


Jobs that just might change the world 

Move people through rush hours at 
80 mph. Westinghouse built the experi­
mental transit expressway in Pittsburgh. 
And we are building the computerized 
controls for the San Francisco mass-
transit system that will be the model for 
others throughout America. We're look­
ing for people to help us build equipment 
that will move people as they've never 
been moved before. 

These graduates needed: Engineering. 
Physical Sciences. Social Sciences, En­
gineering Administration, Industrial Tech­
nology, Business & Liberal Arts. 

Tap the atom with the company that 
started it all. Westinghouse supplies some 
of the largest nuclear generating plants in 
the world. We are building nuclear rocket 
engines. Our reactors power nuclear sub­
marines. But this is only the start. We 
need people for some of the most fas­
cinating projects we've ever attempted. 

These graduates needed: Electrical En­
gineering, Mechanical Engineering, In­
dustrial Engineering, Chemical Engineer­
ing, Engineering Mechanics, Marine 
Engineering, Structural Engineering, Ce­
ramics, Nuclear Engineering, Materials 
Science, Physical Sciences. 

Desalt the world's oceans 

You can be sure if it's Westinghouse 

Westinghouse has 73 water-desalting 
units operating or on order around the 
world. Now we need people to help us 
design and build facilities that can de­
salt 150 million gallons a day—and solve 
some of the toughest water-supply prob­
lems we've ever tackled. 

These graduates needed: Electrical En­
gineering, Chemical Engineering, Materi­
als Science. Physical Sciences, Industrial 
Engineering. Engineering Mechanics. Me­
chanical Engineering, Civil Engineering. 

Take a dive and explore the ocean 
20.000 feet down. Westinghouse is devel­
oping a fleet of self-propelled undersea 
vehicles. In them we will dive deep, ex­
plore, salvage and probably discover 
more than any other single company in 
oceanography. We need adventurers to 
join the quest that has already taken us 
all over the world. 

These graduates needed: Electrical En­
gineering, Mechanical Engineering, 
Chemical Engineering, Materials Science. 
Marine Engineering, Ocean Engineering 
& Science. 

Build a city from scratch—the way a 
city should be built. 

Westinghouse has just purchased an 
embryo city. We're looking for people 
to help us rebuild many of the existing 
cities in America. We can do it—Westing­
house now provides more products, sys­
tems and services for construction than 
any other single company. 

These graduates needed: Engineering, 
Physical Sciences, Social Sciences, En­
gineering Administration, Industrial Tech­
nology, Business & Liberal Arts. 

Fly to Mars 
When the first expeditionary vehicle takes 
off. Westinghouse will be there. 

We are building the nuclear engine for 
voyages into deep space-to Mars and 
Venus and beyond. The jobs are exotic. 
We need more people to help us now. 

These graduates needed: Electrical En­
gineering, Mechanical Engineering, 
Chemical Engineering, Materials Science, 
Nuclear Engineering, Aerospace Engi­
neering, Physical Sciences. 

Want to change the world? Your best 
opportunity lies with a company like 
Westinghouse. Contact L. H. Noggle, 
Westinghouse Education Center, Pitts­
burgh, Pa. 15221—or see the Westing­
house interviewer on your campus. 

An equal opportunity employer. 
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W 
T hi s  Mon th ' s  Cove r :  The  l ay ing  o f  t he  A t l an t i c  Cab l e  pe rmi t t ed  t r a n s ­

ocean i c  co mm un ica t i on  be tween  Br i t a i n  and  t he  Un i t ed  S t a t e s .  Ou r  cove r  

t h i s  m on t h  i s  a  mode rn  i n t e r p r e t a t i o n  o f  t he  f e a t  by  Ar t i s t  Do n n a  D emong .  

In  ou r  f e a tu r e  a r t i c l e ,  P ro f .  Ha ro ld  Sha r l i n  d i s cus se s  t he  A t l an t i c  Cab l e  

i n  r e l a t i onsh i p  t o  s c i ence  and  t echno logy .  See  "Sc i en ce ,  Te c hno logy  an d  

t he  A t l a n t i c  Cab l e "  be g inn ing  on  page  15 .  

COLORADO ENGINEER—November, 1967 3  



Here's what we mean 
when we say, 

"Ryan is a better 
place to work." 

We mean that a pioneer aerospace 
company still headed by the man 
who founded it 45 years ago has got 
to be a company that cares about its 
people. T. Claude Ryan, founder and 
chairman, is still at the office every 
day. To him, Ryan employees are 
friends. Old ones and new ones 
alike. Ryan headquarters, combining 
engineering and manufacturing fa­
cilities, are on the shores of San 
Diego bay, where it all started in 
1922. 

We mean that a company so 
rooted in aviation history is bound 
to be a leader in vitally important 
defense/space programs. The out­
growth of the original Ryan Airlines, 
Inc., that built the "Spirit of St. Louis" 
in 60 days from a standing start will 
always be ready to accept impos­
sible challenges. And ready to listen 
to young men of vision who can 
dream up answers to those chal­
lenges. Ideas are given a chance at 
Ryan. So are the men who come up 
with them. 

We mean that a company which 
led the world in the conception and 
development of jet-powered target 
drones is the kind of company where 
daring and untried ideas come to 
life. Over 3,000 Ryan Firebees, the 
most versatile aerial targets ever 
conceived, are in use with all three 
branches of our armed forces, help­
ing to train our defenses against any 
airborne threat. A super-sophisti­
cated, supersonic Firebee II will 
soon be flight tested and enter 
service. 

We mean that a company w 
heart has always been in the 
blue yonder would just natural 
there when man reached fo 
stars; that the products of its s 
tists engineers and technic 
would naturally play a key rc 
our race for space. Ryan lai 

in'61!!? made POSSibh 
first soft landing on the moon 
an advanced Ryan system wi 
sure a soft landing for the first 
ned lunar visit. The men at 
hpvnnH t'hVe theireyeson thes beyond the moon. 

We mean that a comr <ny made 
up of men who taught the iselves to 
fly straight up, while oth -s said it 
couldn't be done, is the s< t of place 
that puts no strings on a n n's imag­
ination. Or barriers in way of 
way-out thinking. For o r twenty 
years Ryan has been ar assing an 
unmatched fund of tec> ology in 
vertical and short take o^ and land­
ing (V/STOL) aircraft. Th. ist of ac­
complishments is long: dragonfly, 
1940. Vertijet, 1957.Vertip ne, 1959. 
The present day XC-142 tilt-wing 
and the XV-5A Vertifan. /an prod­
ucts can fly straight up. Ro can the 
men who work there. 

We mean that a comp ny with a 
strong and capable mai igement— 
whose business success as led to 
majority ownership of lai e related 
companies — is the kind concern 
that can match challenge vith per­
manent opportunities. n Aero­
nautical is majority own* ! Conti­
nental Motors Corporate and its 
subsidiaries, suppliers primary 
power for both piston jet air­
craft and agricultural, m ary, ma­
rine and industrial equipn ot. There 
is nothing provincial aboi Ryan. In­
cluding subsidiaries, it c rates 16 
manufacturing facilities the USA 
and Canada. 

We mean, also, that Sar Diego js 
a better place to work—b ause it's 
a better place to live. It's the surfing, 
sailing, deep-sea fishing and golfing 
capital of the country. It's clean, un-
crowded and friendly and you can 
lead the good life year round. Its 
great universities make education 
one of its largest industries. Ryan is 
an important and respected member 
of this dynamic community ... a 
community on the move. 

R V A N 

An equal opportunity employer. 

This is what we mean 
when we say, "Ryan is a 
better place to work." The 
4,500 men and women now 
at Ryan know it is. And they 
invite your inquiry. Check 
with your placement office 
for our campus visit, or 
write to Mr. Harlow Mc-
Geath, Ryan Aeronautical 
Company, Lindbergh Field, 
San Diego, Calif. 92112. 
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Join us 
and express 

yourself. 

We'll give you all the paper you need. And a chance to put something on it. 
Of your very own. • We'll even give you a place to put it. With plenty of room 
for the mistakes you're bound to make along the way. • You'll have the time 
you need, too. To try. And try again. One more time. Then one more. Until 
you solve each problem to your own satisfaction. • We're not afraid to let 
you wage the creative struggle for a successful idea. Within yourself. Or with 
us. • We'll give you every chance to know that glorious satisfaction that 
comes when you find the answer to a challenging problem. • And we'll reward 
you. • With our very choicest paper. • The green kind. 

Meanwhile, pick up any old piece of paper and write for more informa­
tion to Harry L. Sheehy, Recruiting Coordinator, American Oil Com­
pany, Dept. 19-K, 910 South Michigan Avenue, Chicago, Illinois 60680 

An equal opportunity employer. 

AMERICAN 
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EDITORIAL: 

CHANGE 
The new must merge witli the old. Somehow, everything must fit into the 

pattern — harmony must be achieved. Change is inevitable, sometimes hard 

to accept, but continuously occuring. It may be good — or it may not be — but 

it is always here, now. 

Engineering is intensely involved in change. What is good today must be 

made better for tomorrow. What is bad must be at least modified. In the 

study of engineering, one learns that nothing is perfect — there is always a way 

to improve. And the job of the engineer is just that — to improve the old. 

There exists no ultimate, only an approximation. And tomorrow, someone 

will come closer to the ultimate. But it will never be achieved. If it were, 

engineering would become obsolete. Man would become obsolete. 

As engineers, we must never be satisfied. We must continue to learn, 

and to improve upon what we have learned. Or we will be finished as engi­

neers — and as men. 

—Kathy O'Donoghue 

Photograph at left by Mark Phillips. 
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0 as a Dunham-Bush Engineer... 

You can practically name your own spot! 

M A N U F A C T U R E R S  O F  T H E  W O R L D ' S  M O S T  C O M P L E l  M E  O F  
R E F R I G E R A T I O N  .  A I R  C O N D I T I O N I N G  .  H E A T I N G  E l  J M E N T  

At Dunham-Bush, one of the world's foremost 
manufacturers of space-age heating and cooling 
systems, we're looking for engineers who want 
to be more than engineers. A variety of exciting 
careers awaits the young engineer who wants to 
develop all his abilities. 

Dunham-Bush engineers are given every op­
portunity to develop and apply their research, 
administrative, creative and sales abilities along 
with their technical skills. Talented men don't 
get lost at Dunham-Bush. We're small enough 
to know and appreciate you ... large enough to 
offer you unusual opportunities and benefits. 

You can join other recent graduates who have 
picked their own spots. Take the dynamic world 
of selling, for example... a world where you 

can realize unlimited financial rewar; and per­
sonal accomplishment. Keith Dougl. a recent 
Duke University BSME, chose his hoi state of 
North Carolina, where he has beer pointed 
Sales Manager of our Greensboro c e. Gerry 
Hoxsie, a California State Polytechni raduate 
is located in fast-moving Los Ange s as our 
Assistant Sales Manager there. Re Brown, a 
1964 Purdue University BSME prefer he "fun-
in-the-sun" of Miami, where he st es as a 
sales engineer. 

At Dunham-Bush you can practice choose 
your interest, name your own t. Write 
Dunham-Bush Inc., West Hartford, C mecticut 
06110 for full particulars. 

DUNHAM-BU H 
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ALUS-CHALMERS 

A unique 
combination 

of capabilities 
UNIQUE...  Because Al l is-Chalmers serves so many industr ies in so many vi tal  ways. 
No other manufacturer researches, develops, bui lds, markets, instal ls and services as 
many products and processes for as many special ized needs as does Al l is-Chalmers. 
Our unique combinat ion of capabi l i t ies serves al l  major industr ies including 
agricul ture, electr ic ut i l i ty,  mining, metals,  construct ion, cement,  chemical,  pulp and 
paper, food, mater ial  handl ing, general industry and aerospace. 

WHAT DOES THIS MEAN TO YOU? . .  .  Simply this:  I f  you want to work for a 
company with a broadly diversi f ied range of engineering opportunit ies .  .  .  with an 
on-the-job growth program . .  .  wi th an opportunity to cont inue your educat ion 
through a l iberal  tui t ion refund program . .  .  with industry 's most f lexible training 
program,send for a copy of our latest career booklet.  Expect a prompt reply.  

W R I T E :  C O L L E G E  R E L A T I O N S ,  A L L I S - C H A L M E R S ,  M I L W A U K E E ,  W I S C O N S I N ,  5 3 2 0 1  

A ALLIS-CHALMERS 
A N  E Q U A L  O P P O R T U N I T Y  E M P L O Y E R  

COLORADO ENGINEER—November, 1967 9 



What is there left for you to discover? 

Cyrus the Great, King of Persia, built a com­
munications system across his empire some 
six centuries before the Christian Era. On each 
of a series of towers he posted a strong-
voiced man with a megaphone. By the 17th 
century, even a giant megaphone built for 
England's King Charles II 
could project a man's voice 
no further than two miles. 
Charles II richly rewarded 
Admiral William Penn,father 
of the colonial Quaker, for 
developing a fast, compre­
hensive communications 
system — ship-to-ship by 
signal flags. 

We waited for the com­
bined theories of Maxwell, 
Hertz, Marconi and Morse before men could 
transmit their thoughts by wireless, though 
only in code. Only after Bell patented his 
telephone and DeForest designed his audion 
tube could men actually talk with each other 
long-distance. Today nations speak face-to-face 
via satellite. Laser-beam transmission is just 
around the corner. Yet man still needs better 

ways to communicate across internal1 

boundaries. 
In a world that has conquered distc 

in a world whose destiny could hinge 
seconds, man is totally dependent on 
means which carry his voice and thoug; 
is this means that we in Western Elec 
indeed the entire Bell System, have wor 

on together since 1882. 
Our specialty at Weste 

Electric is the manufact f 
and installation of depe 
able, low-cost communn 
tions systems for botf 
today and tomorrow. And u 
meet tomorrow's needs, we 
will need fresh new ideas 
Your ideas.Thereis still much 
for you to discover right 
here at Western Electric. 

Paths of Progress at W. E. for Engineers and Scientists: 
Applied Math & Computer Systems Manufacturing Engineering 
Manufacturing Research Plant Engineering 

& Development Industrial Engineering 
beneral Management Systems Equipment Engineering 
engineering Management Military Engineering 

Consider your future in communications. Get the details from our 
brochures. Then see your Placement Office and meet us on campus. 
oMnfoo0 ^ana9er Allege Relations, Western Electric Co., Room 

, - 222 Broadway, New York, N.Y. 10038.We are an equal opportunity 
employer with plants and service centers from coast to coast. 

Western Electric 
V^y MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM 
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DEAN'S COLUMN: 

OUTLOOK 
FOR THE 

COMING YEAR 
D E A N  M A X  S .  P E T E R S  

It is a pleasure to welcome all of 
our new freshmen and new transfer 

students, as well as our returning 
engineering students, to our campus 
for the 1967-68 school year. Accord­

ing to the official records released by 
the University, our undergraduate 
enrollment in Engineering is now 

1,773 students, which is an increase 
of 11% over last year; the total num­
ber of entering freshmen increased by 

24% over last year to 466 students. 

We have added a number of highly 
qualified new members to our en­
gineering faculty. Featured else­
where in this issue is a report on the 
new and visiting faculty in our Col­
lege. 

Mr. Richard Harpel has joined our 
staff as a full-time counselor, and we 
feel he will be a great help in im­

proving our counseling arrangements 
with our students. The Dean's office 

will be open every Saturday morning 

and Mr. Harpel will be available to 
students who wish to receive counsel­
ing advice at that time. His office 
will also continue to be open regularly 
throughout the rest of the school 
week. 

I am particularly pleased to see the 
increase in the number of women 
enrolled in Engineering this year, and 

1 hope that this trend will continue. 
Our Associated Engineering Students 
group is continuing its important 
activities under the leadership of Don 
Caldwell. This is your organization, 
and I hope all of our undergraduates 

will take part in the AES activities 
throughout the coming year. 

Our College is now well settled in 
the new Engineering Center. The 

pains of moving are essentially over, 
and we are able to concentrate on the 
appropriate development of our 

academic programs. It appears that 

the new arrangements with freshman 
mathematics and physics are working 
out satisfactorily, although we will 

be watching the developments in this 
program very carefully. As we strive 
to improve the over-all effectiveness 
of the engineering program, we are 
going to need input from our stu­
dents as to what areas of the pro­
gram might be improved. We hope, 
therefore, that all of our students 

will feel free to pass on any ideas 
they may have. 

I am delighted with the attitude 
and spirit I find among our engineer­
ing students and faculty. Let's all 

continue to work together to make 
this another noteworthy year in the 
forward progress of our College of 
Engineering. 

Dean 
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People 
dorft just work 

at 
Texas Instruments 

They make a career out of it. 
It's true. People do make a 

career out of Texas Instruments. 
And we plan it that way. 

Since World War II, TI has 
grown 200-fold to a $580-million 
billings level. Yet, with all this 
growth, it has not been necessary 
for us to go outside the company to 
fill a principal managerial position. 

You may be saying to yourself, 
"That's fine, but can TI keep grow­
ing at a rate that will offer me the 
same opportunities?" 

Our answer is yes. 
Yes, because we have set a new 

growth goal — to become a $3-bil-
lion company in the next decade. 

Yes, because one of our impor­
tant management responsibilities 

is to conduct the business in such 
a way that you retain your individ­
uality and can relate your own per­
sonal goals to those of the company. 

And finally, yes, because you'll 
find TI a different kind of com­
pany. Different in management 
philosophy. Different in organiza­
tional structure. Different in the 
way we seek and do business. 

We have a comprehensive bro­
chure which will show you some 
of the ways we are different, some 
of the reasons why we can offer you 
really exciting growth opportuni­
ties in a wide range of disciplines. 

Then, if you like what you read, 
we hope you'll fill out the resume 
attached to the last page and mail 

it to us. We welcome the oppor­
tunity to give you a comprehensive 
look at Texas Instruments and what 
we have to offer. 
Continuing planned growth in 
Research & Development, Mate­
rials, Components, Equipments and 
Systems, and Services. 

For  your  copy  of  th i s  comprehens ive  s tory  of  TI ,  
check  your  p lace­
ment  of f ice  or  
wr i te  J .W.  Tros-
te r .  P .  0 .  Bo* 
5474 ,  Dal las ,  
Texas  75222.  

An equal opportunity employer. 

TEXAS INSTRUMENTS 
I N C O R P O R A T E D  
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"It's possible that Celanese 
won't appeal to you." 

