


nly 

Cuts Steel like Butter! This modern flame-cutting equipment, in use at U. S. Steel 
Supply Division warehouses, can follow the most complicated patterns accurately and turn 
out :finished shapes of steel exactly as wanted. Many fabricators of steel products buy their 
steel from U.S. Steel Supply, and have it cut to shape before it is delivered to them. 

A 42-Foot Car-Bottom Furnace 
heats big steel ingots like this 
up to forging temperature at 
U.S. Steel's Homestead Works. 
But proper heating involves a 
great deal of skill and experi
ence on the part of the men who 
supervise the process. And U.S. 
Steel Forgings Division crafts
men are second to none in ex
pertness at their various jobs. 
Many of them learned their 
skill from fathers and grand
fathers who held the same jobs 
before them. 

SEE THE UNITED STATES STEICL HouR. It's a full-hour TV program presented every 
other week by United States Steel. Consult your local newspaper for time and station. 
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The Spring's The Thing that gives a Trampo
line its unique place in the world of exer
cise and entertainment. Around the edge of 
the resilient "bouncing" surface, more than 
100 oil-tempered springs, carefully designed 
and precisely manufactured by U.S. Steel, 
quietly go about their jobs of supplying the 
"motive" power that enables a performer to 
bounce and leap as high as 26 feet. 

OPPORTUNITIES 
WITH U.S. STEEL 

If you're thinking about what you're 
going to do after graduation ... if 
you're interested in a challenging, re
warding position with a progressive 
company ... then it will pay you to 
look into the opportunities with 
United States Steel. Your placement 
director can give you more details, 
or we'll be glad to send you the in
formative booklet, "Paths of Oppor
tunity." United States Steel Corpo
ration, 525 William Penn Place, 
Pittsburgh 30, Pennsylvania. 

This trade-mark is your guide to quality steel 
For further information on any product mentioned in this advertisement, write United States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 

AMERICAN BRIDGE •• AMERICAN SHEl & WIRE and CYClONE FENCE •• COLUMBIA-GENEVA STEEl •• CONSOllllATED WESTERN STEEl •• GERRARD STEEl STRAPPING •• NATIONAl TUBE 
OIL WEll SUPPLY •• TENNESSEE COAL & IRON •• UNITED STATES STEEL PRODUCTS •• UNITED STATES STEEl SUPPlY •. Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEL HOMES, INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT COMPANY 4-1094 



1954- America's first jet transport, the Boeing Stratoliner, 550 m.p.h. 

Two trail-blazing transports 45 * * both Boeings 

America's pioneer transcontinental air
line passenger plane, the 40A of 1927, 
was a Boeing. Today, America's first jet 
transport is another Boeing, the 707. 
This quarter-century of commercial de
sign leadership is paralleled by military 
design leadership ranging from the old 
B-9 bomber to the fighter-fast Boeing 
B-4 7 and B-52 jet bombers of today. 

For 38 years Boeing engineers have 
blazed exciting new trails in design, re
search and production. They're blazing 
them today in jet aircraft, guided mis
siles, and research in supersonic flight 
and the application of nuclear power 
to aircraft. 

If such new-horizon engineering ap
peals to you, Boeing offers a reward-

ing career, whether you are in civil, 
mechanical, electrical or aeronautical en
gineering, or a related field. Boeing is 
expanding steadily, and employs more 
engineers today than even at the peak 
of World War II. Boeing also promotes 
from within, and holds regular merit re
views to give you individual recognition. 

At Boeing you'll find an unusual range 
of opportunity, from applied research to 
production design, from work with new 
materials and techniques to contacts with 
a cross-section of industry through the 
company's vast subcontracting program. 
Boeing employs draftsmen and engi
neering aides to handle much routine 
work, thus freeing engineers for more 
stimulating assignments. 
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53% 

Boeing engineers enjoy stable careers 
-46% having been with Boeing for 5 
years or more; 25% for 10, and 6% for 15. 
Many engineers have been here 25 years, 
and 7 have been with Boeing for 30. 

Boeing helps engineers continue their 
graduate studies, and reimburses them 
for tuition expenses. 

For further Boeing career information, 
consult your Placement Office, or write: 

JOHN C. SANDERS, Staff Engineer- Personnel 
Boeing Airplane Company, Seattle 14, Wash. 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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Map for men 
• 

Olll 

EACH dot represents a city or town where at 

least one of the 116 General lVIotors plants is 

located. 

These 116 plants-representing GM's 35 manufac

turing divisions- provide a w-ide range of places in 

which you, as a young graduate engineer, might be 

working. 

Each of these widely scattered plants offers the secu

rity and prestige of the GlVI name. 

On top of that, each division has available to it the 

vast research facilities for which GM is famous. 

In addition, we offer the scope of an organization 

which produces not only motorcars and their acces

sories, but also jet engines, refrigerators, electronic 

equipment, Diesel engines-just to name a few. 

And most important is GM's deep-seated respect 

for engineering and engineers- the recogu'ition of 

creative thinking that means "more and better things 

for more people." 

You'll find plenty of wide-open spaces at GM if you 

can measure up to the chance and the challenge we 

offer. Why not start mapping it out in your mind? 

l\tleanwhile, send" for the booklet, "The College Grad

uate and General Motors," which goes into further 

detail concerning opportunities at GM. 

GM POSITI,ONS NOW AVAILABLE 

IN THESE :FIELDS: 

MECHANICAL ENGINEERING 

ELECTRICAL ENGINEERING 

METALLURGICAL ENGINEERING 

INDUSTRIAL ENGINEERING 

CHEMICAL ENGINEERING 

GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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Donald W. Sundstrom received his B.S. degree in Chemical Engineering from 

Worcester Polytechnic Institute in 1953. He's currently studying for an M.S. degree 

and expects to receive it next year. like other engineering students, he's asking 

a Jot of searching questions before deciding on a permanent employer. 

Don Sundstrom asks ... 

at re my 
c s for 

Jerry Risser answers: Gerald J. Risser, B.S. Chern. Eng., Univ. of 

Wisconsin (1937), is now assistant man

ager of the Engineering Service Division 

in DuPont's Engineering Department, Wil

mington, Delaware. 

I THINKiknowexactlywhat'sbehind that question, 
Don, because the same thing crossed my mind 

when I first graduated and looked around for a job. 
That was about seventeen years ago, when the 
DuPont Company·was much smaller than it is to
day. And there's a large factor in the answer, Don, 
right there! The advancement and growth of any 
employee depends to a considerable degree on the 
advancement and growth of his employer. Promo
tion possibilities are bound to be go6d in an expand
ing organization like DuPont. 

Right now, for example, construction is in prog
ress or planned for three new plants. That means 
many new opportunities for promotion for young 
engineers. And, in my experience, I have found it is 
a fundamental principle of Du Pont to promote 

BETTER THINGS FOR BETTER LIVING 

• • • THROUGH CHEMISTRY 

WATCH nCAVALCADE OF AMERICA" ON TELEVISION 
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from within the organization -on merit. 

My own field, development work, is a natural for 
a young graduate, because it's one of the fundamental 
branches of engineering at Du Pont. There are com
plete new plants to design, novel equipment prob
lems to work on, new processes to pioneer-all sorts 
of interesting work for a man who can meet a chal
lenge. Many of the problems will involve cost studies 
-some will require evaluation in a pilot plant-but, 
in every case, they'll provide the satisfactions which 
come froni working with people you like and respect. 

All in all, Don, your chances of advancement on 
merit are mighty good at Du Pont! 

Want to know more about working with Du Pont? 
Send for a free copy of "Chemical Engineers at DuPont," 
a booklet that tells you about pioneering work being done 
in chemical engineering-in research, process develop
ment, production and sales. There's a step-by-step outline 
of the leadership opportunities that confront a young 
DuPont engineer-how he can advance-and how he can 
obtain help from experienced members of the team. Write 
to E. I. duPont de Nemours & Co. (Inc.), 2521 Nemours 
Building, Wilmington, Delaware . 
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LOCKI-IEED 1V1ISSILE SYSTEMS DIVISION 

Lockheed Aircraft Corporation: Van Nuys, California 

An Invitation to 
Physicists and Engineers: 

Missile systems research and development is not 
confined to any one field of science or engineering. 
Broad interests and exceptional abilities are re
quired by the participants.. Typical areas include 
systems analysis, electronics, aerodynamics, 
thermodynamics, computers, servomechanisms, 
propulsion, materials research, design and 
fabrication. 

Because of the increasing emphasis on the missile 
systems field, there is opportunity to share in 
technical advances which have broad application 
to science and industry.. · 

Those who can make a significant contribution to 
a group effort of utmost importance -- as well as 
those who desire to associate thernselves with a 
new creative undertaking -- are invited to contact 
our Research and Engineering Staff. 

E .. R .. Quesada 
Vice President and 
General Manager 

THE MINNESOTA TECHNOLOG, October~ 1954 
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''NE'W DEPARTURES'' IN C:::l ENCE 

DISC::OVER T 

RULE OF TU I 
ll!ii 

Apparently no one told Archimedes he had filled his tub too 
full. The results were damp but-Eureka!-led to a great 
discovery ... the Law of Specific Gravity. 

E 

Research today is a little different. At New Departure, 
for example, we have 28,000 square feet of floor space devoted 
to product engineering laboratories. Here, we determine 
fatigue and friction characteristics of materials ... test 
bearings under actual operating conditions ... develop new 
designs ... study bearing lubrication ... conduct hundreds 
of research experiments for specific customer installations. 

Such facilities are one of the many reasons why engineers 
and designers call on New Departure for assistance in ball 
bearing applications! 

Research at New 
Departure has been 
responsible for devel
opment of such devices 
as the Rockwell hard
ness tester and many 
forms of precision 
grinding and gauging 
equipment . . . such 
advances as the pre
loaded angular con
tact double row ball 
bearing and the self
sealed, lubricated-for
life ball bearing. NEW DEPARTURE " DIVISION OF GENERAl MOTORS • BRISTOL, CONNECTICUT 
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A l\IESSAGE TO 
COLLEGE ENGINEERING 

STUDENTS 

from J. ~- Hodnette, Vice-President and 

General Manager, Apparatus Products, 

Westinghouse Electric Corporation 

To the young man with a vision of success 
Success means different things to different men. It can 

mean professional recognition, or great achievement, 

or exciting work, or many other things. Whatever its 

special meaning to you-keep its image in your mind, 
for you are already well on the way to achieving it! 

If ydu are determined to become a research scientist', 

you can be. If you have a burning ambition to become 

a sales engineer, you can be. If you have your sights 
set on a top executive spot, you'll be there someday. 

One might think a large company like Westinghouse 
would have more pressing things to think of than the 

YOU CAN BE SURE GG® IF ITS 

~stin house 
THE MINNESOTA TECHNOLOG, October, 1954 

ambitions of its young engineers. On the contrary, 

nothing is more important ••• for our professional 

people are our biggest asset. 
Here at Westinghouse, intensive efforts are made to 

help our professional men realize their individual goals 

-through extensive training programs, study programs 

leading to advanced degrees, leadership programs, and 

guidance in professional development. You are treated 

as an individual at Westinghouse. 
If you have the will, and are prepared, we can show 

you the way. 

For information on career opportunities 
with Westinghouse, consult Placement 
Officer of your University, or send for 
our 34-page book, Finding Your Place 
in Industry. 

Write: Mr. C. i W. Mills, Regional 
Educational Co-ordinator, Westinghouse 
Electric Corporation, Merchandise Mart 
Plaza, Chicago 54, Illinois. 
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ou an our Big Brother 

After a year of hibernation, the Tech Commission last spring started to formu
late a plan directed to bring them back into the student sunshine and popularity. 
Freshmen: You now have a big brother. The idea goes something like this: 

Selected senior engineering students are given the names of a few of this fall's 
freshmen by the Tech Commission. The senior then calls each of these new students 
and tells them that he is their big brother; that if they have any problems they can 
call on him- a student who knows the ropes- for help. And thus with the idea 
of helping the incoming freshman, the big brother plan was born. 

Basically this idea embodies a number of good points, but beneath the surface 
it has some rather obvious shortcomings. The majority of the freshman's worries 
(that a big brother may mitigate) come in the fall of the year. It takes time to as
sign freshmen to senior engineers and. because of this, the big brother is not of 
much help in getting him settled. Because the I.T. program is continually changing 
it seems a bit dangerous to suggest that students help other students to plan their 
programs. As we all know, not too many of us M.E.'s or E.E.'s, not to mention the 
rest, can give the details of the new freshman curricula. Excepting his social and 
extra-curricular aspects, then, a big brother is not too useful a friend to have. 

It seems to us to be far more practical to incorporate this energy of the big 
brother plan into the freshman orientation program where I.T. is sadly unrepresent
ed. Let engineering students be used to guide LT. freshman about during their brief 
orientation program. Meet the freshman when he first comes to the campus full of 
enthusiasm and be with him for a while. Because it has long been true that first im
pressions are lasting impressions, this will mean far more to the freshman engineer. 

Although we do not completely agree with the Tech Commission in the details 
of their big brother plan, we're happy to see this beginning and we're sure that if 
this idea is reworked and improved upon with the same speed it was created, it cannot 
fail to give us better intra-school fellowship. 

FRONTISPIECE 
Photo courtesy ~ACA; trans-sonic wind tunuel at Langley 

Field. 
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COVER 
A drawing by Norm Day and Carl Nelson; an interpretation 

of the theme of our lead article : Sports Cars. 
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by Paul C. Susie 

HE scene is a chemical plant. A man receives the 
day's expected production figures from the sales of
fice~ punches them into a machine and adjusts for 

quality on a few dials. Out in the plant an automatic con
trol valve moves a fraction of an inch. At the end of the 
day, quality and quantity fill the sales department's de
mands exactly. 

Sound fantastic? Well, it is-now. But so was the 
thought of controlling the temperature in a room without 
manual adjustment of the heat source fifty years ago. 

The automatic factory is now being discussed whenever 
production and instrument engineers take a coffee break. 
During the 1930's the idea of a factory which would run 
itself was considered impossible-science fiction stuff. Then 
World War II forced development of servomechanisms for 
gun control. Toward the end of the war, the first huge 
computers were developed. Just after the war, the con
struction of new, modern factories made engineers and the 
public control conscious. When these three factors were put 
together, the iea of the automatic factory suddenly stopped 
being a dream. Newspapers wrote aJbout it, organized Ia:bor 
·worried about it, and management demanded reports on it. 

feedback 
Engineers who looked into the idea found that automatic 

factories~ even automatic machinery, were still in the future. 
They had the basic ideas, true. But it was a long road from 
E mc2 to the atomic bomb, and it looked like a long way 
from the postwar ideas to the push-button factory. Let's 
see where we stand today with the idea but first let us 
catch up on automatic control. 

Most engineers are at least exposed to control sometime 
in their five years of school, but for the benefit of the fresh
men here's a quick introduction: 

Behind all automatic control lies "feedback." The word 
"feedback" is a description of the way the control operates 
-the thing being ·controlled is measured and the signal is 
fed back to the controller, where it is used to adjust the con
trol element. 

In a home thermostat, the air temperature makes a bimetal 
strip twist. The force of the twist is compared with that of 
a spring. If there is unbalance~ a pneumatic signal changes 
the valve on the steam line to the radiator, and the air in 
the room gets more or less heat until the forces of the strip 

10 

and the spring balance. The temperature of the air has 
been fed back to control the heat entering the room. 

In more complex cases, the signal to the valve can be 
related to the error signal three ways: 

First, the signal to the valve can be proportional to the 
signal from the controller. That is, a change of one per 
cent at the controller can cause the valve to change a certain 
amount. The change can be from less than one per cent to 
100 per cent. However, if an error change of one per cent 
causes the valve to change five per cent, a change of two 
per cent will cause a ten per cent change in the valve. Once 
it is set, the proportionality factor is a constant. 

Second, the signal to the valve can be the derivative of the 
signal from the controller. In this case, a sudden change 
produces a strong signal to the valve, while a weak signal 
causes little change in the valve position. There is still a 
constant coefficient which can be adjusted. 

Third, the valve signal can be the integral of the error 
signal. As the controller is out of balance for a longer time, 
the signal to the valve gets stronger. As usual, the coefficient 
of the integral can be adjusted. 

All three of these "modes" of control can be combined. 
In fact, it is difficult to produce one mode without one or 
both of the others present in some amount. 

There are, then four adjustments which can be made to 
suit the requirements of a process: the set point and the 
coefficient for each mode of control. In the automatic 
factor, all that would be controlled from a central computer 
would be the set point-the rest of the adjustments would 
be left constant once the control was in satisfactory oper
ation. 

difficulties 
The catch lies m that last statement-" ... once the 

control was in satisfactory operation." At present a great 
deal of experimenting and study is being done on which 
mode to use and how to ad just the constants to get the 
best control for a given process. Until this work is com
plete, or at least more complete than it is at present, the 
automatic factory will be like a Rube Goldberg invention 
-it would propably work, but it wouldn't be worth the 
effort and expense involved to build it. 

Research on control adjustments is bein~ carried on in 

(Continued on Pa.f!.e 34) 
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ACHINE tools have been 
controlled automatically and 
satisfactorily for a great 

many years. The automatic screw 
machine is familiar to all engineers. 
Another type of machine that is 
widely used is the copying or tracer
controlled machine. This has been 
developed more recently than the 
automatic screw machine, and there 
are many different varieties of these 
available. On these machines a first 
piece or template is made by con
ventional methods, and then a cut
ting tool is, guided automaticaUy so 
as to duplicate the form in the work
piece. In some cases a master is 
made of wood and plaster, which 
can then be cut in metal. 

