a fine rear view with all the stu
dent posteriors pointing skyward, 
St. Pat with his upraised cane and 
Professors Defoe, Williams, Shaw 
and other spectators in the back
ground with amused smiles on 
their faces. 

Possibly this ridiculous posture 
of the engineers in the Grand 
Kow-Tow served to divert the 
discipline committee from a posi
tion of sternness to one of amused 
tolerance. None of the engineers 
were disciplined this year and the 
St. Patrick's legend became firm
ly established. 

In 1906 the "Blarney Stone" 
bearing the marks of evidence 
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that St. Patrick was an engineer 
was "discovered" by Veit Aull 
Hain of the civil engineering 
class of 1906, during the excava
tions for the foundations of the 
engineering annex building. For 
this reason the festivities this 
year were more elaborate. A re
incarnated St. Patrick arrived by 
airship which, well guarded, was 
exhibited with great pride by the 
engineering students. P o s t er s 
printed in green announced the 
arrival of the good old patron 
Saint of the engineers. After the 
Grand "Kow-Tow" was per
formed, each senior came forward 
and as he knelt and kissed the 
Blarney Stone was properly dub
bed a Knight of St. Patrick. The 
ceremony was concluded with the 
singing of the well-known Mis
souri Engineer's song. 

The first issue of The Sham
rock appeared at the 1906 celebra
tion as a pamphlet in a green 
cover (about 4" x 7") and print
ed in green ink. It was dedicated 
on the flyleaf "To St. Patrick the 
perfect integral whose first de
rivative was an engineer." 

The high point of the 1907 cele
bration was that Professor Ar
thur M. Green, Jr., who had so 
fiercely resented the affairs of 
1903 and 1904, was dubbed as a 
Knight of St. Patrick, Honorary, 
summa cum laude, the first to 
receive this honor. President 
Jesse had so far relented by 1907 
that he not only approved the 
March 17 holiday for the engi
neering students, but he granted 
the whole University an hour re
cess during the morning cere
mony on the campus. 

The students who started the 
celebration in 1903 as a un
scheduled frolic did not suspect 
that there was a perfectly legiti
mate reason for making March 17 
a holiday. But perhaps the read
er will recall that it was on March 
17, 1863 that the endowment of 
land for a College of Agricul
ture and Mechanic Arts by the 
Federal government was unani
mously accepted by the General 

Assembly of Missouri. It was ap
propriate, therefore, to celebrate 
this date in a fitting manner. 

The setting aside of March 17 
as Engineer's Day and the ob
serving of St. Patrick traditio•ns 
from year to year fostered a 
wholesome and enthusiastic spirit 
of cooperation among the stu
dents and faculty. It was this 
fine energetic spirit that enabled 
the College of Engineering of the 
University of Missouri to attain 
a position of prominence among 
the techincal institutions of the 
Middle West. 

With the establishment of the 
Engineering Experiment station 
July 1, 1909 through the efforts 
of Dean Shaw the College was 
better able to serve the state and 
its citizens. Research work was 
organized on a more satisfactory 

_ basis and bulletins were pub
lished describing the research 
projects. 

A department of agricultural 
engineering was established in 
1917 to be administered jointly 
by the divisions of agriculture 
and engineering. Its curriculum 
was planned to prepare the stu
dent to design, make, and operate 
farm machinery, to superintend 
irrigation, drainage and errosion 
control projects, and design and 
construct farm buildings. 

Continued expansion and prog
ress was halted by the great de
pression of the early 30's when 
many of the students and faculty 
were forced to leave the campus. 
The physical plant of the College 
and the laboratory equipment de
teriorated because of lack of 
maintenance. But with the re
turn of industrial activity and the 
aid of federal grants the College 
of Engineering began to progress. 

The new Engineering Labora
tories Building was constructed 
and has since received new addi
tions. New equipment and ex
perimental materials were ob
tained. As new products are 
invented and produced, the Col
lege of Engineering kaeps abreast 
with or ahead of the new trends. 
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A well-equipped communica
tions laboratory had been in
stalled through the generosity of 
the American Telegraph Com
pany and its subsidiary, the 
Southwestern B e 11 Telephone 
Company, and as one of the re
sults the College of Engineering 
has trained and developed scores 
of top communications engineers. 
It may be significant that four 
out of the twenty major presiden
cies in the AT&T and Bell Sys
tem a r e held by engineering 
graduates of the University of 
Missouri, including the presidency 
of the parent Company. 

World War II was another se
vere set-back to the College of 
Engineering as it was to all other 
colleges, but in the post-war ex
pansion enrollment jumped to an 
all-time high of more than 1,500 
students on the Columbia campus 
and more than 2,700 in the Uni
versity's School of Mines and 
Metallurgy at Rolla. 

MARCH, 1965 

During the war, the College 
participated in the University's 
training of service personnel and 
also established and operated a 
special diesel training school for 
enlisted personnel of the U .S 
Navy producing more than 5,000 
graduate diesel engineering spe
cialists for Navy service. In ad
dition the College participated in 
the Government's Engineering, 
Science and Management War 
Training program setting up an 
extension program under which 
it trained more than 3,600 war in
dustry workers in special pro
duction jobs. 

In September,. 1951, some In
dustrial Engineering courses were 
offered as course options within 
the Mechanical Engineering De
partment. Industrial Engineering 
became a separate department in 
the College of Engineering in 1958. 

Since the war the activities of 
the Engineering Experiment Sta
tion have been greatly explanded 

and the College of Engineering 
has developed a greatly expand
ed extension and adult education 
program through cooperation with 
the University's Adult Education 
and Extension Service, providing 
scores of special schools, short 
courses, conferences, clinics, and 
other educational programs and 
refresher courses for practicing 
engineers and industrial workers. 

Yet, the primary obligation of 
the College of Engineering is to 
its students; to give them a thor
ough knowledge of the funda
mental principles of their profes
sion and the know-how to attack 
engineering problems. Each stu
dent as he assumes his position of 
an alumnus is an individual meas
ure of the success of the College . 

Acknowledgment: Portions of 
this article are based on "The 
University of Missouri" by W. J. 
Menteer and " Engineering at The 
University of Missouri" by M. P. 
Weinbach . 

WILL YOU BE ABLE TO 
MEET THE CHALLENGE 
OF THE HIGHWAYS 
OF TOMORROW? 
Prepare now for your future in highway engineering 
by sending for The Asphalt Institute's free library 
of Asphalt construction and technology. 

Each year, more and more states are turning to modern Deep
Strength * Asphalt pavement for their new heavy-duty high
ways, county and local roads. Your contribution-and reward 
-in future road building programs will depend in large part on 
your knowledge of Asphalt construction and technology. 

The latest information in this field , including The Asphalt 
Institute's new computer-derived Thickness Design Method, is 
contained in an extensive portfolio now offered by The Asphalt 
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the coupon below today. 
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Engineering News 

NEW LOOK AT LASER BEAM 
Westinghouse engineers have 

given man a new look at the 
beam of a laser. 

This new look shows in detail 
to the naked eye the so-called 
"far-field" patterns in the light 
from a laser. The patterns are 
formed by infrared (heat) rays 
far too low in frequency to stimu
late the eye or photographic film. 
Yet they tell the experimenter a 
great deal about the operating 
characteristics of a laser. 

To make these informative ra
diation patterns visible, Westing
house engineers have devised a 
new instrument called an infrared 
pattern viewer. For its infrared 
"eye," the instrument uses a re
markable "fourth state" of matter 
known as a liquid crystal. These 
unusual liquid crystals exhibit, at 
one and the same time, some of 
the properties of a liquid and some 
of the properties of a solid. 

Most striking of their behavior 
is a remarkable sensitivity to 
changes in temperature. The li
quid crystals respond to such 
temperature changes by a sudden, 
dramatic change in color. 

The infrared pattern viewer 
uses this change in color to dis
play the laser's radiation pattern. 
Striking a thin film of liquid crys
tals, the heat developed by the 
laser beam causes the crystals to 
shift their molecular arrangement 
and change in color from red to 
green. A small shift in tempera
ture will cause the unique color 
change. 
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The most useful liquid crystals 
for visually showing these small 
temperature shifts are found to 
be compounds of cholesterol. This 
is the white, fatty substance com
monly regarded as a contributing 
factor to coronary heat disease. 
A six-year Westinghouse research 
program has shown that the same 
cholesteric liquid crystals found 
in the human body are delicate 
sensors, not only of temperature, 
but of pressure, chemical vapors 
and even electrical fields. These 
crystals are used in the detector 

Westinghouse engineer J. R. Hansen 
prepares to view the complicated pat
terns in a laser beam with a new in
frared pattern viewer de,veloped at 
the Westinghouse Research Labora
tories. The "eye" of the viewer is a 
thin film of liquid crystals mounted 
in the round vacuum cell at the center 
of the picture. When the beam from 
the laser (rear) strikes the film, its 
heat will cause the crystals to shift 
in color and display the beam's struc
ture. Lamps in the housing in the fore
ground are used to adjust the temper
ature of the film and to provide the 
exact amount of illumination on it. 

LARRY RAMSEY, PHYSICS '66 

of the new Westinghouse infrared 
pattern viewer. 

Heart of the viewer is a simple 
heat detector, which consists es
sentially of a thin film of the 
cholesteric liquid crystals support
ed on a blackened membrane and 
mounted in a small vacuum cham-

·· ber. On one side of the film a 
mercury lamp and an adjustable 
heat lamp are aimed at the film. 
On the other side the laser is 
mounted so that its narrow beam 
strikes the flat surface of the li
quid crystal film. The film is ob
served from the mercury-lamp 
side. The whole assembly is 
mounted on a horizontal bed, 
somewhat like the structure of an 
ordinary wood lathe. 

In use, the heat lamp is ad
justed to get the desired temper
ature on the liquid crystal film. 
Then the laser beam is shined on 
the opposite side of the film, 
where it is absorbed and causes 
a temperature rise. The color 
shift in the light supplied by the 
mercury lamp and reflected by 
the crystals forms a pattern that 
can be watched continuously as 
the laser shifts its mode of oscil
lation due to its own instability 
or because of changes made in its 
conditions of operation. 

The usefulness of the pattern 
viewer is not limited to infrared 
radiation. Any optical radiation
including visible light and ultra
violet-that heats the liquid crys
tal film is displayed with equal 
ease and clarity. 

( Continued on page 22) 
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■ Young engineers find challenging opportunities at 
Allison where "Energy Conversion Is Our Business." 

For instance, here's Warren Neil Holcomb who came 

to Allison following his graduation from Purdue Uni
versity last year with a BS Degree in Mechanical Engi

neering. 

He first entered Allison's Accelerated Experience 
Program . . . a program designed to help the young 
engineer gain on-the-job experience in the shortest 
possible time. Holcomb's eight-month work tour in
cluded assignments in: Stress Analysis, Experimental 
Test Operations, Production Engineering, Aerothermo 
Design, Product Design, Field Service, Product Relia
bility and Materials Laboratories. 

Upon completion of the program, Holcomb started 
with the new T78 Regenerative Turboprop Engine 

Mechanical Design Group. He is currently assisting in 
design and development of the gear section. 

The T78 engine represents another major step for-

W. N. Holcomb examines a double heli
cal drive pi nion gear after the initial gear 
motoring test of the new T78 regenera
tive gas turbine engine. The gear is used 
in the new unitized gear box and fo rms 
a part of the first stage reduction. 

ward for Allison in the design of aircraft engines. It's 

a versatile engine that will not only improve capability 
of current aircraft, but also serve as the power plant 
for a whole new generation of future aircraft. 

Perhaps you, too, will like the creative climate at 
Allison. Why not see our representative when he visits 
your campus. Or, write for a copy of our brochure 
which tells how the young engineer can rapidly ad

vance his professional career 
at Allison. Write to: Allison 
Division, General Motors 
Corporation, Indianapolis, 
Indiana 46206, Att. : Profes
sional and Scientific Place

ment. 

An equal opportunity employer 

.Allison GM 
THE ENERGY CO N V ERSION DI VI SI ON O F --
GENERAL MOTORS, INDIANAPOLIS, INDIANA General Motors 
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ENGR: NEWS 
(Continued from page 20) 

SUBMARINERS AND SPACEMEN 
BREATHE EASIER 

A whispy synthetic membrane, 
only a thousandth of an inch thick, 
may soon bring to reality man's 
age-old wish to "breathe" under 
water like a fish. It may also hold 
the answer to a simple system for 
supplying submarines with air 
drawn from the surrounding sea, 
the purification of air in space 
capsules or moon stations, and a 
means of providing cheap reliable 
oxygen supplies for patients in 
hospitals or at home. 

General Electric's Research 
Laboratory developed a method 
of producing a very thin, hole
free, yet permeable, silicone film 
that permits the passage of gases 
and liquids ih both directions. The 
key to its usefulness is its "se
lectivity" or ability to let gases 
pass through at different rates. 

In underwater applications, a 
membrane with sea water on one 
side and with pressure below one 
atmosphere on the other side will 
extract air from the water while 
resisting the passage of water 
under great pressure. Carbon 
dioxide and other noxious gases 
will pass through the membrane 
in the reverse direction, into the 
water. Thus the membrane can 
perform the same function as a 
gill in a fish. As an added bonus 
for the crew of an underwater 
vehicle or station, the small quan
tity of water passing through the 
membrane would be desalinated 
and completely potable. 

In the vacuum of space, a ve
hicle or station could have an 
opening covered with such a mem
brane which would allow un
wanted water vapor and carbon 
dioxide to escape while holding 
in vital oxygen because the first 
two gases pass through much 
more quickly than oxygen. 

Oxygen, on the other hand, 
passes through a silicone mem
brane twice as fast as nitrogen, 
which comprises nearly 80% of 
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our air. Thus in a low-pressure 
enclose with some membrane sur
faces, oxygen from the outside air 
would enrich the air inside. At 
1/ 15 atmospheric pressure, for ex
ample, the air passing through 
will contain about 35% oxygen
a figure close to that of hospital 
oxygen tents and infant incuba
tors. 

NEW SYSTEM DETECTS 
EARTHQUAKES' GROUND AND 

AIR WAVES 
A system so sensitive it can 

detect the drop in atmospheric 
pressure of a one-quarter inch 
rise in elevation graphically re
corded both the ground wave and 
subsequent air pressure wave 
here from an earthquake 1,960 
miles distant. 