" Unless You're Ambitious, Flexible, Creative, Imaginative, e! 
I f  you  r ebe l  a t  t he  i dea  o f  be ing  d ropped  in to  a  p ro ­

f e s s iona l  s l o t ,  you ' r e  ou r  k ind  o f  pe r son .  
W e  ne ed  compe ten t ,  imag ina t i ve ,  f l ex ib l e  i nd iv id ­

ua l s .  B ecause  we ' r e  t ha t  k ind  o f  company .  W e  
e nc ou ra ge  ou r  peop l e  t o  t ake  r i sk s ,  t o  f i nd  nove l  — 
ev en  o f f - be a t — a ppr oa c he s  t o  
t e c hn i c a l ,  m anage r i a l  and  
mark e t i n g  p rob l em s .  We  
b e l i ev e  t h a t  on ly  a  bo ld ,  
c r ea t i ve  s t a f f  c an  con ­
t r i bu t e  t o  t he  c on t i nue d  
g rowth  o f  a  co rpo ra t i on  
t ha t  i s  a l r e ady  bo ld  and  
c r ea t i ve .  

Maybe  t ha t ' s  why  Chemica l  Week  
maga z i ne ,  i n  awa rd ing  u s  t he  Ki rk -
pa t r i ck  Award  fo r  Managemen t  
A ch i eveme n t ,  t i t l e d  t he  a r t i ­
c l e  "Po r t r a i t  o f  aWin  
ne r . "  And  wro t e  
"Keys  t o  Ce l anese  
Corpo ra t i on ' s  v i c ­
t o ry :  an  a l e r t ,  a g ­
g re s s ive  manage -
men t t eam,exp l i c i t  
p l ann ing  and  we l l -
de f i ne d  ro l e s . "  

I f  you  have  a  p ro f e s s iona l  d eg ree  
chemica l ,  mechan i ca l  o r  i ndus t r i a l  e  
p h y s i c s  o r  marke t i ng ,  Ce l anese  ha s  a  lo t  

F r ank ly ,  w e  a l so  expe  
t he  r ewards  a r e  ba sed  

ance .  No t  o n  how o l  
how lo n g  you ' ve  b ee r  

_  t he  s am e  token ,  we  ,  
f o rma l  t r a i n ing  p ro  
do  have  a  ve ry  d r  

i n  g iv ing  you  a s  m 
s ib i l i t y ,  and  in  p  

a long  j u s t  a s  
a s  you  ca t  

I f  t h i s  
good  t o  ,< 
u s  w i th  /  
and  p l a •  
f i c e r .  A ;  

r ep r e sen t  
he  i s  o n  yc  

Or  wr i t e  t o  
Kuhn ,  Manage r  o f  Un ive r s  
men t ,  Ce l anese  C orpon  
F i f t h  Avenue ,  New York ,  N .  

he mi s t r y ,  
i n ee r i ng ,  
o f f e r  you .  
a  lo t .  Bu t  

p e r fo rm -
you  a r e  o r  
w i th  u s .  By  

no t  have  
ams .  We  

in t e r e s t  
r e s p o n ­

d ing  you  
s t  a nd  f a r  
o .  
s o u n d s  

d i s cus s  
r  f a cu l t y  

men t  o f -
s ee  ou r  

i ve  when  
• c ampus .  
J o h n  B .  
R ec ru i t -
on ,  522  

/ .  10036 .  

a n  e q u a l  o p p o r t u n i t y  e m p l o y e r  

e. 
CELANESE 
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SCIENCE, 
TECHNOLOGY 
AND THE 
ATLANTIC CABLE 

PROF. HAROLD SHARLIN 

On April 13, 1967 Professor Harold 
Sharlin, professor of History at Iowa 
State University, spoke at the Univer­
sity of Colorado under the sponsor­
ship of the Department of Engineer­
ing Design and Economic Evaluation. 
His speech, part of his forthcoming 
book, Dynamical Victorian: Sir Wil­
liam Thomson, F. R. S., is presented 
below. 

I he differences between a scien­
tist, an engineer and an inventor, 
such as we know them now, are quite 
evident in a case study of the history 
of the laying of the Atlantic Cable. 
Ihe differences between the men, 
their personalties, their responsibili­
ties and their contributions will be 
evident in a discussion of the jobs 
involved. 

I'd like to start with a description 
which appeared in the London Times 
of an event which took place in June, 

1858. Her Majesty's ship, the Agamem­
non, was supposed to rendezvous 
in the middle of the Atlantic with 
the U.S.S. Niagara for the begin­
ning of the laying of the Atlantic 
Cable. And the Times correspondent 
reported the drama. 

At 10 o'clock the Agamemnon was 
rolling and labouring fearfully, with 
the sky getting darker and both wind 
and sea increasing every minute. At 
about half past ten o'clock three or four 
gigantic waves were seen approaching 
the ship, coming slowly on through the 
mist nearer and nearer, rolling on like 
hills of green water with a crown of 
foam that seemed to double their 
height. The Agamemnon rose heavily 
to the first, and then went down 
quickly into the deep trough of the 
sea, falling over as she did so. so as 
to almost capsize completely on the 
port side. There was a fearful crash­
ing as she lay over this way, for every­
thing broke adrift, whether secured or 
not, and the uproar and confusion 
were terrific for a minute; then back 
she came again on the starboard beam 
in the same manner, only quicker, and 
still deeper than before. Again there 
was the same noise and crashing, and 
the officers in the ward-room, who 

knew the danger of the ship, struggled 
to their feet and opened the door 
leading to the main deck. Here, for an 
instant, the scene almost defies de­
scription. Amid loud shouts and efforts 
to save themselves, a confused mass 
of sailors, boys, and marines, with deck 
buckets, ropes, ladders, and everything 
that could get loose, and which had 
fallen back again to the port side, 
were being hurled again in a mass 
across the ship to starboard. 
Then the climax: 
Dimly, and only for an instant, could 
this be seen, with groups of men 
clinging to the beams with all of their 
might, with a mass of water, which 
had forced its way through ports and 
decks surging about; and then, with a 
tremendous crash, as the ship fell still 
deeper over, the coals stowed on the 
main deck broke loose, and smashing 
everything before them, went over 
among the rest, to leeward. 

The only reason why I describe 
this, is I am trying to imagine what 
was going on in the mind of a young 
professor of Natural Philosophy at 
the University of Glasgow. He was 
aboard that ship on the cable laying 

(Continued on page 18) 
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If you want a career with the only 
big computer company that makes 
retail data systems complete 
from sales registers to computers, 
where would you go? 

Guess again. 
It's NCR, and this is not the only surprise you may get if 

you take a closer look at NCR. 
We're a company alive with new ideas, research, de­

velopment. A year never passes without NCR increasing its 
investment in research. We have hundreds of engineers, 
chemists, and physicists exploring their own ideas for the 
company that's willing to wait and let them do it. 

Take a closer look and you'll see that NCR makes com­
puters, electronic accounting systems, highly sophisticated 
solid-state communications systems for space and defense 
applications, and you'll see that even our good old cash reg­
isters have become advanced information machines for 
businessmen. 

In a list of "emerging ideas of 1966," Business Manage­
ment magazine credits NCR with two out of seven: pioneer­
ing in laser technology for recording data, and development 
of our new PCMI microform system that puts the Bible on 
a projector slide. 

When you start looking, look closely at NCR. NCR can sur­
prise you; maybe you have some surprises for us. Write to 
T. F. Wade, Executive and Professional Placement, NCR, 
Dayton, Ohio 45409. 

An Equal Opportunity Employer. 
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Depends on the giant. Actually, some giants are just regular 
kinds of guys. Except bigger. 

And that can be an advantage. 
How? Well, take Ford Motor Company. We're a giant 

in an exciting and vital business. We tackle big problems. 
Needing big solutions. Better ideas. And that's where you 
come in. Because it all adds up to a real opportunity for young 
engineering graduates like yourself at Ford Motor Company. 

Come to work for us and you'll be a member of a select 
College Graduate Program. As a member of this program, 
you won't be just another "trainee" playing around with 
"make work" assignments. 

You'll handle important projects that you'll frequently 
follow from concept to production. Projects vital to Ford. 
And you'll bear a heavy degree of responsibility for their 
success. 

You may handle as many as 3 different assignments in 
your first two years. Tackle diverse problems. Like figuring 
how high a lobe on a cam should be in order to yield a certain 
compression ratio. How to stop cab vibration in semi-trailer 
trucks. How to control exhaust emmission. 

Soon you'll start thinking like a giant. You'll grow bigger 
because you've got more going for you. 

A network of computers to put confusing facts and 
figures into perspective. 

Complete testing facilities to prove out better ideas. 
And at Ford Motor Company, your better ideas won't 

get axed because of a lack of funds. (A giant doesn't carry a 
midget's wallet, you know.) 

Special programs. Diverse meaningful assignments. Full 
responsibility. The opportunity to follow through. The best 
facilities. The funds to do a job right. No wonder 87% of the 
engineers who start with Ford are here 10 years later. 

If you're an engineer with better ideas, and you'd like 
to do your engineering with the top men in the field, see the 
man from Ford when he visits your campus. Or send your 
resume to Ford Motor Company, College Recruiting De­
partment. 

You and Ford can grow bigger together. 

THE AMERICAN ROAD, DEARBORN, MICHIGAN 
AN EQUAL OPPORTUNITY EMPLOYER. 

What's it like 
to engineer 
for a giant? 

Rather enlarging! 
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. . . how much technology 

depends upon science and how 

much science on technology. . . 

(Continued from page 15) 

expedition. And I imagine that he, on 
more than one occasion, as the ship 
pitched from side to side, when every­
one thought that they were lost, 
wondered what lie was doing there. 
Part of my question is just that. I am 
not so much worried about the storm, 
as I am interested in why one of the 
foremost scientists of the nineteenth 
century, William Thomson, who 
was later to become Lord Kelvin, was 
aboard this ship. 

T urn ing  Po i n t  i n  Thomson ' s  L i f e  

You might say that he was there 
by a chain of events which began in 
1851 when he first became interested 
in electrical questions and electrical 
questions which dealt with submarine 
telegraph cables. I think though that 
it is significant that Thomson was, 
and believed himself always to be, a 
theoretician, a mathematical scientist, 
and yet should be aboard this ship 
involved in the very practical and 
dangerous business of the laying of 
the Atlantic Cable. 

Now I am interested in the rela­
tionship between science and tech­
nology. I am interested in the inven­
tor, the engineer, and the scientist. 
To many, this seems to be an obvious 
relation. We all know that this rela­
tionship exists between science and 
technology, but do we know what the 
relationship is? Do we know whether 
it is an interrelationship? Do we know 
how much technology depends upon 
science and how much science on 
technology? We are mistaken, I think, 
when we have a belief that this rela­
tionship is automatic. In the age of 
miracles, we think that once a scienti­
fic discovery has been made, this must 

and almost immediately will lead to 
some kind of technological improve­
ment. Yet I think that the distinction 
is important. It is not important in 
order to separate men. I think it is 
important because it enhances our 
understanding of what these two 
types of enterprises are, science and 
technology. 

For the time being, I would say 
and I am saying for the time being, 
this is my definition before we 
go into the more detailed discussion 
of the Atlantic Cable: the technolo­
gist or inventor is an imaginative 
modifer of a device or of devices. For 
the scientist, a device, a technological 
device, is a specific example, a crea­
tion of what he believes is a general 
scientific theory. Many scientists 
learn the hard way that you cannot 
convert easily; it is not a matter of 
going downhill. 

T echno logy  Invo lve s  Dec i s i ons  

M hat is involved in technology is 
something which scientists are not 
tiained for and are not accustomed 
to - decisions. A scientist will deal 
with theories; he will debate the vali­
dity of one theory verses another. 
I lie debate can be hot; it can be 

long. He can be very involved, but 
there is not a decision which must be 
made on this basis of the theory un­
less it becomes applied to technology. 
When it comes to something like the 
laying of the Atlantic Cable, you must 
decide the type of cable, the type of 
brake, the type of instruments which 
are going to be used. And it can't be 
possibilities, you must choose one 
device or the other. 

And I think another thing which 
the scientist does not have to face, 

which is the technologist's must, is 
time. For a technologist and for an 
engineer, it is truly correct that time 
is money and if you can't finish the 
project within a reasonable time, the 
investment is lost, the whole reason 
for the project is lost. Whereas i 
scientist can wait a decade, a gene: 
tion, for a theory to be demonstrae 

William Thomson's interest 
electricity, and in particular in 
Atlantic Cable, began with his inn 
est in the study of heat. At the age 
sixteen he was introduced to Fourie 
analysis of the flow of heat. He 
came fascinated; he became enamo: 
—it became for him a studs that h 
interest for the rest of his life: Four 
ier's analysis in its mathematics u 
in its implications. 

By 1850, Thomson was broader 
ing his study, his interest in heat, 
he was talking about a homogenc 
infinite solid which has been sudd 
heated. Now obviously, this is a th 
retical question since there is no -
thing as a homogeneous or an infii 
solid that can be suddenly he; 
throughout. He then began to a; 
this to problems of electricity and 
can see that what he was dealing v. i 
was the analogy of flow of electn. 
and flow of heat. In 1850, he wrc 
paper which was not published th 
but was in his notebooks and v 
published later. The title of the pap 
is forbidding, that is, it is forbidding 
long. I think it sounds like a Ph.D. 
thesis, but it is very descriptive. I 
think that after you have read the 
title you virtually don't have to read 
the paper. The title was: "Compen­
dium of the Fourier Mathematics for 
the Conduction of Heat in Solids and 
the Mathematically Allied Physical 
Subjects of the Diffusion of Fluids and 
T ransmission of Electric Signals 
Through Submarine Cables." 

Beg inn ing  o f  B r i t a i n ' s  Submar ine  
C ab l e  

The interest in submarine cables. 
I think, is normal because this is the 
beginning of Britain's attempts of 
laying submarine cables across the 
channel to France and across the other 
channel to Ireland. But now, he 
(Thomson) is beginning to broaden 
his question from a scientific point of 
view; he is not interested in the lay­
ing of the cables themselves, but he 
is associating Fourier with these elec­
trical questions. 

1 8  
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In 1855, lie gave a paper to the 
Royal Society which was a lot more 
specific and brief. It was simply 
called: "On the Theory of the Elec­
tric Telegraph." He was by then 
interested in a more specific problem 
than Fourier's solids and electricity. 

He became interested in this prob­
lem of telegraphy through his friend 
and correspondent, G. G. Stokes, at 
Cambridge, who had written him a 
letter in October 1854. Now I said 
at the beginning that Thomson had 
seemed to be on the Agamemnon by 
chance and I am trying to show you 
where there is chance involved, but 
at the same time there is every good 
reason for this development. One of 
the chances, you might say, is this 
letter from Stokes. Stokes said that 
he had been working on a prob­
lem of the delay time in tele­
graph lines. This was a current de­
bate in Britain—Faraday was involved 
in it—because they had begun to talk 
about the possibility of an Atlantic 
telegraph. And Stokes asked Thom­
son if his (Stokes') explanation was 
correct, knowing that Thomson was 
familiar and interested in these types 
of questions. Thomson's answer was 
in the form of a sixteen-page letter 
which grew into another long letter 
and eventually, at Stokes' insistence, 
Avas published under the title, "On 
The Theory of the Electric Tele­
graph." 

Adaption of Hypothetical Questions 
to Practical Considerations 

He had arrived at an equation for 
the electrical excitation in a sub­
marine telegraph wire, perfectly in­
sulated by gutta perclia (which is an 
insulation medium). Again, this is a 
hypothetical problem because he is 
talking about perfect insulation, and 
the equation which he arrived at Avas 
unsolved. But he noted, and this is not 
surprising, that this equation agreed 
with Fourier's equation of the linear 
motion of heat in a solid conductor. 
I homson, as I said, was ahvays go­
ing back to Fourier and he 
found this an extremely fruitful start-
ing point. So the solution to this un-
solvable equation was found in Four­
ier and, as Thomson noted, it Avas 
adaptable to practical questions re­
garding the use of telegraph Avire be­
cause, as Thomson saw it, this ques­
tion of the sudden application of 
heat to a solid, and the dispersion of 
this heat through the solid, was ana­

logous to the spurt of electricity which 
goes into a wire Avhen you close the 
contact by telegraph key. 

The questions Thomson was talk­
ing about were the retardation 
of telegraph signals as they went 
through a long wire. And according 
to his solution, this retardation was 
equal to the distance squared. What 
that meant in practical terms was that 
the Atlantic Cable Avould have been 
four times as long as the longest 
submarine telegraph wire in opera­
tion at that time. Therefore, it would 
liaAe taken sixteen times as long for 
signals to travel through the Atlantic 
Cable as through any other cable. 

To Thomson, this presents a seri­
ous problem, because speed obviously 
is essential in telegraph transmission; 
it is money. The more messages trans-
milted in twenty-four hours, the more 
income for the telegraph. But 
Thomson said at the end of this 
article that he was sure that the At­
lantic telegraph would succeed, as all 
one had to do was take into account 
the problem of retardation and do 
something about it. 

St-okes Agreed with Thomson 

Stokes agreed with Thomson's 
work and had, in fact, solved the 
problem from another approach, be­
sides Fourier, and come to the same 
mathematical solution. Stokes con­
gratulated Thomson for clarifying the 
mode of transfer by comparing light, 
heat, and electrical transmission. 

We have then, the picture 
of the scientist, step by step, becoming 
involved in questions of submarine 
telegraphs. Because it is an interesting 
hypothetical question, it is associated 
with his own study and the question 

of submarine telegraph is very much 
in the public mind. 

There is another man who Avas in­
terested in the submarine telegraph, 
E. O. Wildman Whitehouse. White-
house was a physician who was self-
taught in telegraphy. Wildman was a 
man Avho did not know about some 
of the more obtuse problems in elec­
trical telegraphy. He had not read 
all of the papers but he did know 
about telegraphy. 

The Advantages of Ignorance 

You could compare him with a 
Avhole host of successful inventors who 
were self-taught. In this case, ignor­
ance Avas an advantage. He didn't 
knoAv it couldn't be done, and he Avas 
not bound by the old ways and by 
the old traditions—he did not folloAV 
the same ruts, the same paths. His 
enthusiasm was one of the reasons 
for the founding of the Atlantic Tele­
graph Company by Cyrus Field, AVIIO 
had consulted with Morse in the 
United States and Whitehouse in 
England. Both of them were enthusi­
astic. Whitehouse was certain, not 
only that the Atlantic Telegraph 
Cable could be laid, but also it could 
be laid then with the technology in its 
existing state slightly modified, and 
coidd be a success. Morse had said the 
same thing. 