All of these machines have the 
distadvantage of requiring ·that a 
master piece or, in the automatic 
screw machine~ a set of master cams, 
be made and insta led every time 
the machine is to be changed from 
one job to another. 

When a single piece is required, 
the simplest way of getting it is 
probably to hand a rough sketch to 
a good mechanic and let him make 
it. If 10,000 or 50,000 pieces are to 
be made, the machines mentioned 
are available. 

If, however, the number to be 
made is 6, 10, or 25, there are no 
good ways of making them. If they 
.are given to a good mechanic, he 
makes the second piece a little faster 
than the first, but the third takes 
just as long as the second, and he 
easily can spoil the fifth. He has 
to stop his machine repeatedly to 
change tools and measure the work. 
He rarely takes as heavy a cut as 
the job will s,tand, as he is afraid 
of spoiling it, and if he spoils it, 
he has to start over again. 

ti 
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During the past 150 years or so, 
these considerations have led to the 
development of machines that can 
be controlled by a tape or film. It 
was about 1803 that J. M. Jacquard 
invented a loom which was con
trolled by punched cards linked to
gether in a chain. This, control de
vice has been applied to embroidery 
machines and to lace-making ma
chines. A related system has, been 
used widely for player pianos. and 
organs, and a similar method for the 
control of typesetting machines. 

stored tapes 
With a tape system, when new 

orders come in for s~pare parts, it is 
necessary only to take the tape out 
of the file and put it in the machine, 
and to put in a piece of stock. In 
fact the operator does not even need 
to know what the machine is going 
to make. He has to know what size 
stock to put in and where to put it. 
Frequently, an instrument has a 
number of similar but slightly dif
ferent parts, such as, shafts of dif
ferent lengths and diameters, with 
shoulders at various points. With 
present manufacturing m,ethods, as
sembly of the instrum.ent is delayed 
because one shaft is missing. This 
is the shaft the assemblyman thinks 
he needs to put in first. With a tape
controlled machine, it would be easy 
to produce these shafts, in sets . 

F o r exceptionally complicated 
pieces it is possible to prepare tapes 
on some of the large modiern com.
puting machines. For simple pieces, 
however, it should be possible to 
prepare a tape in the user's plant. 

If the information can be put on 
teletype tape, the interesting possi
bility appears of telegraphing spare 
parts, all over the world. 
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by Frederick W. Cunningham 
Anna Corporation 

Reprinted from Mechanical Engineering 

In the machine-tool field, the prob
lems are somewhat different from 
those on the earlier devices. Most 
of these machines employ a hole in 
the tape for each particular opera
tion or location. On the player pi
ano, the presence of a hole caus.es a 
particular note to be struck. On the 
loom, a hole in a selected location 
will raise a particular thread. 

On a machine tool, it may be de
sired to locate a point to 0.0001 in. 
or 0.0002 in. on a machine having a 
total travel of 50 or 60 in. This is 
one part in 500,000 or 600,000. Ob
iously, it is impossible to have a tape 
500,000 holes wide, and have each 
put up a locating pin 0.001 in. from 
the next one. 

There are several ways to escape 
the problem. One is to use a coding 
system of some kind. The simplest 
system is merely the use of decimal 
dimensions ; that is, if the cutter is 
to be 19.5732 in. from the zero point, 
the digits 195732 are punched in the 
tape. This will require that 60 
spaces, be available for this co-ordi
nate. A binary system would permit 
a reduction to 19 spaces while a 
combination system using 4 spaces 
per decade would require 24. 

data input 
The number of spaces can he re

duced greatly if it is not necessary 
to give a single order that will drive 
the machine from end to end. If it 
is possible to put in each time an 
order which does not differ from the 
preceding one by more than 0.00050 
in., it is necesary to put in only the 
last two digits .. If the preceding or
der had been executed properly, this 
would be sufficient. The simplest 
type of control system is one in 

(Continued on Page 36} 
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IRC 'WINDING SKILL OFFERS 

REALISTIC SAYINGS TO INDUSTRY 

... another reason why engineers specify IRC Resistors 

Savings in the initial cost and assembly of component 
parts are an increasingly important factor to electronic 
engineers. That's why they depend upon IRC for their 
resistor requirements. IRC's mastery of winding wire 
elements-dating back more than 25 years-today pro
vides a wide variety of unique units that offer realistic 
possibilities for savings. 

INTERNATIONAL 
RESISTANCE CO. 
401 N. Broad St., Phila. 8, Pa. 

~ .. ~ ~ ""'\f\1\r In Ccmc:uda: lnfernafional Resistance Co., Toronto, Uc:enslii!e 
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HO EY ELL 

OFFERS 

CHALLENGES 

UNLIMITED 

THE challenges and problems for the 
engineer in the automatic control 

field are unique in their variety and in 
the insight provided into all of the 
industries of today' s modern world. 

The development and manufacture 
of tiny transistors for electronic control 
. . . the design and construction of 
giant control valves for oil refineries 
. . . the challenge of finding fish with 
underwater sonar ... of providing auto
matic flight for supersonic jets ... 
temperature controls for today's modern 
home . . . for atomic piles . . . 

These are a few of the fields in which 
Honeywell's several divisions are en
gaged, providing automatic controls 
for industry and the home. 

These controls are made possible by 
the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 

With nine separate divisions Jocated 
throughout the United States and with 
factories in Canada, England and 
Europe, Honeywell offers unlimited 
opportunities in a variety of challeng
ing fields. Based on diversification and 
balance between normal industry and 
defense activities, Honeywell will con
tinue to grow and expand because 
automatic control is so important to 
the world's progress. And automatic 
control is Honeywell's business. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. 
In addition to full time engineering 
and research employment we offer a 
Cooperative Work Study program, a 
Summer Student Work Study program 
and Graduate Fellowships. It you are 
interested in a career in a vital, varied 
and diversified industry, send the cou
pon for more information. 

N E A p 0 1.. I s II 

Divisions: Appliance, Aeronautical, Commercial, Hearing Controls, Industrial, 
Marine, Micro Switch, Ordnance, Valve. 
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: MINNEAPOLIS-HONEYWELL : 

: REGULATOR Co. : • • : Personnel Dept., Minneapolis S,Minn. : 
• • e e 
: Gentlemen: Please send me your : 
! booklet, "Emphasis on Research", ! 
: which tells more about engineering : 
i opportunities at Honeywell. : 
® • 
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by Jay Cedarleaf 
Photos courtesy of Racing Wheels 

I N the past six years the United !States has been enjoying 
a revival of a long-forgotten sport. The sport of motor
ing used to be very popular when our auto industry 

was in its infancy., Such automolbiles as the Stutz Bearcat' 
and Mercer Raceabout were the envy of all America. Since 
early roads were plagued with. tricky corners and steep 
hills most of the cars>then produced had to incorporate many 
sports car features so they could navigate with some degree 
of speed. However, the depression loomed as a Waterloo to 
all sports car production in this country when the competi
tion for sales became intense. Automobile manufacturers 
discovered that more people wanted a car with a baby 
buggy ride than a firm one. As a result all the emphasis 
of sales was concentrated on suspension systems and the 
resulting soft ride produced. The sports car. was dead! This 
public demand for a soft ride has continued ever since and 
is destined to always be a predominant factor in most buyers' 
eyes. The recent demand for a different type of automobile 
has expressed itself in the imported car market. 

While the U. S. was concentrating on passenger vehicles, 
European styling still adhered to the road holding-qua!lities 
of the sports car which was important considering some of 
the roads in Europe. Road racing and rallies have kept the 
sport constantly in view of most Europeans. In England, 
the motoring writers of their newspapers enjoy a following 
that any :baseba:ll writer in the U. S. would be proud to 
claim. In fact, many enthusiasts feel that if it were not 
for the English people's constant enthusiasm for motoring, 
it might have died as a sport. In the U. S., Detroit pro
ducers have realized the growing demand for a small, swift .. 
maneuverable automobile. The market is stiH comparatively 
small, but already Chevrolet has introduced the Corvette 
which has reached a production rate of 1000 cars per month 
this year. Ford recently unveiled their Thunderbird and 
plan to start mass production of them soon. It appears that 
the "sports. car fad" has pilanted its roots quite firmly in our 
culture, and its future seems unlimited at present. 

There are certain specifications that sports cars must meet 
to be eligible for any given road race, but the average en
thusiast is not nearly as demanding as this. The broadest 
definition incorporates the "state of mind" theory. That is. 
if the owner of an automobile derives a great deal of enjoy
ment from driving it, then he owns. a sports car. Under 
this definition, most owners of convertibles roadsters, or 
customs alll faU in the category of sports car enthusiasts. At 
this point the MG owner may feel slighted, so a more exact
ing definition is usually accepted ·in motoring circles. 

To accomplish this, it would probably be more dear to 
compare various known sports cars with familiar passenger 
vehicles. As a passenger car the Ford V-8 is. well known. 
The Jaguar XK 120 is an excellent representative of a high 
performance sports car while the MG, although not a flash
ing performer, still has all the elements of a well-designed 
racing machine. Many idealists will claim that a car must 
be capable of racing to be considered in the sports car class. 
The general consensus among enthusiasts, however, is that 
the car must only meet general racing attributes and the 
owner need have no intention of ever racing his car. A 
few of the important attributes will be cons;idered here. 

The normal passenger car usually weighs about 3200 lbs. 
or more. The size naturally influences the total weight, but 
the frame construction and supporting members seem to make 
more difference. The racing car manufacturers have gone 
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into great detail about what constitutes a light, yet strong 
frame and body. All excess metal that can possibly be 
removed is eliminated. The production methods of these 
cars are not hampered by machines as conventional passen
ger cars are. Since most of the operations are done by hand, 
it is fairly simple to make construction changes. Each MG 
hood, for instance, is hand formed by skilled sheet metal 
workers. The seats of most sports cars are genuine leather, 
hand fitted and shaped to fit the contours of both driver 
and passenger. Their comfort is unexcelled by the softest 
arm chair. This is accomplished by hand work rather than 
pounds of padding. Detarls like this account for the rest 
of the 700-1000 lb. saving ·in weight. The end result of this 
saving is reflected in one of the most important of racing 
car attributes. 

The weight-to-power ratio roughly predicts what the 
relative acceleration times for different cars will be. One of 
the varia:bles, the engine horsepower, has definite limitations 
if the car is to be raced in class competition. For this rea
son the MG has a relatively low horsepower and a resulting 

About the Author . . . 

Jay Cedarleaf is currently on 
active duty with the United 
States Navy. He received a de
gree in Industrial Engineering 
and a commission in the Navy 
last June. After serving three 
years, .T ay plans to work as an 
industrial engineer and even
tually start his own manufac
turir.g firm. His hobbies include 
sports, reading, and classical 
and jazz music. 
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high ratio. The Jaguar is· in the open classification, so the 
horsepower is set at a po~nt supposedly sufficient for compe
tition. It might appear that a car with an even lower ratio 
woulcl surpass a Jaguar, but at this ratio level other racing 
variables become more important. Other sports cars have 
ratios as low as 10, for instance, but the skill of the driver 
and dependatbrlity of the car are far more important in a 
race in this class. The approximate acceleration times from 
0-60 mph for these three automobiles supports the validity 
of the ratio comparison : 

Ford 
Jaguar 
MG 

14 
9 

19 

sec. 
sec. 
sec. 

ra,tio: 29 
ratio: 16 
ratio: 37 

No assumptions have been made that the Ford was built 
for fast acceleration. These figures only point out what 
level of performance the enthusiast demands from a motor 
of given horsepower. Obviously none of the American pas
senger cars can deliver this performance and still weigh 
as much as they do. 

(Continued on next page) 
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M.G''s fighti11Jg for the lead at Twin City Speedwa~y. 

Jaguar 

16 

Steering ratio is probaJbly the first attribute noticed by 
the novice behind the wheel of a sports car. It is directly 
correlated with the respons~ of the automdbile to a move
ment of the steering wheel. Since most srports cars have 
no "wheel play" the vehicle immediately changes direction 
with the slightest steering movement. Like all passenger 

·cars the Ford's response is relatively slow and delayed, hence 
the wheel ·winding required to take a sharp corner. ·Much 
of the sport of motoring is derived from this agility of the 
sports car. Detroit has punposely used a large steer-ing ratio, 
making it possible for a woman to pa:r.k her car more easily. 
Power steering may improve this situation considerab1ly, but 
the loss of road feel may be equally undesirable. 

When the subject of top speed is discussed, the idea of 
the uselessness of hig!h speed is usually introduced. "Why 
own a car that can travel beyond legal speed limits?" The 
support:ng answers are numerous: 

1. If a car is made to travel at 120 mph, the motor 
should last proportionately longer at highway speed. 

2. To pass another vehicle at 60 mph quickly requires a 
car with sunplus power, capable of cruising at much 
higher speeds hut seldom rbeing called upon to do so. 

3. Since sports cars were designed to be used in competi
tion should the owner desire to, a high top speed was 
demanded. 

Most American cars have sufficiently high top speeds. Lately, 
in fact, they have exceeded speeds which the handling char
acteristics make dangerous. 

roadability 

The attribute of roadability embraces those qualities that 
give the driver a sense of security in a!U situations. The 
ability of an automobile to remain level and hold the road 
on curves is of utmost importance. Our rising highway acci
dent toll is an indication of the inadequacies of present auto
mobiles. Some will state that speed Emits should be re
duced or highways straightened. These solutions either 
prove ineffective or too expensive. The truth is, the Amer
ican cars have not been designed for high speeds, and until 
they are, the highway accident rate will continue to rise. 

The sports car's .superb roadability is due primarily to the 
suspension system and low center of gravity. Very little up 
and down movement of the wheels is permitted. The energy 
storing mechanism is usually a torsion bar or stiff coil spring. 
Shock a;bsortbers are adjusted to provide a very firm ride. 
The result--when cornering, the sports car shifts very little, 
and it becomes nearly impossible to tip over. Corners can 
be safdy negotiated at consideralbly higher speeds than 
other passenger cars would dare. 

When all of these attributes are combined, a specialized 
machine is produced. For various reasons the publk has 
expressed a desire to own these machines and has organized 
clubs among the owners. The Sports Gar Club of America 
has increased its membership in the last few years beyond 
the originators' . wildest dreams. The enthusiasm £or sports 
cars and the desire to enjoy driving needs no more justifica
tion than enthus·iasm for golf or fishing. H the present 
following is any indication of future progress, this new sport 
is destined to occupy an envia;ble position in the sports realm 
of the United /States. 

{end) 
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How a 11/4 hour r~gem-cutting" operation 

became an 8-minute mechanized job 

PROBLEM: Preparing quartz 
crystals for use as electronic 
frequency controls calls for 
the highest degree of preci

sion. So much so, in fact, that prior to W odd 
War II skilled gem-cutters were employed 
to do the job. 

But during the war, there were not enough 
gem-cutters to keep up with the demand for 
crystals in radar, military communications 
and other applications. 

Western Electric tackled the job of build
ing into machines the skill and precision that 
had previously called for the most highly 
skilled operators. 

SOLUTION: Here is how quartz crystals are 
made now-by semi-skilled labor in a fraction 
of the time formerly required: 

A quartz stone is sliced into wafers on a 
reciprocating diamond-edged saw, after de
termination of optical and electrical axes by 
means of an oil bath and an X-ray machine. 
Hairline accuracy is assured by an orienting 
fixture. 

The wafers are cut into rectangles on ma
chines equipped with diamond saws. The 
human element is practically eliminated by 
means of adjustable stops and other semi
automatic features. 

The quartz rectangles are lapped automatic
ally to a thickness tolerance of plus or minus 
.0001". A timer prevents overlapping. Finally, 
edges are ground to specific length and width 

dimensions on machines with fully automatic 
microfeed systems. 

Most of these machines were either com
pletely or largely designed and developed by 
Western Electric engineers. 

RESULTS: With skill built into the machines 
-with costly hand operations eliminated
this Western Electric mechanization program 
raised production of quartz crystals from a 
few thousand a year to nearly a million a 
month during the war years. This is just one 
of the many unusual jobs undertaken and 
solved by Western Electric engineers. 

Quartz stones are cut into wafers on this diamond-edged saw, 
with orientation to optical axis controlled by fixture. This is 
just one of several types of machines designed and developed 
by Western Electric engineers to mechanize quartz cutting. 

A UNIT Of THE BEll SYSTEM SINCE 1882 

Manufacturing plants in Chicago, Ill.; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and laureldale, Pa.; Burlington, 
Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.; Haverhill and lawrence, Mass.; lincoln, Neb.; St. Paul and Duluth, Minn. 

~ Distributing Centers in 29 cities and Installation headquarters in 15 cities. Company headquarters, 195 Broadway, New York City. 
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To those interested in advanced acqdemic 
study while associated with important research and 

development in industry, Hughes offers 
two separate practical programs: 
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HUGHES 

COOPERATIVE 

FELLOWSHIP 

PROGRAM 

for 

Master of. 

Science 

Degrees 

HOW TO APPLY 

A program to assist outstanding 
individuals in studying for the 
Master of Science Degree while 
employed in industry and making 
contributions to important military 
work. Open to students who will 
receive the B.S. degree in Electrical 
Engineering, Physics or Mechanical 
Engineering during the coming 
year, and to members of the Armed 
Services honorably discharged and 
holding such B.S. degrees. 