Developed by P . G . Davey of 
the Lawrence Radiation Labora
tory, and Walter C. Marion, seis
mography e n g i n e e r at the 
University of California's Seis
mographic Station, the "Davey
M a r ion microbarograph" is 
coupled with a Varian model 
G-10 strip chart recorder at the 
university's Byerly Seismograph
ic Station. A discussion of the 
graphic record it made of this 
spring's Good Friday earthquake 
centered at Prince William 
Sound, Alaska, has been made 
in the scientific magazine "Na
ture" by Professor Bolt, Director 
of the Seismographic Station. 

When the earthquake struck 
Alaska, the time in Berkeley was 
8: 36 p.m., Friday, March 27, 1964, 
Pacific Standard Time. The 
ground wave took a little less 
than 14 minutes to travel the 1,960 
miles from the epicenter to the 
University of California. The 
earth under Berkeley rose and 
fell one-quarter inch. 

As the accompanying photo
graph taken from the Varian re
corder's chart of that day shows, 
the changes in atmospheric pres
sure accompanying the motion are 
well within the range of the mi
crobarograph. Two hours and 

(Continued on page 23) 

Alumni News 
The Coast and Geodetic Survey, 

U. S. Department of Commerce, 

has announced the appointment 

of Lt. Cdr. Ronald M. Buffington, 

30, of Eminence, Mo. , as com
manding officer of the C & GS 
ship "Peirce." 

The "Peirce" is a hydrographic 

survey vessel of 760 tons which is 

presently engaged in an eight

month charting survey of the 

waters off the South Carolina 

coast. The 162-foot vessel is based 

at Savannah, Ga. , and carries a 
complement of six officers and 32 

crewmen. 

Buffington was executive of

ficer of the ship "Whiting" before 

his new assignment. He has 

served with the Coast and Geodet

ic Survey since 1957 after grad

uating from the University of 

Missouri with a B.S. degree in 

civil engineering. 

The Coast and Geodetic Survey, 

U. S. Department of Commerce, 
anounced the promotion of Lt. 

Charles K. Townsend, 27, of Or

rick, Mo., to Lieutenant Com

mander in the commissioned corps 

of the nation's oldest scientific 
body. 

Townsend joined the Coast and 
Geodetic Survey in 1958 following 
his graduation the same year from 

the University of Missouri with a 
B.S. degree in civil engineering. 

Since then, he has served aboard 

two ships of the Survey's "white 

fleet", the "Pioneer" and the 
"Cowie", and also saw duty with 

a tide party in Louisiana and at 
the Norfolk District Office, where 

he supervised repairs of the ship 

"Scott". He is now working with 

a satellite tracking party at Belts

ville, Md. 
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ENGR. NEWS 
(Continued from page 22) 

forty minutes after the ground 
shock recorded by the micro
barograph, the air pressure wave 
reached the instrument. 

The microbarograph consists 
primarily of two large, empty 
wine demijohns donated by a 
graduate student who had found 
them in the basement of his 
grandparents' home. The demi
johns are open to outside air pres
sure, with a thermistor bridge cir
cuit located in a tube leading to 
the demijohns. The bridge circuit 
is connected to a highly sensitive 
rate-of-climb indicator built in 
England for sailplane gliders. In 
the bridge circuitry, current is 
applied only through the center 
thermistor, causing heat. 

With an increase in atmospheric 
pressure, air enters the opening 
to equalize the pressure inside the 

demijohns. Passing o v e r the 
bridge circuit, the air transfers 
heat from the center thermistor 
to the thermistor nearest the 
demijohns, u n b a 1 an c in g the 
bridge, and causing a difference 
in potential across the circuit. The 
voltage change is sensed by the 
rate-of-climb indicator, which is 
connected to the input of a Varian 
Associates Model G-10 strip-chart 
recorder, deflecting the pen. 

When atmospheric pressure de
creases, the higher pressure inside 
the demijohns results in unbalanc
ing the bridge circuit in the re
verse direction. And again, this 
difference in voltage-drop across 
the bridge is recorded by the 
Varian G-10 recorder through the 
rate-of-climb meter. 

Short-duration fluctuations in 
atmospheric pressure have been 
prevented from reducing the in
strument's sensitivity by adding a 

, ,.·.,:'· ~ .. ::-"Ii' ' ~ ... . - ) , , . . ·· " 

Good Friday earthquake ground and air waves-Photograph, taken directly 
from Varian Associates recorder's chart of Good Friday, 1964, reveals (top half) 
microbarographic measurement of ground wave reaching Berkeley 14 minutes 
after Alaska earthquake and (lower) air pressure wave which .l'eached Berkeley 
2 hours and 40 minutes later. 
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small chamber to the input tube 
containing the thermistor bridge 
circuit. The chamber has a small 
opening to restrict air drafts. In 
effect, the small chamber acts as 
an RC (resistive-capacitive) net
work which filters out high fre
quencies, allowing the instrument 
to make full use of its low-fre
quency sensitivity. Marion cali
brates the instrument by raising 
it in two-inch steps on styrofoam 
pads. 

The output from the microbaro
graph is connected only to a sin
gle Varian G-10 strip - c h a rt 
recorder with no secondary, back
up recorder. 

POLARON BEHAVIOR STUDIED 
Summary: Polarons-electrons 

surrounded by polarization charge 
"clouds"-are important in the 
study of ionic crystals. Recent 
theoretical work at the NBS In
stitute for Basic Standards pre
dicts the behavior of polarons in 
strong magnetic fields and sug
gests possible verifying experi
ments. 

Polarons-electrons surrounded 
by polarization charge "clouds"
are responsible for charge trans
port in ionic crystals under cer
tain circumstances. The behavior 
of polarons in magnetic fields was 
predicted by David M. Larsen in 
recent theoretical studies at the 
NBS Institu'te for Basic Standards 
(U.S. Department of Commerce). 
Dr. Larsen also suggested experi
mental methods for observing this 
behavior, for even though pola
rons have been studied theoreti
cally for about 15 years, there is 
little experimental evidence with 
which to check the theoretical 
models. 

Although ionic crystals, such as 
potassium chloride and silver bro
mide, normally act as insulators, 
they will conduct electricity when 
gy electrons are excited to higher 
some of their numerous low-ener
energy states (conduction band 
states) by the absorption of light. 
The excited electrons are then 
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free to . move through the crystal 
in response to an applied voltage. 
Because these high-energy elec
trons interact strongly with the 
ions of the crystal lattice, they 
provide a convenient probe for 
study of the electron-phonon in
teraction. 

Polarons are formed when the 
conduction band electrons sur
round themselves with polariza
tion charge resulting from the po
larizing effect of their coulomb 
field on the crystal lattice. In ef
fect, the moving free electron is 
changed into a more complicated 
excitation corresponding to a 
moving electron which carries 
along with it a distortion of the 
crystal lattice. 

In the NBS work, a simple the
oretical model of the polaron was 
considered. The results can be 
most easily understood if first a 
discussion is given of the quantum 
theory of the motion of an elec
tron in a magnetic field in vacuo. 

Quantum theory pictures the 
motion of an electron in a mag
netic field in vacuo as a circular 
motion of frequency f in the plane 
perpendicular to the direction of 
the field. (The electron may also 
move freely in the direction paral
lel to the magnetic field, but in 
the present simplified discussion, 
this motion will be ignored.) For 
a given magnetic field, the radius 
of the circular orbit can assume 
only certain discrete values; and 
for each allowed orbit there is a 
corresponding discrete electron 
kinetic energy. The smallest orbit 
is associated with energy (hf/ 2) . 
In general, each successively 
larger orbit has an energy greater 
by an amount hf. 

It was found that a polaron 
should behave very much like an 
electron in vacuo. In particular, 
in a magnetic field the allowed 
orbits and energies should be dis
crete. However, energy differ
ences between successive orbits 
should decrease slightly as the or
bit radius increases. 

By measuring these energy dif
ferences and comparing them 
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with calculated values, one could 
determine independently and si
multaneously the strength of the 
electron-lattice polarization force 
and the electron effective mass 
for any crystal. These two quan
tities are the basic parameters in 
polaron theory and are not yet 
known for most crystals. 

The energy differences are 
measurable with strong field cy
clotron resonance techniques, but 
such experiments present techni
cal difficulties-the magnetic 
fields must be quite strong (at 
least 60,000 oersteds) and the ex
citing electromagnetic radiation 
must be in the very far infrared. 
There have been recent reports of 
gas lasers that produce lines in 
the 100 micron region; these 
would seem to be ideal for induc
ing transitions between polaron 
energy states and may provide 
the best experimental approach to 
a better understanding of the na
ture of polarons. 

FOUNDATION FOR MOON 

TRIP 

Some 80,000 tons of concrete 
will be used for the foundation of 
a launch pad at Cape Kennedy for 
the National Aeronaulics and 
Space Administration's Saturn V 
which will send an Apollo space
craft to the Moon. 

The Bent of Tau Beta Pi is to be 
dedicated during Engineer's Week. 

ELECTROCARDIOGRAM 

(Ed. Note-The objective of an 
electrocardiogram is to enable a 
physician to infer the details of 
the electrical activity of the heart. 
Heart contractions are preceded 
by an electrical signal that moves 
through the heart causing differ
ent parts of the heart muscle to 
contract in the proper sequence. 
Scar tissue and other abnormali
ties interfere with the normal 
progress of this electrical signal. 

An electrocardiogram measures 
the effect produced on the sur
face of the body by this electrical 
current in the heart. Electrodes 
are attached to the skin at various 
points-usually several points on 
the chest, and on the wrists and 
ankles. These electrodes measure 
changes in the surface potential 
(voltage) of the body resulting 
from the electrical activity of the 
heart. 

One of the major limitations of 
electrocardiogra.phy has been the 
difficulty of relating the measured 
changes in skin potential to heart 
action. One current approach is 
computer analysis of large num
bers of electrocardiograms. This 
is being done in the hope that the 
more precise and rapid analysis 
of thousands of electrocardio
grams made possible by compu
ters may produce a better corre
lation between electrocardiogram 
analysis and the actual condition 
of the heart.) 

A new mathematical technique 
that may become an important 
tool for better understanding of 
electrocardiograms has been de
veloped by two International 
Business Machines Corporation 
scientists. The technique permits 
accurate calculation of the way 
complicated electrical signals pro
duced by the heart are distorted 
as they pass though the chest and 
reach the body's surface. 

When applied to experimental 
data on the heart's electrical ac
tivity being obtained in various 
laboratories, the new mathemati
cal technique will help cardiac 
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physiologists calculate what the 
electrical activity measured on 
the chest by an electrocardiogram 
can tell about the workings of a 
person's heart. It can lead to other 
advances in electrocardiography 
as well, such as showing the best 
locations on the body to place 
electrical leads, and permitting 
simulation of the effects various 
heart abnormalities would pro
duce in electrocardiogram. Such 
simulation studies should be valu
able in extending the usefulness 
of electrocardiograms in diagno
sis. 

The new technique was devel
oped by Dr. Herbert Gelernter 
and Dr. James Swihart, both 
mathematical physicists at IBM's 
Watson Research Center in York
town, N. Y. It is based on a new 
solution of theirs to a well-known 
problem in physics, called the 
"Neumann problem." Using this 
solution, they have been able to 
write a computer program to cal
culate the exact electrical poten
tial (voltage) distribution on the 
surface of a person's body pro
duced by the electrical activity 
within his heart. 

The interpretation of electro
cardiograms is now based almost 
entirely on clinical experience. 
Cardiogram features have been 
linked with heart damage or ab
normalities by observing the pa
tient's symptoms and by autopsy 
findings. 

Simplified mathematical ex
planations of the electrocardio
gram have been developed in the 
past, but they do not provide an 
accurate picture of the heart's 
electrical activity. As electrical 
signals from the heart travel to 
the body's surface, they are dis
torted by the lungs, blood vessels, 
and other kinds of tissue in the 
chest, all of which have differing 
electrical conductivities. The sig
nals are distorted each time they 
pass through a boundary between 
regions of different conductivity. 

Drs. Gelernter and Swihart 
were able to solve this complex 
problem by developing a new 
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mathematical approach made feas
ible by the calculating capacity 
of large computers. 

Several groups of experiment
ers are now making detailed 
measurements of the electrical 
activity within the heart and the 
reflection of that activity on the 
torso. An important experiment 
of this type is being carried out 
by Professor A. M. Scher of the 
University of Washington, who is 
measuring electrical activity with
in the hearts of dogs, and is cor
relating these measurements with 
surface electrocardiograms. Pro
fessor Scher is now using the Ge
lernter-Swihart mathematical 
model in his studies. 

MARINER IV TO APPROACH 

MARS WITHIN 5400 MILES 
The midcourse maneuver per

formed by Mariner IV on its 325-
million mile mission to Mars has 
changed its flight path to well 
within the aiming zone-to a clos
est approach of 5400 miles from 
the Martian surface. 

A second midcourse maneuver 
will not be required. 

FUSED SILICA MIRROR 
A 36-inch-diameter fused silica 

telescope mirror functioned with
out difficulty in the cold, rare 
atmosphere 15 miles above the 
earth during the second flight of 
the Stratoscope II balloon-borne 
telescope, according to scientists 
in charge of the research project. 

Fused silica, an extremely tem
perature-resistant glass, was cho
sen for the mirror material be
cause of its near-zero thermal 
expansion. Sudden or severe tem
perature changes, such as the 
-70°F encountered during the 
Stratoscope II flight, will not alter 
the shape of the glass, thus as
suring distortion-free images. 

The 36-inch mirror was fabri
cated from a 450-pound fused sili
ca blank made by Corning Glass 
Works. The blank was 37 inches 
in diameter and 5½ inches thick 

before being ground and polished 
to the precise shape needed for 
the telescope. 

Analysis of infrared data gath
ered during the flight last r-;ovem
ber has for the first time both 
confirmed the existence of water 
vapor in the atmosphere of cool 
red giant stars and measured its 
effect, according to Dr. Martin 
Schwarzschild, Department of 
Astrophysical Sciences at Prince
ton University. Dr. Schwarzs
child is principal investigator for 
the Stratoscope II project, spon
sored by the National Science 
Foundation, the Office of Naval 
Research and the National Aero
nautics and Space Administra
tion. 

Data from the flight also pro
vided new information on the sur
face of the moon and on the exis
tence of ice crystals in interstellar 
space. 