Field did not consult Thomson 
nor did he consult any of the scienti­
fic community. Why? Was this a 
short-sightedness or stubbornness on 
Field's part? Why didn't he get all 
of the information that was avail­
able? Why did he not consult with 
the scientists? Thomson Avas Avell-
known and certainly must have been 

(Continued on page 22) 

. . .  h e  w a s  n o t  b o u n d  

by the old ways and 

by the old traditions . . . 
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For: 
Masters, 
Engineer 
and 
Doctoral 
Degrees 

In the 
fields of: 
Electrical 
Engineering, 
Aerospace 
Engineering, 
Mechanical 
Engineering, 
Physics and 
Mathematics 

Benefits include: 
Educational stipend, 
dependent allowance, 
all academic expenses, 
professional salary, 
employee benefits and 
travel allowance. Value of 
these ranges from 
approximately $7,500 
to $ 12,000 annually. 

Be one of the more than a hundred students [~" 
to win this outstanding opportunity. You will 
study at a prominent university through the 
Hughes Fellowship Program. Work-study and 
full-study academic year plans are offered. 
You will gain professional experience with full-
time summer assignments in Hughes research 
and development laboratories. You may take 
advantage of a variety of assignments through 
planned rotation. 

Requirements: B.S. degree for Masters Fellow­
ships; M.S. degree for Engineer and Doctoral 
Fellowships; U.S. citizenship; grade point aver­
age of 3.0 or better out of a possible 4.0; 
selection by Hughes Fellowship Committee. 

For additional information, complete and air­
mail form to: 

Dr. Arnold M. Small, Director, Scientific Edu­
cation, Hughes Air- ( , 
craft Company, P.O. 
Box 90515, Los An­
geles, Calif. 90009. 

An equal opportunity employer— M & F L. 

HUGHES| 
1 i 
H U G H E S  A I R C R A F T  C O M P A N Y  

Dr. Arnold M. Small, Hughes Aircraft Company 
P.O. Box 90515, Los Angeles, Calif. 90009 
Please send me information about Hughes Fellowships. 

Name (printed): 

Address 

City state Zip 

I am interested in obtaining; • Masters • Engineer • Doctoral 

degree in the field of 

I have (or expect) a Bachelors degree in 

by 

(Field) 

(Mo., Yr.) 

from 

GPA is 

(Institution) 

out of possible 

Also have (or expect) Masters degree in 

by 

(Field) 

(Mo., Yr.) 

from 

GPA is 

(Institution) 

out of possible 

U.S. CITIZENSHIP IS REQUIRED 
I 
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A multitude of careers, in fact. And we'd like 
to discuss them with you. So you'll have a bet­
ter idea of what a Bell System engineering 
career is all about, we'd like to send you a 
copy of "Communications—a challenging 
future for you." 

Then later a member of the Bell System Re­

cruiting team will get in touch with you to talk 
about the whys, whats and wherefores of a 
Bell System engineering career. 

Send to: College Employment Supervisor, 
American Telephone and Telegraph Co., 195 
B r o a d w a y ,  R o o m  2 1 1 6 A ,  N e w A T  

York, New York 10007. [ML) AI&I 
and Associated Compares 

NAME 

MAJOR COLLEGE 

PHONE NO. PREFERRED LOCATION U.S.A. 

i _r_i 

THIS IS A CAREER 
DISGUISED 

AS A COUPON 



(Continued from page 19) 

known to Field. I think there are 
several reasons. 

First of all, Field might have be­
lieved (and maybe he was right) 
that he would have been unable to 
understand anything that a scientist 
could have told him. It was practical 
men, self-taught men, like Morse and 
Whitehouse, who talked Field's lan­
guage. Resides, these were practical 
men who had been successful, and 
why talk to a theoretician who had 
never really had any practical suc­
cess? Field's decision not to consult 
with scientists was based on the idea 
that there are no new principles in­
volved in the Atlantic Telegraph; it 
was nothing more than an extension 
of all other submarine telegraphs. 
One needed only to make slight ad­
justments in order to make the Atlan­
tic Telegraph work. Thomson had 
insisted that it was a different case; 
that the distance-squared phenomena 
made it a different case. But Field. 
Whitehouse and Morse and many of 
the other practical men in the com­
munity, did not think there were new 
principles involved. 

Field Wanted a Profitable 
Enterprise 

Remember also that Field was 
interested in an enterprise which 
would be profitable; therefore, 
it needed to be successful, of course, 
but at the lowest possible cost. I 
would call this phenomena "the shav­
ing of costs by blundering through." 
That is, do not worry about the ideal 
situation, but use what you know and 
go ahead on the assumption that you 
will make mistakes, but the mistakes 
will not be fatal, not stop you. You 

will have to make certain adjust­
ments, but in the end, by blundeiing 
through, the end product will be 
cheaper than if you had taken the 
ideal, as Thomson wanted. And 
after all, the ideal is usually the 
most costly—not in the long run but 
in the short run. Since Field wanted 
to shave costs, it was probably wise 
of him not to consult with the theoret­
icians. I might add now that 1 hom-
son was consulted, but only after 
there had been several attempts to 
lay the Atlantic Cable which had 
failed. 

Disagreement on Retardation Effect 

Thomson and Whitehouse ex­
changed a series of letters in the 
Athenaeum, a British journal of 
opinion (these letters were pub­
lished in 1856). The disagree­
ment was over Thomson's theory 
that the retardation was equal 
to the square of the distance. White-
house insisted that he had conducted 
experiments and had found no such 
retardation. Thomson said that he 
did not disagree with the conduction 
of the experiment or the results, but 
he did disagree with the interpreta­
tion. He said that the problem was 
that retardation, due to distance, 
is not detectable or discernable until 
a very long distance, like 2,000 miles, 
is involved. Thomson said you may 
not be able to discover it in ten or one-
hundred miles but he was certain of 
the theory and he said so unequivo­
cally in the letter to the Athenaeum. 
But then he added that like every 
theory, this theory of retardation was 
merely a combination of established 
truths. Now 1 am not sure why he was 
so cautious or why he qualified his re­
mark. One might say obviously every 

. . . there were no 

new principles involved 

in the Atlantic Telegraph . . 

99 

theory is a combination of established 
truths, but it seemed a qualification 
or a reservation which was unneces­
sary. 

Thomson still felt and believed 
that he was practicalh concerned 
about the Atlantic Cable He said at 
the end of this letter to the Athen­
aeum: "Capitalists ought to require 
a very matter-of-fact pro >1 of the at­
tainability of a sufficient apidity on 
the communication of act il messages, 
by whatever cable m. be pro­
posed, before sinking large an 
amount of property in Vtlantic." 
That always gave peo] something 
to think about because te Atlantic 
was not only 2,000 mile tde, it was 
two miles deep at some pots. 

Cyrus Field, an Aim an entre­
preneur, a businessman as so suc­
cessful that he retired lite age of 
50 and when the idea cable was 
conceived in 1855, Fic <i was 55. 
In 1856, Field came to Titain and 
formed a company, the \il ntic Tele­
graph Company, with tin nen: John 
Brett, Charles Bright an >. Wilcl-
man Whitehouse. Bot Brett and 
Bright had experience- i • ibmarine 
cables—Brett, in a cabh <» France, 
and Bright, in a cable Ireland. 
Whitehouse had the eh al know­
ledge that was neces lor the 
operation of this cable. 1 obtained 
subsidies from both t \merican 
government and the Br .o govern­
ment which were depend.! upon the 
successful laying of the < Tie. Both 
countries also agreed t< :l surveys 
of the ocean bottom. A \<T\ careful 
survey of the Atlantic was clone sev­
eral times and the telegraph shelf was 
found which was ideal foi the laying 
of the Cable. It was a sane I \ even bot­
tom, not too deep. 

The First Attempt to Lay the Cab le  

In 1857 the first ships went to sea 
to attempt to lay the Atlantic Cable. 
Field formed this company in the Fall 
of '56, the cable ships went to sea in 
June of '57, because as he saw it. 
this was an enterprise which requited 
a quick return, and a good return. 
It was a very risky business. T he 
people who put their money into it 
were doing it for a fast big return so 
Field rushed into the enterprise. I e 

had chosen a small copper concluctoi 
because both Whitehouse and Moise 
had approved. Neither Bright, w to 
was the engineer-in-charge of the ex 
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. . . the question of 

decisions on 

untried projects . . . 

pedition, nor Thomson, who had 
written on the size of the cable, had 
been consulted. As a matter of fact, 
Bright wrote a letter to the executives 
of the Atlantic Telegraph Company 
urging a one-year delay because he 
said there were problems involved; 
nautical, mechanical, and electrical 
problems which were so unusual that 
it would require a year's experience 
before the expedition should be at­
tempted. But he was overruled and 
the expedition sailed. 

This brings us to the question of 
decisions on untried projects. How do 
they come about? How are the de­
cisions made? Of course, in any pro­
ject the question is cost vs. revenue. 
The Atlantic Cable was a large in­
vestment; the revenue tvas also ex­
pected to be large. The question of 
failure has to come into this, but as 
far as the entrepreneurs were con­
cerned, the idea of failure was ruled 
out. They were going to succeed. 
What they did consider was the idea 
of misstep, that is, not succeeding the 
first time. Of course, they all knew 
that eventually the Atlantic Cable 
would be successful. But the question 
of a misstep meant the increase in 
cost. If a telegraph fails on land, one 
can mend it if there is a flaw. If you 
loose a thousand miles of cable in 
2,000 fathoms of water, you have to 
start over again. 

The Engineering Question of 
Balance 

So the issue, and this is an engi­
neering decision, comes between 
balancing, for the Atlantic Cable, 
nautical considerations, mechanical 
considerations, and electrical consid­
erations. And you have to balance 
them. The nautical considerations 
are concerned with the conditions of 
the sea; you can only go on these ex­
peditions certain times of the year. 
(Incidentally, the Agamemnon was in 
one of the worst storms ever described 
in the Atlantic and it was at sea at 
the time when there was least prob­
ability of the storm.) And, in addi­
tion to the condition of the sea, as a 
nautical problem, there is maneuver­
ability of the ship. This was a cable 
laying expedition and it was a floating 
one; the platform is the ship and the 
captain's cooperation with the engi­
neer was essential. 

Add to this the mechanical prob­
lems. The paying out of the cable 
from the ship had been the most dif­

ficult task in previous submarine 
cable projects. In the Atlantic Cable 
there was to be over two miles of cable 
hanging between the stern of the ship 
and the bottom. To manage this 
weight, the braking mechanism would 
have to be improved over anything 
used up until that time. The brakes 
would have to be rugged to withstand 
the tension and at the same time 
easily adjusted to compensate for the 
change in pull due to the pitching 
of the ship. If the brake payed out 
too fast, miles of the cable would be 
wasted in coils on the bottom. Should 
the brake be too tight, the cable 
would snap under the tension. The 
parting of the cable in 2,000 fathoms 
of water was to be the constant night­
mare of those connected with the 
Atlantic Cable. There were also the 
electrical considerations of conduc­
tion in the cable and the speed of 
transmission of the signals. 

Debate Flourished on How to Do It 

In 1857, there was a dispute be­
tween the mechanical and the electri­
cal conditions. Bright wanted to be­
gin the expedition in mid-ocean, the 
two ships splicing the cable and start­
ing in opposite directions. This would 
take half the time and it would also 
assure rendezvous and avoid some of 
the nautical problems. Whitehouse 
wanted the cable begun in Ireland 
and laid out by one ship. After this 
ship had laid all of its cable, the splice 
would be made in mid-Atlantic, and 
the other ship would continue. This 
would not only take twice as long, but 
also the splice would have to be made 
after the cable had been laid. Bright 
was very much annoyed that the di­
rectors of the company accepted 
"Whitehouse's decision and he wrote a 

rather bitter letter in which he com­
plained about the electrical problems. 
Whitehouse wanted the cable begun 
in Ireland because he wanted the 
electrical communication with the 
base to be continuous. If they began 
in mid-ocean, nobody on shore would 
know anything about the electrical 
communication. Bright wrote to the 
directors that the electrical prob­
lem "must have existed from 
the first, and it is peculiarly em­
barrassing to me that the discussion 
of its importance—as compared with 
the other conditions necessary to suc­
cess—should have been deferred until 
a fortnight previous to our departure, 
when we are under so great a pres­
sure for time, if the undertaking is to 
be carried out this year." 

The 1857 attempt was a failure: 
the brake was the problem. The ship 
lurched; the cable parted and dis­
appeared into the Atlantic. The 
whole venture of '57 was a failure. 

Immediately after the Cable laying, 
Whitehouse, Morse and William 
Thomson wrote a letter in which 
they endorsed the Cable as being 
feasible electrically. The problems 
seemed to be in the brake and a whole 
corps of engineers devoted the next 
six months to designing an improved 
brake. Thomson also said that the 
problem was in the telegraph re­
ceiver; because of retardation, a very-
sensitive receiver was necessary. He 
made an application to the Company 
to improve their receiver but he was 
overruled. 

Thomson's Mirror Galvanometer 

In 1858, Thomson patented a mir­
ror galvanometer which was an un-

(Continued on page 26) 
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How would you fit into DuPont's Project 

You are the only person who can answer 
that question. 

To do it, you should know as much as possible about 
the 150 new plant units Du Pont has built since 
the end of World War II. You'd then choose from one of 
the many lively fields of interest at Du Pont: 
design, construction, production, marketing, research 
and process improvement (to name just a few). 

Involvement starts the day you join. There is no 
training period. You go into responsible work right away. 
Your professional development is stimulated by 
real problems and by opportunities to continue your 
academic studies under a tuition refund program. 

You work in small groups where individual 
contributions are quickly noted and appreciated. 

The work is significant, and of benefit to society. 
You're part of the most exciting technical environment 
available today and tomorrow, and facilities and 
associates are the best. 

How could you fit in? Why not sign up for a chat with 
a Du Pont interviewer and find out? The coupon will 
also bring you more information about us. 

Finally, what is Project X? 
We don't know yet. Could be we're 
waiting for you to tell us. 

cMPOIffi 

E. I. du Pont de Nemours & Co. (Inc.) 
Nemours Building 2500-2 
Wilmington, Delaware 19898 
Please send me the Du Pont Magazine along with 
the other magazines I have checked below. 

• Chemical Engineers at Du Pont 
D Mechanical Engineers at Du Pont 
• Engineers at Du Pont 
L Du Pont and the College Graduate 
Name 
Class -Major- -Degree expected 

College 

My address-

City -State _Zip Code 
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These U.S. Air Force officers are 
getting what they want out of life. 

You can be one of them. 

What are they doing? They are 
performing a job of importance. 
Hour after hour. Year after year. 
Many of them will serve for 20 or 
more years. The fruitful part of a 
man's life. 

Will yours be fruitful and creative? 
Or just spent? 
You're going to college to do some­

thing constructive, important. And 
you can be sure of it, in the U. S. Air 
Force. 

Start now in the Air Force ROTC 
program on your campus. Your Pro­
fessor of Aerospace Studies will 
explain the variety of career opportu­
nities. Pilot. Navigator. Engineering. 
Science. Administration. 

If you get in on it, you get paid to 
be part of the most exciting techno­
logical breakthroughs of all time. 
You'll become a leader, an officer 
in one of America's most vital organi­
zations...the U. S. Air Force. 

You can be part of the Aerospace 
Age when things are most exciting... 
at the beginning. While you serve 
your country, the whole universe will 
open up to you. 

There's a 2-year Air Force ROTC 
program, and the 4-year program 
has new attractive financial assist­
ance provisions. 

Lots of men waste their working 
years. But you don't have to be one 
of them. 

UNITED STATES AIR FORCE 
Box A, Dept. OEC 710 
Randolph Air Force Base, Texas 78148 

NAME 
(please print) 

COLLEGE CLASS 

ADDRESS 

CITY STATE ZIP 
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usaully sensitive telegraph receiver. 
He wanted this to be used in the At­
lantic Cable. He applied to the Com­
pany directors for 2,000 pounds ster­
ling to underwrite the manufacture 
and the research on the galvanometer. 
He received a letter back saying: 
"The directors, having regard to the 
reports and observations of Mr. 
Whitehouse, and particularly to the 
financial state of the Co.. are of the 
opinion that it would not be expedi­
ent to advance so large a sume under 
present circumstances." The Direc­
tors did promise Thomson 500 
pounds later for the development of 
the device. 

The Second Attempt Succeeds— 
of Sorts 

In 1858, the second attempt to lay 
the Atlantic Cable was a mechanical 
success; that is, they succeeded in 
getting the wire from one end to the 
other. But they were beset at the be­
ginning with electrical problems—the 

insulation seemed to be bad in several 
spots. Whitehouse now became des-
parate; his instrument, his invention 
was at stake. He started experiment­
ing with raising the voltage in the 
Cable, something which Thomson had 
warned him against. At one time, 
Whitehouse had applied 2,000 volts 
to the Cable in order to get, as he 
thought, enough current through to 
operate his instrument. He also un-
derran, that is, raised the Cable, in 
order to try to find the flaws so that 
he could repair it. This last act was 
against the explicit instructions of the 
Company and he was fired. That fall, 
the cable went dead, possibly because 
the 2,000 volts applied to it, probably 
because it would have failed anyway 
because it was poorly constructed 
electrically. 

In 1863, the company asked for and 
received something called "Report of 
the Scientific Committee Appointed 
to Consider the Best Form of Cable 
for Submersion Between Europe and 
America." One of the group of 

scientific advisors on this committee 
was William Thomson. So the com­
pany in 1863, after first a mechanical 
failure, then an electrical failure, had 
decided that perhaps new principles 
were involved and perhaps scientists 
would have to be consulted. 

Thomson Finally Wins Out 

The rest of the story is limost an 
anticlimax. The Company greed to 
the changes made by this < nmittee; 
they agreed to every one < Thom­
son's suggestions as to the si/c of the 
wire, the conductivity of t copper, 
and the use of his mirror Ivanom-
eter. In 1865, the Great stern, a 
ship large enough to carr\ e whole 
Cable, set out and lost th Able. It 
broke after 1200 miles. Bin w they 
were sure of success. In ' on an­
other expedition, they laid . cable, 
went back and picked up i broken 
piece of the other cable in 2,000 
fathoms of water, spliced nid had 
two cables operating, efficiently, 
economically, and profitable 

STRENGTH 
One of the outstanding properties 
of Malleable Iron Castings 
One of the first considerations in design­
ing a metal part is its strength to perform 
a given function. 

In most instances, the second question 
is always how to provide the necessary 
strength . . .  at the lowest possible fin­
ished cost. On both counts, Malleable 
iron castings offer exceptional advan­
tages. Here is why: 

Malleable castings are available in two 
general types (ferritic and pearlitic) and 

in 9 ASTM grades that range in tensile 
strength from 50,000 to 100,000 PSI. 
Tensile strength figures represent the 

load atwhich materialsfail. Yield strength 

and fatigue strength are amongthe more 
important engineering yardsticks. 