Candidates must meet entrance 
requirements for advanced study 
at the University of California 
at Los Angeles or the University 
of Southern California. Participants 
will work full time during the 
summer in the Hughes Laboratories 
and 25 hours per week while pur
suing a half-time schedule of 
graduate study at the university. 

Salary is commensurate with the 
individual's ability and experience. 
Tuition, admission fees and books 
for university attendance arc pro
vided. Provision is made to assist in 
paying travel and moving expenses 
ti·orn outside Southern Calif()rnia. 

_f(Jr the Hughes Cooperative Fellowship 
Program: Address all correspondence 
to the Committeefor Graduate Study 

THE 

HOWARD 

HUGHES 

FELLOVVSHIPS 

in 

Science 

and 

HOW TO APPLY 

I 
I 

Eligible for these Fellowships are 
those who have completed one year 
of graduate study in physics or 
engineering. Successful candidates 
must qualify for graduate standing 
at the California Institute of Tech
nology for study toward the degree 
of Doctor of Philosophy or post
doctoral work. Fellows may pursue 
graduate research in the fields of 
physics or engineering. During 
summers they will work full time 
in the Hughes Laboratories in 
association with scientists and engi
neers in their fields. 

Each appointment is for twelve 
months and provides a cash award 
of not less than $2,000, a salary of 
not less than $2,500, and $1,500 for 
tuition and research expenses. A 
suitable adjustment is made when 
financial responsibilities of the Fel
low might otherwise preclude par
ticipation in the program. For those 
coming from outside the Southern 
California area provision is made 
for moving and transportation 
expenses. 

for the HoiVard Hughes Fellowships in 
Science and Engineering: Address all 
correspondence to the Howard Hu,~hes 
Fellowship Committee 

University of Southern CJiifornia University of California at Los Angeles --
__;--- -
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The first gas turbine automobile in the US, General Motor's 
Firebird, is shown about to "take off" on another test run 
at the G M proving ground. 

courtesy General Motors 

I N a progress report to the Society of Automotive En
gineers, a trio of engineers described General Motors' 
gas turbine tests with two road vehicles, a passenger 

bus and the XP-21 Firebird. They agreed the gas turbine's 
future, in view of upcoming developments, must be "con
templated with a degree of optimism." However, they ad
mitted their experiments to date "have not given a clearcut 
answer to the question whether pinwheels will replace 
pistons as power for automotive equipment." 

Making the report were WiHiam A. Turunen and Robert 
Schilling of GM Research Laboratories and Robert F. 
McLean of GM Styling Section. 

Mr. Turunen's report disclosed details of the Turbo
cruiser, a GMC transit coach with its conventional Diesel 
engine replaced by a Whirlfire Turbo-Power unit. 

This unit was the first built hy Research Laboratories 
gas turbines department on the assumption tha,t, if the 
turbine eventually enters the ground transportation field, it 
is likely to appear first in heavy duty commercial vehicles. 

The Turbocruiser's engine is a single burner -prototype 
of the 3 70-horsepower twin burner turbine in the Fire bird. 

The Firebird, an aerodynamic single-seater announced 
in January, was the first gas turbine automobile built and 

(Continued on next page) 
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tested in the United States. The Turbocruiser is the world's 
first turbine powered bus. 

The only outward features distinguishing it from any 
other transit bus is its wide exhaust stack in the center of 
the rear deck, and the absence of rear windows. 

Inside, the Turbocruiser is outfitted as a mobile labora
tory with an instrumentation panel at the rear end. It 
has nearly all the instrumentation of a stationary test cell 
in an engine laboratory. 

Two engineering observers can sit in front of the instru
mentation console and record data whenever and wherever 
the Turbocruiser rolls. 

The driver's controls are typical of a conventional Diesel
powered bus, except for an additional cluster of instrument 
dials on the driver's right. the controls themselves are 
conventional. 

The new vehicle's Whirlfire unit has the same basic pat
tern of its "rearranged" Firebird counterpart, consisting of 
two mechanically independent sections, a gasifier and a 
power section. 

The gasifier provides a source of hot compressed gas. 
The available energy from the gas is delivered by the 
power section to the rear wheels. 

The Firebird's turbine was designed with e&sentially the 
same components as the Turbocruiser's engine. However, 
because the Firebird's power package had to be more com
pact than the Turbocruiser's, it became a twin burner 
which ·fitted !better into a bus engine compartment than a 
single burner. 

two engines 
The two Whirlfire engines were built to serve as research 

tools, with which GM engineers hope to isolate basic design 
problems. Consequently, design of these first engines em
phasiztrd mechanical simplicity and reliability. 

To conform with the "research tool" concept, the engines 
have been operated at relatively moderate turbine tempera
tures and without regenerators. As a result, their fuel 
consumption is higher than the optimum which could be 
achieved. 

Fuel consumption greater than that of piston engines was 

This new ·test vehicle, the General Motors Turbocruiser, 
enables field testing of the possibilities of the gas turbine engine 
to the commercial or heavy duty vehicle field. 

20 

an anticipated disadvantage. Improving component effi
ciencies, reducing pressure losses, raising operating tempera
tures and using a regenerator are all cited as well-·recognized 
approaches to reducing a turbine's appetite for fuel. 

Such problems as high operating temperatures, air con
sumption, large quantities of exhaust gas, engine controls, 
noise levels, high speed rotation, durability, maintenance, 
and starting proved less bothersome, less formidable than 
had been anticipated before either the Firebird or Turbo
cruiser was road tested. 

Experience with these engines has confirmed, moreover, 
that such characteristics as high fuel consumption, lack of 
engine braking, and delayed acceleration must be improved 
before gas turbines can compete with present automotive 
power plants, he said. 

body d~~sign 
Mr. McLean, styling designer in the Firebird program, 

explained the thinking behind the unique design for the 
aircraft-like experimental turbine car. 

"Since the power potential of our gas turbine . . . was 
considerably greater than that foreseen for passenger car 
requirements," he declared, "a high performance special
purpose vehicle seemed in order." 

Since their car would never be used on public highways, 
engineers and stylists wished to utilize to fullest advantage 
the turbine's high output and low weight. 

"Also," he added, "we frankly wished to avoid any im
plication that we felt the gas turbine to be at present ready 
for passenger vehicle production. Many problems, both in 
design and manufacturing, remain to be solved." 

Ground rules for the Firebird's design were: 
1. A shape or style symbolizing a new power plant. 
2. Minimum frontal area and exceptional aerodynamic 

cleanness. 
3. Stability at all possible speeds-with adequate margin. 
4. Good weight distribution-with generally equal front 

and rear wheel reactions. 
An accurate three-eights scale model of reinforced plastic 

was made of the projected automobile for wind tunnel tests 
in the Guggenheim Aeronautical Laboratory at California 
Institute of Technology. 

This test panel enables road testing of the gas turbine power 
plant installed in the Turbocruiser. 
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With the Firebird's unique shape--needle nose, rocketlike 
body and swept-back delta wings-only 41 road horsepower 
is needed to propel the vehicle 100 miles per hour, accord
ing to the wind tunnel tests. 

Also, these tests showed that between 200 m.p.h., where 
230 horsepower is required, and 250 m.p.h. where 440 horse
power is needed, the power must almost be doubled. 

The present rated horsepower is 370, corresponding to a 
speed of 235 m.p.h. 

In :road tests, all at moderate speeds, the Firebird has 
behaved as predicted from the wind tunnel tests, encounter
ing no undue lifting or yawing forces. 

The Firebird cruises easily at speeds over 100 m.p.h. The 
plastic body construotion is free from vibration; no heat 
distortion has been experienced. It appears to be adequately 
rigid and strong for any vehicle operating conditions." 

The man who designed the Firebird's suspension and 
chassis, Mr. Schilling, described the GM experimental 
vehicle as "neither a passenger car nor a sports car, nor 
a race car, but simply a test vehicle built to meet certain 
specifications." 

"From the chassis designer's viewpoint," he said, "the 
outstanding fact about the car is that it weighs 2800 
pounds (with driver and fuel), while it has nearly 400 
available horsepower. The car therefore is capable of 
speeds in excess of 200 miles per hour, and it must be 
possible to accelerate, drive, and deceilerate safely at those 
speeds." 

pe ormance 
So long as final performance was not jeopardized, GM 

engineers decided to use all the novel features they could 
in order to take advantage of the opportunity to experiment. 

Overall, these were aiming points considered on Fire
bird project: 

1. Good directional stability at all speeds and steering 
responsive enough for easy control. They considered corner
ing ability secondary because the Firebird never would be 
driven in road races. 

2. Unusually good brakes both from the control and heat 
dissipation standpoints. Although the wheel and brake 
arrangement was unusual for a passenger car-with brake 
drums outside the wheels-the design was similar to one 
developed for ordnance vehicles. 

3. Because the Firebird would be driven only on a rea
sonably level surfa~e, its suspension was not designed for 
a "smooth boulevard ride or for ability to handle on rough 
roads." 

4. Road noise and harshness met only minimum stand
ards, unacceptable for production passenger cars. 

·5. Although durability requirements were to be moderate 
-the Firebird was not built for long road life-nevertheless, 
its designers insisted it be absolutely reliable to the end of its 
test track days. 

Wherever possible all chassis parts were located inside 
the car's body to reduce air drag and maintain styling 
appearance. He added that the Firebird was not designed 
for easy production and low cost. 

The chassis represents the experience and practice not 
just of a small staff of men, but of many engineering groups 
in General Motors. 

"It was clear from the beginning that most of the road 
test time avai,lable should be used for work with the power 
plant. 
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Consequently, an elaborate laboratory test program was 
used to test virtually every chassis component for proper 
functioning, strength and durability. The complete lack of 
failures during car operation is a tribute to the thorough
ness of this test program. 

problems 
Some of the problems involved with both the Firebird 

and the Turbocruiser included the following: 

1. High temperatures-In spite of high operating tem
peratures (approximately 155 F.), neither the Firebird nor 
Turbocruiser engines pose any heat problems. Hot zones 
of both engines are surrounded by aluminum radiation 
shields that have proved "extremely effective," more than 
adequate to protect the Firebird's reinforced plastic body 
which in some places is only one inch from the shield. 

In the Turbocruiser the engine compartment temperature 
is no greater than the usual Diesel installation. 

2. Air consumption-A turbine's air instake is four to 
ten times the volume of a piston engine's intake, depending 
on operating efficiency. Thus, both inlet and exhaust ducts 
are larger than for conventional engines and call for new 
design concepts in engine installation. 

Air filtering .requirements, however, are less stringent for 
a turbine than for either an automotive or Diesel engine. 
The incoming air needs only to be strained, not filtered. 

3. Exhaust gases-Hot exhaust gases diffuse very rapidly. 
While the turbine idles, a person can stand fairly close to 
the exhaust outlet without discomfort. Since the Firebird 
was not designed for highway use, the exhaust was allowed 
to discharge horizontally from a tailcone. The Turbocruiser 
has a vertical exhaust. 

With both engines the exhaust itself is clear and free 
from carbon monoxide, with no smoke or discoloration 
throughout the entire speed range. 

4. Controls-Engine speed and power output are regu
lated in both engines by controlling. the amount of fuel to 
the gasifier section. This is accomplished with a needle-type 
fuel control valve actuated by a conventional accelerator 
pedal. 

Both turbines have a fuel bypass regulated by compressor 
pressure that limits fuel rate to the engine during speed 
increases and prevents fuel surges which would overheat 
the engine at low speeds. 

From the driver's standpoint, control of the engine is 
equally as convenient as in any piston engine. 

5. Noise level-The Turbocruiser has only an intake 
silencer and exhaust is unmuffied. Results are "surprisingly 
good," comparing favorably with a Diesel bus engine's noise 
level. 

6. High speed rotation-With idling speeds around 
8,000 revolutions per minute and maximum speeds around 
26,000 r.p.m., gyroscopic effect is nil in both the Firebird 
and Turbocruiser because gasifier and power turbines spin 
in opposite directions. 

Shrouds around turbine wheels of Whirlfire engines are 
steel forgings heavy enough to contain any flying bucket or 
blade fragments. The most serious failure which might 
occur is a burst turbine disc. Therefore, discs were de
signed with large safety margins and with such precautions 
the turbine is as safe as any conventional engine. 

(Continued on Page 48) 
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8 College Engineering groups-large or small-are 
invited to visit the Allison PoWERAMA in Indianap
olis, lndiana. 

What is it? The PowERAMA is a permanent ex
hibit which dramatically presents the story of pio
neering and progress in power. 

You can spend hours in the big display room and 
enjoy every minute of it. For instance ... 

You'll see a model test stand where a miniature 
turbo-prop engine and Aeroproducts propeller are 
put through simulated tests. 

Or, you can push a lever and start a model jet 
plane on its flight and see how much fuel is required 
for take-off and flight. 

Too, you can sit in a bucket seat and actually put 
a General Patton tank through its paces on a giant
sized turntable. 

There are dozens of moving and "talking" dis
plays . . . displays like the working model of a 
portion of the Allison bearing plant-the world's 
only fully automatic steel-backed bronze bearing 
foundry. 

These few highlights give you an idea of the scope 
of the PoWERAMA. Class groups or technical so
cieties especially are invited to schedule a visit to 
the PowERAMA. Requests should be made in writing 
to: PowERAMA, Allison Division, General Motors 
Corporation, Indianapolis 6, Indiana. 

DIVISION/ GENERAL MOTORS CORPORATION, Indianapolis, Ind. 

Design, development and production-high power TURBINE ENGINES, PROPEllERS and ACTUATORS for modern 
aircraft ••• heavy duty TORQMATIC DRIVES for Ordnance and Commercial vehicles ••• DIESEL LOCOMOTIVE 
PARTS • , • PRECISION BEARINGS for gasoline and Diesel engines and special application. 

THE MINNESOTA TECHNOLOG, October, 1954 



THE 
ALU I 

AS B 

s 

UM I 

0 

DUSTRY 

Alcoa's new 
aluminum office 
building 

A 

STREET 

THE MINNESOTA TECHNOLOG, October, 1954 

't In 1888, the aluminum industry consisted of one company
located in an unimpressive little building on the east side of 
Pittsburgh. It was called The Pittsburgh Reduction Company. 
The men of this company had real engineering abilities and 
viewed the work to be done with an imagineering eye. But 
they were much more than that. They were pioneers ... 
leaders ... men of vision. 

A lot has happened since 1888. The country ... the 
company ... and the industry have grown up. Ten new 
territories have become states, for one thing. The total 
industry now employs more than 1,000,000 people
and the little outfit on Smallman Street? Well, it's a lot 
bigger, too-and the name has been changed to Alcoa. 
ALUMINUM COMPANY OF AMERICA ... but it's still the 
leader-still the place for engineering "firsts". 

As you prepare to trade textbooks for a position in 
industry, consider the advantages of joining a 
dynamic company like Alcoa-for real job stability 
and pleasant working conditions-where good 
men move up fast through their association with 
the recognized leaders in the aluminum industry. 

We have fine positions for college graduate 
engineers..;_in our plants, sales offices and 
research laboratories from coast to coast. 
These are positions of responsibility in 
production supervision, plant and design 
engineering, industrial research or sales 
engineering. Right now it may be 
quicker than you think from a seat in 
the classroom to your career with 
Alcoa. Why not find out? 

Your Placement Director will be 
glad to make an appointment for 
you with our personnel represent
ative. Or just send us an applica
tion yourself. ALUMINUM 
COMPANY OF AMERICA, 1825 
Alcoa Bldg., Pittsburgh 19, Pa. 

ALUMINUM COMPANY OF AMIEIRICA 
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Ralph Rapson 
New Head 

School of Achitecture 

by Carl Nelson and Norman Day 

In May of 1954 the Design Committee of the School of 
Architecture chose a new head. He is Ralph Rapson, 
professor of architecture, from the Massachusetts Insti
tute of Technology at Cambridge. His selection filled 
the position which was vacated by the retirement of 
Professor Hoy Childs Jones in June, 1953. In the interim 
period the school was directed by a committee of staff 
members headed by Mr. Winston Close, advisory archi
tect of the University. 

Professor Rapson received his B.S. in Architecture 
from the University of Michigan, and then he spent two 
years at the Cranbrook Academy of Art, studying re
gional and civic planning under Eliel Saarinen. He 
spent four years as the head of the department of archi
tecture at the Institute of Design in Chicago, while 
Moholy-NCigy was director. While at Chicago he asso
ciated with Moholy-Nagy on several designs. He also 
maintained a private architecture practice, in associa
tion with John Vander Meulen, while head of the de
partment. 

Since 1946 Professor Rapson has been teaching at 
M.I.T., mo:intaining a private practice in Boston (as 
he intends to do here) and running a store for con
temporary furniture, fabrics, lighting, etc. From 1951 to 
1953 he was in Europe executing several designs for 
the United States Government. These include embassy 
office buildings at Stockholm, Copenhagen, and Athens, 
a new consulate at Le Havre, and embassy staff housing 
project at Paris. 

His prizes and honors are many, a few of which are 
listed below: 

Ladies Home Journal small house competition 

Kawneer Store competition 

Forum-Junior Chamber of Commerce Office Building 
competition (second prize) 

One of the architects originally selected for the Arts 
and Architecture Case Study House program 

In the words of a member of the design committee, 
Professor Harlan McClure, "Ralph Rapson enjoys a dis
tinguished record as a practising architect known for the 
quality of his work rather than the quantity. He has a 
progressive attitude and very high standards. These, 
coupled with his personal characteristics of tract, mod
esty, and real ability, combine to make him an out
standing cmd sympathetic educator." 