Predictions of some of the in
formation gathered during the 
flight had previously been in
ferred from ground-based obser
vations. But attempts to extend 
ground observations from visual 
wave-lengths into the infrared re
gion have been severely limited 
because of the absorbing effects of 
the earth's atmosphere. Strato
scope II, floating at 80,000 feet, 
made observations unobscured by 
atmospheric effects. 

The unprecedented success of 
the high altitude observations was 
attributed to the nearly flawless 
performance of the complex tele
scope and balloon system. Scien
tists said the remotely con
trolled system performed with a 
flexibility and accuracy equal to 
that of a ground-based instru
ment. 

In both this flight and the first 
Stratoscope II flight in March 
1963, an infrared spectrograph 
was used with the telescope in 
place of a photographic camera. 
A third flight, scheduled for late 
this year, however, will use a 
conventional camera to take pho
tographs of planets and other as
tronomical objects. 
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BULi.ARNEY 

A small college opened up in 
the Midwest and when the first 
semester began the college pres
ident discovered that there was 
not enough room in the dormitory 
for all the students. So the pres
ident decided to quarter the male 
students and the coeds in the 
gymnasium. Since there was not 
time to put up a partition, he 
painted a heavy white line down 
the center of the gym. Then he 
told the students: "If any of you 
crosses 'the white line into the side 
of the gym that belongs to the 
other sex, you will be fined $5 for 
the first offense, $10 for the sec
ond offense, $20 for the third 
offense, and so forth . Are there 
any questions?" 

"Yes, sir," one of the male stu
dents asked promptly. "What's the 
rate for a season 'ticket?" 

Perry Mason: "And you mean 
to say that you had sixteen beers 
and didn't move from the table 
the night of the fight." 

A woman saw an elephant in 
her yard and immediately called 
the police. "Chief," she said, 
"there's a queer looking animal 
out here in my backyard. He's 
picking flowers with his tail." 

"Yes," said the sergeant, "and 
what does he do with them after 
he's picked 'em?" 

"Never mind," was the answer, 
"you wouldn't believe me if I told 
you." 
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Harry was playing his usual 18 
holes of golf Saturday afternoon. 
He had just sliced into the rough 
off the 17th tee and was about to 
chip out when he noticed a long 
funeral procession going by on an 
adjacent street. Harry removed 
his cap and stood still until the 
funeral passed. Later at the club 
house, a fellow golfer greeted 
Harry. 

"Say, that was a nice gesture 
you made today, Harry." 

"What do you mean?" 

"I mean it was nice of you to 
take off your cap and stand 
respectfully when tha't funeral 
passed," his friend explained. 

"Oh, yes," said Harry. "We 
would have been married twenty
six years next month." 

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

"Do you enjoy Browning?" 
"No, but I sometimes have to 

resort to it around exams." 

Girls are like newspapers. They 
all have forms, they always have 
the last word, back numbers are 
not in demand, they have great 
influence, you can't believe every
thing 'they say, they're thinner 
than they used to be, they get 
along by advertising, and every
one should have one of his own 
and not try to borrow his neigh
bor's. 

Diary of a young lady taking 
first ocean voyage: 

Monday: I felt highly honored 
for being placed at the captain's 
table. 

Tuesday: I was on the bridge 
with the captain. He seems to like 
me. 

Wednesday: The captain made 
proposals unbecoming 'to a gentle
man and an officer. 

Thursday: The captain threat
ened to sink the ship unless I 
agreed to his proposals. 

Friday: I saved six hundred 
lives today. 

"'" Papa sparrow returned to his 
nest and announced that he had 
made a deposit on a new Buick. 

"'" Little junior walked around and 
around his mother, until she fi
nally stopped him and demanded 
to know the reason. 

"I'm trying to see if what pop 
says is true," explained the boy. 
"He always 'tells the maid, 'Be 
careful. My wife has eyes in the 
back of her head!'" 

"'" We heard about a Scotsman 
who found tha't he could save 
money by telling his children 
ghost stories instead of buying 
them Ex-lax. 

"'" Millionaire: "Marry my daugh-
ter on and engineer's salary? Ha 
-Young man, you couldn't keep 
her in underwear." 

Engineer: "There are times, sir, 
when you don't do so well your
self." 
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10 years from now he may tire of 
working with computers 

10 years ago he didn't wait for a 
computer's verdict 

People matter more than computers 
To lure smart young engineers, we feature up-to-date com
puter facilities. That's one good reason to have computers. 
We have even more compelling reasons, not all to be found 
in our widely advertised product lines like family cameras, 
film, textile fibers, office equipment, plastics, etc. 

What prudence prevents us from publicly spilling is what 
occupies and fascinates a large corps of mechanical engi
neers like Edward T . Kern (right) and his younger colleague, 
William S. Walsh. To more colleagues from among the 
mechanical engineers of the Class of 1965, we hereby offer 
our persuasive combination of long-haul stability and 
internal mobility. 

We respect an engineer for requesting a chance to broaden 
himself by a change of assignment. Both men pictured 
here did so. 

When we hired Ed fresh out of college in 194 7, we had 
him spend a year personally running a lathe and doing 
bench assembly on new production equipment for film 
manufacture. (We rarely start engineers that way any more.) 
Then, until 1955, he developed machinery for paper-sensi
tizing and film-emulsion coating. Next came a stint bossing 
a 75-man crew that erected, maintained, and repaired 

EASTMAN KODAK COMPANY, 

buildings and equipment for processing KoDACOLOR Prints 
and other large-volume photographic products. Feeling his 
feet all too firmly on the ground after three years of this, 
he decided to grapple with a subtler form of reality than 
concerns the average pipefitter, electrician, or bricklayer. 

This decision he made just in time to join his present 
team, then forming. For a while he found himself pitching 
in with proposal preparation, customer contact, subcontract 
technical co-ordination, customer briefings, etc. Gradually 
the assignment evolved from communicating about techni
cal matters to generating rather fundamental technical con
tent of his own. This he does today , living the life of the 
systems engineer, surrounded by logic, concepts, and limit
ing parameters. 

Bill, a 1962 graduate, spent his first year in vibration 
analysis and learned how unimportant is the distinction 
between an E.E. (which his diploma calls him) and an M .E., 
under which heading he now ventures on the same frontier 
with Kern. Before we throw him his retirement party, for 
all we know, he may win honors as the greatest living ex
pert on knitting machinery. We have many interests. 

Drop us a line. 

Business and Technical Personnel Department, Rochester, N.Y. 14650 
An equal-opportunity employer offering a choice of three communities: !Kodak! Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 



Should You Work for a Big Company? 

An interview with General Electric's S. W. Corbin, Vice President and General Manager, Industrial Sales Division. 

S. W. CORBIN 

■ Wells Corbin heads what is probably 
the world 's largest industrial sales organi
zation, employing more than 8000 persons 
and selling hundreds of thousands of di
verse products. He joined General Electric 
in 1930 as a student engineer after gradu
ation from Union College with a BSEE. After 
moving through several assignments in in
dustrial engineering and sales management, 
he assumed his present position in 1960. 
He was elected a General Electric vice 
president in 1963. 

Q. Mr. Corbin, why should I work for 
a big company? Are there some 
special advantages? 

A. Just for a minute, consider what 
the scope of product mix often found 
in a big company means to you. A 
broad range of products and services 
gives you a variety of starting places 
now. It widens tremendously your op
portunity for growth. Engineers and 
scientists at General Electric re
search, design, manufacture and sel I 
thousands of products from micro
miniature electronic components and 
computer-control led steel-mi 11 sys
tems for industry; to the world's 
largest turbine-generators for utili
ties; to radios, TV sets and appli -

ances for consumers; to satellites 
and other complex systems for aero
space and defense. 

Q. How about attaining positions of 
responsibility? 

A. How much responsibility do you 
want? If you'd like to contribute to 
the design of tomorrow's atomic re
actors-or work on the installation 
of complex industrial systems-or 
take part in supervising the manu
facture of exotic machine-tool con
trols-or design new hardware or 
software for G-E computers-or direct 
a million dollars in annual sales 
through distributors-you can do it, 
in a big company like General Elec
tric, if you show you have the ability. 
There's no limit to responsibility ... 
except your own talent and desire. 

Q. Can big companies offer advan
tages in training and career develop
ment programs? 

A. Yes. We employ large numbers of 
people each year so we can often set 
up specialized train ing programs 
that are hard to duplicate elsewhere. 
Our Technical Marketing Program, 
for example, has specialized assign
ments both for initial training and 
career development that vary de
pending on whether you want a 
future in sales, application engineer
ing or installation and service engi
neering. In the Manufacturing Pro
gram, assignments are given in manu
facturing engineering, factory super
vision, quality control, materials man-

agement or plant engineering. Other 
specialized programs exist, like the 
Product Engineering Program for you 
prospective creative design engineers, 
and the highly selective Research 
Training Program. 

Q. Doesn't that mean there will be 
more competition for the top jobs? 

A. You'll always find competition 
for a good job, no matter where 
you go! But in a company like G.E. 
where there are 150 product opera
tions, with broad research and sales 
organizations to back them up, you'll 
have less chance for your ambition to 
be stalemated. Why? Simply because 
there are more top jobs to compete 
for. 

Q. How can a big company help me 
fight technological obsolescence? 

A. Wherever you are in General Elec
tric, you ' ll be helping create a rapid 
pace of product development to 
serve highly competitive markets. As 
a member of the G-E team, you ' ll 
be on the leading edge of the wave 
of advancement-by adapting new re
search findings to product designs, 
by keeping your customers informed 
of new product developments that 
can improve or even revolutionize 
their operations, and by developing 
new machines, processes and 
methods to manufacture these new 
products. And there will be class
work too. There's too much to be 
done to let you get out of date! 

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write 
Personalized Career Planning, General Electric, Section 699-12, Schenectady, N. Y. 12305 

GENERALfj ELECTRIC 
An Equal Opportunity Employer 





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

"With f ewe r parts and connections ," 

Westinghouse sc ientists dec ided, "we'd 
have a much more reliable amplifie r." 

So they developed a new kind, us ing 
techniques called "molecular electron ics." 

The device is a functional electronic block, 

one quarter-inch sq uare. (That's the cap-

su le. Actua ll y, 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 i n expe rim enta l products like a 

pocket-size TV camera and a radio rece iver 

that's half an inch square and an inch long. 
Today, Westinghouse makes these ultra

reliable little devices mostly for mili tary 

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, 

write L. H. Noggle, Westinghouse Educational Department, Pittsburgh, Pa.15221. 



NEWS TRAVELS 
FASTER ON 

TIMKEN® BEARINGS 

"NEITHER RAIN NOR ••• " 
In snow country, the mail goes 
through on a Ski-Doo Bom
bardier power-sled, made by 
Bombardier Snowmobile Ltd., 
Quebec. It is also used on trap 
lines, for sports and for haul
ing supplies. Timken® bear
ings in the clutch give it extra 
capacity in a small space. 

WHEELS AND SHAFTS. What
ever you build-wheelbarrows 
to steel rolling mills-Timken 
tapered roller bearings can 
help it perform better, longer. 
They're precision-made of 
nickel-rich steel by: The 
Timken Roller Bearing Com
pany, Canton, Ohio. Also 
makers of Fine Alloy Steel and 
Rock Bits. 

WORLD-WIDE CABLES. The 
C.S. Long Lines, new Bell Sys
tem cable-laying ship, is on 
the high seas. In its wake, 
thousands of miles of cable, 
paid out at eight knots. 2,816 
Timken bearings keep the 
ship's linear cable engine 
operating. 

EXTRA! EXTRA! This Goss 
Headliner Mark II press runs 
70,000 newspapers an hour. 
It prints in color. It folds. It 
delivers the papers to the load
ing dock. Not one Timken 
bearing has required prema
ture replacement. 

QUALITY TURNS ON 

TIMKEN. 
TAPERED ROLLER 

BEARINGS 
Learn More About tfie Timken Comganr;, an Bual tlgm;)ilunity Effi1,1loyer .. Send for Career Boortletw 

~ 



Why become an engineer at 
Garrett-AiResearch? You'll have to 
work harder and use more of 
your knowledge than engineers 
at most other companies. 

If you're our kind of engineer, 
you have some very definite ideas 
about your career. 

For example: 
You've worked hard to get a 

good education. Now you want to 
put it to work in the best way 
possible. 

You will never be satisfied with 
run-of-the -mill assignments. You 
demand exciting, 
challenging projects. 

You not only accept 
individual responsibil
ity - you insist upon it. 

Does that sound like 
you? Then AiResearch 
is your cup of tea. 

Our business is 
mainly in sophisticated aerospace 
systems and subsystems. 

Here, research, design, and de
velopment lead to production of 
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actual hardware. 
That means you 
have the oppor
tunity to start with 
a customer's problem 
and see it through to a 
system that will get the job done. 

The product lines at AiResearch, 
Los Angeles Division, are environ
mental systems, flight information 

and controls sys
tems, heat transfer 
systems, secondary 

power generator 
systems for missiles 

and space, electri
cal systems, and 

specialized indus-
trial systems. 

In the Phoenix Division there are 
gas turbines for propulsion and 
secondary power, valves and con
trol systems, air turbine starters 
and motors, solar and nuclear 
power systems. 

In each category AiResearch 
employs three kinds of engineers. 

Preliminary design engineers do 
the analytical and theoretical 
work, then write proposals. 

Design engineers do the lay
outs; turn an idea into a product. 

Developmental engineers are 
responsible for making hardware 
out of concepts. 

Whichever field fits you best, we 
can guarantee you this: you can 
go as far and fast as your talents 

can carry you. You can make as 
much money as any engineer in a 
comparable spot - anywhere. And 
of course, at AiResearch, you'll 
get all the plus benefits a top com
pany offers. 

Our engineering staff is smaller 
than comparable companies. This 
spells opportunity. It gives a man 
who wants to make a mark plenty 
of elbow room to expand. And 
while he's doing it he's working 
with, and learning from, some of 
the real pros in the field. 

If the AiResearch story sounds 
like opportunity speaking to you
don't fail to contact AiResearch, 
Los Angeles, or Phoenix, or see our 
representative when he comes to 
your campus. 
An equal opportunity employer 

AiResearch 
is challenge 

-Los Angeles • Phoenix 
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Predenfing 

Queen 

MISS SANDRA BAWOL 

anJ _Jjer Court 

QUEEN OF LOVE AND BEAUTY - JUDI CRAWFORD 

A lovely addition to the world of Engineers is our 1965 
Queen of Love and Beauty, Judi Crawford. This freshman in the 
College of Education majoring in speech therapy is from Mound 
City, Mo., and is a member of Alpha Chi Omega sorority. 