Yield strength represents the point at 

which materials exceed the elastic limit. 

Fatigue strength is the greatest stress 
which can be sustained when the load is 
applied repeatedly. As indicated by the 

table below, Malleable has an advantage 
over steel in fatigue strength and yield 

strength when grades of identical tensile 
strength are compared. 

TENSILE YIELD FATIGUE 

1020 Steel 75,000 PSI 48,000 PSI 34,000 PSI 
50007 Pearlitic 75,000 PSI 50,000 PSI 37,000 PSI 
Malleable Iron 

Strength and Cost — Malleable iron has 
been described as providing more strengh 

per dollar than any other metal. There 

are many factors which contribute to this 

reputation. Malleable can be c; 
to finish shape, thereby reducir iim-
inating machining operations. W ma­
chining must be done can be .om-
plished quickly because Mallear 

the most easily machined of all f 
metals of comparable hardness. 

This is a pearlitic Malleable iron universal 

joint yoke for an automobile. Subjected 

to repeated torque as the car reverses, 
speeds up and slows down, these high 

strength parts have an enviable record 

for reliability and service. One automaker 

reports no warranty claims on this part 

for the past seven years! 

M A L L E A B L E  F O U N D E R S  S O C I E T Y  •  U N I O N  C O M M E R C E  B U I L D I N G  
C L E V E L A N D ,  O H I O  4 4 1 1 5  
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. . .  a  d i s t i n c t  d i f f e r e n c e  

between an engineer 

and a scientist. . . 

Cable Succeeds With Trial and 
Error Approach 

Everyone here was involved in the 
success of the Atlantic Cable. I am 
not suggesting that had the company 
listened to William Thomson at the 
beginning, they would have been suc­
cessful. What I think we are talking 
about is a distinct difference between 
an engineer and a scientist (or what­
ever you want to call him) in an 
undertaking such as this. At the be­
ginning, we see the company's atti­
tude was to blunder through and save 
cost. (They considted Morse and 
Whitehouse.) Thomson's attitude 
was cool towards being involved in 
the enterprise. He, like many other 
scientists, did not want to be involved 
in what he considered money-making 
practical schemes. There is a long 
tradition of this in the scientific com­
munity; Faraday was one who was 
very proud of not being involved in 
practical affairs. Besides this, Thom­
son found when he was involved in 
the testing of the cable that it was, 
as he described it, dull and heartless 
business. He was really interested in 
many different activities, and tele­
graphy was only one of them. He was 
interested in hydrodynamics and as a 
matter of fact, at the time of the lay­
ing of the Atlantic Cable, he and 
Stokes were exchanging letters. And 
as he said to Stokes, "I have changed 
my mind greatly since my freshman 
year [at Cambridge] when I thought 
it is much more satisfactory to have 
to do with electricity then with hydro­
dynamics, which only first seemed at 

all attractive when 1 learned how 
you had fulfilled such solutions as 
Fourier's by your boxes of water. Now 
I think hydrodynamics is to be the 
root of all physical science, and is at 
present second to none in the beauty 
of its mathematics." 

Thomson's Broad Knowledge Base 

He was also involved in electrody-
namic qualities of metals. In fact, he 
was involved in many separate enter­
prises. His contribution to electrical 
technology had to do with his varied 
interests. The fact that he was in­
terested in Fourier, in hydrodynamics 
and in solids means that he would 
see this problem in not only a much 
broader light, but also his solutions 
would be synthesis taken from a wide 
and unrelated, at the time, body of 
knowledge. For a technologist, the 
body of knowledge is past experience. 
For a scientist, it is a varied body of 
knowledge and there is no limit to 
the source of analogy. So the scien­
tist, if you will, is a synthesizer; he 
brings bodies of knowledge together 
and dealing by analogy, he can say 
something about technology as an 
application or as a specific instance, 
but he is not concerned with decisions. 
He does not want to be involved in 
decisions of a financial nature, as to 
time and as to balancing of one 
against the other. Thomson was not 
interested in the Company's problems 
with cost; he knew his mirror galva­
nometer would succeed and, in spite 
of the Company' problems at the 
time, he advocated very strongly the 

mirror galvanometer. We must re­
member also that the scientist sees 
the technologist as a man best able 
to handle these practical problems. 

Thomson was a friend of White-
house up until the end when White-
house was fired. He had proposed 
Whitehouse for the Royal Society; he 
thought that Whitehouse could suc­
ceed. he knew that his theory could 
succeed. He said when he was describ­
ing his interviews with Whitehouse 
at the very start that "I had as­
sented too readily to his own over 
sanguine expectations of what his 
instruments could do. I put some 
fundamental questions to him which 
he answered so undoubtingly, that I 
thought he might possibly work with 
advantage by his instruments." And 
then Thomson said why he did not 
become involved: ". . . because I was 
much better pleased to let the prac­
tical telegraphic work be carried out 
by others." This then is what sepa­
rates the scientist from the engineer. 
When the scientist wants to become 
involved in the practical questions he 
must give up this aloofness, this kind 
of isolation which, in many times, in 
many cases, is comfortable. You can­
not become involved in mistakes when 
you are not involved in practical con­
siderations. 

The Differences in Approach 
Between Scientists and Engineers 

So we contrast Thomson, the 
scientist-synthesizer, with Whitehouse, 
the inventor, the modifier who might 
have succeeded, and Bright, who was 
the engineer, the organizer of the 
whole expedition in trying to balance 
nautical, mechanical and electrical 
problems in order to make it all feas­
ible. 

I can only say now that my interest 
in Thomson extends beyond and 
prior to the Atlantic Cable. And I 
find that he became more interesting 
in engineering. He very wisely be­
came associated with an engineer in 
an engineering consulting firm and 
this firm was the consultant on 
most of the submarine cables that 
were laid. So what I have tried to do 
by this case study is distinguish be­
tween what a scientist does, or what a 
man like William Thomson would do 
in an enterprise like this, to what a 
man like Whitehouse or a man like 
Bright would do. 
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Come change us 

You'll find plenty of opportunities to kick 
the status quo around at Monsanto. With 
over 1,000 products (and new ones coming 
from research all the time), many deci­
sions have to be made and many prob­
lems solved. So your opportunities for 
initiating changes of world-wide impor­
tance are practically unlimited. 

At Monsanto you'll start using your 
professional training working with the 
most capable men in your field. You'll be 
tackling many meaningful problems in 
an organization where contributions are 

readily recognized. And because Monsanto 
has one of the greatest growth rates in 
the industry, the chances of seeing your 
ideas come to life are excellent. 

This year, Monsanto needs more than 
1,000 professional people of all degree 
levels ... and from almost every academic 
area. If the challenge to come change us 
(and perhaps the world) intrigues you, 
sign up at your placement office to see 
the Monsanto recruiter. Or write to Mgr. 
of Professional Recruiting, Monsanto Co., 
800 N. Lindbergh, St. Louis, Mo. 63166. 

AN EQUAL OPPORTUNITY EMPLOYER 
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LASERS 

AND 

CHEMICAL LASERS 

J O E L  M .  S N I D E R  

In 1960 a light-producing device 
ailed a laser was first demonstrated. 
There are four types of lasers (ruby 

and other solids, gaseous, injection,1 

and chemical2), each of which has 
wide potential application in science, 
medicine, industry, and national de­
fense. The word laser is an acronym, 
which is a word made up of the first 
letters of other words. Laser was coined 
from another acronym: maser, which 
stands for Microwave Amplification 
by Stimulated Emmission of Radia­
tion. Laser stands for Light Amplifi­
cation by Stimulated Emission of 
Radiation.3 

Lasers and masers are solid state 
devices which amplify light. The dif­
ference between the first ruby lasers 
and masers is that the early ruby 
lasers operated in the visible light 
part of the electromagnetic spectrum 
rather than the microwave region. 
Another difference between a maser 
and a laser is that the ruby of the 
maser must be supercooled to just a 
few degrees above absolute zero and 
a microwave oscillator must be used 
to supply the pumping signal needed 
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for operation, whereas the first lasers 
were operated at room temperature 
with the pumping signal being sup­
plied by a photoflash-like tube high-
intensity light source. 

Most light sources such as incande­
scent lights simultaneously generate 
energy over a large part of the elec­
tromagnetic spectrum. The laser gen­
erates single-frequency coherent light. 
A light source becomes more coherent 
as the portion of the electromagnetic 
spectrum over which it generates en­
ergy decreases. Since the light gen­
erated by the laser is very coherent, 
perfectly parallel, needle-sharp beams 
can be generated. The beams are 
less than one-hundredth of a degree 
wide and do not spread or scatter as 
does ordinary light.4 

The  Ruby  Lase r  

The light which the laser beam 
generates is concentrated several mil­
lion times more than a flash light.3 

This light is generated by the laser 
much like a radio frequently-carrier. 
The laser beam of a ruby laser is 
generated through a synthetic ruby 

contained in the laser apparatus 
which is smaller than a water tum­
bler. 

The ruby, when the laser is in 
operation, has been irradiated by a 
powerful flash-tube lamp. This ir­
radiation causes the ruby to absorb 
energy over a broad band of frequen­
cies. This light energy excites the 
atoms of the ruby crystal to a higher 
energy state from which the energy is 
reradiated in a very narrow band of 
frequencies. To emit the desired 
radiation, the excited atoms are 
coupled to an optical sesonator. The 
sesonator stimulates the atoms simul­
taneously rather than individually 
and randomly, as in ordinary light 
sources. Other parts of the ruby laser 
are small mirrored surfaces located at 
the end of the ruby crystal to keep 
the energy bouncing back and forth 
long enough for the proper interac­
tion to occur. The light flash which 
causes this interaction to begin is al­
lowed to enter the ruby crystal 
through a small pin hole opening at 
one end of the mirrored surfaces. 

(Continued on page 32) 
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Some say we specialize in power... 
power for propulsion... power for 
auxiliary systems... power for aircraft, 
missiles and space vehicles... power for 
marine and industrial applications... 
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.. they're right. And wrong. 
It might be said, instead, that we specialize in people, for 
we believe that people are a most 
important reason for our company's success. We act 
on that belief. 

We select our engineers and scientists carefully. Motivate 
them well. Give them the equipment and facilities only a 
leader can provide. Offer them company-paid, 
graduate-education opportunities. Encourage them to push 
into fields that have not been explored before. Keep them 
reaching for a little bit more responsibility than they can 
manage. Reward them well when they do manage it. 

You could be one of the reasons for Pratt & Whitney Aircraft's 
success ... if you have a B.S., M.S. or Ph.D. in: 
MECHANICAL • AERONAUTICAL • ELECTRICAL 
• CHEMICAL • CIVIL • MARINE • INDUSTRIAL 
ENGINEERING • PHYSICS • CHEMISTRY • METALLURGY 
• CERAMICS • MATHEMATICS • STATISTICS 
• COMPUTER SCIENCE • ENGINEERING SCIENCE 
• ENGINEERING MECHANICS. 

And we could be the big reason for your success. Consult 
your college placement officer—or write Mr. William L. 
Stoner, Engineering Department, Pratt & Whitney Aircraft, 
East Hartford, Connecticut 06108. 

Pratt & Whitney Aircraft 
CONNECTICUT OPERATIONS EAST HARTFORD. CONNECTICUT 

DIVISION OF UNITED AIRCRAFT CORP. 
u 

AIRCF 

A 
An Equal Opportunity Employer 
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I here is another pinhole opening in 
the other mirrored end which allows 
for the emission of the amplified 
light." A diagram of a typical ruby 
laser is shown in Figure 1." 

lite ruby laser was introduced to 
the American public by the American 
physicist, Theodore Harold Maiman,8 

and is in the class of optically pumped 
lasers. Since 1960 many other opti­
cally pumped lasers have been de­
veloped which use crystalline mater­
ials different from a synthetic ruby. 
Many of these lasers use doped cry­
stals. Doped means that the crystal 
has been made impure by the infusion 
of small quantities of some other ma­
terial. Examples of doping materials 
are some rare-earth elements (europ­
ium, neodymium, or an actinide ele­
ment) . Other optically pumped lasers 

Fegurc 1: A Typical Ruby Laser. 

have been made of doped glass, liquid 
or gas in a quartz cavity, and bundles 
of plastic fibers. 

The  Gas  Lase r  

Another class of lasers is the gas­
eous laser. One type of gas laser has 
a working medium which is a mix­
ture of helium and neon gas at very 
low pressure (one-tenth of a milli­
meter of mercury of neon and one 
millimeter of mercury of helium). 
The gas mixture is held in a cylindri­
cal Pyrex tube about one meter long 
and seventeen millimeters in dia­
meter. The gaseous laser has no mir­
rors at the ends of the Pyrex tube, but 
instead has at each end of the tube 
a quartz plate optical flat with a thir-
teen-layer dielectric (or electrically 
non-conductive material) on its inner-
face. This apparatus emits a laser 

beam from both ends.1' Howevc 
one of the reflectors at the end 
the Pyrex tube is replaced bv a i 
reflector, then the gas laser will c 
only one beam from the other end 
the tube.10 

In 1962 several new gaseous last 
were demonstrated at the Bell Tel 
phone Laboratories. Two of these 
new lasers contained mixtures of ox-
gen and argon and mixtures of oxy­
gen and neon to generate an infrart 
beam. The scientists also demon 
strated five other gaseous lasers whit 
had as their active medium differed 
pure noble gases. These noble gasi 
were helium, neon, argon, kryptoi 
and xenon. The gas lasers were able 
to send out continuous beams of co­
herent infrared radiation of fourteen 
different frequencies. Previously, this 
wide range of frequencies was thought 

Adjustments for 
Reflectors 

Quartz tube 

Total 
Reflector Mixture of 

Helium and 
Neon Gas Radio 

Frequency 
Generator 

Partially 
Transparent 
Reflector 

Fegurc 2: A Typical Gas Laser. 
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available only from lasers using rubies 
or some other solid. The above noble 
gas lasers were developed by C. 
Kunar, N. Patel, William R. Bennet, 
Jr., Walter L. Faust, and Ross A. 
M Farlane who also was responsible 
for i he oxygen-using lasers.11 

The gas laser is not optically 
pumped and the emission of the laser 
be is not pulsed every three or four 
seoa ids as is the beam of the ruby 
lase Instead, the gas laser operates 
in ontinuous-wave mode, its excita-
tioi: i»eing supplied by a radio fre-
q ne field (some gas lasers use 
din current as a source of excita­
tion V typical gas laser uses a fifty 
wai ransmitter operating on a car-

recjuency of twenty-nine mega­
pel" second as an excition 
- A diagram of a typical gas 

lase, is shown in Figure 2.13 

The Injection Laser 

v third type of laser is the injec­
tion laser. This laser consists of a 

valence electron than arsenic. Hence 
when tellurium atoms replace some of 
the arsenic atoms in a gallium-
arsenic block, there are a few free 
electrons. Because of the negative 
charge on electrons, tellurium-doped 
gallium arsenide is called N-type 
(negative type) gallium arsenide. On 
the other hand, zinc has one less val­
ence electron than gallium and when 
zinc atoms replace some of the gallium 
atoms there are several holes, or elec­
tron deficiencies. Because of the posi­
tive charge resulting from the holes, 
zinc-dopecl gallium arsenide is called 
P-type (positive type) gallium arsen­
ide. The boundary layer between the 
two types of gallium arsenide is called 
the semiconductor junction. When 
the positive terminal of an electronic 
power supply is connected to the 
P-type region of a semiconductor 
diode and the negative terminal is 
connected to the N-type region, the 
diode will become biased in the for­
ward direction, and current will easily 

the current flowing across the junc­
tion recombine with holes and give 
up the energy required to produce the 
laser beam. 

The laser beam of the injection 
laser is emitted when extremely high 
current (twenty-five amperes or 
more) is passed between the termi­
nals of the semiconductor diode; 
hence, light is emitted along the line 
that defines the semiconductor junc­
tion. Incoherent light is emitted at 
first, but as the intensity of the cur­
rent increases, the emission becomes 
coherent. Because of the high current 
in the relatively small diode, the diode 
heats up rapidly. This extreme heat 
could destroy the semiconductor 
junction. To combat this heat, be­
fore the laser is operated, the diode 
is usually immersed in a cryostat, or 
double bottle, the inner bottle being 
filled with liquid nitrogen. The heat 
effect is also lessened by pulsing the 
current rather than passing it con­
tinuously through the diode. 

Power 

Semiconductor 
Junction 

N-type 

semiconductor diode made of gallium 
arsenide or gallium arsenide-phos­
phide. The diode is an electronic part 
in which current flows easily in one 
direction, but almost not at all in the 
reverse direction. To make a diode 
out of a block of a semiconductor 
material, it is necessary to dope the 
block. This doping is done by allow­
ing tellurium and zinc to diffuse into 
the block of semiconductor material 
at high temperature. 

Tellurium atoms have one more 

Figure 3: A Typical Injection Laser. 

flow across the semiconductor junc­
tion. If the power supply's negative 
terminal is connected to the P-type 
region, the diode will be biased in the 
opposite direction and very little, if 
any, current will flow across the semi­
conductor. 

How injection lasers work is not 
exactly known. Most of the laser 
action seems to take place on the P-
side of the junction. This indicates 
that the energy transitions occur when 
some energetic electrons making up 

A typical injection laser is a rectan­
gular parallelepiped with dimensions 
one-tenth by one-tenth by one and 
one-fourth millimeters. The sides are 
finely polished and reflect light back 
into the laser. This causes the emis­
sion of the coherent light to be in 
parallel rays coming from the square 
sides of the block. The current is 
applied to the retangular sides of the 
block; thus, the current flow is per­
pendicular to the semiconductor 

(Continued on page 36) 
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All those memories of childhood ... discovering ... doing ... just existing— 
everything was a new, exciting experience. It's hard to grow up to the 
everyday grind—and harder still to look forward to working at the same 
thing day after day. 

At Teletype there is no "everyday grind" ... we're working on tomorrow's 
equipment today. As a Bell System Company, today's equipment is just a 
memory to us. The need for new message and data communications equip­

ment keeps us on our 
toes, striving for new 
ideas and methods co 
stantly. To keep up w 
new trends we n 
young, vital engineer 
all fields—men who 
memories of past disc 
eries—and the look of u 
morrow in their eyes. T 

discover how you can fit into the company of tomorrow, talk to the B e l  
System Recruiter when he visits your campus—or write: 

REMEMBER 
WHEN? 

machines that make data move © 

TELETYPE CORPORATION 
College Relations Department A46 

5555 W. Touhy Avenue • Skokie, Illinois 60076 

An Equal Opportunity Employer 
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No, the perfect job or place to work ... is as elusive as the Foun­
tain of Youth. This multiple hybrid, patchwork creature simply 
does not exist. Yet, we are convinced the Naval Ship Missile 
Systems Engineering Station has much to interest you in that 
direction. For example, we offer an excellent, smog-free, year-
around climate, (thirty miles from Santa Barbara) generous vaca­
tion and sick leave plans; opportunities for earning educational 
degrees up to the PhD level, as well as project responsibility and 
personal achievement recognition. Rapid career growth / salary 
increases are provided through our career development program. 