The decision to move to the University of Minnesota 
was not em easy one for Mr. Rapson to make, but he 
felt that there were fresh possibilities here at Minnesota. 
The school has both a fine reputation and a young and 
competent staff. He knew that the school was small, 
due to its system of selective admissions, a method in
stalled because of limited budget and meant to admit 
only the better men. 
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Professor Rapson hopes to expand the school moder
ately in size. The eventual development of a regional 

and urban planning school is also a possibility. On the 
graduate level a school of Architecture and Planning is a 
consideration, but it must be remembered that even 
though Minnesota is recognized as the best regional 
school between Chicago and the west coast, Minne
apolis does not have the traditional cultural attractions 
which are offered by some eastern cities. 

The architectural history and technological and ex
perimental work should probably be expanded in keep
ing with the modern era. The present offices, library, 
drafting rooms, and class rooms are far too small, a 
situation similar to that found in many departments of 
the University. Any new quarters should definitely be 
in keeping with the progresive architectural program 
put forth by the school. 

Professor Rapson's views on methods of educating fu
ture architects are much in line with present school 
policies. Although the system of selective admissions as 
practiced by the school of architecture is not in keeping 
with general University principles, he believes that it is 
better for the school to maintain a closeness between 
.student and factulty which tends to become lost in too 
large an institution. He believes that the "intimacy" 
that the Minnesota school enjoys relates to the outstand
ing success of its graduates in advanced schools and in 
the profession. (Minnesota graduates have an extremely 
high degree of success in the field.) 

Professor Rapson believes that the purpose of archi
tectural education is two-fold. It must encompass the 
broad philosophical approach and the practical, techno
logical aspects as well. Many times practicing archi
tects say that new graduates are of limited value to a 
firm for the first few years because they have been 

(Continued on Next Pa.~e) 

United States Embassy Office Building, Stockholm 

United States Embassy Office Building, The Hague 

United States Embassy Office Building·, 1Copenhagen 

South Elevation of the Stockholm Embassy 
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Apartmen:ts for government emp1oyees 

Gedwitz House; Chicago, Illinois 

trained too much in theory. However, Ralph Rapson 
believes that "We are here to train future architects, 
not just competent draftsmen. Here at the school we 
must introduce the student to methods of approach and 
solution of difficult problems in design. Unless the stu
dent grasps the total picture of site, environment func
tion, structure, and aesthetics at this time, he will never 
become more than a skilled technician." 

Professor Rapson feels that, in the past, architects 
have been trained too much in "sticks and stones" and 
not enough in the problems of production and fabrica
tion of a machine age. He feels that the values gained 
from actual field experience are good, though limited. 
He stronqly supports the policy of students working in 
the offices of local architects as a valuable supplement 
to their classroom work. Also, that structural experi
mentation such as the recent Fuller domes project, are 
invaluable to tomorrow's architects. 

What are Mr. Rapson's philosophies on the total 
picture of architecture? When asked that question, he 
will pause and begin, "It must be spiritual. By that I 
mean, that to be meaningful and remembered, archi
tecture must have an intangible spiritual significance 
above and beyond the solution of the structural and 
functioned aspects of the design. Good architecture 
must solve all the fundamental social, economic, en
vironmental, functional, and structural problems, and 
evolve from a creatively inspired ,person to be beautiful. 
The profession today is coming more and more to the 
realization that the architect must solve our total en
vironment, and that all phases to borrow a phrase from 
Walter Gropius, must be geared to the 'human ele
ment'." 

(end) 

United States Housing Project in Le Havre 
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The metal that makes time stand still 
Thanks to chromium., steel now serves you with strength and beauty that lasts a lifetime 

IN TIME, one of man's most useful materials-steel
is often the victim of such destructive forces as rust, 
corrosion, heat, or wear. 

THESE NATURAL ENEMIES of steel now are mastered 
by the metal called chromium. When the right amount of 
chromium is added to molten steel, the result is strong, 
lustrous stainless steel that defies the ravages of time. 

that must withstand both blazing heat and sub-zero cold 
are made of tough, enduring stainless steel. 

SERVING STEEL ... AND YOU-The people of Union 
Carbide produce alloys of chromium for America's steel
makers. This is another of the many ways in which 
UCC transforms the elements of nature for the benefit 
of everyone. 

IN HOMES, TODAY, stainless steel is a shining sym
bol of modern living. It brings us care-free sinks, gleam
ing tableware and kitchen utensils-all with beauty that 
lasts a lifetime. 

STUDENTS AND STUDENT ADVISERS: Learn more about career 

opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS,. 

GASES, and PLASTICS. Write for booklet G-2. 

IN INDUSTRY-Food is prepared in super-sanitary 
stainless steel equipment. Streamlined trains and buses 
are made of this wonder metal. Vital parts of jet planes 

u 10 CARBIDE 
AND CARBON CORPORATION 
30 EAST 42ND STREET ~ NEW YORK 17, N.Y. 

In Canada: UNION CARBIDE CANADA LIMITED 

UCC's Trade-marked Products include 
ELECTROMET Alloys and Metals 
HAYNES STELLITE Alloys 

NATIONAL Carbons PYROFAX Gas ACHESON Electrodes SYNTHETIC ORGANIC CHEMICALS 
PREST-O-LITE Acetylene Dynel Textile Fibers UNION Carbide PRESTONE Anti-Freeze 

LINDE Silicones EVEREADY Flashlights and Batteries BAKELITE, VINYLITE, and KRENE Plastics LINDE Oxygen 
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SPLINE NUT 

CLINCH NUT 
1200° F. HIGH-TEMP. NUT 

CHANNEl NUTS flOATING ANCHOR NUT 

Every major aircraft now being assembled relies on the 
vibration-proof holding power of ELASTIC STOP nuts. 
Only ESNA manufactures a complete line of all types 
and sizes of self-locking nuts. 

II • I 

dia. from 1/16" to 1/2" 

Rollpins are slotted, tubular steel, pressed-fit pins 
with chamfered ends. They drive easily into holes 
drilled to normal tolerances, compressing as driven. 
Extra assembly steps like hole reaming or peening 
are eliminated. Rollpins lock in place, yet are read .. 
ily removed with a punch and may be reused. 

Cta assembly costs by using Rollpins as set 
screws, positioning dowels, clevis or hinge pins. 
Specify them in place of straight, serrated, tapered 
or cotter type pins. 

ELASTIC STOP NUT CORPORATION 
OF A ERICA 

-----------~~~---------------, 
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!EHastie Stop Nut C:Oii"J~oration of America 
Dept. N34-152, 2330 V~uxhaU Road, Unlion, N.J. 

Please send me the following free fastening information: 

0 Elastic: Stop Nut Bulletin 
0 Rollpin Bulletin 
0 AN-ESNA Conversion Chart 

D Here is a drawing of our 
product. What fastener would 
you suggest? 

Name'-----------------Title•-------
firm ________________________ _ 

Street•------·-----------------

Citv·------------------kone_State•------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------ -·--------------------- ... - ....J 
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NEW type dismountable air
plane hangar that can be con
structed in record time by un

skilled labor has been designed for the 
U. S. Air Force at the Institute of De
sign of Illinois Institute of Technology, 
Chicago. 

The proposed structure-comparable 
in size to two city blocks-would ac
commodate six B-36 bombers for main
tenance or eight for storage, plus space 
for a variety of smaller aircraft. 

The hangar design features a double 
cantilever and is based on "space 
frame" constructi~n principles devel
oped by Konrad W achsmann, director 
of the project at the Institute of De-
sign. . 

Structural dements of the web-hke 
system consist of tubular shapes inte
grated with a new type of connector 
joint designed by W achsmann-creat
ing a three dimensional, triangulated 
space frame unit. 

The hangar was designed and a 
model constructed under a series of 
contracts initiated in May, 1951, by 
the Air Material Command at Wright
Paterson Air Force Base, Ohio. 

Significant features of the hangar 
are: 

1. The structure was designed to 
permit mass-production and prefabri
cation of hangar parts for permanent 
or temporary structures of the highest 
degree of standardization. 

2. The design results in reduction 

of the highest degree of parts and a 
simplicity of connections, making it 
adaptable to smaller buildings and for 
multi-storied structures. 

3. The modular coordination sys
tem provides a basic dimensional re
lationship of units throughout the 
structure of 10 feet from center to 
center in all directions. 

4. Prefabricated units can be fold
ed like an accordion and shipped to the 
construction site where they can be 
locked into the final position with the 
addition of standard parts. 

5. As a result of standardization, 
prefabrication, and modular coordina
tion the hangar can be assembled, ' . erected, or disassembled in record time 
by unskilled labor. 

6. Since all parts are interchange
able, there are no key structural points 
in the design. Bombing the hangar 
would be like poking a hole in a spider 
web; parts damaged by explosions 
could be replaced quickly without dis
abling the hangar while repairs are 
being made. 

The hangar model designed by the 
German-born designer specifies lead
ing dimensions of 805 feet in length by 
387 feet in width, with a 150-foot 
cantilever. Available floor space in
dudes 80,000 square feet for machine 
shops and equipment storage inside 
the hangar. 

Eight buildings containing the vari
ous power and light stations, toilet fa-
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cilties, and air, water, and oil pumps 
are distributed between the pyramid 
supports in the hangar. Four stair
ways leading to two-story balconies, 
which are placed between the roof supw 
port structures, are equally distributed. 
A catwalk through the full length of 
the hangar 'Will permit intercommuni
cation between the upper floors of the 
balconies. 

Glass louvres projecting downward 
from the roof, when raised, will pro
vide additional clearance for airplanes 
which enter the hangar through 40-foot 
high openings. 

Door units will be placed in the same 
angle as the slant of the glass louvres 
to maintain the contour of the struc
ture and to increase floor area. The 
door design permits the hangar to be 
completely opened on all sides, with 
doors stacked in .the center of the side 
elevation of th hangar to permit entry 
on all sides. 

Glass wal supports at the ends of the 
hangar complete the structure. 

W achsmann was assisted on the 
project by Douglas Church Rhyn and 
Jon B. Dunnington, graduate students 
in building research at the Institute of 
Design. 

Dr. August J. Durelli, supervisor of 
stress analysis in the mechanism and 
dynamics department of Armour Re
search Foundation of Illinois Institute 
of Technology, conducted preliminary 
tests to determine properties of the con
nector pieces for the hangar. 
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These are . . . 

Two bopsters, smoking reefers, were suddenly thrown into 
a panic by the wail of a police siren. Not knowing if their 
apartment was going to be raided, they threw their butts 
into the cuckoo clock. 

Four hours passed before the cuckoo crawled out, looked 
around and said, "Man dig those crazy cigarettes. What time 
is it?" 

Joe: "Was it crowded at the Bird Room last night?" 
Nick: "Not under my table!" 

A farmer and a professor were sharing a seat on a train. 
It was getting lonesome so the farmer started a conversa
tion and they soon became a friendly pair. 

"Let's have a game of riiddles to pass the time/' said the 
professor, aif I have a riddle that you can't guess you give 
me one dollar or vice versa." 

"All right/' replied the farmer, "but since you are better 
educated than I am, do you mind if l give you only fiftj! 
cents?" 

"OK," replied the professor, ((You go first." 
aw ell," what animal has three legs walking and two legs 

flying?" 
"I don't know. Here's your dollar.' What's the answer?" 
"I don't know either. Here's your fifty cents," answered 

the farmer. 

Nobody ever kissed a girl unexpectedly. The closest 
you can come to it is to kiss her sooner than she ex~ 
pede d. 

The distinguished speaker turned to the chairman of 
the meeting and asked for a glass of water. 

"To drink?" inquired the chairman. 
"Oh, no/' replied the speaker with a sweet smile, "I 

do a high dive." 

A motorist, at a roadside market stand, chose a piece 
of one of those rare old pungent cheeses. 

As the proprietor wrapped his purchase, his custom
er asked "Do you think that cheese will keep all right 
until I get home tomorrow night?" 

With a wry smile, the proprietor answered, "Mister, 
there ain't nothing more ever going to happen to that 
cheese." 

A man went to the bar and ordered a Martini, drank 
it, chewed up the bowl of the glass and threw the stem 
over his shoulder. He continued this for six Martinis 
and noticed that the bartender was staring at him. 

"I guess you think I'm crazy, don't you?" he asked. 
"I sure do/' the bartender replied. "the stems are the 

best part." 

M. E. Student: ((Could you help me with this problem?" 
.M. E. Professor: "I could, but I don't think that it would 

be quit.e right." 
M. E.: Student ''Well go ahead and take a shot at it 

anyway." 

Over in the corner near the fireplace, the "ag" stu
dent had been laboring industriously with a pencil stub 
and a scrap of paper. Suddenly he looked up and 
smiled. "Doggone, if I ain't learned to write." 

"What do it say?" asked his roommate. 
"I don't know. Ain't learned to read yet." 

Today's greatest labor saver: Tomorrow. 

There was the dear old lady who sent her pastor a box of 
assorted goodies with this note: "Dear pastor: Knowing 
tha1t you do not eat sweets, I am sending candy to your 
wife and nuts to you.'' 

(Continued on Page 46) 

~ Jean Johnson, a Kappa Dell, 1954 E-Day Queen, 

now a sophomore majoring in education .. 
Photo by Norv Pervier 
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WHEN flOODS COME, the threat to health from polluted waters is minimized by using pine oil disinfectants in clean-up operations. Pine 
oil disinfectants have long been recognized for their high germicidal action and good cleansing qualities. Economical to use, and possessing 
a pleasant fragrance, disinfectants, cleaning compounds, and soaps made with Hercules® Pine Oil are widely used in industry and the home. 

Most businesses are helped 
today by Hercules' business 
... the production of synthetic 

resins, cellulose products, chemical 
cotton, terpene chemicals, rosin and 
rosin derivatives, chlorinated prod
ucts, and many other chemical 
processing materials-as well as ex
plosives. Through close cooperative 
research with its customers, Hercules 
has helped improve the processing 
or performance of many industrial 
and consumer products. 

THE FLOTATION PROCESS is used extensively 
in industry to separate fine particles of valu
able minerals, ranging from coal to gold, from 
less useful materials by floating to the sur
face and removing in a froth formed by air 
bubbles. Hercules flotation agents, Y armor® 
Pine Oil, Rosin Amine D Acetate, and others, 
serve as frothers or collectors in this job. 

HERCULES POWDER. COl\.IPANY 

Wilmington 99, Delaware 
Sales Offices in Principal Cities 

DESIGNED TO PROTECT industrial equipment, 
from the time it leaves the factory, lacquer 
is outstanding. When necessary, re-finishing 
can be done quickly and economically be
cause of lacquer's fast-drying, fast-taping 
properties. As a major supplier of nitrocellu
lose to lacquer manufacture~s, ~ercules ~as 
available a wealth of techmcal mformatwn 
on lacquer and its many uses. 
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DEAD 
or 

ALI E! 

The satisfaction of doing 

something worthwhile. 

The fact is, Podhuh, that 

we need help on the Tech

nolog staff. Why not fill 

out this coupon and bring 

it to the Log office, room 2 

ME? 
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goi~~t tke 0 
NAME 

ADDRESS 

PHONE 

I Want To Work On: 
D Writing DArt 

D Makeup D Other 

ALI E! 

! ! 
' C!il 

SEX 
BE SPECIFIC 

D Humor 

SP C IFY 
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(Continued from Pa.rz.e 10) 

two ways at present-there is an experimental and a mathe
matical approach. Under the experimental attack, the sys
tem to be controlled is tested in any of several ways, and 
from the resulting data the best settings can be determined. 
Unfortunately the best settings depend on which theory is 
followed, for different theories give different results. Mathe
matically, it is possible to calculate these settings from a 
knowledge of the process being controlled. In the case of the 
room ther~mostat, these would be the specific heat of the 
room and its contents, the heat loss to the outside, and the 
heat transfer relationships between the steam in the radiator 
and the room. The calculations tend to become complex; 
usually the experimental approach is used. 

Other research is directed toward better measurement 
methods. For temperature, it is simple to measure the 
variable. Expanding solids, liquids, or gases or boiling liquids 
or thermocouples give fast, accurate answers. For the auto
matic plant, the central control unit would want to know 
all about the product-color, viscosity, chemical composi
tion, and a dozen other things, and for some of them, present 
test methods are too slow. Infra-red absorption, transpar
ency to atomic radiation, and other new techniques are be
ing adapted to continuous measurement of the quantities 
to be controlled. · 

signal transmission 
In the example of the room temperature co:O:trol, pneu

matic control works very well. The computer controlling 
our automatic factory will pr01bahly produce an electric sig
nal, so somewhere it will have to be converted to a pneu
matic signal or else an all-electric system must be used. On 
the input side, this is fine, since many of the measurements 
will be easier to make electrically, or an electronic amplifica
tion will be used. 

On the output side, however, a different situation exists. 
A pneumatic control valve which ba!lances the pressure sig
nal (applied to a large diaphram) against a spring provides 
accurate, dependable position control of a shaft attached to 
the diaphram. At present there is no similar electric device. 
Motors and gear trains offer one solution, but it is an ex
pensive one. Sdlenoids are not accurate and fail too often. 
Synchros don't develop enough power, and so on. At pres
ent, then, a pneum1atic signal is usually desired as a final 
output. 

Fortunately, devices to convert electric signals to pneu
matic and vice versa are now being manufactured and 
though they are expensive, they work satisfactorily.' ' 

Another medium of control sometimes used is hydraulic, 
but this is usually limited to large loads and small distances. 
At present? this is used very little in industry. 