Our busy new queen says she doesn't have much spare time 
but likes to play the piano, collect stuffed animals, read and sew 
when she has a chance. 

In Judi's words, her job as Engineer's queen is to help the 
Engineers along and always keep a smiling face. 

"The Engineers are a very, very considerate group and I was 
surprised at how nice they were to me when I was a queen 
candidate and now that I am queen," Judi says . "It is quite an honor 
to be a queen and it has made me very happy." 

All the Engineers are also honored and happy to have Judi as 
our queen and we wish her lots of good times and luck during 
her reign . 

This stunning miss spent most of her life in Wisconsin where 
she had ample opportunity to practice her favorite sports-water 
skiing and ice skating. She now lives in St. Louis. 

A veteran of queen contests, Sandy was runner-up to Miss 
Missouri in the Missouri America contest, Miss Missouri in the Miss 
World contest, Miss Missouri in the Miss United States contest and 
Miss Missouri in the Miss Universe contest all in the past two years. 

She is enrolled in the College of Arts and Sciences majoring 
in Spanish . 

"The Engineers are really a great bunch of fellows," Sandy 
says. "They're al I great." 
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MISS MARILYN STRATMAN 

MISS BARB BROWN 

This pretty brown haired brown eyed miss is a sophomore in 
the College of Education majoring in elementary education and 
is a member of Delta Delta Delta sorority. 

Barb lives in St. Louis but says she was born in New Jersey, 
and has also lived in Ohio, Washington, New York and Indiana. 
She spends her spare time water skiing, dancing and playing 
tennis. 

"I made a lot of good friends during those hectic weeks after 
I was chosen a candidate for Engineers Queen of Love and Beauty." 
Barb says, "and there are lots of really sweet Engineers. In general 
they are a really nice bunch of boys ." 

This five feet two inch bouncy freshman hails from Washington , 
Mo., where she attended St. Francis of Borgia High School. 

Not only sportsminded (she likes to swim and play golf and 
tennis) , Marilyn also is an avid artist and is considering majoring in 
art, though still uncertain of her major. Come on guys, let's get her 
interested in Engineering . 

What does Marilyn think of Engineers? "They're much nicer 
than aggies," she says. 

APRIL, 1965 

MISS JUDY ADRIAN 

A 1964 graduate of Stephens College., Judy is presently a 
junior enrolled in the College of Arts and Science majoring in social 
work. She plans on working for a masters degree and going into 
child welfare work. 

The daughter of a Navy captain, this charming five foot seven 
inch miss is now living in Charleston, S.C., but has also called 
Hawaii, Washington, D.C., California and Florida, home. 

Judy likes water skiing, reading, swimming, knitting and 
horseback riding. "I also love Engineers," she says. 

( Photographs by Brad Bliss ) 
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fionorar';f 

o/ St. Patrick 

MR. ERNEST S. ROBSON, J R. • • . Mr. 
Robson was graduated from the Uni
versity of Missouri in June 1941 with 
a degree in chemical engineering. H e 
worked for the Monsanto Company in 
several engineering assignments in 
manufacturing and process research 
until 1946. Mr. R obson then joined the 
Organic Chem,icals Division Marketing 
Department as a sales engineer in the 
chemical and petroleum industries, 
eventually moving to San Francisco in 
that capacity in 1951. He was appointed 
district sales manager in 1954, and 
later served as district manager of the 
New York office in 1957. In 1958 he 
became eastern regional manager in 
New York, and in 1960 was appointed 
director of sales for the Division. In 
1964, Mr. Robson was named Director 
of Marketing. 

Mr. Robson is a member of American 
Chemical S ociety, Society of Automo
tive Engineers, the American Institute 
of Chemical Engineers, and a member 
of the Board of Directors of the Drug, 
Chemical and Allied Trades Associa
tion. 

P age 8 

Mr. Robson married the former 
Dorothy Jane Bradshaw and has five 
children, one of whom now attends the 
University of Missouri, Miss P eggy 
Ann Robson, who is a member of 
A lpha Chi Omega Sorority . 

DR. JACK w. MORGAN ... Assistant 
Dean of Engineering, Dean Morgan is 
well liked by the students of t he co!.
lege of engineering. Dean Morgcm has 
a Bachelor's and Master's degree from 
Kansas S tate College at Pittsburg, K an
sas and a Doctor's degree from the 
University of Missouri . 

H e was in the Navy from the middle 
of 1943 to the middle of 1945. He has 
taught in the U.S. Air Force T echnical 
Training Schoo ls in Chanute, Illinois; 
Wichita Falls, T exas; and Amarillo, 
Texas. Dean Morgan has also been a 
college teacher at the R'itnsas State 
College at Pittsburg, Kansas and at the 
University of Missouri. H e has been a 
member of the facu lty at the University 
of Missouri since August, 1957. 

S T. P AT'S H ouRs are points awarded to 
engineers for work for the Engineers 
Club or the St. Pat's B oard. One hour 
equals one point. T he system: K night 
requires at least 40 hours, Knight
Cum L aude requires at least 60 hours, 
Knight-Magna Cum L aude requires at 
least 100 hours plus an elected office. 
Knight-Summa Cum Laude is an hon
orary knightship awarded to outstand
ing engineers who have graduated from 
M.U. and have distinguished themselves 
since. 

_j(nightd o/ 
St. Patrick 

DONALD LYNN FLORA 
ROBERT SEIH FLEMMING 
CHARLES HENRY SIMS 
WALLACE ROY PALMER 

St. Patrick 
Cum of:aude 

ROBERT NELSON LUTMAN 
SAMUAL T. PICRAUX 
CHARLES H. DRESSEL 
ROBERT W. BARNES 

(}uarJ o/ 
St. Patrick 

DEAN HUBER 0. CROFT 

J!aJ'J o/ 
St. Patrick 

MRS. BLEVINS 
T HE MIS SOU RI SHAMROCK 



Who's helping 
make water 
come clean 
again? 
The same Union Carbide that 
helped develop a new stainless 
steel used in subway cars. 

Streams and rivers in many parts 
of the country were being plagued 
with foam, partly due to deter
gents. In some areas foam even 
came through the faucets ... be
cause old detergents kept on 
foaming after they went down 
the drain. 

Now things are changing-the 
result of ten years' work by de
tergent manufacturers. We've 
helped by being the first to come 
up with new kinds of detergent 
chemicals that let the suds do 
their work in the wash and yet 
allow foam to be broken down 
quickly after use. 

We've been busy improving 
many things. Our research work 

on stainless steel helped develop 
a new grade of steel that has re
cently been used to reduce the 
weight and cost of subway cars. 
We came up with new kinds of 
corrosion-resistant alloys for use 
in the chemical industry. And 
recently we introduced a plastic 
drinking straw that won't turn 
soggy. 

To keep bringing you these and 
many other new and improved 
products, we'll be investing half a 
billion dollars on new plant con
struction during the next two 
years. 

Union Carbide Corporat ion, 270 Park Avenue, New York, N. Y. 100 17. In Canada: Un ion Carb ide Canada Li mited, Toronto • Divisions: Ca rbon Products, • 

Chemicals, Consum er Product s, Fi bers & Fabrics, Food Prod ucts , In terna tional, Linde, Mining & Metals, Nuclea r, Olefi ns, Pla sti cs, Si licones, Stellite , • : I 



CONVOCATION 

Wally Palmer, president of the Engineer's Club, 
officially opens the Convocation. 

GAS ECONOMY RUN 

Two of our lovely Queen candidates cheer the drivers on. 
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Engineer's 

OUCH! 

Don Sherer displays his beard for the judges. 

1930 FORD 

Wayne Ward shows Judi Crawford his new car. 
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Week1965 
GUARD OF ST. PAT 

Dean Hogan accepts for Dean Huber Croft. 

KISSIN' THE BLARNEY STONE 

Wally Palmer is Knighted. 

APRIL, 1965 

SHAVER! 

Ron Merckle, winner of beard contest in the Jr. division 
accepts his new shaver. 

THE KNIGHTING CEREMONY 

The candidates wait for the arrival of St. Pat. 
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Engineering News 

'WEIGHTLESSNESS' SIMULATOR 
STARTS FIRST MANNED TESTS 
Manned tests have begun in a 

simulator expected to provide the 
most accurate data presently ob
tainable by ground tests to define 
the functions astronauts can and 
cannot perform in the weightless 
environment of space. 

Called a Manned Free-Space 
Dynamic Simulator, the vehicle 
is under development here by 
the Convair division of General 
Dynamics Corp. as a tool for 
studying the spacecraft design re
quirements for astronauts who 
will fly orbital laboratories and 
other future spacecraft. 

A human factors engineer in 
the division's Life Sciences Sec
tion, where the simulator is being 
developed, was the first to ride 
the 15-foot tall vehicle. It was an 
orientation ride and no meas
urements were taken, although 
he experimented briefly with a 
mockup panel containing rep
resentative spacecraft instru
ments and controls. 

All of the vehicle's moving 
parts operate on essentially fric
tionless air bearings, permitting 
the greatest advance yet achieved 
in the simulation of certain char
acteristics of weightlessness. Act
ually, the man's weight remains 
at one gravity (normal earth 
weight) but his response to any 
force, either applied to him or by 
him, causes the man to move as 
though he were weightless in free 
space. 

A unique use of air bearings 
provides four feet of frictionless 
vertical motion as well as lateral, 
rolling, tumbling, and spinning 
motion. 
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The vehicle's design calls for 
only one five-thousandth of a 
pound of force per 1,000 pounds 
of load to start motion in any 
direction, including the vertical. 

~ 

LARRY RAMSEY, PHYSICS '66 

Observers at the first test saw 
the vehicle float over a 25 x 33-
foot terrazzo floor that is level to 
within two thousandths of an inch 

(Continued on page 15) 

A human factors engineer serves as an astronaut for the first manned test of 
one of the nation's most advanced research vehicles for the evaluation of tasks 
men will perform in the weightless environment of space. The 15-foot tall vehicle, 
operating on air bearings, is under development by the Convair division of Gen
eral Dynamics Corp., San Diego. It is the first weightlessness simulator to permit 
an "astronaut" to float in mid-air, essentially completely free of friction in all 
modes. an~ directions. inclu«;Iing up and down, lateral motion, rolling, tumbling, 
and ~pmnmg. The vehicle will be used as a tool for studying the spacecraft design 
reqwrements for astronauts who will fly orbital laboratories and other future 
spacecraft. 
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Tom Huck sought scientific excitement 

He's finding it at Western Electric 
Ohio University conferred a B.S.E.E. degree on C. T. 
Huck in 1956. Tom knew of Western Electric's history 
of manufacturing development. He realized , too, that 
our personnel development program was expanding 
to meet tomorrow's demands. 

After graduation, Tom immediately began to work 
on the development of electronic switching systems. 
Then , in 1958, Tom went to Bell Telephone Labo
ratories on a temporary assignment to help in the 
advancement of our national military capabilities. At 
their Whippany, New Jersey, labs, Tom worked with 
the Western Electric development team on computer 
circuitry for the Nike Zeus guidance system. Tom then 
moved on to a new assignment at Western Electric's 
Columbus, Ohio, Works. There, Tom is working on the 
development of testing circuitry for the memory phase 

of electronic switching systems. 
This constant challenge of the totally new, com

bined with advanced training and education oppor
tunities, make a Western Electric career enjoyable, 
stimulating and fruitful. Thousands of young men will 
realize this in the next few years. How about you? 

If responsibility and the challenge of the future 
appeal to you, and you have the qualifications we are 
looking for, talk with us. Opportunities for fast-moving 
careers exist now for electrical, mechanical and in
dustrial engineers, and also for physical science, 
liberal arts and business majors. For more detailed 
information, get your copy of the Western Electric 
Career Opportunities booklet from your Placement 
Officer. And be sure to arrange for an interview when 
the Bell System recruiting team visits your campus. 

Western Electric MANUFACTURING AND suPPLY UNIT OF THE BELL SYSTEM /Ji\ 
AN EQUAL OPPO RTUN ITY EM PLOYER ~ 
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 . N. J . □ Teletype Coro .. Skokie. Ill.. Little Rock. Ark. □ General Headquarters, New York Cit; 



''An fh. '' d we ink we're modem 

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

ckey sanitary glazed clay pipe 

If it's made of clay it's good ... if it's made by Dickey it's better 

0URIN'5 T"Hf: PAST" Hi..JNDREO Y!EARS, 
BLJIL..0/NG TOOL..S HAVE LJNDERGONE SOME 

MAJOR CHAN6ES. TODAY'S TOOL..5 ARE 
INSTRLJMEN1S OF PRECISION ..••• 

EACH ONE DESIGNED TO DO THE ..JOB 
EASIER ANO BETTER. 

E3UT THERE'S ONE T'OOL.. T'HAT HASN'T' 
CHANGECJ IN OVER 5,000 YEARS •.••• 
IN FACT, EVEN /1" 15 SHAPE 15 T'HE 
SAM.!: AS Ir WAS IN 3,500 B.C . 

How oo wE KNOW ,His? sv ,H15 
ANCIENT' BABYL..ONIA1'J CL..AY A..LJM6 SOB. 

Students of the past have unearthed these clay 
plumb bobs in Iraq and in other parts of the 
world. With the help of this simple, yet accurate 
tool, Babylonians built some of the most magnifi
cent structures of all times. Though the buildings 
have crumbled to dust centuries ago, the clay 
plumb bobs have withstood the test of time. 

Proof again of the amazing permanence of clay. 

Modern manufacturing methods for Dickey Perma
Line Clay Pipe are a far cry from the ancient 
methods of hand-crafting plumb bobs. But the 
raw material is still the same ... indestructible clay. 
That's why Dickey Perma-Line Pipe cannot rust, 
rot, corrode or disintegrate ... why it is immune to 
the destructive forces of today's corrosive wastes. 
Dickey Pipe is glazed, too. Makes it smooth as 
glass, self-scouring. Remember, Dickey Perma
Line Glazed Clay Pipe means long-life, trouble
free, low-cost sanitary sewers . 

w. s. DICKEY CLAY MFG. CO. Birmingham, Alabama• Ft. Dodge, Iowa• Kansas City, Missouri 
Meridian, Mississippi • St. Louis, Missouri • San Antonio, Texas • Texarkana, Texas-Arkansas 



ENGINEERING NEWS 
(Continued from page 12) 

over its entire surface. Tech
niques similar to those used to 
polish the Mt. Palomar telescope 
were employed to put a slick, 
gem-like finish on the floor, in
creasing its air bearing efficiency 
approximately ten-fold. 