As an expanding organization, engaged in equipment and systems 
engineering both ashore and at sea with the Navy's surface 
missile system ships ... we offer a variety of stimulating assign­
ments. They include such areas as systems equipment engineer­
ing • computer/data processing • weapons performance evaluation 
• missile launching, handling and stowage ... to name but a few. 

So, if you're graduating with at least a BS degree in electronic, 
mechanical, electro-mechanical, electrical or general engineering 
and looking for a place to grow . . . consider the Missile Engi­
neering Station. We're not exactly perfect, but we have much 
in our favor. At least, we'd like the chance to convince you. Fair 
enough? If you agree, why not stop by and see us on Campus 
on one of the dates below: 

ON CAMPUS NOVEMBER 27 
or write or call (collect) Jerry Winkler Dept. 121-F 

NAVAL SHIP MISSILE SYSTEMS ENGINEERING STATION 
Port Hueneme, California 93041, Area Code 805 

Phone 982-4324 or 982-5124 
An Equal Opportunity Employer/U.S. CITIZENSHIP REQUIRED 

ENGINEERING 
GRADUATES!!! 
Looking for the perfect 
place to work??? 

Ehere ain't hardly 
any such animal!!! 

UNLIMITED 
SICK LEAVE 

STIMULATING 
ASSIGNMENTS 

THREE HOUR 
LUNCHES 

PHD'S FOR 
THE ASKING 

20-HOUR 
WORK WEEK 

ALWAYS YOUR 
OWN BOSS 

SIX-MONTH 
VACATIONS 

BEST CLIMATE 
IN THE WORLD 

RAISES ONCE 
A MONTH 

YOUR NAME ON 
EVERY PROJECT 

NO INCOME TAX 
RAPID CAREER 

GROWTH 
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(Continued from page 33) 
junction which is a narrow plane 
cutting the block along its axis. 

When the block is gallium-arsenide, 
an injection laser emits coherent light 
at 8,400 angstroms. This light is in 
the near infrared region of the elec­
tromagnetic spectrum and is invisible 
to the human eye. Gallium arsenide-
phosphide lasers have emitted coher­
ent light of wave length 7,000 an­
gstroms which is in the deep red re­
gion of the electromagnetic spectrum. 
A diagram of a typical injection laser 
is shown in Figure 3.14 

Lasers have produced some three-
hundred and thirty wavelengths which 
span the light spectrum from the 
near-ultraviolet region to the far in­
frared. All the lasers discussed above 
use electricity as a pumping source of 
outside power. The efficiency of these 
systems is rather poor—that is, the 
laser effect is much less than the in­
put energy required for operation of 
the laser. 

The  Chemica l  Lase r  
A new laser which uses a chemical 

reaction as a source of power has been 
found. A chemical reaction which has 
begun tends to go to completion (or 
at least to equilibrium). Hence, a 
laser which uses a chemical reaction 
as a source of power would be self-
pumping. This system would also be 
highly efficient and produce a highly-
intense laser. Two experimental 
chemical lasers have been developed, 
both of which emit in the infrared 
part of the electromagnetic spectrum. 

Any laser has three essential com­

ponents: a suitable set of energy-
levels, a pumping system, and an 
optical cavity.15 For example, the 
energy levels of a ruby laser are the 
energy levels of the rubv, the pump­
ing system is an electrical circuit, and 
the optical cavity is also the ruby 
crystal.16 The search for new {jump­
ing methods led to the chemical laser. 
Chemical lasers are unique in that 
they are the only type of laser which 
has an internal pumping system. 
Other systems pump to the desired 
energy level through an outside source 
of energy. In a chemical system the 
pumping is achieved through a chem­
ical reaction which also produces the 
desired energy level. 

Chemical reactions which are best 
for chemical lasers are exothermic 
(giving off heat) chemical reactions. 
In general these reactions can be 
A + BC yields AB + C -f heat, 
where the letters stand for atoms or 
molecules. However, the best type of 
reaction, which is entirely possible, 
would be a reaction of the kind 
A -f- BC yields AB* -f- C*, where the 
asterisks represent products in a state 
of excitation. I his short hand nota­
tion of the desired chemical reaction 
shows how the chemical reaction of 
a chemical laser can intrinsically 
supply its own pumping. 

Since the chemical reaction is 
started by mixing of the reactants, 
no external source of power is needed. 
Alternatively, the reaction could be 
started explosively (if the reactants 
were premixed by a spark or a flash 
of light. 

P os s ib i l i t i e s  o f  t h e  Chemica l  La s e r  

I'lie chemical laser offers vet a third 
advantage over conventional lasers. 
This advantage might be more im­
portant than either the s. pumping 
or intrinsic pumping aspect of the 
chemical laser. This advan ge is the 
potential population inve: on in an 
energy level system that c hemical 
pumping can achieve. Ii possible 
that the distribution of eie o in an 
energy level system followin t chemi­
cal reaction might exclusive exist in 
excited states, either electro c or vi­
brational. If this happei there 
would be no lower-state j mlation 
until the slow de-excitalio process 
occurred. This implies th; the ef­
ficiency of chemical lasers could be 
great. 

Despite the great effich v of a 
chemical laser, it does have >me in­
herent disadvantages. If tin reaction 
is set off in an explosion >. e light 
source is pulsed. A second lse can 
be obtained only after the r .tins of 
the first explosion are clc d out 
and new ingredients place n the 
reaction vessel. If reactants con­
tinuously mixed in order ;pply 
the power, reaction rates m pose 
a limitation factor. Lasers 1 on 
vibrational excitation have dis­
advantage that each exciie ibra-
tional state has a variety erf 
ally excited sublevels. The vels 
are generally occupied in act u nice 
with the existing temperate and 
they tend to dilute the possib, oc­
cupancy of any particular lc\ 1 in 
which laser action is sought. l itis 

---J 
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Figure I ,\ Chemical Laser. 
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dilution reduces the potential gain 
of the laser action. A final limitation 
is that there are very few chemical 
reactions for which the reaction can 
be p; ' dieted to cause laser action. 

Be. mse of these problems, the de­
velop :ait of the chemical laser was 
para! led to the four minute mile-
it wa bought to be next to impossi­
ble. first chemical laser was dis­
cover by Jerome V. V. Kasper in 
1964. ais laser was called a "photo-
disas- ttion laser"; it is based on 
the .down of organic compounds 
cont nig iodine. Soon after this dis­
cover second chemical laser was 
disco eel. This laser might be called 
an "explosion laser," as it involves 
the c: dent reaction between hydro­
gen and chlorine. A diagram of a typi­
cal cl nical laser is shown in Figure 
4. 

Even though the chemical laser is 
mosth in experimental device, it has 
had some applications. The chemical 
laser vields data about the microscopic 
distribution of energy in chemical 
reactions. Another result the chemical 
laser :s yielded is information on 
why iser emission of iodine termin­
ates suddenly. The termination is 
so so id en because the temperature 
rises quickly in the process of laser 
transi ussion that new chemical reac­
tions become important. One future 
use (d the chemical laser might be to 
furnish a tool, equivalent to a new 
chemical microscope, that will focus 
on the distribution of energy in reac­
tions revealing the exact energetic 
state of the product species as they are 
formed during a chemical reaction.17 

Many uses for conventional lasers 
have been found, from an easer to a 
death ray.18 For example, lasers may be 
used, and in some instances, have been 
used in experiments on matter and 
basic experiments on physics, space 
communications, industrial purposes, 
chemical purposes, and medical pur­
poses.19 

Medicine and Lasers 

In medicine lasers have been used 
to kill malignant tissue, burn away 
warts or tattoos, and remove birth­
marks with little pain and a minimum 
of scarring. The laser used as a "light 
knife" makes possible bloodless sur­
gery. For medical use the laser is usu­
ally of IOAV intensity. Patients have 
stated the laser feels like having 
'lot candle wax fall on your skin.20 

Lasers can and have been used in 

connection with the retinal detach­
ment; an exposure of the eye to the 
laser beam of only 1/1000 of a second 
is needed. The laser beams can be 
used to destroy certain blood-vessel 
tumors in the eye. A laser can even 
create a new pupil in the iris which 
has been pushed out of position as 
the result of partial unsuccessful eye 
surgery to remove a cataract. A final 
use of the laser in eye surgery is the 
destruction of certain tumors on the 
surface of the eye. 

Lasers have been put to use in in­
dustry in several ways. Lasers can be 
used in microwelding. The smallness 
of the beam enables it to be used to 
join very small electronic parts to­
gether.21 The laser may be used as a 
drill. In Aztec, New Mexico, a 280-
ton tunnelling machine is kept boar-
ing through solid rock by a helium-
neon laser beam.22 Diamonds, which 
are the hardest material known to 
man, can be easily pierced by laser 
beams.23 A final industrial applica­
tion of the laser is lighting up the 
ocean depths.24 

Holograms and 007 

Probably the most famous laser is 
the one which almost disposed of 
James Bond in the motion picture 
Goldfinger.25 The laser can also be 
used to take pictures in the dark. 
Another phenomenon of the laser is 
that it can project remarkable pic­
tures in the air. These pictures, show­
ing full three-dimensional depth and 
perspective, are called holograms.26 

Lasers Today and Tomorrow 

The present use of lasers has in­
creased greatly since they were first 
discovered, but their future uses are 
almost unlimited. All kinds of com­
munication systems may be developed 
from lasers. A regular television signal 
was produced by a gaseous laser of 
helium and neon gas operating at 
6.328 angstroms in the deep red region 
of the electromagnetic spectrum. 
Lasers may also be used to produce a 
radio signal. In the future lasers may 
be used in telephone communication. 
Lasers may also be used in digital 
computers in place of wires and puls­
ing electrons. This would increase the 
speed of the digital computer con­
siderably. Since the laser beam travels 
at the speed of light (186,000 miles 
per second) and since the laser can 
produce such an intense brightness 
and an intense heat, lasers definitely 

can be developed as weapons.27 Sev­
eral specific potential uses of laser 
beams are the following: (1) Finding 
the range for precision bombing and— 
in portable form—battle field pin­
pointing of such targets as tanks. (2) 
Illuminating targets for reconnais­
sance and for artillery fire. (3) Guid­
ing the blind with laser-flash lights 
whose distance-echoes are translated 
into audible signals of varying pitch. 
(4) Probing the atmosphere to deter­
mine its composition. (5) Warning 
pilots of obstacles ahead by picturing 
them on cockpit television screens. 
And (6) determining why jet planes 
in rare instances have crashed in per­
fect weather.28 

Lasers have had far-reaching effects 
on many phases of scientific work. 
The laser can and has to some extent 
reshaped the field of electronics.20 

The chemical laser as it is continued 
to be developed, may bring about 
drastic changes in lasers; however, 
first a continuous chemical laser must 
be developed.30 
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CONSIDER YOUR FUTURE 
CONSIDER BECHTEL 

Bechtel Corporation has been a world leader in Engineering 
Project Management and Construction for two thirds of a cen­
tury, serving industry and government in such areas as con­
ventional and nuclear power, metallurgical processing plants 
refineries, chemical and petrochemical plants, pipelines, various 
hydro-related applications, mass transportation facilities and 
land use and development. 
Bechtel is committed to meet the challenge of advancing tech­
nology through continuing technical excellence in areas such as: 
• saline water conversion •  urban planning 
•  mass transportation •  pollution control 
•  nuclear energy |  extraction of under-waterresources 

Bechtel engineers provide complete professional services, from 
economic feasibility studies and conceptual estimates to design 
construction and pre-operational plant testing and start-up. ' 
Bechtel encourages and supports continuing education and pro­
fessional development. Internal technical and management 
development programs in Engineering, Estimating, and Con­
struction provide the engineer with maximum opportunity for 
personal and professional development. A tuition refund plan 
and professional fee reimbursement program are also provided. 
If you are a Mechanical, Electrical, Chemical, Civil, Metallurg­
ical, Mining, or Nuclear Engineer and want to learn more about 
a career m engineering and design, conceptual estimating, or 
construction, see your college placement officer or contact:' 
Richard S. Jamar, Jr., College Relations 
Bechtel Corporation 
Box 3965, San Francisco, California 94119 

BECHTEL 
CORPORATION 
Engineers & Builders for Industry 
SAN FRANCISCO • Los Angeles 
New York • Gaithersburg, Md. 
Houston • Toronto • Paris 

London • The Hague • Melbourne 

An equal opportunity employer 

engineers 
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NEW AND VISITING 

FACULTY 

ADMINIS TRATI ON:  

I CHARD HARPEL, director of 
en :• leering counseling and advising, 

•s to the staff from a position as 
as- tint dean of student affairs at the 
De-iver Center. A graduate of Whea-
toi ( ollege, Illinois, Harpel obtained 
his master's degree in personnel serv­
ice i the University of Colorado and 
is now working toward his doctorate 
in guidance and counseling. 

A EROSPACE EN GINEERING:  

LCDWIG OSTER, associate pro­
fessor of astronomy at Yale Univer-

R I C H A R D  H A R P E L  

sity, will teach in the department dur­
ing the current year as visiting as­
sociate professor. He is a Fellow of 
the Joint Institute for Laboratory 
Astrophysics with a special interest 
in the applications of plasma physics 
to astrophysical problems. He has 
made fundamental contributions to 
the understanding of the structure of 
the solar atmosphere and mechanisms 
of energy transfer, with recent studies 
centering on a theory of the radio 
emissions accompanying solar activity 
phenomena. Dr. Oster was a postdoc­
toral research fellow of the German 

C H A I - P i N G  Y U  

Science Council of the University of 
Kiel before joining the Yale faculty in 
1958. He has worked recently under 
grants from the U.S. Air Force, 
NASA, and the National Science 
Foundation, and is the author of over 
thirty publications in technical media. 

Also teaching in the department 
this year as visiting associate profes­
sor is CHAI-PING YU, of the faculty 
of the State University of New York 
at Buffalo, N.Y. Dr. Yu, a graduate of 
National Taiwan University, received 
his Ph.D. from Purdue and is a spec­
ialist in physics of fluids with astro-
physical applications. He has been 
principal investigator for two Na­
tional Science Foundation grants: for 
studies of convective stability of stellar 
atmospheres in a magnetic field, and 
hydromagnetic pipe flow and stability 
of conducting fluids of variable den­
sity. He is the author of more than a 
dozen technical articles; his doctoral 
research was a study of magnetoat-
mospheric waves in a horizontally 
stratified conducting medium. 

PETER FREYMUTH, assistant 
professor, has been for the past year 
a research associate in the department. 
He is a graduate in physics from the 
Technical University of Berlin, where 
he earned his doctorate in the field 
of turbulent flow phenomena. His 
other research interests are fatigue 
effects in quartz crystals, hot-wire 
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P E T E R  F R E Y M U T H  

techniques and hydrodynamic stabil­
ity. Dr. Freymuth received the 1966 
award of the German Society for 
Flight Sciences for research in tur­
bulence. 

F. YATES SORRELL. JR., assist­
ant professor, has for the past year 
been a research associate with JILA, 
coming here from the California In­
stitute of Technology, where he ob­
tained his graduate degrees. At Cal. 
Tech. he carried on the work of Dr. 
Vlases in shock wave propagation in 
the inverse pinch geometry, and 
brings to the department considerable 
experience in laboratory gas dyna­
mics. Dr. Sorrell has held Convair and 
NASA fellowship graduate awards, 
and has had industrial experience 
with aircraft companies as an engi­
neer and draftsman. He is a member 
of the American Physical Society and 
the AIAA. 

XI AN XINH NGUYEN, assistant 
professor, is a solid state physicist who 
has been associated for the past six 
years with the French National Scien­
tific Research Center. As a research 
scientist for the Center he recently 
was visiting scientist to the Westing-
house Research and Development 
Center in Pittsburgh, Pa. Dr. Nguyen 
received his training at the Univer­
sity of Paris, where his graduate work 
was in advanced astronomy, advanced 
theoretical physics and solid state 
physics. His studies have included 
non-linear electromagnetic theories 
and general relativity; thermal prop­
erties of semiconductors and impurity 
induced phonon-photon interactions 
in solids. 

40 

X U A N  X I N H  N G U Y E N  

JOHN ZINN, visiting assistant pro­
fessor this year from the Los Alamos 
Scientific Laboratory, is a research 
physicist currently working under the 
sponsorship of the Atomic Energy 
Commission. His studies are con­
cerned with magnetohydrodynamic 
behavior of nuclear explosions at very 
high altitudes. He has investigated 
in particular the question of appropri­
ate numerical techniques in the radia­
tive transfer problems during the 
radiative regime, and the treatment 
of radiative-coupled flow during the 
mixed radiative-hydrcdynamic re­
gime. He received his doctorate from 
the University of California at Berke­
ley. 

ARCHITECTURAL ENGINEERING: 
M AL I ER MEYER, associate pro­

fessor, joins the department after a 

F .  Y A T E S  S O R R E L L  

year of teaching here as a visiting lec­
turer. Owner and president of the 
Meyer Construction Compam in 
Littleton. Colorado. Meyer has had 
twenty-five years of experience in the 
construction business. He is a colonel 
in the Corps of Engineers. U.S. Ann\ 
Reserves, and has been an advanced 
instructor in the Engineering Sc hool, 
tort Belvoir. Va. Meyer received his 
master's degree in architectural en­
gineering and business from CU '.Iris 
summer. Recently he was awarded the 
Bate-Petry Memorial Award for out­
standing service to the construe!ion 
industry of Colorado. 

JAMES KONKEL. visiting lecturer, 
is a graduate of the University of Colo­
rado (Cli.E., 1949) and is a Denver 
consu l t ing  mechan ica l  eng inee r  s p e c ­

ializing in commercial and industrial 
buildings. 

CHEMICAL ENGINEERING: 

WILLIAM MANOGUE, visiting 
lecturer, comes this year from the 
E. I. duPont de Nemours Compam. 
where he is a senior research clienti 
cal engineer with special interests in 
kinetics, catalysis, and thermodynani 
ics. His doctoral research, conducted 
at the University of Delware, dealt 
with the kinetics of absorption ol 
phosgene into water and aqueous 
solutions, and was published in the 
AIChE Journal in I960. He is also the* 
author of "Effective Diffusivities 
from Carbon Burning Rates," pub­
lished in Chemical Engineering Pro­
gress, Vol. 58, Number 12. Dr. Mano-
gue comes to the department to fill 

J O H N  Z I N N  
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W A L T E R  M E Y E R  

ihe place of Lee Brown, who is 
on leave for the academic year in the 
Netherlands. He will further the in­
vestigation of the application of ad­
sorption isotherms to catalytic reac­
tion kinetics, which Brown is con­
ducting with National Science Foun­
dation support. This arrangement 
with duPont is in line with the de­
partments desire for closer industry 
i elationships. 