Now having measurement and contrdl of all the factors 
which will influence our product we're all set to build an 
automatic factory. We will set the modes of control at their 
optimum positions and the set point will be adjusted by a 
computer which watches the whole plant. 

Opera:tion will be simple. We will feed the product stand
ards into the computer, which will compare them with the 
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present· quality and quantity of the product. It will then 
determine which operating steps should be changed, and how 
much to change them. This data will be converted to new 
set points for the controllers, which will keep them at the 
new optimum. 

It looks good, but what aJbout that computer? It is going 
to have to store, somewhere in its innards, a knowledge 
(which we will have to give it in the first p1lace) of just 
how each variable is related to the product and of how 
the variables are related to each other. Can a computer of 
this type be built? The experts say, "Y es-s-s-s-s-given time 
and money, ma~be .... " 

One thing all the calculator companies agree on-it will 
cost the first few purchasers money, and a lot of it. Esti
mates start at a million and go up from there. 

Since a computer is so fast, a large company could save 
money by linking several plants together and using one com
puter to control them all. The computer would consider 
one plant for a few minutes, and then move on to the next. 
Since no one plant wou11d change very fast, a computer 
could handle several once they were started and in produc
tion. 

co1nputer faults 

The disadvantage of present computers is their high 
"down time." At present five hours of constant running 
without stopping for repairs is considered excellent per
formance. Since most plants run around the clock, greater 
reliability must be devdoped before the push-ibutton can 
be pushed. Perhaps transitors and printed circuits will make 
it possible, but so far, the "giant brains" aren't satisfactory. 

If and when our automatic plant is operating, what will 
its advantages be? Labor costs will be :less but not as much 
as might be expected. Instrument maintenance crews will 
be large. One computer company candidly admits, "We 
never put anybody out of work. If our machines replace 
men, they can always get jobs changing tubes in the ma
chine." Furthermore, it will be a more higlrly skilled labor, 
and therefore more expensive. Maintenance crews will 
remain unchanged. Standby crews will have to be on 
hand in case of instrument failure, but they can be skeleton 
crews. Lalbor costs will be :lower, of course, but the hbor 
force will not be eliminated-at least not for many years, 
while the system is perfected. 

The greatest advantage of the computers is their ability 
to produce high quality work aH the time. Close tolerances 
and exact chemical analyses will become matter of course 
operat-ion. Waste of raw material due to poor operation will 
nearly disappear. 

Conversion of some industries to robot control will be 
simple. Chemical plants and petroleum refineries are nearly 
converted now. Other industries, such as shipyards, may 
never be converted-the work varies too much from item to 
item. Computers, for all their speed, can't adapt to 'large 
changes without human help. 

The automatic factory, like weather control and atomic 
power, is still a long way off, but it is getting closer. In 
ten or fifteen years a sem,i-automatic chemical p!lant may be 
in operation, but the automatic plant, completely without 
people, may never come. The few ounces of grey matter 
in the human skull are still the best over-al1l control, even if 
they need help in places where the work must be precise or 
fast. 

(end) 
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l\lillious of eyes are watching ... millions of ears listening. 'l'hey 

are seeing the signifieanee m each expression, hearing the over

tones in every word. 

The American people arc sittingin judgment. 

'Vhen they speak their decision, it will be spokeu with a sureness 

that ean come only from seeing for themselves. 

Thus, the llC'I'\cst mirade of mass connnunication matures lo a 

mighty force for freedom and understanding. And RCA, long ded

icated to keep America pre-eminent in. world communications, 

promises Americans constant progress toward ultimate perfection 

in all phases of radio and television. 

Radio Corporation of America 

Electronics for Living 
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Continue Your Education With Pay-At R~A 

Graduate Ell·ctrical Engineers: RCA Victor-one 
of the world's foremost manufacturers of radio and 
dedrouie products-offers you opportunity to 
V,ain ,·alual.Jle training and experience at a good 
salary with opportunities for advancement. Among 
many projects with unusual promise: 
• Development and desi~:,rn of radio receivers (in

cluding broadcast, short-wave and FM circuits, 
television, and phonograph combinations). 

• Advanced development and design of AJVI and 
Fl\1 broadcast transmitters, R-F induction heat
ing, mobile communications equipment, relay 
s.vstems. 

• Design of component parts such as eoi),:, loud
speakers, capacitors. 

• Development and design of new recording and 
producing methods. 

• Design of receiving, power, cath~ ray, gas 
and photo tubes. 

'\<Vrite today to College Relations Div., RCA 
Victor, Camden, 1\ .. J. Also many opportunities for 
Mechani<·a 1 n nd Chemieal Engineers and Physicists. 
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Welded Steel Designs Cost 
Less Because: 

1. Steel is 3 times stronger than 
gray iron. 

2. Steel is 2Y2 times as rigid. 
'3. Steel costs a third as much as iron. 

Ultimate savings are limited only by the 
ingenuity of the designer. 

IMPROVES APP RANCE 
SIMPLIFIES PRODU ION 
CU COST 

YOUR success as a designer depends 
on your ability to keep costs down 

on products you design. By properly 
applying the principles of welded steel 
construction, cost of manufacture can 
be reduced substantially because mate· 
rial costs are less, actual production is 
simpler. In addition, the product is 
stronger, more rugged, has modern 
appearance. 

The examples show how one designer 
has applied the principles of welded steel 
to a machine base. ·The sturdy box-type 
construction of the steel design elimi
nates weight because of steel's greater 
strength and rigidity. Considerable ma
chining, cleaning and finishing of form
er castings has been eliminated. More 
modern in appearance, nevertheless, the 
steel design costs 15% less to produce. 

Fig. 2- Welded .De
sign costs 15% less. 
Has imp1·oved ap
pearallce ... better 
selling appeal. Tests 
show base has great
er rigidity than in 
origi-nal construc
tion. 

fig. 1-Original 
Design of wire 
straighteniug 
machine. Re
quh·ed consider
able machining, 
cleaning and 
finishing prior 
to painting. 

IDEAS FOR DESIGNERS 
Latest data on designing machinery for 
welded steel construction is available to 
engineering students in the form of bul
letins and handbooks. Write: 

THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 

THE WOBU.D'S I!.AIGIEST MANUJIFACTUHU!R OIF 
ARC WEI!.DUNG IEQUIPMIENT 
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which successive equal steps are 
transmitted to the tool. As frequent
ly as the system will allow, a step 
is either fed in, or it is omitted. 
Such a system requires a reliable re
spon:s:e device. 

It also requires a greater length 
of tape than a control which us,es 
a code to indicate the final co-ordi
nate of the tool. If the steps are 
0.0001 in., and the signals on the 
tape are Ys in. apart, a tape over a 
mile long would be required to make 
a single 60-in. cut. At a cutting 
speed of 1 in. per second the speed 
of the tape would be over a mile a 
minute. A magnetic tape will per
mit much closer spacing of orders 
than Ys in., but it is somewhat dif
ficult to make changes on such a 
tape. 

A matter of great importance to 
the engineer concerned with auto
matic control is a knowledge of the 
degree of flexibility that is desirable 
to put in a system. It is possible to 
construct a machine to do almost 
anything that may be desired under 
the control of a tape. 

flexibility 
Naturally, some things are easier 

to do than others. If great flexibility 
is, required, additional cornplexity 
may result. Cost is the final control
ling ·element. If a machine will not 
do a job for less money than it can 
be done some other way, it is not a 
practical machine-tool control. 

The degree of flexibility required 
depends to some extent on the ma
chine to which the control is to be 
applied. On a jig-boring tnachine, 
the important feature of the control 
is that-it shall locate the work-piece 
accurately and quickly. A slight 
lack of uniform velocity of approach 
is not important nor is control of 
that velocity over a wide range. 

In a lathe, the degree of flexibility 
required may be important. A sim
ple type of control can be built to 
do s,t•raight turning. To turn accu
rate tapers may add appredably to 
the cost of the control syste:m, while 
to be able to cut irregular forms may 
add very considerably. This will be 
true if the number of orders to be 
given the machine is to be kept low. 

LS 
If a large number of orders is to 
be given, as in a step-by-step sys
tem, the same control will work on 
one as on the other, but the labor of 
preparing the control tape may be 
increased. 

A machine that will do straight 
turning will do anything if it is done 
in straight steps of sufficiently small 
size, but this results in poor speed 
of operation. It may result in such 
poor speed that difficulties will be 
encountered cutting material such as 
stainless steel, where it is necessary 
to take a sufficiently heavy cut each 
time to get below the work-hard
ened surface from the revolution be
fore. The cost of the control also 
will be influenced by the number of 
dimensions. Pieces, of course, exist 
in three dimensions, but the speed 
of operation may result essentially 
in a fourth dimension. 

data recording 
In the case of a round hole, there 

are four dimensions in a jig-boring 
machine. There are the X and Y 
co-ordinates, the depth of the hole, 
and the diameter o£ the hole. Each 
dimension requires some sort of con
trol system. In: cutting a thread 
ther·e is also the phase relationship 
of the longitudinal feed to the rota
tion of the workpiece. 

One type of control which has re
ceived much attention in the past 
is. the playback machine. This ma
chine is rather appealing to many 
people. A machinist operates a ma.
chine tool in a normal manner. As 
he does; this, the motions of the 
machine are recorded in some way 
on tape, film, magnetic tape or 
motion-picture film, or anything 
else. Then when the machine is 
played back, the motions that the 
machinist put the machine through 
are repeat~d. One of the disadvan
tages of this is that if the machinist 
makes unnecessary motions., which 
he may, those motions are repeated. 
It is, also probably true that a ma
chinist rarely operates a machine 
tool at maximum possible cutting 
rates. Especially after the first few 
operations, he doesn't want to spoil 
the piece, and he takes ext·ra un
necessary cuts or less speed than the 
machine is. capable of tolerating. In 
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consequence his faults are repeated 
every tim.e he makes another piece. 

Such machines have been de
scribed in a number of patents. 
Some of them are rather old and it 
is hard to see in reading these pat
ents why these devices have not 
come into use. They look pretty 
practical but apparently they have 
not been us·ed to any extent. It is· 
understood that M. Faure in France 
is working on a machine on which 
the record is not made until the op
eration is complete ; that is, a man 
can take his cut and decide if that 
was the cut he wanted, and then if 
it is., he pushes the button and re
cords what he did. If, however, he 
decides that he should have fed it 
in a little further because the work 
comes out a little oversized, he can 
go back and go through that opera
tion a s.econd time with a suitable 
correction before it is permanently 
recorded. That would seem to be 
advantageous. This is an interest
ing approach. 

reliability 

It is important that the equipment 
be reliable. Some safety precautions 
certainly need to be taken. To make 
the thing completely foolproof is 
probably impossible. The author's 
expeorience with automatic control 
has been that failures have been m.e
chanical. To be completely, or as 
nearly, foolproof as possible perhaps 
would involve a completely double 
system with two tapes-a trans.mit
ting tape which would submit to the 
machine tool what it was supposed 

to do, and a checking tape which 
would receive information from the 
machine tool or from the workpiece, 
perhaps from a diamond- that is lean
ing against the work, or f·rom a 
point as near as possible to the 
work. This would transmit from. the 
machine back to the checking tape 
prepared independently, in which 
case any discrepancy between the 
order and the response would ·result 
in stopping the machine, or ringing 
an alarm, or whatever is necessary. 

Naturally, the seriousness of a 
failure will depend on the piece, on 
the machine tool, on the piece being 
cut. Anything which may result in 
damage to the machine tool itsdf 
is perhaps very serious. If it dam
ages an or·dinary lathe tool, it is not 
too important. If it damages the 
workpiece, it may or may not be 
very important, depending on how 
valuable the workpiece is. It is im
portant that the machine-tool con
trol be eas.ily serviced. That, nat
urally, is of less importance as the 
reliability of the machine goes up. 
A machine which is. likely to break 
down requires easy servicing; a ma
chine which is unlikely to fail can 
tolerate some difficulty. 

servos help 

An important reason that auto
matic controls were not applied to 
machine tools many years ago ( al
though patents, indicate that people 
knew pretty much what they wanted 
to do), was the lack of sufficient 
experience with servomechanism, 
vacuum tubes, and the like. During 
the past 20 years a great deal of 
progress has been made in the ser
vomechanism field for military pur
poses. Vacuum-tube servos and thy
ratron servos are both reliable. Most 
failures in these systems have been 
mechanical. Of course that is true 
generally. People worry about re
liability of vacuum-tube circuits and 
so on, and yet loose connections, 
which are of a purely mechanical na
ture, are as likely a cause of trouble 
as anything else. The vacuum tubes 
themselves do fail, sometimes grad
ually, sometimes all at once. Of 
course the all-at-once failure is usu
ally mechanical ; grids weren't weld
ed well enough, or filaments broke 
because of poor welding, or some
thing of that sort. The type of fail
ure resulting from chemical trouble 
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with the cathode, and so on, usually 
comes up gradually. 

Work is. being done today with 
transitors., which it is hoped will be 
better than tubes. The principal ad
vantage so far is that they don't 
run as hot as tubes because they 
have no cathode to heat. That makes 
a terrific difference in amplifiers op
erating at low power levels. Mag
netic amplifiers certainly will be 
us,e.d in the future for the somewhat 
higher power levels, the driving ser
vos. There also are friction drives 
such as the mechanical-torque am
plifiers. using m.etal bands wrapped 
around drums. For low powers, a 
straight synchrotransmission has 
been used. A synchro is very much 
like a wound-rotor induction motor. 
If the rotors of two machines are 
connected together, and the stators 
connected to a single-phase line, the 
two machines will rotate together. 

The power requirements for ma
chine-tool control may turn out to 
be surpris,ingly large. Lathes, for 
example, may require, under the 
worst conditions, 3 or 4 per cent of 
the power required to drive the spin
dle; that is, a lathe, which is devel
oping 25 hp at the tool may require 
as much as a horsepower to drive 
the tool carriage. This takes such 
servos out of the instrument class 
used in computers, and so on, which 
ordinarily have maximum output of 
a few watts, and raises them into the 
power-drive class, perhaps. as much 
power as it takes to drive a 3-in. 
gun. Of course it is rather unusual 
for lathes to be delivering as much 

(Continued on Page 40) 
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orts interesting project engineering ass· ments at ton 
"Despite its size as the leading manufacturer in its 

field," says Austin Bush, "I have found Worthington pays 
considerable attention to the interests of the individual. 
The company's excellent training program consists of 
several months of working with the various types of 
equipment manufactured, augmented by technical lec
tures, and talks on the organization of the corporation. 

"Following this training, I was given an opportunity to 
choose the department in which I wanted to work
engineering, sales, or manufacturing. My choice was 

FOR ADDITIONJU. INFORMATION, see your College Place
ment Bureau or write to the Personnel and Training De
partment, Worthington Corporation, Harrison, New Jersey. 

the engineering department where I have already been 
assigned to several interesting projects. 

"In addition to the training program, the members of 
our engineering department hold monthly seminars at 
which engineering topics of general interest are discussed. 

"Opportunities for advancement are good, and pleasant 
associates make Worthington a fine place to work." 

When you're thinking of a good job, think high-think 
Worthington. 
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WAX WORKS CD e CD 

Until a few decades ago, the principal users of wax 
were the candlestick makers. Today's diversified de
mands for wax put it b the class of modern industrial 
miracles. 

Go into a super-market ... see how wax works in 
the packaging and protection of milk and dairy prod
uds, cereals, bake goods, frozen foods. Think of its 
use in drug and cosmetic products •.. cups, crayons 
and carbon paper ••. polishes, preservatives and 
paper matches ... And the number of industrial ap
]§>lications defies accurate calculation. 

TOO BIG FOR BEES CD •• 

The ancients knew the physical properties of wax ..• 
and bees supplied the raw material. What then 
spurred this century's growth in production to more 
than a half-million ton3 a year? 

The answer lies partly i.J. the petroleum industry's 
desire to find more profitable applications for one of 
its'products ... partly b. the desire of other industries 
to improve their processes and products. 

AMERICA WORKS LIKE THAT CD CD • 

Here, industry is paradoxical. It is independent, yet 

dependent .•. cooperative, yet competi:ivc. It strives 
to mal:;:c more money, yet is alway::; seeking ways to 
keep costs and price3 down. 

And, to further these aims, management relies on 
the constant flow of information available through 
America's all-seeing, all-hearing and reporting Inter
Communications System. 

THE AMERICAN INTER .... C:OM SYSTEM. CD 411 

Complete communication is the function, the unique 
contribution of the American business press . . . a 
great group cf special:y edited narrazines devoted to 
the specialized work areas of men who want to man
age better, research better, sell better, buy better. 

COMMUNICATION IS OUR BUSINESS e o CD 

Many of the textbooks in which you are now studying 
the fundamentals of your specialty bear the McGraw
Hill imprint. Fer McGraw-Hill is the world's largest 
publisher of scientific and technical works. 

Mter you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill's many business magazines 
will provide current information that will help you 
in your job. 

McGRAW-HILL PUBLISHING COMPANY, INCe 

330 WIEST 42nd STREET, NIEW YORK 36, N. Y. 

IHAIJIIIIARTERS fill! TECHNICAL AND IIIIISINESS INFIIRMATiiiOO 
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. MACHINE TOOLS 
(Continued from Pa.f!.e 37) 

as 25 hp to a tool, but it is quite 
possible for a lathe to require over 
~ hp to drive the carriage. 