The floor is crown-shaped from 
its edges to its center so that its 
surface curvature is equal to the 
curvature of the earth's surface. 
This means that the center is two 
thousandths of an inch higher 
than the edges at its 33-foot 
length. 

Spacecraft designers at the Con
vair division will use the simu
lator to determine the best de
signs for tools and equipment 
which astronauts will need to 
perform their jobs in the weight
less environment of space-where 
most earth tools would be useless. 

These jobs will include main
tenance and repair, spacecraft 
control during rendezvous and 
docking, transfer of men, equip
ment, and supplies b e t we e n 
spacescraft, and devices such as 
tethering lines to aid in routine 
functions as well as rescue opera
tions. 

ST. LOUIS TO HOST 
FIFTH PEACEFUL USES 

OF SPACE CONFERENCE 
The "Fifth National Conference 

on the Peaceful Uses of Space" 
will be held May 26-28 in St. 
Louis as a major event in the 
city's 200th anniversary celebra
tion. 

Held annually under sponsor
ship of the National Aeronautics 
and Space Administration, the 
conference serves as a forum for 
reporting the latest scientific and 
technical advances in space re
lated activity. 

Dr. Hugh L . Dryden, NASA 
deputy administrator, will be the 
opening speaker. Other NASA 
speakers include Dr. George E. 
Mueller, associate administrator, 
Office of Manned Space Flight; 
Dr. Homer E. Newell, associate 
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administrator, Office of Space 
Science and Applications; and Dr. 
Raymond L. Bisplinghoff, asso
ciate administrator, Office of Ad
vanced Research and Technology. 

Other activities in conjunc'tion 
with the conference are pro
grams for high school students at 
the University of Missouri (Co
lumbia) on May 13 and 14 and at 
Kiel Auditorium in St. Louis 
May 14 and a NASA exhibit at 
the City of St. Louis McDonnell 
Planetarium in Forest Park, May 
14-31. 

AIRPLANE-SUBMARINE 
A concept of a Navy seaplane 

which could fly in the air as an 
aircraft and submerge to cruise 
under water as a submarine was 
described by a General Dynamics 
engineer. 

The study shows that the sub
mersible seaplane is "feasible, 
practical and well within the state 
of the art." 

The Convair division of Gen
eral Dynamics Corp. in San 

(Continued on page 16) 

This is an artist's conception of a submersible seaplane based on feasibility 
study results obtained by General Dynamics/Convair, San Diego, Calif. Sub-Plane 
is a vehicle that would be at home in the air and underwater. After a six-month 
study program on Sub-Plane, sponsored by the U. S. Navy Bureau of Naval 
Weapons, Convair division engin.eers have concluded that development of such a 
vehicle· is feasible and practical. On an underwater mission, as depicted in the 
artist's conception, the· vehicle would be powered by electric motors and batteries. 
The three flight engines, two mounted on struts above the wing and a third located 
aft of the wing on top of the hull, would be sealed for the underwater mission. 
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Engineer's Week 1965 

St. Pat has once again made his 
appearance for Engineer's Week 
and disappeared. Where he goes 
between Eng. Weeks is unknown, 
but my guess is that he is resting 
someplace, trying to build up 
enough energy for next year's 
Eng. Week. (Old St. Pat still 
managed to stumble his way 
through the knighting ceremony 
and the Ball in spite of his age) . 

This year's Engineering Week 
was one of the biggest ever. More 
hats and buttons were stolen, 
more aggies got beat up, and there 
were more beards ( there were 
also more beatniks), than ever 
before. 

The week started off with an 
Engineer's drag race, also called 
the economy run. As usual, the 
engineers were broke and had to 
really stretch the gas. 

ENGINEERING NEWS 
(Continued from page 15) 

Diego, has been investigating the 
feasibility of a flying submersible 
under a six-month, $36,000 study 
contract awarded by the U. S. 
Navy Bureau of Naval Weapons, 
Washington, D. C. 

The unique submersible sea
plane, called Sub-Plane in the 
U. S . Navy study project, is a 
vehicle that would approach its 
target area with the speed of a 
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After the Queen skits on Mon
day night, the engineers all 
rushed over to the geology audi
torium to hear a lecture on the 
grounding brush technique for a 
uniflex reverberation conducer, 
but to their disappointment, a 
movie was shown instead. 

Tuesday, all the slipstickers 
showed how ambidexterous they 
were by not being able to work 
with either hand. 

Wednesday, a bunch of engi
neers, sick of dorm food, were 
seen eating behind the Engineer
ing building. Later, they saw an 
unusual BLAST at the rocket 
launching pad-5% were there. 

Abe Lincoln would have been 
proud of the turnout of bearded 
strangers at the beard growing 
contest. 

Later Friday afternoon, one of 

water-based aircraft, then dive 
underwater to pursue its target 
with the stealth of a submarine. 

The preliminary Sub-Plane con
figuration recommended by Con
vair has a seaplane-style hull and 
conventional wing and tail. 

It has three jet engines, two 
mounted on pylons above the 
wing and the third centered on 
top of the hull aft of the wing. 
Prior to submerging, the engines 
would be sealed. 

SLIPSTICK SAM, B.S. '98 

the biggest high-lights of Engi
neer's Week took place-the 
CONVOCATION. As usual, Jesse 
was packed to the rafters ( with 
grumbling students) . Imme
diately following the convocation, 
the knighting ceremony t o o k 
place in front of the Engineering 
Building. However, most of the 
students were seen to go in the 
direction of the I,V. and the 
Shack (they must have thought 
there was required attendance 
there, too) . 

Saturday night, the southeast 
corner of Rothwell was packed 
for the Engineer's Ball. The cli
max of the evening came when 
Miss Judi Crawford was crowned 
as the Engineering Queen for 
1965. 

-ERIN GO BRAGH-

The wing engines would be 
used for take-off only. Flight 
cruise thrust would be furnished 
by the hull engine. A retractable 
hydro-ski would aid take-off. 

Sup-Plane is required to have 
a flight radius of 300 to 500 naut
ical miles at speeds between 150 
and 225 knots. Its underwater 
range was set at 50 nautical miles 
at five knots and 75-foot depth. 
Payload was set at 500 to 1,500 
pounds. 
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stitnulation 

J ames E . M ercereau 
B.A. , P hysics , Pomona College 

M.A ., Physics, Uni v. of Ill . 
Ph.D ., Calif . Institute of Tech. 

otor 
• 
1s: 

What does it take to "spark" a man to his very 
best ... to bring out the fullest expression of his 
ability and training? At Ford Motor Company 
we are convinced that an invigorating business 
and professional climate is one essential. A prime 
ingredient of this climate is the stimulation that 
comes from working with the top people in a 
field ... such as Dr. James Mercereau. 
Jim Mercereau joined our Scientific Laboratory 
in 1962. Recently, he headed a team of physicists 
who verified aspects of the Quantum Theory by 
creating a giant, observable quantum effect in 
superconductors. This outstanding achievement 

was the major reason the U. S. Junior Chamber of Commerce selected 
Dr. Mercereau as one of "America's Ten Outstanding Young Men of 1964." 
Your area of interest may be far different from Dr. Mercereau's; however, 
you will come in contact with outstanding men in all fields at Ford 
Motor Company. 
We believe the coupling of top experience and talent with youth and 
enthusiasm is stimulating to all concerned. College graduates who join 
Ford Motor Company find themselves very much a part of this kind of 
team. If you are interested in a career that provides the stimulation of 
working with the best, see our representative when he visits your campus. 
We think you'll be impressed by the things he can tell you about working 
at Ford Motor Company. 

The American Road, Dearborn, Michigan 

An equal opportunity employer 



BUI.LARNEY 

Mrs. W orthmore and French 
poodle were shopping one day, 
when she noticed an E.E. stand
ing next to her who was looking 
fearfully at the puppy frisking 
about his legs. "My, my," she 
said, "don't be afraid of Felix; he 
won't bite you." "Madame," said 
the man, "I wasn't afraid he'd 
bite, but I noticed him lifting his 
hind leg and I thought he was go
ing to kick me." 

• 
Pilot to Navigator: "Where are 

we?" 
Navigator to Pilot: "Due to my 

extensive training in calculus and 
trigonometry, I have calculated 
our position to be three miles 
from infinity." 

• 
A new ROTC officer ap-

proached a young man sporting 
a neatly fitting green uniform 
and asked, "What's the eighth 
general order?" "I don't know," 
the fellow admitted. "Have you 
ever been out for drill?" "Nope." 
"Don't you know enough to say 
'sir' either? What outfit are you 
in?" "Me, I'm the Coca-Cola 
man." 

• 
"How'd you get that flat tire?" 
"Ran over a bottle of milk." 
"Didn't see it, huh?" 
"Naw, the kid had it under his 

coat." 
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A Freshman Engineer called 
home after his first semester: 
"Mother, you told me the stork 
brought me." 

"Yes, dear." 
"I weighed 8 pounds, you said." 
"Yes, dear." 
"I have news for you, Mother. 

A stork's wing spread, according 
to my calculations of lift and 
drag, is insufficient to carry an 
eight pound load." 

• 
Definition of College Years: the 

only vacation a boy gets between 
his mother and his wife. 

A clergyman and a truck driver 
found themselves in an automo
bile smashup. The truck driver 
told the minister what he thought 
of him in profane terms. When 
he paused for breath, it was the 
clergyman's turn. 

"You know, my good man, 
that I cannot indulge in your kind 
of language, but this much I will 
tell you; I hope when you go 
home tonight, your mother runs 
out from under the porch and 
bites you." 

• 
The first grade teacher re

turned to her room after recess 
to find a nasty word chalked on 
the blackboard, followed by the 
signature, "The Phantom." 

After the class had taken their 
seats, she said, "Let's fold our 
little hands, put them on our 
desks, and put our heads down 
and cover our eyes. The person 
who wrote on the blackboard can 
come up and erase it." 

Soon all of the little heads were 
down on the desks, as everyone 
waited for the "Phantom" to erase 
his work. 

Suddenly the s i 1 e n c e was 
broken by the approach of little 
feet ... 

scuff, scuff, scuff .. 
... a pause ... 
scuff, scuff, scuff ... 
As soon as everything was quiet 

again, the teacher said, "Now, 
let's see if the bad word is thor
oughly erased." 

There on the board was a still 
nastier word, followed by "The 
Phantom Strikes Again." 

• 
Overheard in a fashionable 

sportscar salon: "This model has 
a top speed of 155 m.p.h., and still 
can stop on a dime." 

"What happens then?" 
"A small putty knife emerges 

and scrapes you gently off the 
windshield." 

• 
"Do you know what they call a 

man who doesn't believe in birth 
control?" 

"No, what?" 
"Daddy." 
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This is 
one of our 
mechanical 

• engineers 
making a 
mistake 

They are to wed in June, and the 
guy had better shut up before she 
gets miffed. A gal has every right 
to resent the implication that the 
betrothed outpoints her in under
standing of sewing and fabrics and 
what 's good or bad about them. 
Even if it 's true. Which it is. We 
have made him a pro at it. 

It is our crafty intent to stop 
at nothing in our efforts to make 
garments or fa bric furnishings 
that carry our identification tag 
(as for KODEL Fiber) so pleas
ing to the ultimate buyer in 
every way that she will attribute 
the satisfaction all to the fiber 
and look for that tag evermore. 

This means we put mechanical 
engineers, chemical engineers, 
chemists and-yes-physicists to 
work freshening up the tech
nology of dyeing, knitting, weav
ing, sewing, and the other elderly 
arts practiced not by us but by 
our customers' customers. 

As in all the other industries 
in which we participate and for 
which we seek scientific and 
engineering recruits - photog
raphy, information retrieval, aero
space, plastics, graphic arts, x-ray, 
chemicals-there is much to chal
lenge the intellectually ambitious 
in satisfying the common yearn
ings of mankind for adornment 

EASTMAN KODAK COMPANY, 

of the person and the home. Past 
technical accomplishments in 
fibers and fabrics, weak by com
parison with what can be antici
pated when fresh, better informed 
minds pitch in, have sufficed 
nonetheless to create the present 
affluence where there is plenty 
of money on hand to do what 
smart people will tell us to do. 
All we need are more smart people. 

Drop us a line. From polymer 
theory to workable yarn and from 
workable yarn to clothes on the 
back, rugs on the floor, and cur
tains on the windows extends a 
long row of assorted disciplines 
and aptitudes. 

Business and Technical Personnel Department, Rochester, N.Y. 14650 
An equal-opportunity employer offering a choice of three communities: !Kodak! Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 



Should You Work for a Big Company? 

An interview with General Electric's S. W. Corbin, Vice President and General Manager, Industrial Sales Division. 

S. W. CORBIN 

■ Wells Corbin heads what is probably 
the world's largest industrial sales organi
zation, employing more than 8000 persons 
and selling hundreds of thousands of di
verse products. He joined General Electric 
in 1930 as a student engineer after gradu
ation from Union College with a BSEE. After 
moving through several assignments in in
dustrial engineering and sales management, 
he assumed his present position in 1960. 
He was elected a General Electric vice 
president in 1963. 

Q. Mr. Corbin, why should I work for 
a big company? Are there some 
special advantages? 

A. Just for a minute, consider what 
the scope of product mix often found 
in a big company means to you. A 
broad range of products and services 
gives you a variety of starting places 
now. It widens tremendously your op
portunity for growth. Engineers and 
scientists at General Electric re-

. search, design, manufacture and sel I 
thousands of products from micro
miniature electronic components and 
computer-control ied steel-mi 11 sys
tems for industry; to the world's 
largest turbine-generators for uti Ii
ties; to radios, TV sets and appli-

ances for consumers; to satellites 
and other complex systems for aero
space and defense. 

Q. How about attaining positions of 
responsibility? 

A. How much responsibility do you 
want? If you'd like to contribute to 
the design of tomorrow's atomic re
actors-or work on the installation 
of complex industrial systems-or 
take part in supervising the manu
facture of exotic machine-tool con
trols-or design new hardware or 
software for G-E computers-or direct 
a million dollars in annual sales 
through distributors-you can do it, 
in a big company like General Elec
tric, if you show you have the ability. 
There's no limit to responsibility ... 
except your own talent and desire. 