WILLIAM KRANTZ, assistant 
professor, comes to the department 
horn the University of California at 
Berkeley, where he has been a teach­
ing assistant while working toward his 
graduate degrees. He has taught un­
dergraduate courses in unit operations 
and mass transfer and graduate 
courses in ion exchange, mathemati­
cal methods in chemical engineering 
and chemical kinetics. His doctoral 
research is an experimental study of 
the stability of a thin film of liquid 
I lowing down a plane, and is in pro­
gress. Krantz has held a National 
Science Foundation undergraduate 
research fellowship, and received the 
Merck Award as the outstanding 
chemical engineering graduate at the 
University of Illinois in 1962. His 
special interests are fluid dynamics, 
non-Newtonian flow, surface phe­
nomena, particulate systems, thermo­
dynamics and phase transition studies. 
He is a member of AIChE and AAAS. 

THOMAS FLYNN, of the Na­
tional Bureau of Standards, returns to 
the department this year as lecturer. 
Dr. Flynn is a recognized authority 

W I L L I A M  M A N O G E  

in the field of cryogenic engineering 
and has contributed to the develop­
ment and improvement of cryogenic 
engineering courses in the department 
in the past. He has assisted in the 
direction of cryogenic research in the 
graduate school, especially those stu­
dents in the NBS laboratory. He is 
the author of more than a dozen 
publications in technical media. His 
graduate degrees were received from 
the University of Colorado. 

C I V I L  E N G I N E E R I N G :  

RICHARD BAUMAN, assistant 
professor, brings to the department 
specialized knowledge in transporta­
tion and in soils. He comes from Ari­
zona State University, where he has 
been an instructor. A graduate of 

Iowa State University, Bauman re­
ceived graduate training at the Uni­
versity of Utah and his doctorate at 
Arizona State. He has been a techni­
cal report writer for the Utah Geo­
logic Survey and a materials engineer 
for the Utah Highway Department. 
His principle publications have been 
on the subjects of vehicle performance 
at street intersections due to changes 
in driver population (an Arizona 
State Report), foundation character­
istics of sediments in the Salt Lake 
Metropolitan area (a Utah geological 
and mineralogical survey study), and 
heave stabilization of Mancos shale, 
(a paper presented to the Highway 
Research Board, Washington, D.C.) 
His doctoral studies were concerned 
with urban transportation systems, 
statistics, and operations research. 

MICHAEL P. COLLINS, assistant 
professor, is a specialist in structures 
who has been a research fellow and 
lecturer at the University of New 
South Wales, New Zealand. A grad­
uate of the University of Canterbury, 
New Zealand, he received his doctor­
ate from the University of New Wales. 
His research lias been in the field of 
the behavior of reinforced concrete 
beams loaded in combined bending, 
and in torsion and shear. A graduate 
member of the Institution of Engi­
neers, Australia, Dr. Collins lias had 
industrial experience in design and 
in concrete structures. 

HON-YIM KO, assistant professor, 
has been associated for the past four 

(Continued on page 43) 
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The less you've heard about us the better. 
Maybe you think that's a funny way 

to talk to you. 
But we don't think it is. 
Many people think we're only a big 

chemical company. 
Chemicals being the biggest thing 

we have. 
But what we'd really like you to 

know is that we're also a forest prod­
ucts company. Olinkraft. 

Plus a lightweight paper company. 
Ecusta. 

Plus a packaging film company. 
And that we're an aluminum com­

pany. And a brass company. 
And a sporting arms and ammuni­

tion company. (You've heard about 
Winchester? That's us.) 

The reason we're telling you all this 
is that the competition to get you is 
awfully tough. 

And a big corporation that can offer 
you the choice of a dozen smaller com­
panies, has an edge. 

But don't let this steer you ; a y  
f rom chemica l s ,  i f  t ha t ' s  on  your  r . : i  a d .  
There ' s  eve ry th ing  he re  f rom ino  n -
ics and organics to specialty and : i-
cultural. 

Now you've heard more a l a .  a s .  
That's better. 

You can do two things now. , t 
with your Placement Officer. O1 

Monte  H .  Jacoby ,  ou r  Col l ege  Re  a s  
Officer, here at Olin, 460 . 
Park Ave., N. Y. 10022. 



H O N - Y I M  K O  

(Con t i nued  f rom  page  41 )  
years with the California Institute of 
Technology, most recently as a re­
search fellow. He is a specialist in soil 
mechanics; his doctoral thesis was a 
Ludy of static stress-deformation 

characteristics of sand. Dr. Ko has 
been an industrial engineer in Los 
\ngeles and Hong-Kong, and has 

conducted research in structural me­
chanics at the University of Hong-
Kong, where he obtained his bache­
lor's degree. He was awarded a Wood-
row Wilson Summer Fellowship in 
1965. 

K. DANIEL LINSTEDT, assistant 
professor, represents a new breed of 
nuclear civil engineer who could play 
an important role in Colorado de­
velopment. His specific education has 
been in nuclear techniques and radio­
activity use, including an acquaint­
ance with use of nuclear explosives 
for underground effects such as min­
ing and water resources development. 
His graduate work at Stanford Uni­
versity was concerned with water re­
sources, with special interest in sani­
tary engineering. Dr. Linstedt recent­
ly published a paper on electron ac­
tivation analysis for determination of 
carbon in submicrogram quantities 
of virus, in the proceedings of the In­
ternational Conference on Modern 
Trends in Activation Analysis, and 
is the author of a paper on determina­
tion of vanadium in Colorado River 
waters, presented to the American 
Nuclear Society last June. 

K .  D A N I E L  L I N S T E D T  

DAVIS C. HOLDER, a research as­
sociate for the U.S. Department of 
Defense, will teach in the department 
this year as a visiting lecturer. He has 
been instructor of mechanics, strength 
of materials, and hydraulics at the 
University of Wyoming, where he ob­
tained his master's degree, and until 
recently was instructor and head of 
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DAVIS C. HOLDER 

department of surveying and graphics 
at Mesa County Junior College in 
Grand Junction, Colorado. His special 
interests are water supply and struc­
tures. 

ELECTRICAL ENGINEERING: 

ISAAC M. HOROWITZ, professor, 
has been conducting research for the 
past six years in feedback theory and 
active networks. He has been a senior 
scientist for Hughes Aircraft Company 
and a professor of electrical engineer­
ing at City College of New York. He 
has received a patent as a result of his 
work on magnetic amplifiers, and has 
made contributions to feedback 
(adaptive) theory and optimization 
theory. His experience includes me­
teorological instrumentation, ballistic 
and chemical instrumentation, audio 
and magnetic amplifiers. Dr. Horo­
witz earned his graduate degrees at 
Brooklyn Polytechnical Institute and 
is a senior member of the IEEE. He 
is the author of the widely used text. 
Synthesis of Feedback Systems. 

MARK TSU-HAN MA, who has 
been a visiting lecturer in the depart­
ment since 1964, has been appointed 
professor-adjoint with ESSA. He is an 
electronics engineer doing research 
and consultative work in the antenna 
research section of ESSA, and was 
previously associated with the Gen­
eral Electric electronic laboratories in 
Syracuse and New York. Dr. Ma's 
paper, "A New Mathematical Ap­
proach for Linear Antenna Array 
Analysis," co-authored with D. K. 

14 

MARK TSU-HAN MA 

Cheng, was awarded the National 
Electronics Conference Annual Best 
Paper Award. 

EDMUND ALLEN QUINCY, a 
senior research engineer with ESSA/ 
ITSA who lectured in the department 
ast spring, will teach as a visitino-

lecturer this year. At present lie is en­
gaged in theoretical studies in infor­
mation transmission, particularly the 
optimization of transmitter and re­
ceiver design for improved high-speed 
communications. His work is also con­
cerned with various modulation de­
tection schemes for digital com­
munication. He is contributing to­
ward design and evaluation of an 
ionospheric simulator which will be 
used ultimately to help in the labora­

tory evaluation of new concepts in 
modern design. Dr. Quint \ received 
his graduate degree at Purdue. 

BEDRICH HELLER, visiting pro­
fessor, will teach in the department 
during the current year in place of 
Edward Erdelyi, who is ,,n leave 
of absence in London. Dr. Heller, a 
graduate of the German U clinical 
University in Prague, is a r< cognized 
authority on transient phenomena, 
electrical mechanics, and dielectric 
phenomena, with some tliim \ears of 
experience in the field of i mating 
electrical machines. For the last twelve 
yeais he has been working on surge 
phenomena in transformers and rota­
ting machines, and on discharge 
phenomena in dielectrics. He became 
director of the Electro-Tech 11 it d In­
stitute of the Czechoslovak Academy 
of Sciences following the war and was 
elected a member of the Acach my in 
1960. He holds an honorarv do torate 
from the Polytechnic Institute in 
Lodz, Poland, and is the and >r of 
three books and over a hundred 
technical papers. 

EDWARD ERNST, visiting a s s o c i ­
a te professor from the Univei nv of 
Illinois, will work on a laboratu \ de­
velopment program under the aus­
pices of the BUILD program. He has 
done research on the undergraduate 
laboratory in engineering education, 
and is a member of the laboratory de­
velopment committee of the Commis­
sion on Engineering Education. A 
graduate of Illinois, where he ob­
tained his doctorate, he has special-

ISAAC M. HOROWITZ 
EDMUND ALLEN QUINCY 
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izecl in radiolocation systems and digi­
tal processes as well as electronics 
and experimentation. At one time he 
was manager of the advanced engi­
neering department at Stewart-War­
ner Electronics Company in Chicago, 
in charge of new product develop­
ment and planning. Dr. Ernst has 
been president of the National Elec-

onics Conference and is a senior 
member of IEEE. 

JACK R. BAIRD, assistant profes-
r comes from the University of 
linois, where he has been assistant 
ofessor for the past three years, and 
here he received his undergraduate 

md graduate degrees. His teaching 
is been in the areas of radio fre­

quency transmission lines, vacuum 
tube and transistor electronics; for 
four years he was an Air Force in-
structor of radar. A specialist in physi-

1 electronics, his doctoral disserta­
tion was a study of deflection modula­
tion and millimeter waves. 

DAVID C. CHANG, assistant pro-
lessor, is a specialist in cylindrical 
: ntenna theory who has been a teach­
ing fellow and research assistant at 
I btrvard, where he obtained his Ph.D. 
d gree last June. He has taught 
courses in passive microwave circuit 
and electromagnetic theory (radia­
tion) , and has conducted research un­
der a Gordon McKay Fellowship at 
Harvard. His study topics have been 
traveling-v-antennas, large element 
circular arrays, and electrically thick, 
tubular dipole antennas. Articles on 
his research have been published in 

D A V I D  C .  C H A N G  
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technical reports of Harvard's Crufts 
Laboratory. 

MARVIN JENKINS BARTH, 
visiting lecturer (honorarium). is 
an instructor in the electrical 
engineering department of the U.S. 
Air Force Academy. A major in 
the Air Force with continuous military 
service since 1950, he is a graduate of 
the EJ.S. Naval Academy, received his 
M.S. at the Air Force Institute of 
Technology, and his Ph.D. at Syra­
cuse University. He has lectured at 
Northeastern University, Boston, in 
probability and statistics, and network 
synthesis. He has had research ex­
perience at U.S.A.F. Rome Air De­
velopment Center, in LF and VLF 
antenna design and evaluation, and 
VLF propagation measurements and 

W I L F R E D  K .  K L E M P E R E R  

L Y M A N  B .  E L W E L L  

has done propagation studies at Cam­
bridge Research Laboratories (USAF) 
recently. 

LYMAN B. ELWELL. visiting lec­
turer from the National Bureau of 
Standards, is well known to the de­
partment, having lectured in previous 
years. His activities at the Bureau 
have been in research and develop­
ment in the field of microwave mea­
surement standards; more recently he 
has been project leader of the micro­
wave high power project. His teach­
ing is in the field of microwave mea­
surement. Elwell is a member of IEEE 
special groups on microwave theory 
and techniques and electron devices. 
He is a graduate of the University of 
Colorado, where he received his 
master's degree. 

Radio wave propagation specialist 
WILFRED K. KLEMPERER, chief 
of the solar radio astronomy division 
of ESSA/ITSA, will teach in the de­
partment this year as a visiting lec­
turer. Dr. Klemperer has been senior 
scientific staff member of the NBS-
Jicamarca Radar at Lima, Peru. His 
doctoral research, at Cornell, was a 
study of spread F echoes from the 
ionosphere. He is a Fellow of the 
Royal Astronomical Society of Lon­
don. 

GEORGE R. SUGAR, visiting lec­
turer, is well known to the depart­
ment, and to the Department of 
Chemical Engineering, having taught 
courses in the College of Engineering 
in the past. He is leader of the instru-
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ment group of the Upper Atmosphere 
and Space Physics Division of the 
National Buraeu of Standards, and is 
a specialist in digital instrumentation. 
Sugar is the author of numerous tech­
nical papers in the areas of iono­
spheric propagation and meteor 
scatter, and is a member of IEEE, 
A A AS. RESA, and Commission III of 
URSI. 

RICHARD C. WEBB, visiting lec­
turer, has taught courses in the de­
partment from time to time over the 
past six years, notably in pulse and 
digital circuitry, his professional 
field. He founded Colorado Instru­
ments, Inc., a research firm engaged 
in development and manufacture of 
digital electronic instruments, con­
trols, and image transmission systems. 
He has been a research engineer for 
RCA laboratories, a professor of elec­
trical engineering at the University of 
Denver, and has instructed at Purdue 
L ni\ ersity, where he obtained his 
graduate degrees. Dr. Webb holds an 
impressive list of patents for inven­
tions and designs ranging from elec-
trical circuits to encoding apparatus. 
He is a Fellow and former chairman 
of the Denver Section of the Institute 
of Radio Engineers. 

ENGINEERING DESIGN AND 
ECONOMIC EVALUATION: 

CHUNG H. SUH, assistant profes­
sor, has taught machine design and 
allied subjects at Seoul National Uni-
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versity and at the University of Cali­
fornia. His research interests have 
been gear analysis, non-standard gear 
design and gear production systems, 
plane and spherical linkage synthesis 
and analysis, space mechanism syn­
thesis and analysis. He has also stud­
ied the biomechanics of prosthetic 
devices. Dr. Suh began his teaching in 
the department last spring. 

JAMES D. CUNNINGHAM, part-
time lecturer, EDEE, has been instruc­
tor in the department. He will be as­
sociated with senior projects group. 
He is chief engineer for LASP. 

MECHANICAL ENGINEERING: 

WILLIAM E. JAHSMAN, profes­
sor, is an international authority on 
shell structures. He has been a re­

search and consulting scienti 
Lockheed Missiles and Space 
pany, Palo Alto, for ten \< 
has lectured in the Stanford ! 
sity aeronautics and asiron 
p a r t m e n t  s i n c e  1 9 5 9 .  A  g i . .  
Cornell University holding 
and doctorate degrees from 
Dr. Jahsman's research has 
elastic and inelastic wave pro 
crack propagation, plastic r 
plastic limit analysis and cu­
ing, as well as shell theory, 
lications reflect the wide ran 
investigations. He comes t 
partment widely recognize, 
field of solid mechanics. 
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VELJKO MILENKOVIC. 
professor, comes to the dep 
from the General American 
portation Corporation, Illinoi 
he lias been for some years 
technical advisor in the divh 
general research. His researc! 
ties at GATC have resulted in 
ous patents for inventions and 
in the areas of artillery annum • 
dynamic modes of transport,: 
stability and dispersion of pin 
a boosted rocket artillery systci 
three-dimensional fabric strm 
Recently he has conducted anah 
towline dynamics related to 
sonar systems, and has invented 
basic control logic for an industrial 
tape-controlled machine. Dr. Milen-
kovic studied for his graduate degrees 
at the Illinois Institute of Teclinologv. 
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Somehow we think these lads have promise. 
They look about ready for the really big league, where Bethlehem Steel 
has always fielded a winning team. You, too, can learn the score, by reading 
"Careers with Bethlehem Steel and the Loop Course." Pick up a copy 
at your placement office, or write Manager of Personnel, 
Bethlehem Steel Corporation, Bethlehem, Pa. 18016. 

An equal opportunity employer in the Plans for Progress Program 

BETHLEHEM STEEL 0ETHBEHEM 
STEEL 
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FACULTY FEATURE: 

l̂ eadi incj. 

ĵ or 
Writi n f  

PROF. SIEGFRIED MANDEL 

Dept. of English in Engineering 

I lie topic for this paper was sug­
gested by a colleague's remark to the 
effect that if an engineer cannot 
write, he is no engineer. Any state­
ment that has a dogmatic ring makes 
me bristle, but on thinking it over 
I am inclined to agree with the some­
what harsh verdict—or at least to 
modify it by saying that the engineer-
scientist who does not know how to 
write does himself and his profession 
an injury. So bewildered, for in­
stance. is the Provost of Columbia 
I niversity, Jacques Barzun, by the 
unexplained scientific "intent on a 
speck of matter," that in a recent 
book called Science: The Glorious 
Entertainment his intellectual rage is 
vented in chilling prose: 

Life turns to comedy, suddenly, when 
one takes a second glance at those 
creatures at work behind a grillwork 
of tubes and rubber hose, gravely in­
tent upon a speck of matter or a flick­
er of motion, wearing the expression 
of gifted squirrels watching for a nut. 
They are the eager beavers of common 
speech and their manhood (woman­
hood too) is not enhanced but made 
comic when we know that the object 
of their passion is the quarter-million-
dollar mouse, that the dav and night 
anxiety of their lives is whether ihe 
subject s thumb will jerk or not. 
Trying to mediate between the 

-IS 

writing-reluctant scientist and the 
intelligent layman who wishes to un­
derstand what goes on behind the 
engineer-scientists grillwork, John O. 
Osmundsen, a New York Times 
science reporter, writes: 

Science is fundamentally no different 
in practice today from the way it was 
100 vears and more ago. Nor is there 
any basic difference between scientific-
thought and any other kind. Scientific 
thinking is simply damned good think­
ing and nothing more. This means 
that science need not be beyond the 
ken of the non-scientist, and the 
sooner this is made clear to everyone 
the sooner we shall be able to get on' 
with the solutions of the annoying 
little prob ems Mr. Barzun discusses 
in his book. . . . Scientists have not 
accepted their responsibility suffic­
iently to communicate the qualitv of 
their experience to the world and . . 
persons who misunderstand these 
matters such as Mr. Barzun, have 
added to the confusion. 