There also has been a great deal 
of work done for military purposes 
in various types, of computers. These 
may be of value in the control of 
machine tools. As yet, they have not 
been used very widely. For military 
purposes, computers are used for 
the purpose of kee-ping track of the 
motion of a target, for predicting its 
position at some time in the future, 
and for the transformation of co
ordinates from one set of polar co
ordinates to another, as from a set 
of co-ordinates fixed in space to a 
set of co-ordinates which roll and 
pitch with a ship. Most such com
puters have been analog computers, 
in which some member rotates 
through the angle of the ship's roll 
or pitch, or some function of those 
angles, an.d other components then 
turn to angles proportional to the 
polar co-ordinates in the other sys
tem of co-ordinates, and the like. 
Computation, of course, could be 

done by digital methods if the digi
tal computer were sufficiently fast, 
but as it is necessary to come out 
fi:qally with a shaft rotation there 
are, necessarily, an.al·og elements, in 
the digital system. 

Several tape-control machine tools 
have been constructed or described 
within the past few years. One sim,
ple system is credited to Dr. Her
man Cousins. It makes no attempt 
to operate this machine tool at its 
maximum capacity. Its function pri
marily is to machine parts so intri
cate as to be extremely dllfficult to 
machine by ordinary methods. The 
equipment uses a tape about 4~ in. 
wide and handles 4 co-ordinates with 
16 possible values for each of the 
co-ordinates. There are 4 tracks in 
the tape for each co-ordinate. The 
combinations of the four of them 
give 16 possibilities. For every step, 
4 holes are punched. They may be 
in one or two different rows, and 
there will always be a hole in one 
row or the other. A sm1all rocker 
mechanism is brought toward the 
tape, and rocks one way or the 
other, depending on which hole is 
punched. As it moves farther, it en
counters a dog which forces the 

rocker farther in the direction in 
which it is moving. Then it closes 
electrical circuits which operate re
lays to pi"ovide any one of 16 dif
ferent sets of voltages which are 
fed directly to a synchromotor. This 
motor simply drives the proper car
iage of the machine tool. That 
m.eans the steps are each 22~ deg 
of synchro rotation, corresponding 
to a motion of 0.001 in. Synchro 
motors,, when they have such angles 
as that in them, are capable of de
livering considerable torque and 
power. 

If the steps were much smaller it 
would be necessary to use servo
mechanisms to aid the synchro in 
driving the load. There is no pro
vision, at present, for backlash com
pensation. If the amount of back
lash is known, it can be allowed for, 
or if turning is done from the out
side it is always in the same direc
tion. 

If the tool wears, some adjust
ment must be made. If for some rea
son the machine fails to respond to 
one step, the next step will correct 
it anyway, by moving the synchro 
45 deg. For that matter, double or 

(Continued on Page 42) 

It's America's lifeline, really-the power line 
that starts with steam and brings heat, light, 
and energy to the nation's factories, farms, 
homes and stores. Paralleling that line is the 
line of cost, which America's Utilities have 
striven mightily to reduce over the years. Even 
today, with vast increases in the cost of all 
the things America's privately owned electric 
companies must buy, the cost of electricity 
has not increased in proportion. 
Since 1881, when Thomas A. Edison opened 
the nation's first electric generating station, 
.B&W, who supplied his boilers, has pursued 
a fruitful, continuing search f<:>r better and 
better ways to generate steam and to harness 
more and more usable energy from fuel 
consumed. 
Economical, dependable service is the watch
word of America's Electric Companies. The 
chart reflects how well their all-important job 
is being done. And to help insure that elec
tricity will remain America's best bargain, 
B&W Resef).rch and Engineering dedicates 

men, money and machines to 
continuing progress in steam 
and fuel technology. 
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says GERALD SMART 
Marquette University, BS-1948 

and now Supervisor of Plant Engineering, 
Allis-Chalmers, Norwood, Ohio, Works 

"MosT MEN graduating from college don't have a 
clear idea of what they want to do. These indi

viduals are helped by Allis-Chalmers Graduate Train
ing Course to find the right job whether it be in design, 
sales, engineering, research or manufacturing. 

"My case is a little different, however. I started the 
course with all my interest centered on tool design and 
'in-plant' service. The reason is that I started getting 
vocational guidance from some very helpful Allis
Chalmers men back in 1940." 

Served Apprenticeship 

"At their suggestion I had gone to school part time 
while working full time. This not only gave me the 
chance to serve an apprenticeship as a tool and die 
maker, and earn money, but I learned what I wanted 
to do after graduation. 

"Then came the war and service in the Navy. After 
the war I finished school. By the time I started on the 

course in 1948, I knew what I liked and seemed best 
fitted to do. As a result, my entire time as a G TC stu
dent was spent in the shops. 

"The 18 months spent in the foundry, erection floor 
and machine shop have all proved valuable background 
for my present job. 

"As supervisor of plant engineering at the Norwood 
Works, I am concerned with such problems as: Plant 
layout, material handling equipment and methods, new 
construction, new production methods to be used in 
building motors, centrifugal pumps, and Texrope 
drives. It's an extremely interesting job. 

"From my experience, I'd say, whether you're a 
freshman or a senior it will pay you to talk to an Allis
Chalmers representative now. You can't start plan
ning your future too soon. And you can't plan starting 
at a better place, because Allis-Chalmers builds so many 
different products that you'll find any type of engi
neering activity you could possibly want right here." 

Fads You Should Know About the ALLIS-CHALMERS Graduate Training Course 
1. It's well established, having been 
started in 1904. A large percentage of the 
management group are graduates of the 
course. 

2: The course offers a maximum of 24 
months' training. Length and type of 
training is individually. planned. 

3. The graduate engineer may choose the 
kind of work he wants to do: design, en
gineering, research, production, sales, 
erection, service, etc. 

4. He may choose the kind of power, 
processing, specialized equipment or in
dustrial apparatus with which he will 
work, such as: steam or hydraulic, turbo
generators, circuit breakers, unit substa
tions, transformers, motors, control 
pumps, kilns, coolers, rod and ball mills, 
crushers, vibrating screens, rectifiers, in
duction and dielectric heaters, grain mills, 
sifters, etc. 

5. He will have individual attention and 
guidance of experienced, helpful superiors 
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in working out his training program. 

6. The program has as its objective the 
right job for the right man. As he gets ex
perience in different training locations he 
can alter his course of training to match 
changing interests. 

For information watch for the Allis
Chalmers representative visiting your 
campus, or call an Allis-Chalmers district 
office, or write Graduate Training Sec- , 
tion, Allis-Chalmers, Milwaukee 1, Wise. 

Texrope is an 
Allis-Chalmers trademark. 
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MACHINE TOOLS 
(Continued from Page 40) 

triple steps can be put in if desired, 
to increase the speed of operation. 
As long as eight or more are not 
present at one time, the machine will 
drive in the right direction. It is 
probably not advisable to put in 
more than three, in practice. Con
sidering speeds and accelerations, it 
might happen that the lags of the 
system would be such that if two 
steps of five were put in from a 
standstill, the resultant rotation 
would be in the wrong direction. 

Another system is considerably 
more elaborate. That is a numeri
cally controlled milling machine 
puilt by M.I.T. In this machine, the 
operation in each co-ordinate is in 
essentially a straight line although 
it actually is divided up into little 
steps each way. However, it is nec
essary only to put in, coded form, 
the length of travel which a cut is 
to have, and the time which it is to 
take to complete that cut. The min
imum time that can be used is 2 sec. 

The machine operates by taking 
steps at a fixed rate of 512 per sec, 
and then taking as many of those 

steps as are necessary. If the ma
chine to travel at full speed, in a 
second it will take all but one of 
them. If it is to travel at half that 
speed, it will take every odd step, 
or at a quarter of that speed, it will 
take the second, sixth, tenth, and 
so on. Intermediate speeds are tak
en by adding groups of steps. At 
o/4 speed, the steps used for half 
speed are taken with those for 74 
speed. There is a rather in;genious 
system for doing this, based on the 
properties of binary counting sys
tems, and the use of the puls.e which 
does not carry to the next one. 

The steps on the M.I.T. milling 
machine have been 0.0005 in. which 
gives a maximum cutting speed of 
15 ipm. This is a respectable speed, 
but it is nowhere near the higher 
useful speed of the milling rnachine 
to which it is applied. It is under
stood that in cutting aluminum it 
is not unusual to operate these ma
chines at the rapid traverse speed of 
120 ipm. On a lathe, it is felt that 
something around 60 ipm for the 
longitudinal speed, and perhaps 
somehting a litle less than that for 
the cross feed, would be suitable 
maximum speed rates. 

A Key to K&E Leadershiip 
Projects created by engineers, architects, designers, scientists 
start with drawings •.. on tracing paper. ~Iodern needs o~e~ed 
a diff1cult challenge . . . to produce a tracmg paper combmmg 
permanent strength, permanent transparency and the ideal dra_w
ing surface. Albanene®, the acknowledged leader of quahty 
papers, has achieved this. Quality i~ one of _the keys to K&;E's 
eighty-seven years of le~dersh11? · m draftmg, r~pro~uct1c:n, 
surveying and optical toolmg eqmpment and matenals,, m shde 
rules and measuring tapes. 

KEUFFEL & ESSER CO~~ 
New York Hoboken, N. J. 

Chicago " St. louis • Detroit " San Francisco • Los Angeles " Montreal 

A few years. ago, a lathe was built 
by the Arma Corporation on which 
the information was fed in, in the 
form of the co-ordinates of the point 
at which the tool was to end its mo
tion and the sped with which it was 
to travel in each direction. Each of 
these was fed in digitally in the 
form of a voltage from a decade 
voltage divider. The voltage divider 
actually consists of taps on a toriod.
ally wound transform·er. It has been 
found that the voltage from these 
taps is proportional to the number 
of turns within a part in 100,000 or 
better. Even this is not a limitation. 
By a little manipulation of high and 
low-speed systems, it is possible to 
operate to much clos,er tolerances 
than this. The velocities when the 
machine was built were not in as 
close steps as they could have been. 

At the tim.e, it was contemplated 
that the machine would handle 
straight turning and rough tapers. 
Actually, it is possible, with this sys
tem, to cut tapers with a tolerance 
of perhaps a tenth of a degree for 
whatever length is desired. If it is 
necessary to have closer tapers than 
this, they can be cut in steps; that 

(Continued on Page 44) 
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PRODUCTION-Two shifts a day in a Midway location assure 
you the fastest service on every printing detail from the 
salesman's first call to final completion. Fourteen presses back 
up our promise of your delivery date. An efficient bindery and 
mailing service completes the cycle "from the idea to 
the mail bag." 

VERSATILITY -long or short runs, simple black and white or 
sparkling color on the widest range of stocks in offset or 
letterpress. from publications to pamphlets, from catalogs to 
calling cards-this is all at your command. 

QU AUTY -on offset or letterpress, our crisp, clean impressions 
will increase the effectiveness of your printed material. Our 
printers are experienced craftsmen assuring the BEST in 
typography. Many have been in our employ for more than 
twenty years. 

Be Sure to Check With Us 
On Your Next Printing Order 

Estimates promptly and gladly given. Our 
layout and art department can help you with 
design or ideas and can recommend stock 
and type to suit any purpose. 
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· is, a short section can be cut and 
the machine repositioned. This 
would leave a visible ring on the 
work at each such point, but it still 
would be everywhere within a rea
sonable tolerance. 

As built, this machine is capable 
of driving the carriage about 60 ipm, 
at no load. Maximum power was de
livered at about half this speed. The 
accuracy of the machine, or at least 
its reproductibility, was very good. 
Successive pieces did not vary more 
than 0.0002 in. in diam., which is 
closer than most lathe operators can 
set the cross slide on a manually 
operated lathe. 

Another example of an automatic
ally controlled machine tool is a 
Fellows gear shaper, to which ser
vos have been added for cutting non
circular gears. The principle of op
eration is that any noncircular gear 
can be generated by a rolling of the 
pitch line of a circular gear along 
the desired pitch line of the non
circular gear. On the gear shaper, 
the motions available are rotation 
of the work spindle, rotation of the 
cutter spindle, and motion of the 

f • I r II 

cutter spindle toward the work spin
dle. In normal operation of the 
gear shaper, the two spindles merely 
are geared together in the proper 
ratio; the cutter spindle is driven 
toward the work spindle during a 
portion of the rotation, while the 
cutter is fed into the work, and then 
both proceed to rotate at constant 
center distance. 

In the noncircular case, it is nec
essary to rotate the work spindle 
and the cutter spindle at re:latively 
varying rates, and at the same time, 
to drive the cutter spindle toward 
or away from the work spindle. The 
method of doing this is to divide 
up the required motion of each of 
these into steps. The steps of work 
rotation are 2 min. of angle, the 
steps of cutter rotation are equiva
lent. to 0.01 of a tooth, which is 0.15 
deg on a 24-tooth cutter, and the 
steps of motion of the cutter spindle 
toward the work spindle are 0.00025 
in. 

The computation is a little in
volved, but ends up in making steps 
of any one of the three or any com
bination of the three motions. The 
principal features of the system are 
the use of standard components. 

• str1 

Agricultural Equipaem& 

Aircraft 
Air Conditioning 

Automotive 
Ccmstruc:tion Machiill'll®ll'1f 

Electric Motors 
Household Applian,=es 

Bnstruments 

Machine Tools 
Portable Power Tools 
Textile Machinery 
Wood Working Mac:hiinery 

The most complete line of ball bearings and power 

transmission units in America. The fafnir Bearing 

Company, New Britain, Conn .. 

There is little special work, as the 
film is 16-mm- film and is run 
through a home movie projector 
from. which the intermittent motion 
has been removed. As each spot 
passes over a phototube, a relay is 
operated and a stepping switch, 
which is not used as a switch but is 
geared to a syncho. The three syn
chros trans.mit over to receiving syn
chros which control servomecha
nisms on the gear shaper. The op
eration is not especially fast. 

The philosophy of the machine 
was quite different from the lathe. 
In the case of the lathe, the object 
was to make a machine which would 
be converted quickly from one job 
to another. It was intended to take 
only seconds to change a piece of 
stock and the tape, and only a few 
minutes to prepare the tape. It was 
hoped that in making as few as two 
pieces, this machine would be of 
value. 

In the case of the noncircular 
gear, the object was to make a ma
chine which would make a piece 
which was difficult to make by any 
other known means, and the amount 
of work required to set up to make 
this was of secondary importance. 
Actually, 100 or more hours of calcu
lation and work were required in 
getting the data on the film. After 
the first piece is made, if it is found 
to be not quite right for some reason 
or other, slight local corrections are 
made on the film. The error may be 
due to imperfection in the lead 
screw, and also to imperfections in 
the gear shaper, which was not a 
new machine. However, it is pos
sible to make good gears by this 
method. 

The last device to be considered is 
the only one that has ben described 
so far which uses any of the more 
advanced techniques of the military 
computers. 

This device o p e r a t e .s from 
punched cards on which successive 
co-ordinates are punched. These co
ordinates are then reduced to the 
fourth differences between co-ordi
nates, which of course, do not have 
as many figures the co-ordinates 
themselves. These differences are 
fed into a group of roller and disk 
integrators which integrate the po
sition while the work rotates. 

This control has been used for 
making turbine blades and similar 
complex forms. 

(end) 
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Carl Vrooman, icing tunnel group 
head, studies hot-air cyclic de-icing 
test on wing section of C-130 
transport. The tunnel has a 
temperature range of -40° F. to 
+ 150° F. and maximum air speed 
of more than 270 mph. 

e icing tunnel 
speeds ther odyna ics 

research at Lockheed 
Designed to meet a constantly increasing volume of thermo

dynamics work, Lockheed's new icing research tunnel now 

provides year 'round testing in meteorological environments 

normally found only in flight. It is the first icing research 

tunnel in private industry. 

Lockheed thermodynamics scientists were formerly limited to 

testing time available at installations such as Mt. Washington. 

Now they are able to study in greater detail problems such as: 

thermal anti-icing; cyclic de-icing; various methods of ice 

removal; distribution of ice; rate of temperature changes in 

aircraft components; thermodynamic correlation between lab

oratory and flight testing; and development and calibration of 

special instrumentation. 

Career Opportunities at Lockhe 
Increasing research and development work on nuclear energy, turbo
prop and jet transports, radar search planes, supersonic aircraft and 
a number of classified pr®J;jects offers engineers outstanding 
opportunity for creative work. 

This is true not only for men in thermodynamics but for Aero
dynamicists and Aerodynamics Engineers, Structures Research 
Engineers, Airborne Antenna Designers, Flight Test Analysis 
Engineers, Physicists in fields of optics and acoustics, Mathema
ticians, and almost every other type of engineer. 

You are invited to write for the brochure, "Your Future is Now" 
which describes life and work at Lockheed. Address E. W. Des 
Lauriers. 

LOCKHEED AIRCRAfT CORPORATION 

BURBANK CALIFORNIA 

C. H. Fish, design engineer assigned to the tunnel, 
measures impingement limits of ice on C-130 wing 
section. The tunnel has refrigeration capacity of 
100 tons, provides icing conditions of 0 to 4 grams 
per cubic meter, droplet sizes from 5 to 1000 microns. 

Thermodynamicist Ed Dean monitors main control 
panel in picture at left. Temperature, air speed, 
water flow rate, air pressure and other variables 
can be regulated independently. 

B. L Messinger, department head, analyzes test 
results with Thermodynamics Engineer E. F. Versaw, 
right, and Thermodynamicist Tom Sedgwick, left. 
The report was in their hands only two days after it 
was decided to conduct the test. 