Q. Can big companies offer advan
tages in training and career develop
ment programs? 

A. Yes. We employ large numbers of 
people each year so we can often set 
up specialized training programs 
that are hard to duplicate elsewhere. 
Our Technical Marketing Program, 
for example, has specialized assign
ments both for initial training and 
career development that vary de
pending on whether you want a 
future in sales, application engineer
ing or installation and service engi
neering. In the Manufacturing Pro
gram, assignments are given in manu
facturing engineering, factory super
vision, quality control, materials man-

agement or plant engineering. Other 
specialized programs exist, like the 
Product Engineering Program for you 
prospective creative design engineers, 
and the highly selective Research 
Training Program. 

Q. Doesn't that mean there will be 
more competition for the top jobs? 

A. You'll always find competition 
for a good job, no matter where 
you go! But in a company like G.E. 
where there are 150 product opera
tions, with broad research and sales 
organizations to back them up, you'll 
have less chance for your ambition to 
be stalemated. Why? Simply because 
there are more top jobs to compete 
for. 

Q. How can a big company help me 
fight technological obsolescence? 

A. Wherever you are in General Elec
tric, you'll be helping create a rapid 
pace of product development to 
serve highly competitive markets. As 
a member of the G-E team, you'll 
be on the leading edge of the wave 
of advancement-by adapting new re
search findings to product designs, 
by keeping your customers informed 
of new product developments that 
can improve or even revolutionize 
their operations, and by developing 
new machines, processes and 
methods to manufacture these new 
products. And there wi 11 be class
work too. There's too much to be 
done to let you get out of date! 

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write 
Personalized Career Planning, General Electric, Section 699-12, Schenectady, N. Y. 12305 

GENERAL. ELECTRIC 
An Equal Opportunity Employer 
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College graduates do key work right away on the Aerospace Team. 

Lt. Gregory Risch, aeronautical engineer from Notre Dame, varsity swimmer, missile test expert, 

tells how you can be part of it. 

(Lt. Risch , B.S. '62, did extensive un
dergraduate work in aerodynamics, 
helping to construct one of the coun
try's largest and most successful smoke 
tunnels. He has played an important 
part in the operations of the test range 
at Cape Kennedy. ) 

What's the 
best way to become an 

Air Force officer? 

I wouldn't want to call any one way 
the "best" way. We count on getting 
top-quality officers from all our sources. 
First, there's the Air Force Academy. 
I received my commission through Air 
Force ROTC. Many colleges and uni
versities will soon be providing two
year AFROTC programs that you can 
apply for during your sophomore year. 
Then, for the college graduate, there's 
Air Force Officer Training School-OTS. 

Who's eligible 
for Air Force OTS? 

Any college graduate, male or female, 
or a college student within 210 days 
of graduation, is eligible to apply. Who 

the Air Force will take depends on what 
the particular needs are at the time. 
Those with scientific or engineering de
grees can usually count on receiving the 
first openings. 

Does the Air Force have 
jobs for nonscience majors? 

There are quite a few jobs in non
technical fields such as administration 
and personnel. And it is not essential 
that prospective pilots or navigators 
have backgrounds in the sciences. How
ever, since the Air Force is one of the 
world's leading technological organiza
tions, a keen regard for science is im
portant. 

What sort of work 
do young Air Force officers do? 

Important work. An Air Force career 
gives young people the opportunity to 
do meaningful work right from the start. 
That's the thing I like best about it. 
I'm only a couple of years out of col
lege, but already I'm working on a vital 
project in an area that really interests 
me. In other words, I'm getting to use 

the things I studied in college. My edu
cation is paying off, both for me and 
for the United States. 

What are the 
possibilities for advancement? 

They're plenty good. The Air Force be
lieves in giving its young officers all the 
responsibility they can handle. That's 
not only good for you, it's good for the 
Air Force. It gets the best-qualified 
people into the top jobs where they can 
contribute most to our defense effort. 

How long am I committed to serve? 

Four years from the time you receive 
your commission. If you go on to flight 
school, four years from the time you're 
awarded your pilot or navigator wings. 

Where can I find out more? 

If there's an Air Force ROTC unit on 
your campus, see the Professor of Aero
space Studies. If not, contact the near
est Air Force recruiting office. It's listed 
in the white pages of the telephone 
book under "U.S. Government". 

United States Air Force. 



How about a friendly game of cards? 
Watch out for our Gene Wollaston , though. He stacks 

the deck. In fact, he's already stacked 80 decks-of 

computer cards-to build a mathematical model to solve 
important refinery problems. With his special skills, Dr. 
Wollaston helps determine proper product yields and 

properties from key refinery operations. The final result 
should be an improved product-at a tremendous saving 

of time and money. (Once the model is built, the cost of 

solving a problem is as little as $3.00.) 
So, as a card player, Gene's helping to take the gamble 

out of running a refinery. No mean accomplishment for 
a chemical engineer two years out of Illinois Institute 

STANDARD OIL DIVISION 

of Technology. 
You're not a card player? Don't worry. As long as 

you're looking for a meaningful challenge, your oppor
tunity may be here at American Oil. We're also experi
menting with fuel cells, spatial environment, and rust 

protection in car engines-to mention a few of our diverse 
fields of interest. Some of them may interest you, whether 

you' re in Engineering, Physics, Chemistry, Mathematics, 

or Metallurgy. 
You can find out by writing for more information. To 

J. H. Strange, American Oil Company, P. 0. Box 431, 
Whiting, Indiana. 



Why become an engineer at 
Garrett-AiResearch? You'll have to 
work harder and use more of 
your knowledge than engineers 
at most other companies. 

If you're our kind of engineer, 
you have some very definite ideas 
about your career. 

For example: 
You've worked hard''lo get a 

good education. Now you want to 
put it to work in the best way 
possible. 

You will never be satisfied with 
run-of-the-mill assignments. You 
demand exciting, 
challenging projects. 

You not only accept 
individual responsibil
ity - you insist upon it. 

Does that sound like 
you? Then AiResearch 
is your cup of tea. 

Our business is 
mainly in sophisticated aerospace 
systems and subsystems. 

Here, research, design, and de
velopment lead to production of 
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actual hardware. 
That means you 
have the oppor
tunity to start with 
a customer's problem 
and see it through to a 
system that will get the job done. 

The product lines at AiResearch, 
Los Angeles Division, are environ
mental systems, flight information 

and controls sys
tems, heat transfer 
systems, secondary 

power generator 
systems for missiles 

and space, electri
cal systems, and 

specialized indus-
trial systems. 

In the Phoenix Division there are 
gas turbines for propulsion and 
secondary power, valves and con
trol systems, air turbine starters 
and motors, solar and nuclear 
power systems. 

In each category AiResearch 
employs three kinds of engineers. 

Preliminary design engineers do 
the analytical and theoretical 
work, then write proposals. 

Design engineers do the lay
outs; turn an idea into a product. 

Developmental engineers are 
responsible for making hardware 
out of concepts. 

Whichever field fits you best, we 
can guarantee you this: you can 
go as far and fast as your talents 

can carry you. You can make as 
much money as any engineer in a 
comparable spot - anywhere. And 
of course, at AiResearch, you'll 
get all the plus benefits a top com
pany offers. 

Our engineering staff is smaller 
than comparable companies. This 
spells opportunity. It gives a man 
who wants to make a mark plenty 
of elbow room to expand. And 
while he's doing it he's working 
with, and learning from, some of 
the real pros in the field. 

If the AiResearch story sounds 
like opportunity speaking to you
don't fail to contact AiResearch, 
Los Angeles, or Phoenix, or see our 
representative when he comes to 
your campus. 

An equal opportunity employer 

AiResearch 
is challenge 

-Los Angeles • Phoenix 
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A Study of the Effects of 

Paced Audio-Rhythm on Repetitive Motion 

EDITOR'S NoTE: The foUowing 
article is a condensed version of 
an original paper, which has been 
selected as the 1965 winner of 
the Armstrong Student Technical 
Paper Award. This national con
test is open to alL Industrial Engi
neering students. The awiard, it
self, consists of a $500 cash prize, 
a trip to the National Industrial 
Engineering Convention held this 
year in Chicago, May 13, 14, and 
15, an engraved watch, and a 
glass framed plaque. The paper 
also took first place at the A.I.I.E. 
Midwest Area Student Confer
ence held at Bradley University 
in Peoria, Ill., in late March. The 
conference was attended by 150 
students from 10 midwestern un~ 
versities. 

Introduction 
The question of how to extract 

the greatest outpu't from the work 
plant and worker is a main con
cern of the Industrial Engineer. 
Answers to this questions range 
from the field of Industrial Psy
chology to theories of Capital In
vestment. Studies of the in'ter
action of the worker with his 
physical environment have pro
vided many answers. Specifically, 
the effects of audio sounds upon 
the worker and his output have 
been the subject of numerous 
published papers. Most authors 
agree with Broadbent and Little, 1 

"That the rate of work is not im
proved by noise reduction, except 
perhaps by a general morale fac-
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tor, but that at times noise inter
acted with other job features 
such as low illumina'tion to reduce 
the rate of work." As to the mat
ter of music and worker reaction, 
Roberts 2 concluded that, "When 
programmed scientifically, music 
reduces boredom and worker ten
sion" and "For groups, the in
crease in efficiency has been 
found to average from 5 to 20 
per cent." But, upon extensive 
search, this au'thor has found few 
published papers that discuss the 
effects that a paced rhythm or 
paced audio-rhythm has upon a 
repetitive task. 

Of the somewhat relevant arti
cles found , all lacked any quan
titative slatements as to how 
much productivity could be in
creased by the use of pacing. And 
in all but one, they lacked the use 
of audio-rhythm as the pacing de
vice. In the one investigation that 
did use paced audio-rhythm,3 only 
three subjects were tested for 
short (10 minute) working pe
riods. Since these studies found 
were inconclusive regarding the 
effects that paced audio-rhythm 
had upon productivity, this study 
was undertaken. 

In repetitive work, the worker, 
through the learning process, de
velops a natural rhythm of his 
own for the specific task. The re
peated motions of the entire work 
cycle aid in acquiring rhythm. 4 

Such a rhythm is essential to the 
smooth and automatic perform-

JOHN A. CONTE, I.E. '66 

ance of such a task and enables 
the worker to achieve automatic 
performance without mental ef
fort. " 

In certain work situations, the 
rhythm of the repetitive opera
tion is paced or predetermined by 
mechanical considerations, an d 
thus the worker is forced t o work 
with a rhythm relative to his 
machine. An example might be a 
hand-fed printing press or a re
peating forge. The operator in 
such a situation may produce 
more per day because the ma
chine has taught him to work 
with a rhythm that is faster than 
the rhythm he might have learned 
on his own. The worker is still 
comfortable, working w i thou t 
mental effort, and producing more 
for the company and possibly 
earning more for himself, because 
the machine has taught him a 
rhythm of automatic performance 
that is faster and more efficient 
than the rhythm he would have 
normally set for himself. 

But, is it possible to provide a 
biophysical driving force, in tasks 
that are no't mechanically con
trolled, that will stimulate the op
erator to work at a rhythm that 
is comfortable, yet more produc
tive than the rhy'thm he would 
normally set for himself? 

The objective of this investiga
tion is to answer this question by 
testing the hypothesis that: Paced 
audio-rhythm .. has no effect upon 
the rate of production for highly 
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repetitive tasks. This would imply 
that a worker's natural rhythm is 
just as productive as an outside 
induced audio-rhythm. 

Procedure 

To test the hypothesis, a very 
repetitive task was selected and 
cycle times were collected for 
each subject under two separate 
conditions-working without and 
with paced audio-rhythm. 

The repetitive task used in 
making the test was the placing 
of wooden pegs in a peg board. 
The boards consisted of 6 rows of 
5 holes each. The wooden pegs 
used were each three inches long 
with one end rounded and the 
other painted black. 

The subjects were instructed as 
follows: "Simultaneously grasp 
one peg in each hand from the bin 
and insert them in the top two 
center holes with the rounded 
ends down. In the sc).me manner, 
continue to complete the center 
rows, then the next outer rows, 
and then finally the two most out
er rows. Holes are always to be 
filled two at a time, from the bin 
toward yourself, center rows first 
and outer most rows last." 

The work station, shown in the 
accompanying photo, was set up 
in such a way that the task oper
ated continuously. After the com
pletion of one board, only one ad
ditional therbling, consistent with 
the rhythm, was needed to re
move the completed board to the 
side and move another in place, 
continuing the task. 

The paced audio-rhythm, used 
in this study was produced by a 
metronome. The worker, when 
working with the metronome, was 
instructed as follows: (1) while 
learning the rhythm, to count to 
himself rhythmically with the 
beats of the metronome and, (l) 
to grasp a peg on one beat and to 
insert it in the board on the next. 
In this way, the beats of the met
ronome accented the grasp and 
insert while the unaccented times 
were occupied with the elemen
tary elements of reach, move, and 
position. When working w;thout 
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Figure 1 

Overhead view of work station 
s~owing peg boar~s, pegs in bin, drop 
disposal, board gmdes, and the audio
rhythm pacing device (a metronome.) 
The author and timer are shown check
i~g out the work place in the prepara
tion of the actual testing of subje.cts. 

the paced audio-rhythm, the 
worker was discouraged from 
counting to himself. 

For the test, ten subjects were 
chosen. All were male students of 
the University of Missouri at Co
lumbia. Their age range was 18-
26 years. They worked a total of 
two hours each, divided into one 
hour with and one hour without 
the paced audio-rhythm. A ten
minute break was taken between 
the two hours, with a five-minute 
break halfway within each hour. 

Since we wished to test only 
one variable, namely completion 
rate with and without audio
rhythm, the following variables 
were held constant: 

1. Learning-The ten subjects 
·vere divided into two equal 
groups. Group I worked the first 
hour using their own natural pace 
and the second hour they worked 
using the paced audio-rhythm. 
With Group II, the order of the 
two tasks was reversed, the first 
hour they worked using the paced 
audio-rhythm and the second 
hour they worked using their 
own natural pace. Dividing of the 
subjects into these two groups 

was done in order to eliminate 
the effect of practice as the op
erator proceeded from one condi
tion to the other. 

2. By the "snap-back stop 
watch time study method", con
tinuous recordings of each cycle 
time were collected. This was 
done to determine when the sub
ject had effectively reached the 
stable level of his learning curve 
for each specific task. 