At the latest meeting of the Ameri­
can Association for the Advancement 
of Science, one conclusion reached 
was that science in America is in 
trouble with the Federal Government, 
with a sizeable segment of the general 
public, and, to a large extent, with 
itself. Dr. Alvin Weinberg, director 
of the Oak Ridge National Labora­
tory in Tennessee, noted that scien­

tists are failing to transmit effectively 
their findings to others and often tr 
each other. Proper control and com 
mand of language and its forms of 
expression are the chief troublemak­
ers. Why should this be so? Two 
explanations may suffice before we 
turn to some suggestions for the engi­
neer-scientist. 

First, in most professions, specializa­
tion has become inevitable with the 
leapfrog growth in knowledge. The 
teim specialist has awe-inspiring im­
plications; whereas, in the medical 
profession, specialization holds enor­
mous advantages for the practitioner, 
it more often is a blight rather than 
a blessing for the engineer-scientist. 1 
am 1 eminded of a ironic anecdote 
told by the novelist William March. 
He entitled his anecdote, The Doctor 
and the Hippopotamus, but he might 
just as easily called it The Engineer 
and His Speciality: 

A young orangutan was ambitious to 
cure the ills of others, and when he 
saw how often his friends died be­
cause a bone or some other object was 
lodged in their throats, he decided to 
specialize m that branch of healing. 
Gradually stories of his skill were told 
all oyer the jungle, and when the 
hippopotamus yawned one morning 
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and got a log crosswise in his gullet, 
he sent for the orangutan as a matter 
of course. 

The doctor came promptly, but al­
though he tried with all his instru­
ments. and even stretched his arm 
forward as far as it would reach, he 
couldn't touch the log, much less 
remove it. As a last resort, he asked 
the hippopotamus to raise his neck 
and stretch his jaws even wider, and 
when he did so, the doctor walked into 
his mouth, braced himself, and tugged 
with all his might at the obstruction. 
The log came loose unexpectedly, and 
at the same instant the hippopotamus 
flinched and swallowed. Then, when 
he had got his breath again, he began 
inching about for his benefactor, not 

realizing he had swallowed his doctor 
when he swallowed the log, nor know­
ing. at the time, that it is the fate of 
specialists to perish of their own 
specialties. 

1 he necessity for specialization 
viould not result in communication 
withdrawals; on the contrary, the 
more intense the specialization, the 
more vital it becomes for the engineer 
to explain and relate his experiences— 
in writing. 

1 he second explanation for poor 
-communication practices fits the 
theme of the conferences on continua-
fing education. Whatever has been 
learned in the classroom may not 
have been pressed into service out­
side of it. Except for several com­
panies that recognize the value of in-
st! vice writing courses or seminars, 
the self-advancing responsibility to 
improve one's writing rests with the 
individual. 

Perfection of a writing style that 
says precisely what one means—or on 
some occasions deliberately avoids 
it—is a game of word and syntax 
strategy that has a fascination to those 
that are willing to master it. Thought 
and writing are inseparable from each 
other; matter and expression are parts 
of one; and style is a thinking out 
into language. Constant awareness 
of how writing—good, bad, or indif­
ferent—is written should lead to a 
more discriminating manipulation of 
language. The more accurately words 
are used, the clearer definition do we 
give our thoughts. Writing with 
awareness then, trains our minds to 
filter and clarify our thoughts. To 
go full cycle with the idea, it is not 
psychologically unsound to say that 
what an engineer cannot state he does 
not perfectly know and that inability 
to put thoughts into words sets defi­
nite and debilitating boundaries to 
one's thoughts. 

I"he point is that whatever one 
reads—technical or semi-technical, 
prose, fiction or exposition, article or 

essay, one should read with the idea 
of immediately spotting the strengths 
and weaknesses of a man's style and 
instantly benefiting by this awareness. 
4\ e might call such an approach read­
ing for writing. Even the engineer 
who has a respectable command of 
language will soon find that this ap­
proach will charge his own writing 
with new force. Those who are less 
adept with language may discover 
that with this approach, their read­
ing is slowed down but that their 
writing will eventually speed up and 
become firmer. 

To sharpen one's awareness of the 
possibilities of writing, I would like 
to suggest reading sessions with a 
group of authors who not only know 
a great deal about the craft of writing 
but who demonstrate it as well. High 
on my list are Sir Ernest Cowers' 
Plain Words: Their ABC's, Sir Arthur 
Quiller-Couch's On the Art of Writ­
ing, S. I. Hayakawa's collection on 
Language, Meaning, and Maturity, 
Stuart Chase's The Tyranny of 
Words, Theodore M. Bernstein's 
Watch Your Language, and Reginald 
O. Kapp's The Presentation of Tech­
nical Information. These writers re­
present such varied professions as 
architecture, Shakespearian scholar­
ship, semanticism, journalism, and 
electrical engineering. 

Many persons in an attempt to 
crash through the barriers between 
themselves and good writing have 
fallen into the attractive traps of the 
one-day circuses that come to town 
under the respectable label of "In­
stitute" or they have pounced on the 
books that promise clear writing in 
several easy lessons. Little except de­
lusion can be gained by gunning one's 
intellectual apparatus and hoping to 
reach the top in one spurt; the flesh 
may be willing but the means are in­
adequate. 

Reading for writing and reading 
about writing should teach you more 
than a string of misleading precepts 
that promise to open the secrets of 
writing without effort. The first popu­
lar bit of pap is "keep sentences 
short," maximum 20 words: Let us de­
molish that one with two sentences. 
Sentence #1: In the spring of 1918 

the commission undertook an ex­
tensive study of the power situation 
of the upper St. Lawrence, involv­
ing accurate contour surveys on 
both shores of the St. Lawrence 
River between Prescott and Corn­

wall, foundation explorations in 
in the vicinity of possible sites for 
dams, extensive sounding opera­
tions in the river itself, and a 
comprehensive and continuous 
study of the variations in water 
level. 

This sentence is 70 words short. 
Sentence #2: The lobby door opened 

and a young woman carrying a 
baby and her husband entered. 
This sentence is 15 words long. 

Aside from that, it embodies the neat­
est trick of the week. By judicious 
handling of subordination, parallel­
ism, and series elements, our 70-word 
sentence is clearer than the 15-word 
sentence. The precept on sentence 
length is as blind as those who follow 
it. Length or brevity are never sub­
stitutes for clarity or case of compre­
hension. 

Another precept of the professional 
simplifiers is "write as you talk." 
This can be disastrous for most people. 
At a certain conference last year one of 
the simplifiers underlined this point 
with a solid bit of profanity. When I 
asked if this is the way he writes, he 
saw my point and admitted that in 
writing he edited his talking style. 
There is no disagreement, however, 
with anyone who says that writing 
should not be stilted, pompous or ex­
cessively colloquial or, on the positive 
side, that writing should have vigor, 
grace, and fluency. 

The simplifiers have a categorical 
imperative that says, "write to ex­
press, not to impress." This is as 
falsely glittering as Polonius' advice 
to his son. Instead, we might turn to 
the source of the idea which the 
simplifiers have distorted. Sir Arthur 
Quiller-Couch says: 

But let us philosophize a little. You 
have been told, I daresay, often 
enough, that the business of writing 
demands two—the author and the 
reader. Add to this what is equally 
obvious, that the obligation of courtesv 
rests first with the author, who in­
vites the seance, and commonly 
charges for it. What follows, but in 
speaking or writing we have an obliga­
tion to put ourselves into the hearer's 
or reader's place. It is his comfort, his 
convenience, we have to consult. To 
express ourselves is a very small part 
of the business, very small and almost 
unimportant as compared with im­
pressing ourselves; the aim of the 
whole process being to persuade. 
These are two entirely different 

views. Couch sees expressing and im­
pressing as two relative aspects of 
persuasive writing. 

Among the dialogue of injunctions 
by the simplifiers is "use simple 
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words, not big words." For example, 
use begin for initiate, tell for acquaint 
and so on. If the reduction of one's 
vocabulary to that of a fourth grade 
child is desirable, the advice is correct. 
But there is a world of difference be­
tween the synonyms in tone and in­
tent of the words used. It is illusory 
to think that the road to good writ-
ing is paved with simple words. The 
spontaneously right word in the right 
place and the preservation and in­
telligent drawing upon the richness 
of our large vocabulary—these are 
aims worth the writer's pursuit. 

Perspicacious reading for writing 
should not only develop one's sense 
of logic but it should also help one to 
spot illogic in others. Try to analyze 
these simple sentences: "The cow has 
a fine sense of smell: one can smell it 
far away. This is the reason for the 
fresh air in the country." If, in a 
flash, one cannot spot the illogic, it 
may be time to turn to Reginald 
Knapp's The Presentation of Techni­
cal Information and his discussion of 
logic. 

I ntler the bulletin heading of "Win­
ners & Sinners" Theodore M. Bern­

stein. as assistant managing editor of 
the New York Times, has been cajol­
ing the staff of one of the great news­
papers to improve writing through 
critical reading. Typical of his no-
quarter given to poor writing are his 
definitions of perpetrators of crimes 
against language: 

A monologophobe (don't try to 
look it up) is a guy who would rather 
walk naked in front of Saks Fifth 
Avenue than be caught using the same 
word more than once in three lines of 
type. Wlit he suffers from is syno-
nymmomania (don't look that one up 
either), which is a compulsion to dis­
tract and, if possible, puzzle the read­
er by calling a spade successively a 
garden implement and an earth-turn­
ing tool. 

Short comments by Bernstein are 
usually sufficient to put offenders to 
shame: 

Sheriff Tidwell said a leopard had 
been spotted . . . 

Naturally Gobbledygook: 
Improved financial support and 

less onerous work load . 
Translation: Higher pay and less 

work. 

And/or: "The law allows up 
$25 fine and/or thirty days in jar 

Leave that monstrosity to the 1 
vers. Say simply, "$25 fine or tin 
days in jail or both." 

Several sessions with editor Bt 
stein will help one's sense of prop/ 
and perspective in handling lar 
age. 

To inlulge in the pleasure of c 
ing—just once more, let me pin 
record a quote by Ivor Brown 
heads one of Gowers' chapter-
Plain Words: 

The craftsman is proud and caret 
of his tools: the surgeon does n 
operate with an old razor blade: (I 
sportsman fusses happily and lor. 
over the choice of rod, gun. club 
racquet. But the man who is workir 
in words, unless lie is a profession 
writer (and not always then), is singul 
larly neglectful of his instruments. 
Rather than be neglectful of tlu 

instruments, one must give them i 
fessional attention. One way to 
this is to pursue "reading for writin; 
Let me say finally that writing aw. 
ness is an essential part of continue ; 
and continual self-education—stren 
ous at times but rewarding always 

CIVIL ENGINEERS: 
Prepare now for your future in highway 
engineering...get the facts on The Asphalt 
Institute'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. 
*AsphaIt Surface on Asphalt Base 

THE ASPHALT INSTITUTE 
College Park, Maryland 

ickness 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. 

THE ASPHALT INSTITUTE 
College Park, Maryland 

y°hUr free stud̂ t library on Asphalt con-
struction and technology, including full details on your 

|  new Thickness Design Method. 

Name 

School 

.  Address 

1 Citv 
1 —State 

'0 
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SATELLITE TRACKING SYSTEMS 
EARTH STATIONS FOR COMSAT 

RAREEARTH PHOSPHORS 
VIDEO TELEPHONES 

MICROWAVE CARRIER SYSTEMS 
COLOR TELEVISION 
LASER RESEARCH 

CABLE TELEVISION 
ELECTRONIC SWITCHING EQUIPMENT 

FLASHCUBES 
MISSILE TRACKING SYSTEMS 

ENERGYSTORAGE 
BLACKBOARD BY WIRE TEACHING SYSTEMS 

INTEGRATED CIRCUITS 
INCANDESCENT AND FLUORESCENT LAMPS 

SEMICONDUCTORS 
ELECTROLUMINESCENT DEVICES 

TELEVISION PICTURE TUBES 
RECEIVING TUBES 

ELECTRONIC SHIELDS 
MISSILE LAUNCH CONTROL SYSTEMS 

INDUSTRIAL CONTROL SYSTEMS 
DATA TRANSMISSION SYSTEMS 

AIRPORT LIGHTING 

And you still call us a phone company? 
We really don't mind. 
After all, it wasn't that long ago that we were just in the telephone business. But 

now, because we're involved in so much more, we need bright college graduates 
with' practically any kind of degree, whether it's in Engineering or Commerce. 

Ask your placement director about us. The misunderstood phone company at 
730 3rd Avenue, N.Y. 10017. 

General Telephone & Electronics 
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will a job with 
LTV Aerospace 

make you more exciting, 
sought after, 

healthy, wealthy 
and wise? 

Why shouldn't you enjoy the good 
things of life when you're out to 
conquer the universe? Sound 
far fetched? It's not. • Your 
first job with LTV Aerospace 
sets you on a path that can 
lead you almost anywhere 
you want to go. • LTV 
Aerospace Corporation 
makes products, of course. 
• The A-7 — F-8 — Gama 
Goat — MACV — Lance — 
Sea Lance — Scout — 
prime subcontract struc­
tural for the 747 and 
the SST. That's a few. 
Design, development 
and production require 
systems engineering with 
enormously diversified 
capabilities. • At LTV 
Aerospace those capabilities 
are being examined in terms 
of the total environmental pic­
ture—sea, land, air, space and outer 
space—in ocean sciences — high mobility 
ground vehicles — missile systems — military and 
commercial aircraft, V/STOL - launch vehicles - extra 
vehicular activity research and development. These are 

today's spheres of action rv 
Aerospace. They are t! 
tiers of tomorrow. • 
sentative of LTV A- i e 
Corporation would to 
tell you about tin 
tiers. Write to him 
cifics about pro is, 

assignments, duti sal­

aries. Then, ask out 
futures . . . quest ons 
about where your first 
job can take you. • 
He'll have answers 
for you, and they 
won't be vague gen­
eralities. He'll show 

y  o  u  w h e r e  L  T  V  
Aerospace Corpora­

tion is heading in the 
total environmental ad­

venture, and how you fit 
in. • You could find your­

self getting pretty excited 
about it. And that's a darned good 

way to feel about your first job. • 
Write College Relations Office, LTV Aero­

space Corporation, P. O. Box 5907, Dallas, Texas 75222. 
An equal opportunity employer. 

- L//VC= -T-E/WCO ^ ^ » ' * / # V 
MISSILES ANO SPACE DMSON - VOUCHT AERONAUTICS 0,VIS,ON • .^S^MS OIVISION 
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DENNIS NEWMAN 

One of our country's most pressing-
problems is the conservation of its 
natural resources. One resource that 
is often overlooked is our electro­
magnetic spectrum. Even though this 
resource is never consumed, its value 
can still be reduced by overuse or mis­
use. The FCC has kept misuse to a 
minimum, but because there are 
more than five and one-half million 
licensed transmitters in the United 
States, overuse is a problem. Since 
the development of the laser, scien­
tists have become interested in using 
it to transmit information at fre­
quencies in the optical and infrared 
portions of the spectrum, 1013 to 1013 

Hertz (cycles per second). 
To study a complete communica­

tions system, we must consider at 
least three distinct parts: transmitters, 
the transmission media, and re-
cievers. 

Transmi t t e r s  

Transmitters, in turn, are usually 
broken down into three parts, the 
oscillator, amplifier, and modulator. 
The laser is the oscillator and the key 
to our system. Before its invention, 
there was no source of high power 
radiation which had the property of 
being coherent. This coherent prop­
erty is necessary for any meaningful 
communications work, and it simply 
means that the small particles of light, 
called photons, coming from the laser 
are moving in the same direction at 
the same time, i.e., they are in phase. 
Most sources, such as flames or heated 
wires, send out their photons ran­
domly. 

Though the first laser was not made 
until 1960, much progress has been 
made. The first lasers put out less 
than a milliwatt of power but modern 

ones have powers of more than 1,000 
watts, though most are still less than 
one watt. 

Like so many other electronic com­
ponents, lasers have gone to solid 
state. Small solid state lasers are com­
mercially available but so far have 
low output powers and usually re­
quire temperatures of — 176°F to oper­
ate continuously. They show no signs 
of replacing other types. 

Lasers can be used as amplifiers, 
too, but it is generally easier to strive 
for more power from the oscillator 
than to use a second laser to amplify 
the beam. 

Modulation is one of the biggest 
problems remaining in laser com­
munications. Modulation is usually 
accomplished outside the laser. Many 
optical modulators use an electro-
optic effect in which certain materials 
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Figure I: Laser Beam Travel through a Pipe. 

will change the phase of the laser 
beam if an electric field is applied to 
the material. This scheme works to 
modulate up to about 1010Hz. Solid 
state lasers can be internally modu­
lated by varying the voltage applied to 
them up to 1.2 x 1010Hz. These rates, 
though very fast, are far from using 
the laser to its full potential, but basic 
difficulties remain to be overcome. 

Atmospheric Interference 

How to get the laser beam from our 
transmitter to our receiver is another 
major problem. Except for very short 
distances, the atmosphere may de­
grade the beam until no information 
is transmitted. Fog, rain and snow 
are the obvious offenders; they will 
scatter and absorb the beam. Manv 

infrared laser frequencies are absorbed 
in a short distance by just the humidi­
ty normally present in the air. Scin­
tillation, the effect that makes the 
stars twinkle even on a clear night, 
also can make a laser beam wander 
off the receiver. Heat waves and other 
turbulence in the air also makes the 
beam wander and destroy the coher­
ence of the beam. 

Because of these factors, many 
schemes have been proposed to send 
the beam down evacuated pipes, us­
ing lenses and prisms to keep the 
beam in the pipe and enable it to 
turn corners. (See Figure 1.) Other 
ideas include pipes which are polished 
on the inside and thin threads of 
plastic or glass (fiber optics). 

All of these systems will work but 

so far none are economically feasible. 
The lens pipe is too difficult to keep 
aligned, and the others absorb lots of 
the beam and are hard to manufac­
ture. 

Interplanetary space does not ore-
sent these problems, and it is here 
that laser communications may have 
their first major usage. Several s hies 
show that laser systems can ha -
advantage over others in, fo in­
stance, rocket to satellite comm 
lion. 