Jokes 
(Continued fr.om Page 31) 

A window washer related this experience to his friends: 
·'One day I was cleaning a window when a young woman 
entered and started to undress. She took off her shoes and 
stockings and then her dress when suddenly the ladder 
broke.'' 

"What a calamity at a time like that/' remarked one of 
the listeners. 

"It sure was," answered the window washer, "but what 
could you expect with twenty guys on the ladder?" 
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A small boy was very interested 
in watching a baldheaded man 
scratch the fringe of hair around the 
side of his head. After some time 
the boy said in a loud whisper, 
"Say. Mister, you'll never catch him 
that way. Why don't you run him 
out in the open?" 

It's tough to find 
For love or money 
A joke's that's clean 
And also funny 

Arriving at a strange hotel a fussy 
woman thought she'd better know 
where the fire escape was. So she start
ed exploring. During her tour she 
opened a door and found herself in a 
bathroom occupied by an elderly gen
tleman. 

"Oh, I'm sorry!" she twittered. "I 
was looking for the fire escape." 

Continuing her search she presently 
heard the pad of bare feet behind her 
and a shout made her turn. It was the 
elderly man clad in a bath towel. 

"Wait a minute!" he gasped. 
"Where's the fire?" 

All Technical Books and Supplies 

at 

Perine~s 

Main Store 
315 14th Ave. S.E. 

Branch Store 
Harvard and Washington Ave. 

Helen: "Has your boy friend's En
glish improved any?" 

J~ary: "No he.still ends every sen
tence with a proposition." 

Small boy: "Dad is Rotterdam a bad 
word?'' 

Dad: ''Why no son it's the name of 
a city.'' 

Boy: "Well, Sis stole my candy and I 
hope that it'll ratter dam teeth out." 

Cop: "No parking. You can't loaf here." 
Voke within car: "Who's loafing?" 

SAGE ADVICE 
Soy it with flowers, say it with 

sweets, 
Soy it with kisses, say it with eats, 
So:y it with jewelry, say it with drink; 
But never, oh never, say it with ink. 

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

Bum: "Have you a dime for a cup of coffee?" 
Engineer: "No. but I'll get by somehow." 

Two old maids lived together and 
each one owned a cat which she kept 
shut up for fear it would go tomcat
ting. One of the old maids got mar
ried and after honeymooning for a few 
days wired the other old maid as fol
lows: 

"You can keep your cat shut up if 
you want to but turn mine out." 

(Continued on Page 50) 
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A not her page for 

Tl KEN® bearings are 
designed to ron the load 

As you see here, all lines drawn coincident with the 
working surfaces of a Timkenbearing meet at a com
mon point on the bearing axis. This means Timken 
bearings are designed to give true rolling motion. 
And, since they're tapered they can take radial and 
thrust loads in any combination. 

I 
VRADE-MARK REG. U. 5. PAT. OFF. 

TAPERED ROLLER BEARINGS 

How to design a frei t car 
one an can push 

You can make a big 55-ton freight car roll so ·easily 
one man can push it. How? By mounting its axles on 
Timken® tapered roller bearings. Timken bearings 
roll the load, eliminate the metal-to·metal sliding 
friction that makes old-style friction bearings start 
hard. They reduce starting resistance 88%. And, with 
Timken bearings, there's no danger of hot boxes 
-the major cause of freight train delays. 

a to lea ore a ut 
niti ? rings or job oppo 

Some of the engineering problems you'll face after 
graduation will involve bearing applications. For help. 
in learning more about bearings, 
write for the 270-page General In
formation Manual on Timken bear
ings. And for information about the 
excellent job opportunities at the 
Timken Company, write for a copy 
of "This Is Timken". The Timken 
Roller Bearing Company, Canton 6, 
Ohio. 

NOT JUST A BALL 0 NOT JUST A ROllER o:::J THE TIMKEN TAPERED ROLlER <I::J 

BEARING TAKES RADIAL ~ AND THRUST -ID- LOADS OR ANY COMBINATION * 
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(Continued from Pa.fl.e 21) 

7. Durability and maintenance--A su:·pns:ng feature 
about the \'Vhirlfire engine is its ability to absorb foreign 
material. On several occasions, pieces of instrumentation 
have passed through the machine. The turb:ne buckets 
we,re bent, but in no instance did they fail even after subse
quent running of damaged parts. 

Maintenance is easy; each major component can be re
moved and serviced as a unit. Damaged turbine buckets 
em be replaced without comi)lete engine disassembly. 

8. Starting-Although no extreme cold weather starts 
were atte,mptcd, no sub-zero troubles arc anticipated. Start
ing sequence takes 20 seconds with a standard 12-volt 
starting motor in the Turbocruiscr and 24-volt starter
generator in the Firebird. 

9. Braking-In neither Firebird nor rfurbocrui~er does 
the engine supply any appreciable brak:ng during decelera
tion. This imposes severe requirements on wheel brakes. 

It appears some supplementary dynamic braking device 
may be required; for this reason the Firebird is equipped 
with brake flaps on the trailing edges of its delta-like wings 
to supplement. the wheel brakes. 

versatile 
In the Turbocruiser, however, the transmission can be 

shifted to reverse when the vehicle is on a steep grade. 
This causes the power turbine wheel to turn backward and 
gasifier speed would provide proper braking torque. 

In order to keep pace with the 

10. Lubrication and bearings-Lubr~cat:ng 1cquirements 
do not appear severe because lubricant never is exposed to 
combustion area or to combustion products, as in a piston 
engine. Oil, in addition to providing lubrication, is used to 
cool high speed bearings. Experience indicates commer
cially available premium motor oils can do the job. 

At high operating temperatures, lubricant requirements 
may become more stringent to withstand the "soaking" 
condition to which lubricant may be exposed. This condi
tion has not yet been experienced with GM Research gas 
turbines. 

advantages 

One of the greatest advantages of the gas turbine over 
conventional engines is its favorable power-to-weight ratio. 

The entire power package for the Firebird, which includes 
the transmission and final drives weighs only 775 pounds 
and gives the power plant and drive a weight-to-power ratio 
of approximately two pounds per horsepower. This ratio 
is about one-third that of a conventional piston engine and 
drive. 

I:r; the Turbocruiser installation, the gas turbine engine, 
in addition to supplying nearly twice as much power as the 
Diesel normally used, saves over 1500 pounds in engine 
weight. 

In both cases this saving in weight has been accomplished 
without sacrificing strength of components. Automotive 
rather than aircraft design practice is followed throughout. 

(end) 

drafting requirements of modern 

industry Dietzgen introduced Master Bows into 

the United States. They have since become an 
indispensable aid to engineers and draftsmen. 

48 

Dietzen Drawing Instruments are 
constructed of hard nickel silver and 
fine tool steel to precision stand
ards, offering the student unex
celled accuracy and lifetime service. 

University Bookstores 
University of Minnesota 

MAIN ENGINEERING BUILDING 
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Most of the current alloys developed for engineering 
use at elevated temperatures contain Molybdenum. 

As stresses and temperatures--such as those used for 
marine propulsion power plants-increase, it is certain th.at 
the alloys which make this possible will rely more and 
more upon their Molybdenum content. 

Climax furnishes authoritative engineering data on 
Molybdenum applications. 
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Jokes e • e 

(Continued from Paf!.e 46) 

"What did you do before you came m the service, nns
ter?" 

"Sir, I made square marbles for kids who would rather 
shoot dice." 

Several weeks ago, coming home from work on a 
crowded bus, I stood next to a woman and her small 
son. I asked her if she wasn't afraid the little boy would 
be crushed. 

"Not at all," she answered. "He bites.'' 

The scene was the interior of a saloon in the Far 
West and around the table were gatherd as tough a 
gang as could be found in Nevada. The game was fast 
and the stakes were high. 

Suddenly the dealer threw his cards on the table and 
pulled out a six-gun. 

"Boys," he shouted, "this game ain't straight. Sam 
ain't playing the hand I dealt him." 

Textbook styles: "The puissance of hydrochloric acid is 
incontestable; however, the corrosive residue is inharmon
ious with metallic persistence." 

ChE. style: "Hydrochloric acid eats the hell out of st,::el.. 

M.E. (from the back of the room): 
"Are you sure the answer to this 
third test· question is in the book?u 

Mr. Jamieson: "Certainly it is." 
M.E. "Welt I can't find it." 

You know what the once over is? 
That's this ! 

when like 
you 

look at a pretty 

M.E.: ''What in the world makes your tongue so black?)r 
C.E.: "Dmpped a fifth on a freshly tarred road." 

Coed to fraternity boy: "Let's walk home. I'm loo 
tired to get into a cab with you." 

The bum slept under bridges and viaducts for years
then he switched to culverts. Does this make him a Man. 
of Distinction? (end) 

Gold lettering - Stamping 
Tooling 

WE BIND 
Medical Theses 
Chemical Pamphlets 

Magazines Text-Books 
Law Reviews 

COVERS $ ALBUMS - SCRAPBOOKS 
Made to your specifications 

During the past century Brown & Sharpe Machinists' 

Tools have raised the accuracy of production standards the world over ... 

made them increasingly easier to maintain. From such Brown & Sharpe 

"firsts" as the micrometer, vernier caliper, and automatic linear division 

cf precision rules have come a complete line of industrial small tools ... 

refined and developed by constant research. 
BINDING 

50 

In addition, this :fine line of quality products includes 

Johansson Gage Blocks and Accessories, Electronic Measuring Equipment, 

Cutters, Permanent Magnet Chucks and other shop equipment. Write for 

catalog. Brown & Sharpe Mfg. Co., Providence 1, R. I. 

F@ 0@ ERICKSON, 
BOOKBINDER 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. GE. 5165 
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A laboratory assistant (above) takes a fraction from one of the 
new miniature stills at Standard Oil's Whiting laboratories. The 
small charge in the large bottle (below) can be separated into 60 
fractions in these exact stills. 

THE MINNESOTA TECHNOLOG, October) 1954 

Valuable Laboratory Aids 
Some stills in oil refineries are gigantic 
devices which process 30,000 barrels of 
petroleum a day. Others are so small-and 
so exact-that they may take more than a 
week to distill five ounces of liquid. 

Scientists at Standard Oil's Whiting 
laboratories now are working with eight 
new miniature stills so precise they are 
considered the finest of their type in the 
world. These stills, installed last year, are 
used to study liquids produced during re
search on such things as aviation gasoline, 
synthetic lubricants and detergents, plas
tics and plasticizers, and petrochemicals. 

Laboratory men often work with only an 
ounce of liquid which may be made up of 
hundreds of different chemical compounds. 
Technicians usually wind up with individ
ual ~~fractions" of about 1/50 of an ounce 
to be examined with mass and infra-red 
spectrometers, chromatography and other 
aids. 

Another new research still at Standard 
Oil's Whiting laboratories has a packed 
column one inch in diameter and 16 feet 
high. It is probably the most efficient 
packed column ever built. 

Such precise up-to-the-minute labora
tory equipment helps Standard Oil scien
tists in their never-ending search for new 
and better products. And it offers young 
technical men the assurance that Standard 
Oil is a sound, progressive place to build 
a scientific career. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, illinois 
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F irst, I wish to welcome all freshmen entering our 
happy little family at the Institute of Technology; and 

then to congratulate all brain-scarred veterans who 
made it back from last year. This year, like all others, 
is an important one. Therefore, I offer the following fer
vent prayer which always stands me in good stead 
at the close of the spring quarter-THIS YEAR I DEFI
NITELY WILL HIT THE BOOKS AND GET MY HONOR 
POINT RATIO UP WHERE IT SHOULD BE! Then, as 
the second month of the fall quarter rolls around and 
the resolution makes itself known only as a pang of con
science at quiz time; give a thought to the TECHNOLOG 
because this is an important year for it too. 

The passing of the post office boxes this year leaves 
our circulation manager spinning on the horns of a di
lemma, knowing where to shove the LOGS and realiz
ing that they won't get distributed that way. A simple
minded method which may work, and is at least worth 
a try, is dumping a pile of them on table and passing 
them out every month. However, if everyone doesn't 
get his this way, it might be necessary to mail the LOGS 
to your school address, thereby striking us in the ten
der region of our pocketbook. This in itself wouldn't be 
so bad if there wasn't a certain faction agitating to re
lieve us of our only source of student revenue-the 85c 
tacked· onto your fee statement each quarter. If this 
comes to pass it may very well mean that the LOG 
will be seeing some pretty tough days. We can't do 
much without money, and it's a well known fact that 
it's harder to sell subscriptions on campus than to pass 
a $3 bill. 

o enough for the crying towel-let's talk about pleas-
enter things, e.g., money. This year, as always, 

there's a shortage of good feature and humorous articles 
written by IT students. So to stimulate your literary 
talents, we're awarding $50 checks to the authors of 
the two best articles this year. The sole criteria for 
these articles will be reader interest. Proper English or 
spelling will mean little in the judging, since they will 
be proof-read before printing. This means that the selec
tion of the subject matter is the vital step in trying for 
the award. Ideally, the articles should be of general 
interest/ but I realize that this is nearly impossible to 
achieve. 

It is my opinion that articles dealing with subjects 
here at the University offer the most fertile field for writ
ing. Check into some of the research projects being con
ducted in the various fields. The only article of this na
ture that we ran in the near past was one on the cancer 
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detection apparatus built by Dr. Wild, and even the 
"Daily" scooped us on that one. You will generally find 
that the men conducting the project are more than glad 
to help publicize their work and will help you all ·they 
can. 

Don't let this spiel on research make anyone think that 
a technical article is more desirable than a humorous 
one. If cmything just the reverse is true. We haven't 
printed cmy funny stories since Dick Elsberry flew the 
coop to the greener pastures on the other side of the 
street. Or perhaps a science fiction type of thing-so 
you see the field is wide open; but remember, the sooner 
you get to it, the more likely it will get done at all and 
also more likely to get printed. 

The winners will be decided in time to be mentioned 
in the May isue. Two votes will be given to each staff 
member and the faculty advisor, Professor Haga, and 
the two articles with the most votes will be considered 
the best and worth $50 apiece. 

gain we need new staff members; especially fresh-
men and sophomores. These are the men that will 

form the core of the TECHNOLOG next year and many 
responsible jobs will be available. The best thing is that 
we don't expect you to have talents along this line
we get by without any. And look at the advantages: a 
place to hang you coat, eat your lunch, intellectual com
panionship, and also close to the men's room. So if 
you're interested, see page 33. 

* * * 
A fellow stopped in the office the other day and we 

gat to discussing summer jobs. It turns out that a pal 
of his spent the summer servicing television sets and in 
the pursuit of his financial reward, got into the house of 
a real shrew to service the family TV set. After he re
paired the trouble and got the set functioning, this lady 
(using the term loosely) insisted that the picture wasn't 
as clear as it was before the set went on the blink. He 
again checked the fine tuning and focus controls, but 
to no avail-the picture he had was the best possible 
from this particular installation. After much haggling 
with the worthy "hausfrau," this fellow had a flash of in
spiration that comes only too seldom to us poor mortals. 
He set the picture rolling vertically and then asked her 
to pick the picture she wanted. After much indecision 
she choose the one she wanted, our hero re-adjusted the 
vertical hold controt and left with a light heart. This, 
I hope, illustrates the power of suggestion. 

JRM 
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Photo aphy 
took a look 
and a harvester 
gotas vnger 

set of tee 

PHOTOGRAPHY AT WORK-No. 10 in a Kodak Series 

John Deere engineen, building a new beet har
vester, wanted spring-tooth disposal wheels with 
long life. High-speed movies showed the way. 

T'he disposal wheels on the new John Deere beet 
harvester moved faster than the eye could see. 

So the engineers studied them in action, slowed 
down by the high-speed motion picture camera. A 
small difference in design resulted in extra -long life 
for the spring teeth. 

Slowing down fast action is but one way photog
raphy helps product design and manufacture. With 
x-rays it searches out hidden faults in castings, welds, 
and assemblies. And by photographing cathode ray 
traces, it discloses the causes of improper operation. 
These are but a few of the ways photography saves 
time, reduces error, cuts costs and improves pro
duction. 

Graduates in the physical sciences and in engineer
ing find photography an increasingly valuable tool 
in their new occupations. Its expanding use has also 
created many challenging opportunities at Kodak, 
especially in the development of large-scale chemi
cal processes and the design of complex precision 
mechanical-electronic equipment. If you are inter
ested in these opportunities, write to Business & 
Technical Personnel Dept., Eastman Kodak Com
pany, Rochester 4, N.Y. 

Eastman Kodak Company 
Rochester 4, N.Y. 
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nly EEL can do so any jobs so ell 
Famous Finger of Metal ~nd 
stone pointing 1472 feet mto 
the skv is The Empire State 
Buildi~g in New York City. 
This mightiest of buildings 
makes liberal use of Stainless 
Steel for both decorative and 
utilitarian purposes: in ver
tical strips beside the win
dows, in bands around the 
tower, in the two entrance 
corridors. "Maintenance?" 
said the assistant operating 
manager when asked about 
the exterior Stainless SteeL 
"What maintenance? We 
haven't touched the stain
less steel since it was in
stalled. And the condition of 
the steel is as good as ever." 
Not a bad record after more 
than 20 years. 

This trade· mark is your guide to quality steel u 

Dragon's Teeth Sprouting? No, these are steel bearing piles in 
the foundation of a dam spillway. When the dam is finished, 
you'll never know the steel piles are there. But they'll be 
working just the same, for strength and safety, as enduring 
steel so often works unseen in buildings, highways, pipelines 
and power plants. 