3. Accuracy---lhe s u b j e c t s 
were asked to insert the rounded 
end of the peg in the board. They 
were also instructed that if a mis
take was made, (i.e. rounded-end 
up,) they were to ignore it and 
proceed with the task. Most of 
the subjects completed the task 
with an average accuracy of 95-
100% , although one or two were 
notoriously poor. But, no matter 
what the accuracy on the first 
hour of work, the subjects were 
instruct~d and corrected, when 
necessary, to achieve approx
imately the same accuracy the 
second hour as they had the first. 

4. Effort-When working with
out the paced audio-rhythm, the 
subjects were asked to work "at 
a rate they would normally set 
for themselves," as if they were 
being paid on an incentive basis. 
When working with the paced 
audio-rhythm, a beat was selected 
within the first five minutes that 
was slightly difficult at first to 
master, but could be reasonably 
mastered within the first half 
hour. This beat normally ranged 
between 84 and 92 beats per min
ute for this specific task, and pro
duced a rhythm which was 
approximately 10 % faster than 
the natural rhythm used by most 
subjects. 

Results 

For each hour test, it was found 
that all learning effects were 
minimized within the first thirty 
minutes. The data upon which 
the results are based is the mean 
of the last thirty cycle times. In 
general, this was the last fifteen 
minutes of each hour test. This 

(Continued on page 10) 
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Engineering News 

MATHEMATICIAN DEVELOPS 

EQUATION FOR 110-YEAR OLD 

ENGINEERING PRINCIPLE 

A mathematician has developed 
an equation which may have a 
significant effect on . 'tire way 
bridges, buildings and m u c h 
mechanical euipment are designed 
in the future, International Busi
ness Machines Corporation re
ported. 

The new equation tells the engi
neer for the first time exactly 
how far certain types of stresses 
can penetrate into structural 
members. This new knowledge 
will enable engineers to calculate 
more accurately the strength of 
complex structures before they 
are built, and thus may lead 
to more imaginative design 
approaches. In addition, the new 
equation may be used to obtain 
better estimates of the character
istic strengths of metals, plastics 
and other materials. 

The equation states in precise 
mathematical language wha't a 
famous engineer, Barre de St. 
Venant, proposed as an intuitive 
idea 110 years ago. St. Venant's 
principle says that when a bar is 
pinched, twisted or stretched by 
self-canceling forces, the stresses 
produced at some distance away 
are negligible. 

However, the principle doesn't 
say exactly how far 'the local 
forces penetrate into a .,bar, and, 
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for beams of irregular cross-sec
tion, the assumption may break 
down completely. For many crit
ical applications, such as aircraft 
and machine tools, where large 
forces are encountered, engineers 
cannot ignore local stresses on 
the basis of St. Venant's principle. 
In such cases, expensive models 
must be built and tested, or the 
design must be changed so the 
principle can be used. 

IBM researcher Dr. Richard A. 
Toupin has developed a unique 
mathematical formulation of St. 
Benant's principle which is valid 
for all types of beams, and pre
dicts the decay of local stresses. 
Thus the engineer now has a com
pletely reliable way of knowing 
where the effects of local stresses 
can be neglected. The equa'tion 
and load bearing members of 
can be applied to rods, I beam8, 
almost any cross-sectional shape. 
In addition, the equation takes 
into account the characteristics of 
the material. 

Dr. Toupin is now working on 
the development of equations 
which will express St. Venant's 
principle for bodies of more gen
eral shape. 

St. Venan:t's principle has in
trigued mathematicians for over 
100 years. It seemed intuitively 
sound, but mathematicians could 
not prove the assumption, nor 
could they state it as a general 
equation which would be valid 
for bodies of any shape. 

LARRY RAMSEY, PHYSICS '66 

In g en e r a 1 , mathematicians 
knew that in some beams the lo
cal stresses die out exponentially, 
but there seemed to be no way of 
linking the material characterist
ics and cross-sectional shape of 
the beam to the rate of exponen
tial decay. 

Dr. Toupin discovered that this 
link can be established by a sim
ple experiment: a cross-sectional 
slice of the beam or load-bearing 
member is suspended with a wire 
and struck like a tuning fork. 
The lowest vibrational frequency 
of the slice is characteristic of 
both the material composition and 
the cross-sectional shape of the 
piece. This factor, which can be 
measured with testing equipment, 
then determines the exact form 
of the exponential equation. 

The equation does not give the 
stresses directly. Rather, it ex
presses the rate at which the 
elastic energy, stored in the mate
rial by the local forces, falls off 
with distance from 'the loaded 
end. 

Specifically, it expresses the 
ratio of the elastic energy U (s) 
stored at some distance (s) be
yond the loaded end to the total 
elastic energy U ( o) stored in the 
entire body. 

U(s) .L. ) 
U(o) _ ,.-(s-t) / sc(t 

where t is the 'thickness of the 
cross-sectional slice, and Sc is a 

(Continued on page 12) 
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ckey sanitary glazed clay pipe 

If it's made of clay it's good ... if it's made by Dickey it's better 

OuR1NG -rHE? PAs-r HuNoReo YEARs, 
SUIL-OING TOOL-S HAVE LJNOERGONE SOME: 

MA..J0R CHAN<5ES. TOOAY'S T00L.S ARe 
INSTRUMENtS OF PRECISION ..••• 

EACH 01'/E OESIGNEO TO 00 THE i.JOS 
EASIER ANO BETTER. 

BUT THERE'S ONE TOOL. THAT' HASN'T 
CHANGEO IN OVER 5,000 YEARS ..... 
IN FACT, EVEN /T 1S SHAPE 15 ,HE 
SAM.E: AS IT" WAB IN 3,500 B.C . 

How oo wE KNOW ,His? sv TH15 
ANCIENT" BABYL..ONI.AN CL..AY PL.LJM6 608. 

Students of the past have unearthed these clay 
plumb bobs in Iraq and in other parts of the 
world. With the help of this simple, yet accurate 
tool, Babylonians built some of the most magnifi
cent structures of all times. Though the buildings 
have crumbled to dust centuries ago, the clay 
plumb bobs have withstood the test of time. 

Proof again of the amazing permanence of clay. 

Modern manufacturing methods for Dickey Perma
Line Clay Pipe are a far cry from the ancient 
methods of hand-crafting plumb bobs. But the 
raw material is still the same ... indestructible clay. 
That's why Dickey Perma-Line Pipe cannot rust, 
rot, corrode or disintegrate ... why it is immune to 
the destructive forces of today's corrosive wastes. 
Dickey Pipe is glazed, too. Makes it smooth as 
glass, self-scouring. Remember, Dickey Perma
Line Claze.d Clay Pipe means long-life, trouble
free, low-cost sanitary sewers . 

W.S. DICKEY CLAY MFG. CO. Birmingham, Alabama• Ft. Dodge, Iowa• Kansas City, Missouri 
Meridian, Mississippi • St. Louis, Missouri • San Antonio, Texas • . Texarkana, Texas-Arkansas 



PACED AUDIO-RHYTHM 

( Continued from page 6) 

gave each subject at least forty
five minutes of prac'tice on each 
task before data was collected to 
give his mean cycle time for 
working both without and with 
the paced audio-rhythm. 

In Tables I(a), and I(b) , are 
given the mean cycle times for 
each subject working both with
out (wo) and with (w) the paced 
audio-rhythm, and the difference 
between the two means (wo-w). 
The subjects in Group I, who 
worked the first hour using their 
own natural incentive pace, are 
represented in Table I(a) , and 
the subjects of Group II, who 
worked the first hour using the 
paced audio-rhythm, are rep
resented in Table I(b) . For con
venience, aU table data is given 
in 10-2 minutes. 

Since all subjects had lower 
mean cycle times whe·n working 
with the paced audio-rhythm, all 
differences (wo-w) were positive. 
Throughout the rest of the paper, 
these differences in the means 
(wo-w) will be known as the "de
creases." 

Although the raw data shows 
a mean decrease of .045 minutes 
for Group I, and .067 minutes for 
Group II, a statistical "t" test of 
the difference was not significant 
at the 5% level. Hence the sample 
population of the two groups can 
be considered as one. A con
fidence interval for the mean of 
these 10 decreases can be com
puted (see Appendix E), as
suming that the ten s a mp 1 e 
decreases were independent, nor
mally distributed, random vari
ables. Treated as a whole, the ten 
decreases had a sample mean of 
.056 min. and a sample variance 
of .052 min. The computed 95% 
confidence interval for the de
creases of ten ten subjects tes'ted 
was .056± .016 min. This rep
resents a decrease in the mean 
cycle time of 9 to 17 % , when the 
paced audio-rhythm was used and 
set approximately 10% faster 
than the subject's natural pace. 
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TABLE I(a) TABLE I(b) 

Subject WO w wo-w Subject WO w wo-w 

1 42.13 35.26 6.87 3 41.07 35.43 5.63 
2 40.76 35.36 5.40 4 42.67 37.96 4.70 
5 38.33 36.40 1.93 6 45.33 35.90 7.43 
7 37.66 35.20 2.46 8 42.33 36.36 5.97 
9 40.76 34.90 5.86 10 45.10 35.37 9.73 

Group I Group II 
Mean of (wo-w) 4.50 Mean of (wo-w) 6.69 
Variance of (.;;--w) 4.76 Variance of (wo~w) 3.85 

Group I and Group II 

Taken as One Group 

Mean of (~--;) 5.60 

Variance of (wo-w) 5.16 

In addition, the subjects ex
pressed a decided preference for 
working with the paced audio
rhythm. Reasons given were: (a) 
"it seemed easier," (b) "it seemed 
less tiring," (c) "you did not have 
to concentrate on the task as 
much" and, ( d) "you could think 
about other things when work
ing." One or two of the subjects, 
the same subjec'ts who had the 
poorest accuracy, disliked the 
paced audio-rhythm, "because it 
was very frustrating." The most 
common comment of all, was the 
expression of dislike for the 
repetitive task under both condi
tions-"! would sure hate to do 
this for a living." 

In Table II are listed the sam
ple variances for each subject, 
computed from the same thirty 
cycle times which were used to 
compute the mean cycle times. 
Two sample variances for each 
subject are given, one for working 
without (S2 w 0 ) and one for work
ing with (S2 w) the paced audio
rhythm. Since the paced audio
rhythm reduced the sample vari
ance for each of the ten individ
uals tested, a statistical "F" test 
was used to test the null hypoth
esis that there was no significant 
reduction in the pooled variance 
for each of the two conditions. 
This test resulted in the rejecting 
of the null hypothesis and the 
accepting of the alternative 

hypothesis that, at the 5% level 
of significance, there is a signif
icant decrease in-variance in cycle 
times when the subjects used the 
paced audio-rhythm. 

TABLE II 

Subject S2 wo S2 w 

1 4.53 .82 
2 1.63 .38 
3 .75 .25 
4 1.06 .17 
5 1.06 .25 
6 4.16 .30 
7 3.13 1.13 
8 1.63 1.07 
9 .81 .16 

10 .65 .24 

Pooled 1.94 .48 

Summary 

This study was propounded in 
an effort to answer more fully the 
question: Is it possible to provide 
a biophysical driving force that 
will stimulate the operator, in 
repetitive 'tasks, to work at a 
rhythm that is comfortable, yet 
more productive than the rhythm 
he would normaUy set for him
self? This was done by testing 
the hypothesis: Paced a u d i o -
rhythm has no effect upon the 
rate of production for highly 
repetitive tasks. This would im
ply that a worker's natural 
rhythm is just as productive as 
an outside induced audio-rhythm. 

(Continued on page 13) 
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Who grows 
the "hair" 
that crowns a 
million 
beauties? 
The same Union Carbide whose 
alloys help keep the crunch 
in rock crushers. 

The "hair" is our DYNEL mod
acrylic fiber. It looks like real hair 
and feels like it. 

It's the same DYNEL that's used 
to make luxurious deep-pile coats. 
It's the same fiber that's used to 
make filters for heavy-duty indus
trial a ir systems and home a ir 
conditioners. And its versatility 
is the reason why we'll be "grow
ing" millions of extra pounds of 
DYNEL this year. 

Lots of things are going on at 
Union Carbide. We're producing 
new alloys to re-surface equip
ment such as rock-crusher rolls 
and keep them in action longer. 
Other new alloys are helping the 

chemical industry stop costly at
tacks of acids and corros ives. And 
we've recently introduced some 
new silicone rubber compounds 
with greatly improved resiliency 
for use by the aerospace and auto
motive industries. 

To keep bringing you these and 
many other new and improved 
products, we'll be investing half a 
billion dollars on new plant con
struction during the next two 
years. 

Union Carbide Corporation, 270 Park Avenue, New York, N. Y. 10017 . In Canada: Union CarbidP. Canada Limited, Toronto • Divisions: Carbon Products, 
-Chemicals, Consumer Products, Fibers & Fabrics, Food Products, Internationa l, Linde, Mining & Metals, Nuclear, Olefins, Plastics, Silicones, Stellite 

UNION 
CARBIDE 



ENGINEERING NEWS 
(Continued from page 8) 

factor which includes 1) the low
est vibrational frequency of the 
slice, 2) density, and 3) the max
imum elastic modulus. Once the 
energy has been estimated, it is 
possible to estimate the stresses at 
interior points in a body, or points 
near the smooth part of the sur
face. 

Details of Dr. Toupin's work 
are reported in the Archive for 
Rational Mechanics and Analysis, 
Vol. 18, No. 2. 

MRC FIELD ION MICROSCOPE 
The world's most powerful re

search microscope-the first that 
enables scientists to see atoms
was introduced by Materials Re
search Corporation, at the 13th 
Annual Physics Show of the 
American Institute of Physics. 

This microscope, which can dis
cern objects as small as one-hun
dred millionths of an inch, will 
provide a whole new spectrum of 
information for physicists, metal
lurgists, chemists, and many other 
scientists, possibly even biologists 
and medical researchers. For ex
ample, scientists may be able to 
learn why metals rupture in mis
siles and underwater vehicles, and 
m ore about the atomic structure 
of living matter. 

More specifically, they will be 
able to study surface phenomena 
such as adsorption, catalysis, in
itial stages of oxidation, as well 
as surface irregularities, includ
ing grain boundaries, dislocations 
and vacancy complexes. By suc
cessively removing layers of the 
specimen, it will be possible to 
study long and short-range order
ing, clustering, vacancy-intersti
tial complexing, and radiation 
damage. 