Receivers 

Receivers are the least of th 
tern's problem. Photodiode 
photomultiplier detectors are 
aide of responding as fast as the 
can be modulated. Past the det 
receiver techniques are generalh 
liar to those used in the radio 
microwave portions of the spec i 

Comparison With Other Syst 

If we compare our laser system 
a system using microwave freque 
(~ 10s — 10nHz) we shall see 
is has several advantages, but 
many disadvantages. Lower free . 
ties are so crowded and have 
narrow bandwidths available tha 
laser system won't compete with 
in its intended uses. 

Advantages 

The laser system's main advantage-
are: 

1. The small angular dispersioi 
(spreading) of the beam. 

2. The vast amount of spectrum 
available and consequent large band-
widths attainable. 

Microwave 
Transmitter 

1 
• . 

Laser (Angles 
exaggerated) 

Receiving 
Area 

Figure 2: Comparison of Laser and Microwave Beams. 
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The major disadvantages include: 
1. The state of the technology. 
2. The narrowness of the beam. 

(True, this is one of the advantages 
but finding and keeping such a small 
beam can be major problem.) 

The effects of the atmosphere on 
tlu beam. 

The increased noise in the signal 
a i 1 igher frequencies. 

Laser and Microwave Beams 

th of the advantages of the laser 
a  result of its high frequency 

• ition. Theoretically, all of the 
i m mation being broadcast in the 
\A -:kl cotdd be sent over a single 

I I if it could only be modulated 
fa-: enough. As was pointed out in 
ti section on modulators, they are 
1 Mi ly slow at the moment. These high 
h quencies imply short wavelengths, 
and theory shows that the width of 
t i narrowest possible beam is directly 
related to the wavelength. The angle O O 
is thousand times narrower for the 
laser. If we look at Figure 2, we see 

that the area covered by these beams 
is related to the square of the angles. 
Thus the area for the laser is a mil­
lion times smaller. If the laser and 
the microwave transmitter transmit 
the same power, since that power 
spreads out over the whole area in 
the beam, the power per square unit 
at the receiver is a million times 
greater for the laser than the micro­
wave. In other words, the microwave 
transmitter needs to put out a million 
times as much power to get the same 
signal on the receiving antenna as the 
laser. 

Disadvantages 

As for the disadvantages, those of 
newness and atmospheric problems 
have already been discussed. Finding 
the narrow beam can be a problem, 
especially in the infrared, when you 
can't see the beam with your eye. 

The last disadvantage, increased 
noise, is more fundamental; it cannot 
be overcome by advancing technology 
or complicated systems. This noise is 
a result of quantum mechanical con­

siderations. It is sufficient for our pur­
poses just to note that noise at laser 
frequencies is about 100 times as great 
as at lower frequencies. Also, in the 
same category, is the fact that detec­
tors in the infrared and optical re­
gions have had quantum efficiencies 
of only one to ten percent compared 
to almost one hundred percent at 
microwave frequencies. (That is, an 
average of only one to ten electrons 
will be emmitted from the detector 
material for each one hundred pho­
tons received). The lower efficiency 
and higher noise mean that we lose a 
thousand or ten thousand of the mil­
lion times extra power required, so 
the microwave transmitter has to be 
only a thousand or ten thousand 
times as powerful. 

Thus it is possible for the laser to 
have advantages, but present tech­
nology and economics are keeping it 
from being used to any great extent. 
It may well be a good system in the 
future. 

C O M M E R C I A L  

P R I N T I N G  
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ENGINEERING 

SERVICES TO INDUSTRY 

FROM HERE * 

• D E N V E R :  The Stearns-Roger central engineering offices 

PLANT DESIGN 

CONSTRUCTION MAINTENANCE 

EQUIPMENT FABRICATION 

One single source, one total responsibility for plant design an 
construction — that is a thumbnail description of the internation; 
capabilities of Denver-based Stearns-Roger. 

Current projects include central power stations for majc 
utilities, complete surface facilities for mining operations, petrc 
chemical plants, industrial production facilities, water treatmer 
and desalination as well as many other types of process plants 
We are proud of a reputation for efficiently operating plants corr 
pleted on time and on budget. Can we help you with an industrig 
or process engineering problem? 

Qualified Engineers: Investigate possible openings. Address your resume attention Personnel Department. 

Stearns-ftoger Since 1885 
I Service to Industry 

P . O .  B O X  5 8 8 8  •  D E N V E R ,  C O L O R A D O  8 0 2 1 7  •  P H O N E  3 0 3 / 2 2 2 / 8 4 8 4  
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SYMBOL DEPLETION 

We've almost lost a good word, and we hate to see it go. 

The movie industry may feel the same way about words such as colossal, 
gigantic, sensational and history-making. They're good words-good sym­
bols. But they've been overused, and we tend to pay them little heed. Their 
effectiveness as symbols is being depleted. 

One of our own problems is with the word "opportunity." It's suffering sym­
bol depletion, too. It's passed over with scant notice in an advertisement. 
It's been used too much and too loosely. 

This bothers us because we still like to talk about opportunity. A position 
at Collins holds great potential. Potential for involvement in designing 
and producing some of the most important communication systems in 
the world. Potential for progressive advancement in responsibility and 
income. Unsurpassed potential for pride-in-product. 

That's opportunity. 

And we wish we could use the word more often. 

Collins representatives will visit your campus this year. Contact your 
College Placement Office for details. 

COMMUNICATION/COMPUTATION/CONTROL 

An equal opportunity employer. 

COLLINS RADIO COMPANY / DALLAS, TEXAS • CEDAR RAPIDS, IOWA • NEWPORT BEACH, CALIFORNIA • i ORONTO, ONTARIO 
Bangkok • Frankfurt • Hong Kong • Kuala Lumpur • Los Angeles • London • Melbourne • Mexico City • New York • Paris • Rome • Washington • Wellington 
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PUZZLES: 

THE ROLE OF 

APPLIED MATHEMATICS 

IN EARLY AMERICA 
OR 

PACK MY SLIDERULE WITH MY BEAR-TRAPS BETSY! 

MIKE COLGATE 

Phineus Fitzgerald, applied mathe­
matician, mountain man, trapper and 
part-time Notary Public was a walker. 
He could run, when forced, but he 
could walk five miles per hour day 
and night without stop, slowed down 
by nothing on the North American 
Continent (except, perhaps, buffalo 
grass, as you'll see below) . Being a 
walker, Phineus decided to walk, from 
his home in Tonganoxie, Missouri, 
across the Great Plains, over the 
Rocky Mountains and across the 
Great American Desert to the Sierra 
Nevada Mountains. The following is 
the here-to-fore untold story of his 
trek. 

* * * 

Phineus crossed the main part of 
the plains without incident and had 
just reached Marker Rock. 1,000 yards 
due east of an important river cross­
ing. when he noticed a curious thing. 
Due north from the rock there was a 
perfectly circular area of tall, lush 
buffalo grass, 200 yards in diameter, 
when the rest of the country for miles 
around was bare earth or short, tough 

wire giass. The center of this circle 
was exactly 1,000 yards from Marker 
Rock. 

Being an amateur ecologist, and 
naturally curious, Phineus started to­
ward the phenomenon to investigate. 
He had walked just twenty yards from 
the rock, however, when an armed 
Indian sprang from behind the rock 
and ran toward him, yelling most 
savagely. Phineus ran immediately but 
was only ten yards ahead of the 
Indian when he reached the buffalo 
grass. The grass slowed him down 
considerably, but when he reached 
the exact center of the circle, he 
turned and saw that the Indian 
hadn't entered the grass, but was 
waiting, watchfully, on the perimeter. 

It didn't take Phineus long to 
realize what the Indian had known 
all along: on the bare ground outside 
the circle, the Indian could run ex­
actly four times as fast, unhampered 
by the buffalo grass, as poor Phineus 
could in the grass. Phineus escaped, 
of course, but assuming the chase 
from Marker Rock to the buffalo 
grass was a good indication of their 

relative open ground running abili­
ties, by how much did Phineus beat 
the Indian to the river crossing and 
safety? 

After crossing the river and living 
through several hair-raising adven­
tures which won't be related here, 
Phineus reached a village of Para-
hoochie Indians, on the edge of the 
desert, at exactly 12:00 noon on a 
Monday. It took him precisely one 
hour to learn the following things: 

1. It was exactly 120 miles to the 
next water, at a Hapaheechie village 
on the other side of the desert. Any­
one crossing the desert needed one 
pint of water for each five miles he 
walked, but the wild tribesmen of the 
desert would attack and kill anyone 
carrying more than two gallons of 
water. It was safe, however, to leave 
a closed flask of water in the desert 
without fear of theft or evaporation. 

2. Phineus would be furnished with 
drinking water during his stay at the 
village, but he would have to earn 
the water for the desert crossing at 
the rate of one pint for each hour 
of work. 
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3. Anyone entering the Hapa-
heechie village from the desert must 
present to the Head Chief, Head 
Medicine Man, Assistant Chief and 
Assistant Medicine Man, in that or­
der, a gift of an intricately carved 
buffalo bone. Moreover, the bones 
must be carved in advance at the 
Parahoochie village and must con­
tain the exact time and day of their 
arrival at the Hapaheechie village. 
Failure to do any of these things, or 
doing them in the wrong order, would 
result in being burned at the stake 
at the hands of the Hapaheechies. 

4. Only the above mentioned Hapa­
heechie officials were allowed to wear 
feathers and each wore a different 
color. The Parahoochie villagers 
would not reveal the correspondance 
between color and office, but they did 
mention that the one wearing blue 
feathers was on bad terms with both 

the Head Medicine Man and the one 
who wore red feathers. They further 
revealed that the Head Chief was a 
oood friend of both the Assistant O 
Medicine Man and the one who wore 
yellow feathers. 

Phineus immediately informed the 
village buffalo bone carver the day 
and time to carve onto the four bones 
and set to work earning the water 
necessarv to allow him to arrive at 
the Hapacheechie village at the 
earliest possible time. He rested 
neither day nor night in his work. 
When he finished he began his trek 
and arrived at the Hapaheechie vil­
lage at precisely the hour indicated on 
the four bones he was carrying in one 
of his two empty one-gallon water 
flasks. What day and what time of 
day was it? 

A man with blue feathers met 
Phineus at the village gate and in­

troduced himself as the Assistant 
Chief's son. The only other informa­
tion he would volunteer was that the 
villager with green feathers was a 
good friend of the Assistant Medi­
cine Man. Phineus spotted the other 
three feathered individuals and im­
mediately presented each a buffalo 
bone. Phineus wasn't burned at the 
stake, so in what order, in terms of 
feather color, did he present the 
bones? 

This, of course, completed Phineus 
Fitzgerald's trek, since the Hapa­
heechie village was at the foot of the 
Sierra Nevada Mountains. We may 
see more of him, however, in future 
issues. 

* * * 

The answers to the questions posed 
in the above story will appear in the 
next issue. 
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Teacher: "Spell straight." 
Second-grader: ' 'S-t-r-a-i-g-h-t. 
Teacher: "What does it mean?" 
Second-grader: "Without Coke." 

A minister was making a call on 
one of his parishioners when his host­
ess' small son came running in, car-
ring a dead rat. 

"Don't worry, Mom. It's dead. We 
bashed his head in and beat him 
until . . (at which point he noticed 
the minster) ". . . until God called 
him to heaven." 

The frowning woman walked up to 
a little boy on the street corner who 
was smoking. 

"Does your mother know that you 
smoke?" she admonished. 

"Lady, does your husband know 
you stop and talk to strange men on 
the street?" 

Did you know that in certain parts 
of Boulder, you can still buy a drink 
for a dime—or so a recent autopsy 
discloses. 

Sunday School Teacher: "Lucy, 
why did Noah take two of each kind 
of animal onto the arc?" 

Lucy: "Because he didn't believe 
in the stork." 

Love makes the world go round-
but then, so does a swallow of tobacco 
juice. 

An engineer at a large company 
was examining drawings and speci­
fications for a new instrument which 
had been ordered by one of the firm's 
largest clients. Attached to the plans 
were the coded instructions, "MIL-
TDD-41." Not being familiar with 
these instructions, the engineer called 
the customer. 

"Would you please tell me what 
MILTDD-41 means?" he asked. 

"Sure," replied the customer. "It 
means 'Make it like the damned 
drawing for once.' " 

We knew he'd never make it in 
engineering. He thought a slide rule 
was a baseball regulation. 

This is my slide rule. There are 
many like it but this one is mine. 
My slide rule is my friend, and I shall 
learn to love it as a friend. I will obey 
my slide rule. When my stick tells 
me that 5x5 is 24.8, then, by god, 
five times five is twenty-four point 
eight. I will learn the anatomy of my 
slide rule, though I die in the strug­
gle. I will use faithfully every scale, 
the black scale and the red, the in­
verted C and the inside-out log, the 
reversed A and the mutilated D. I 
will master them all, and they will 
serve me well, they will! I will cherish 
my slipstick and never shall profanity 
sear its long, graceful magnesium 
limbs. My slide rule shall be my bro­
ther in suffering. Through long hours 
of midnight toil we will work to­
gether, my slide ride and I. And on 
the great day when my slide ride and 
I have finished our appointed task 
and the problem is done and the 
answers are right, I will take that 
damn stick and have one hell of a 
fire, I will! 

They finally put a clock on the 
Leaning Tower of Pisa ... no sense 
saving the inclination if you don't 
have the time. 

The draftee was awakened roughly 
by his platoon sergeant after the 
rookie's first night in the Army bar­
racks. 

"It's four-thirty," roared the ser­
geant. 

"Four-thirty!" gasped the recruit. 
"Man, you'd better get to bed. We've 
got a big day tomorrow." 

Then there was the Pollock who 
tried to beat the train to the crossing 
He hit the seventy-sixth car. 

"I have a splinter in my finger." 
"Been scratching your head?" 

Four Marines were playing brio 
in a hut in Viet Nam when a s 
burst in. 

"The enemy is landing a fore, 
about four hundred men on 
beach." 

The Marines looked up weai 
Finally one said: "I'll go. I'm duni 
this hand." 

The closest our civilization has : 
ten to perpetual motion so fai 
street repairing. 

When a GI saw LBJ at the air pi 
in Viet Nam, he ran over and ask> 
"Aren't you President Johnson? 

"Yes." 
"Man," replied the soldier. "Th 

what I call a draft board!" 

Rumor has it that the prerequi-
for Engr. 301 is a pervious course 
Engr. 301. 

Then there is the hippie coup: 
who had their baby christened 
G r e e n w i c h  V i l l a g e  s o  h e  c o u l d  h a s .  
a fairy godfather. 

Walter was explaining what a dun 
town the small burg was. 

"No night life?" Jim inquired. 
"Nope. She left last week." 

What is white on the outside, green 
on the inside, and hops? 

A frog sandwich. 

Which reminds us of the IBM sales­
man who dropped LSD. He went on 
a business trip. 

In Hungary, a commissar asked a 
peasant how the potato production 
was going. 

"Oh, fine," replied the peasant. 
"We have so many potatoes that if we 
put them in a pile, they would reach 
clear up to God." 

"But you know there isn't any 
God," replied the commissar. 

"Well, there aren't any potatoes 
either." 

—Randy Lorance  
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Eastman Here in the hills of East Tennessee we are known as 
and the atmosphere is sort of different 

Ladies' picnic on a Thursday afternoon in Warrior's Path State Park near Kingsport, Tenn. Down in the 
valley the chemical engineering is as up to date as any on earth, but the tensions of the big cities seem slow 
to penetrate the hills of East Tennessee. Some call this isolation and like it. Some wouldn't. We offer choice. 

You may have first heard of Kodak when you were eight 
ears old and grandpa pointed a camera at you. In Kings-
ort, Tenn., Longview, Tex., and Columbia, S.C., there 
re 15,000 of us who make no cameras and no photo-
raphic film but turn out fibers, plastics, and chemical 
iredients for a hundred other industries. In fact, we can 

ifer no less a variety of chemical engineering opportuni-
es in those communities than in Rochester, N. Y., where 
e produce our renowned photographic goods for enjoy­
ment. for business, for education, and for the professions. 

Although many Kodak chemical engineers eventually 
nove into production or management functions, none 

.-•tart there. First assignments are in development and 
process improvement, or systems and research. A chemi­

cal engineer might also make full use of his professional 
competence in liaison with our customer companies, in 
which case he is in marketing and had better count on 
moving around quite a bit. Otherwise we are so set up 
that we can give an engineer all the opportunity for ad­
vancement he wants without ever asking him to change 
communities. 

We make the same promise to mechanical, electrical, 
and industrial engineers, by the way. 

Drop a note about yourself to Business and Technical 
Personnel Department, Eastman Kodak Company, 
Rochester, N.Y. 14650. If you have any geographical 
preferences or any other category of preferences in work, 
mention them. We are an equal-opportunity employer. 

And here, just to be specific, are what occupy 

RATHER SPECIAL 

Solid-phase polymerization 

High-temperature vapor-phase pyrolysis 

Liquid-phase air oxidations 

Non-Newtonian flow 

Drying of tacky pastes 

Extrusion of hot. viscous, temperature-
sensitive materials 

Design of systems for melt- and solvent-spinning 

Oxidation of ethylene to acetaldchyde 
and ethylene oxide 

Oxo process 

Olefin polymerization 

Vapor-phase dehydrogenation 

the chemical engineers down in the valley: 

MORE GENERAL 

Design of pilot plant and plant equipment from 
laboratory data and basic chemical 
engineering unit operations 

Drying operations for fibers, plastics, and chemicals 

Viscous flow and heat transfer 

Chemical kinetics rate models 

Dispersion systems 

Mixing studies 

Use of computer hardware and software in 
plate-to-plate distillation program, 
hydraulic design, heat-exchanger 
design, mass transfer equipment 
design, reaction simulation 



"Traffic 
is terrible 

today!" 

Accident in the left hand lane of the Queens-Midtown access ramp. 
Right lanes moving slowly. Fifteen minute delay at the Brooklyn Battery 

Tunnel. Lincoln Tunnel backed up to the Jersey Turn­
pike. Extensive delays on Route 46 in the Ft. Lee area. 
That's the traffic picture for now, Bob." 

However, technical people at GE are doing something about it. 
Development and design engineers are creating and improving elec­

tronic controls and propulsion systems to guide and power transit trains at 
160 mph. Application engineers are developing computerized traffic control 
systems. Manufacturing engineers are developing production equipment and 
new methods to build better transportation products. And technical marketing 
specialists are bringing these products and systems to the marketplace by 
working with municipal and government agencies. 

Young engineers at GE are also working on the solutions to thousands of 
other challenging problems—products for the home; for industry; systems for 
space exploration and defense. When you begin considering a career starting 
point, think about General Electric. For more information write for brochure 
ENS-P-65H, Technical Career Opportunities at General Electric. Our address 
is General Electric Co., Section 699-22, Schenectady, New York 12305. 

G E N E R A L  E L E C T R I C  