These applications, however, 
are only the most obvious uses 
for a microscope as powerful as 
this one. Other applications, which 
can only be imagined at this time, 
may develop as the new research 
tool is put to work. 

The only limitation for use of 
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the microscope now appears to be 
that the specimen under study 
must be able to withstand intense 
electric fields, in 'the order of 100,-
000 kilovolts per centimeter. How
ever, an improved version of the 
new microscope may be able to 
handle materials which ordinarily 
would not be thought of as cap
able of withstanding such an in
tense field. Materials Research 
Corporation, sometimes c a 11 e d 
MRC, has been awarded a con
tract by the National Institutes of 
Health to determine the feasibil
ity of using the microscope for 
biological specimens. 

The MRC microscope is the 
first commercially available re
search microscope that employs 
the field ion principle. Micro
scopes used reflected light as the 
basic principle of operation for 
many years. Then, elec'tron micro
scopes replaced these as the tool 
for researchers to gain increased 
magnifications. Today, in prac
tice, electron microscopes can dis
cern images as small as five to 
ten angstroms ( an angstrom is 
one-hundred millionth of a cen
timeter.) 

The field ion concept for micro
scopy first was introduced in 1955 
and has now brought image reso
lution down to two or three ang
stroms. For the past ten years, 
researchers at six or seven uni
versities and corporations have 
built their own field ion micro
scopes. And in 1962, a demonstra
tion model was offered. But these 
were all glass systems with lim
ited flexibility, while the MRC 
unit is a research tool adaptable 
for most research applications. 

The MRC field ion microscope 
works in much the same way that 
a conventional 'television picture 
tube does. A picture representing 
the edge of a needle-point spec
imen is formed on a fluorescent 
screen. The picture can then be 
photographed. 

To prepare the sample for this 
microscope, a wire two-thou
sandths of an inch thick is etched 
down to an ultra-thin needle 

point. The temperature of this 
sample is reduced to the tem
perature of liquid hydrogen (min
us 258 F.) to reduce atomic mo
tion. 

This cold specimen is then put 
in a high electric field so that 
charged particles aimed at the 
specimen will reflect from it. An 
inert carrier gas, such as helium 
or neon, is transformed to posi
tively charged ions which are 
brought into the electric field. 
These ions are repelled by the 
atoms on the surface of the spec
imen. Thus the ions are thrown 
back at the fluorescent screen, 
where they depict the sample. A 
vacuum is maintained in this sys
tem so that no extraneous atoms 
will interfere with a true reflec
tive path. 

Of primary importance to the 
wide spread application of the 
MRC microscope is its price. The 
total system, including a power 
supply, the vacuum system and 
the operating "head", varies be
tween $14,000 and $25,000 de
pending upon choice of optional 
equipment. S i n c e an electron 
microscope generally sells for 
about $30,000, this unit is well 
within a justifiable price range. 

The MRC field ion microscope 
has a fibre optic window backed 
by a removable throw-away phos
phor screen. This permits direct 
contact photographs of images, or 
the coupling of the ·unit to an 
image intensifier. With the inten
sifier, it is possible to video-tape 
record atomic phenomena or 
show the image over television. 

The head has extra ports for 
accessory equipment such as 
sources of radiation. 

It operates as either a field ion 
or field emission microscope, util
izing reversible polarity and a 
highly regulated, high voltage 
power supply. 

The system is capable of using 
various image gases such as hel
ium and neon .... It is a dynamic 
system in which gas pressures are 
accurately controlled with a mi
crometer leak valve. 

THE MissouRr SHAMROCK 



PACED AUDIO-RHYTHM 
( Continued from page 10) 

mental freedom and seemed less 
fa tiguing. 

I believe the results of this 
study justify further research and 
possible development of actual 
The hypothesis was rejected. 

The objective results of this 
study revea led , with 95' ; con
fidence , that use of paced audio
rhythm can : 

(a) decrease the average cycle 
time by 9 to 17', for the re
petitive task tested, and 

(b) decrease the variance of 
cycle times. 

It was also found that most. but 
certainly not all. subjects ex
pressed prefe rence for working 
with the paced audio-rhythm be
cause it afforded them greater 

applications in the modern indus
t rial work plant. In so doing, 
paced audio-rhythm may prove a 
powerful tool for increased pro
ductivity fo r the operators of 
highly repetitive tasks. 

CITED REFERENCES: 
1 Broadbent, D. E. and Little, E . A. J.. 

"Effects of Noise Reduction in a Work 
Situation•·. Occupationa./ Psychology, 
Vol. 34. p. 133-140, Abstract # 7314 , 
M. York , Psychological Abstra,cts, 1961. 

~ Roberts, Joseph W.. "'Sound 
Approach ' to Efficiency", Personnel 
Journal. Vol. 38. p. 8, 1959. 

:, Diiker, H ., "Experimente ll e Un
tersuchung uber den Einfluss des 
Taktes a uf fortlaufende Arbeit bei 
kurzer Arbeitszeit". ( Experimenta l In
vestiga tion of the Effect of Tempo on 
Continuous Work During a Short 
Working P e riod). Psychotechn Z sch .. 
Vol. 5, pp. 82-86, 1930, Abstract # 977. 
C. Purri, Psycho/.ogica l Abstracts. 1931. 

1 Holmes. Wa lte r G. , Applied Time 
and Motion S tudy. New York, Roland 
Press. 1938. p. 118. 

'' Ba rnes. Ra lph M., Motion and Tim e 
Study. 5th Edition, New York. Wilev 
,rnd Sons. 1963. p. 247. 

ENGINEERING EXCELLENCE 

Tau Beta Pi Association, now in its 
sixty-third year at Missouri. this month 
initiated thirty-one candidates to mem
bership ai its biannual initiation ban
quet. The new members are Dale 
Ande rson. Robert Applegate, Roger 
Annstrong. Curtis Benton, Jere Brew. 
Jack Brinker. William Brown, Thomas 
Browne. Joseph K . Bryan. Chesler 
Carson, Alvin J. Cole. Sam Davis. Rob
ert Dray, Robert A. Elliott . Paul 
Freimel. Phillip Hammar. Monty ,I. 

Heying, Thomas Lynn, William Malin 
ski. Owen Osborne. Roger Phillips. 
William Radue, Gar~- Raines, Norman 
Scott. Edward Shapiro. Clinton Smith. 
Kenneth Unklesbay. Gary Weiler. 
Mich a e I Williamson. and James 
Worthe~·-

Miss Mary Dickson was awarded 
the WOMEN'S BADGE of Tau Beta Pi. 
an honorar~· memhership given from 
time to time to one woman in the col
lege of engineering. Miss Dickson is 
the first at Missouri to receive this 
a\\1ard. 

- ----- -- - - --------- --------------- ---- ------------ -- -- - ··--
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WILL YOU BE ABLE TO 
MEET THE CHALLENGE 
OF THE HIGHWAYS 
OF TOMORROW? 
Prepare now for your future in highway engineering 
by sending for The Asphalt Institute's free library 
of Asphalt construction and technology. 

Each yea r, more and more states are turning to modern Deer
Strength * Asphalt pavement for the ir new hea vy-duty high
ways. county and local roads. Your contribution-and reward 
-in future road building programs will depend in large part on 
your knowledge of Asphalt construction and technology . 

The latest information in this field. including The Asph.ilt 
lnstitute·s new computer-derived Thickness Design Method. is 
contained in an extensive portfolio now offered by The Asrhalt 
Institute. To obtain this valuable free library , fill in and mail 
the couron below today. 

~@ THE ASPHA~;p;~;;c;;~;;t base 

~ College Park , Mary land 

Free Offer to Civil Engineering Students and Professors ! ......................................... 
THE ASPHALT INSTITUTE, College Park., Maryland 

Gi'11tle111e11: Please send me vour free library on Asphalt Con- • 
• st ruetion and Techno logy. ·· 

NAME ____________ CLASS OR RANK ___ _ 

SCHOO,__ ___________________ _ 

ADDRESS ____________________ _ 

• C ITY ____________ ST,\Tlc _______ _ 
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BVLLARNEY 

Engineer on telephone: "Doc
tor, come quick! My little boy just 
swallowed my slide rule." 

Doctor: "Good heavens man, 
I'll be right over. What are you 
doing in the meantime?" 

Engineer: "Using log tables." 

oTe 

During a fervent revival serv
ice at the local church, a lovely 
lady seated in the balcony be
came so wrought up with the 
spirit of the occasion that she 
leaned out too far over the rail 
and fell. The hem of her dress 
happened to catch on the chan
delier and she was held sus
pended in mid-air. 

The thoughtful minister cried 
out, "Any man who dares look 
will be stricken blind!" 

And a fellow in a front seat said 
to his friend, "I'm going to chance 
one eye." 

When you put on your cute 
rayon scanties 

Do they crackle electrical 
chanties? 

Don't worry, my dear, 
The reason is clear, 
It's just that you have amps 

in your panties. 

oTe 

A C.E. the other day was seen 
trying to calculate the fiber stress 
in the cross member of a Wheat
stone Bridge. 
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A castaway on a desert is
land, following another shipwreck, 
pulled ashore a girl clinging to a 
barrel. 

"How long have you been 
here?" asked the girl. 

"Thirteen years" replied the 
castaway. 

"All alone-then you're going 
to have something you haven't 
had for thirteen years," said the 
girl. 

"You don't mean to tell me that 
barrel is full of beer?" 

oTe 
The legend is told that in the 

days of ancient Rome an officer, 
called away to the wars, locked 
his beautiful young wife in armor 
and gave the key to his best 
friend, with the admonition: "If 
I don't return in six months, use 
this key. To you my dear friend, 
I entrust it." 

oTe 
And as they say in T & AM: 

"Every couple has its moment." 
oTe 

One of the prettier girls I knew 
always says, "To err is human but 
it feels devine." 

oTe 
A man whose wife was de

livered of a boy seven months 
after marriage, asked a physician 
the reason for this. 

"Don't worry about it," said the 
M.D. "This often happens in the 
case of the first child, but never 
afterwards." 

Voice on telephone: "How are 
you this morning?" 

Answer: "Just Fine." 
Voice on telephone: "I guess I 

have the wrong number." 

oTe 

Three ways to break up a din
ner conversation: 1. Ask the lady 
on your right if she is married. If 
she says yes, ask her if she has 
any children. If she says no, ask 
her how she does it. 2. Ask the 
lady on your left if she is married. 
If she says no, ask her if she has 
any children. 3. Lean across the 
table and ask the lady facing you 
if she has any children. If she says 
yes ask her if she is married. 

oTe 

The engineer was out with a 
flirt, and when his buddy left the 
table to buy a paper she pursed 
her lips invitingly and leaned 
across the table toward her date 
and, putting her face against his, 
whispered, "Now is your chance, 
darling." Glancing around hast
ily, the engineer muttered, "So it 
is!" and quickly leaned over and 
drank his buddy's beer. 

oTe 

A man and his wife were in the 
midst of a violent quarrel, and he 
was on the verge of losing his tem
per. Be careful, he said to his 
wife. You'll bring the beast out 
in me. 

"So what," she replied, "Who's 
afraid of mice?" 

THE MISSOURI SHAMROCK 



Art of creating 
photo-film manufacturing machines taught here 
That's sure no professional ad model posing up in 
the foreground of the picture but a real pro of an 
engineer looking over his handiwork some six years 
after drawing the assignment. 

The first three years he spent picking the best 
location for the thing with regard to capital cost, 
operating cost, and operating convenience. This 
means he actually put it together in a scant 
three years, which isn't bad , co nsidering that 
it amounts to a huge integration of mechanical 
engineering, electrical engineering, chemical engi
neering, hydraulic engineering, instrumentation 
engineering, structural engineering, industrial engi
neering, and just about every other category 

EASTMAN KODAK COMPANY, 

of engineering in the catalog of a big college. 

Of course, no college teaches men how to design 
and assemble a complex like that. You learn by 
doing. Not at every large company can you learn . 
Come to think of it , is there any other company 
whose production is of a nature and volume that 
demands such neat and thoroughgoing co-ordina
tion of engineering disciplines? 

We happen currently to be seeking not only 
engineers to create the components and subsystems 
but those willing to learn how to fit all the pieces 
together. 

Care for an application blank? 

Business and Technical Personnel Department, Rochester, N.Y. 14650 
An equal-opportunity employer offering a choice of three communities: jKodakj 

Rochester, N.Y ., Kingsport, Tenn., and Longview, Tex . 



Conun onwealth Ed· . . tson 

DRESDEN NUCLEAR POWER STATION-America's first full-scale pro
ducer of commercial electric power from the atom, rated 200,000 kw. 

Dresden 2, a 714,000-kw second-generation design is now being 
built-like the original-by General Electric. 

ELWOOD P. STROUPE, MSChE, PURDUE '62 
is a design engineer at the Atomic Power 
Equipment Department. He has contributed 
to the design of Dresden 2's reactor-heart 
of the system. He' ll follow it right through 
installation. 

RONALD F. DESGROSEILLIERS, BSEE, U.S. 
MILITARY ACADEMY '60 is on the Manu
facturing Training Program at G.E. 's Power 
Transformer Department. Ron is a produc
tion foreman helping build massive trans
formers for Dresden 2. 

WORKING ON THE SALE of Dresden 2' s 
turbine-generator is William J. Mahoney, 
BMS, Maine Maritime Academy, '56. After 
serving four years in the U.S. Navy, Bill 
joined the Technical Marketing Program to 
help G.E. meet its customer's needs. 

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC: 

Producing Power from the Atom 

It takes a big company to handle a massive project like 

Dresden 2-with research-backed know-how for new designs, 

manufacturing capabilities to produce next-generation equip

ment, and in-depth knowledge of customer needs. At G.E., 

you'll be part of a uniquely decentralized organization with 

more than one hundred product operations that design, build 

and sell thousands of products-from transistors to turbines. 

When a big job requires it, these operations can be tied 
closely together-like the 57 departments at work on Dresden 

today. That's one of the reasons why G.E. pioneers in so many 

areas and is a leader in so many fields. Write us now-or see 

your placement officer-to define your career area at General 

Electric: General Electric Co., Section 699-13, Schenectady, 

N. Y. 12305. (An Equal Opportunity Employer) 

'!?-ogres$ ls Our Mosf lmpotf;Jnf Protlvcf 

GENERAL fl ELECTRIC 
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