Thi!; Baby Sitter is Galvanized! In truth, a sturdy, good-looking 
Cyclone Fence is a dependable baby sitter. For it makes a 
safe home playground out of your yard. It keeps youngsters, 
absorbed in play, from stepping accidentally into the path 
of passing traffic. It prevents stray dogs from molesting 
your children or flowers. Cyclone Fence, made by U. S. Steel, 
is further evidence that only steel can do so many jobs so well. 

OPPORTUNITIES WITH U. S. STEEL 

If you're thinking about what you're 
going to do after graduation ... if 
you're interested in a challenging, re
warding position with a progressive 
company . . . then it will pay you to 
look into the opportunities with United 

States Steel. Your placement director 
can give you more details, or we'll be 
glad to send you the informative book
let, "Paths of Opportunity." United 
States Steel Corporation, 525 William 
Penn Place, Pittsburgh 30, Pa. 

ITED ST TES STEEL 
For further information on any product mentioned in this advertisement, write United States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 

AMERICAN BRIDGE •• AMERICAN STEEl & WIRE and CYClONE FENCE •• COlUMBIA-GENEVA STEEl •• CONSOliDATED WESTERN STEEL •• GERRARD STEEL STRAPPING •• NATIONAL TUBE 

Oil WELL SUPPLY •• TENNESSEE COAl & IRON •• UNITED STATES STEEL PRODUCTS •• UNITED STATES STEEl SUPPlY •• Divisions ol UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEl HOMES, INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNWERSAl ATLAS CEMENT COMPANY 4-1074 



1954-Boeing 8-jet B-52, America's outstanding heavy jet bomber 

Leadership is a long-time tradition at Boeing 

In 19 31, Boeing engineers designed the 
B-9, a revolutionary low-wing bomber 
that could outdistance any contempo
rary pursuit plane. 

Today, they've produced the free 
world's outstanding heavy jet bomber, 
the B-52, and America's first jet trans
port. Boeing also builds the record
breaking B-47 medium jet bomber, 
conducts a major guided missile pro
gram, and research in nuclear power 
for aircraft. 

These growing programs mean ex
panding opportunities at Boeing for 
engineers of virtually EVERY type, 
including mechanical, civil, electrical 

and aeronautical. It also means plenty 
of room for advancement. Boeing, 
which now employs more engineers 
than even at the peak of World War II, 
promotes from within, and holds reg
ular merit reviews to give you individ
ual recognition. 

50" 

As the chart shows, 46% of Boeing's 
engineers have been here for five years 
or more; 2 5% for I 0 years; and 6% 
for 15 years, and many have been 

with the company 2 5 years or longer. 

Boeing offers engineers an unusual 
variety of experience, from applied re
search to production design, from work 
with new materials and techniques to 
co-ordination of a vast subcontracting 
program which provides contacts with 
a cross-section of U. S. industry. 

Boeing also helps engineers continue 
their graduate studies, and reimburses 
them for tuition expenses. 

for further Boeing career information, 
consult your Placement Office, or write: 

JOHN C. SANDERS, Staff Engineer- Personnel 
Boeing Airplane Company, Seattle 14, Wash. 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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UDVIN 

YES, ever since our first issue-June-July 1953-
the General Motors Engineering I ournal has 

been welcomed by engineering faculties and students 
alike as an excellent contemporary source book. 

And we suggest, if you are not familiar with this 
latest of GM publications, that you check your col
lege library. 

But- this is not a "circulation advertisement" for 
the Journal. 

We mention it here - because we think a glance 
through any issue will give you a pretty clear pic
ture of the high standards and advanced viewpoints 
of our GM engineers. And of the intellectual climate 
they find in which to think and to work at GM. 

Certainly such standards, such viewpoints-and such 
a climate-must be weighed among the assets of a 
GM career .. 

A M TEXTBOOK. 

So, again, may we suggest you glance at the Journal 
(copies are supplied free to all faculty members 
and school librarians who request them) . We hope 
it will inspire you to write us for another important 
GM publication- "The College Graduate and 
General Motors." And to think seriously of making 
yours a GM career. 

1G M Positions Novv Available 

In These Fields::: 

MECHANICAL ENGINEERING 

METALLURGICAL ENGINEERING 

ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING 

CHEMICAL ENGINEERING 

GENERAL MOTIORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 



Jim Walker asks: 

Ca echanical 
e eer ake 
real pro ess in 
a che ical firm? 

James B. Walker received his B.S. in mechanical engineering from 
North Carolina State College in June 1954, and he's presently working 
for his M.S. at the same college. By asking pertinent questions, Jim is 
making sure that the position he finally accepts will be the right one for 
a fellow with his training. 

rPick'' Pickering answers: 

Well, Jim, that's what the lawyers call a leading 
question, and the answer leads right into my baili
wick. I came to DuPont in 1940, after taking a com
bined mechanical and electrical engineering course. 
So I had what you might call a double reason for 
wondering about my future with a chemical finn. 

I soon learned that the success of a large-scale 
chemical process is vitally dependent upon mechan
ical equipment. And the success of this mechanical 
equipment-especially for a new process-depends 
on (1) Research, (2) Development, (3) Plant Engi
neering, and (4) close Supervision. The net result is 
that a mechanical engineer at Du Pont can progress 

BETTIER 'BUNGS FOR BETTER !LIVING 

••• THROUGH CHEMISTRY 

WATCH t~CAV ALCADE OF AMERICA" ON TELEVISION 

H. M. Pickering,. Jr.,. received a B.S. in M.E. 
and E.E. from the Univ. of Minn. in 1940. He 
gained valuable technical experience at Han
ford Works, in Richland, Washington, and in 
DuPont's Fabrics and Finishes Plant at Parlin, 
N.J. TodayheisWorksEngineerfor DuPont's 
Seaford, Del., plant, where nylon comes from. 

along any one of these four broad highways to a top
level position. 

My own Du Pont experience includes mechanical 
engineering work in fields as varied as atomic energy, 
fabrics and finishes, and nylon manufacture. Every 
one of these brought with it a new set of challenging 
problems in construction, instrumentation, and 
power supply; and every one provided the sort of 
opportunities a man gets in a pioneering industry. 

So, to answer your question, Jim, a mechanical 
engineer certainly has plenty of chances to get some
where with a chemical company like DuPont! 

Want to know mere about working with Du Pont? 
Sendforafreecopyof"MechanicalEngineersatDuPont." 
This 24-page booklet describes in detail the four broad 
categories of jobs mentioned by "Pick" Pickering. Typical 
pioneering problems in each of these four categories are 
outlined. This booklet briefs a young mechanical engineer 
on how some of the newest and most challenging problems 
in his field were solved. Write to E. I. duPont de Nemours 
& Co. (Inc.), 2521 Nemours Bldg., Wilmington, Del. 
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Englnee~ts Pioneer 

Power IF»Iant Development 

• Early in '51, Allison undertook the power plant de

velopment for vertical take-off airplanes following the 

Navy's request for a high-power, low-weight turbine 

engine which could be adapted to vertical operation. 

With modifications, the Allison T40 turbo-prop 

engine-with its extremely high power-to-weight-ratio 

-was selected to do the job. The vertical operation 

necessitated basic design changes, such as changing 

the oil system so it would function in both vertical and 

horizontal positions. Too, it was necessary to modify 

the reduction gear, giving a higher propeller RPM 

and increased thrust. And, with the specially designed 

propellers required by the VTOs, the control system 

was redesigned. 

Then, to test the engine, a radically new test stand 

vas designed and built. Allison engineers converted 

a test stand previously used for low horsepower re· 

.-131!ll!.lll GEORGE D. KEMP, who received his B.S. in Mechanical Engineer-
ing from Colorado A. and M. last June, is shown recording data 

on the engineering log sheet from the industrial TV screen in the VTO test 
cell. George-now in the Test Operations group in the Experimental Test 
Section at Allison-is working on the T40 turbo-prop engine which powers 
the Convair XFY-1 and the lockheed XfV-1 vertical take-off aircraft. 

dprocating engines to one (shown above) capable of 

accommodating VTO engines in the various positions 

from horizontal to vertical. With the huge 72,000 pound 

tunnel completely enclosing the engine and propeller, 

a television was installed in the control room so engine 

operation could be observed in any tunnel position. 

The VTO power plant project is typical of the 

variety of challenging problems handled by the Alli

son Engineering staff. And, because it is continually 

pioneering in advanced engineering developments, 

Allison needs additional technically trained men, espe

cially young graduate engineers. Why not plan now 

for your engineering career at Allison. Write for in

formation: 

R. G. GREENWOOD, Engineering College Contact, 

ALLISON DIVISION, General Motors Corporation9 

Indianapolis 6, Indiana. 



S. S. Marine Dow-Chem, first ship ever built specifically for the transportation of liquid chemicals. 

CHEMICAL GO TO EA. 0® 

REDUCING FREIGHT COSTS AND BRINGING 
FASTER SERVICE TO MANY DOW CUSTOMERS 

Newest link between Dow's important Texas Division and 
eastern terminals is the 18,000-ton chemical tanker, 
~~Marine Dow-Chem". First ship ever designed and built 
to carry chemicals, this huge tanker has a capacity of 
3,500,000 gallons, including special nickel-clad, heated 
tanks that safely carry 73% caustic soda solution. The 
t~Marine Dow-Chem" made her maiden voyage in April, 
completing three years in the planning and building of 
the vessel. 

Transportation of Dow chemicals by way of water routes 
did not begin with this new ship. Dow has pioneered in 
this technique of shipment. On any given day, you may 
see a tanker steaming out of Freeport, Texas, steering for 
East Coast terminals; a powerful tug herding its charge of 
barges up the Mississippi to Cincinnati; and a freighter 

leaving California, heading through the Panama Canal 
toward the Atlantic coast. All have one common purpose 
-delivering Dow chemicals by the most convenient, most 
economical routes possible. 

Just as Dow's research and production are making giant 
steps in the progress of the chemical industry, so Dow's 
distribution keeps pace through new techniques in trans
portation and service. 

Qf:JPortunltles 

Whether you choose research, production or sales, 
you can find a challenging career with Dow. Write 
to Technical Employment Department, THE DOW 

CHEMICAL COMPANY. Midland, Michigan or Freeport, 
Texas for the booklet, "Opportunities with The Dow 
Chemical Company" -you'll find it interesting. 

you can depend on DOW CHEMICALS 
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Rollpin is driven into holes 
drilled to normal production· 

line tolerances. 

It compresses as driven. 

Rollpin f.its flush ••• is vibration-proof. 
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I 

I 

No threading, peening or precision 
drilling with R.OLLPIN 

Rollpin is the slotted tubular steel pin with chamfered ends that is 

cutting production and maintenance costs in every class of industry. 

This modern fastener drives easily into standard holes, com

pressing as driven. Its spring action locks it in place-regardless of 

impact loading, stress reversals or severe vibration. Rollpin IS 

readily re1novable and can be re-used in the same hole. 

* * * 
If you use locating dowels, hinge pins, rivets, set screws-or 

straight, knurled, tapered or cotter type pins- Roll pin can cut 

your .costs. Mail our coupon for design information. 

r--------------------~-, 
I I 

Elastic: Stop Nut Corporation of America 
I U:h~B3t. R16-C:M, 2330 VauxhaiH Road, Unon, N. J. I 

I
I Please send me the following free fastening information: : 

0 IRollpin bulletin 0 Here is a drawing of our 
I product. What fastener I 
I 0 !Elastic Stop Nut bulletin would you suggest?' I 

I Name Title I 
I I 
I ~m I 
I ~~ I 
I Ciflf Zone __ State__ I 
I I 



EXCESS HYDROCHLORIC ACID is put to work in this catalyst plant of the 
Morton Salt Company at Weeks Island, Louisiana. The acid is used in a 
process developed by a Standard Oil scientist to produce a top-quality catalyst. 

What the scientist saw in the sandpile I 

This story starts with a child's sandpile and a 
scientist's curiosity. It ends eight years later 
with a new top-quality catalyst-the result of 
a scientist's ingenuity. 

One day a Standard Oil chemist took home 
some granular blast furnace slag from a neigh
boring steel mill for his children's sandpile. 
Suspecting that it had properties of potential 
value, he took a pailful back to his quarters 
in the Whiting Laboratory the next day. 

Treating the slag with hydrochloric acid and 
then drying it in an oven produced 30 cc's of 
powder that proved to be an effective and 
active catalyst. However, commercial produc
tion of the catalyst was uneconomic because 
of the market price of hydrochloric acid. To 
overcome this obstacle, Standard Oil contacted 

the Bay Chemical Company, a salt cake pro
ducer which, at times, had difficulty marketing 
hydrochloric acid-a co-product of salt cake. 

The Bay Company, of Weeks Island, Louisi
ana, now merged with Morton Salt Company, 
became interested in the new catalyst and 
built a plant with the aid of Standard Oil sci
entists. The output of this plant is a top
quality catalyst with unlimited new sources 
of raw materials. 

This is only one example of what Standard 
Oil scientists accomplish in an atmosphere of 
independent research. In our constantly ex
panding laboratories, our scientists are free to 
investigate and pursue ideas, for Standard Oil 
knows that one of a scientist's greatest assets 
is his curiosity. 

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



10 

Installing cast iron mechanical ioint pipe across river at Salina, Kansas, for sewer main. 

When an installation~ once completed, should be 

as trouble-proof as planning and materials can 

make it - engineers rely on cast iron pipe. It 

has high beam-strength, compressive-strength and 

shock-strength. Its effective resistance to corrosion 

ensures long life, underground or underwater. 

These are reasons why cast iron pipe is so widely 

used for water lines in tough terrain, pressure and 

outfall sewers, river crossings, and encased piping 

in sewage treatment and water filtration plants. 

Cast Iron Pipe Research Association, Thos. F. 

Wolfe, Managing Director, 122 So. Michigan Ave., 

Chicago 3, Ill. 

This 123-year-old cast iron water main is still in use in 

® 
the distribution system of St. Louis, Mo. 

, SERVES fOB 
0 
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A MESSAGE TO 
COLLEGE ENGINEERING 

STUDENTS 

from J. M. Wallace, Manager, Meter Div., 
Westinghouse Electric Corporation 

University oj Pittsburgh, 1935 

To the man who wants more than a job 
You and I know that getting a job is not a problem 
these days. Industry needs thousands of young engineers. 

But the man who wants more than a job might well 
pause and consider just how he is going to find his special 
opportunity. It cannot be found everywhere. 

The man I'm talking about wants interesting work 
with a future, yes-but also something more. He is 
determined to help make the world a better place in 

YOU CAN BE u 
• Stl 

which to live-and wants a job that will enable him to 
do this. He is co-operative in his work, but demands the 
dignity of being treated as an individual. This man had 
high purpose when he elected a career as an engineer. 

I know this man. He's many men at Westinghouse. 
He's an engineer's engineer. 

You, who want more than a job, are this man, too. ' 
You will be among your own at Westinghouse. 

For information on career o.pportunities 
with Westinghouse, consult Placement 
Officer of' your University, or send for 
our 44-page book, Finding Your Place 
in Industry . 

Write: Mr. C. W. Mills, Regional 
Educational Co-ordinator, Westinghouse 
Electric Corporation, Merchandise Mart 
Plaza, Chicago 54, Illinois. 
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This is a preliminary artist's sketch of the nation's first atomic powered c~lectric generating station. The plant components de
picted are, from the left: a building for fuel handling, the atomic reactor and heat exchangers, the maintenance building and 
overhead traveling crane, the turbo-generator building, the switchyard containing transformers and circuit breakers, and trans
mission lines. In the right foreground is a building containing shop and administrative facilities. 

As can be seen from the cutaway view, the atomic reactor which provides the heat, and the heat exchangers which generate 
the steam, will be located underground in concrete and steel structures. These underground structures will provide protec
tion to operating personnel and the surrounding area in addition to the many protective devices in the reactor itself. The 
large central underground structure houses the reactor itself which is located within the vertical, cylindrical container which 
represents the pressure vessel. Water under pressure is pumped through this vessel. It is heated and is pumped to the four 
heat exchangers, two of which· are visible in the cutaway, foreground. The other two are in the horizontal, cylindrical struc
ture to the rear. Heat from this pressurized superheated water converts other water in heat exchangers to steam. The steam 
then is piped to the turbo-generator. This pioneer nuclear power plant will produce a minimum of 60,000 kilowatts of electricity. 
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Adapted from the W estingho•use Engineer 

HE atomic bomb, among other things, catapulated 
Einstein's mass-energy relationship into the engineer's 
world. All the accustomed heat reactions are of the 

chemical type, characterized by the interplay of the elec
trons in the outer or:bits of combining and disassociating 
atoms, w~th the nuclei of these atoms remaining aloof. Now 
comes a vastly different sort of reaction, with a heat release 
greater by a miilion times. In this the atomic nucleus is 
involved-and wi,th it all phases of engineering. 

Nuclear reactions, which deal with changes in the atomic 
nucleus itself, have many of the same characteristics as 
chemical reactions. 

The number of electrons determines the atom's chemical 
properties; a toms with the same chemical properties are 
grouped into elements. Therefore, the number of protons 
in the nucleus of an element specifies the element and indi
cates its position in the periodic table of the elements. This 
number is termed the atomic number of the element. Since 
protons and neutrons account for nearly all the weight of 
an atom and the weight of both is close to unity, their sum, 
termed the atomic weight, is very nearly an integer. This 
integer is the mass number of the atom. 

All energy used industrially comes either from the work 
done by falling water or from the combustion of fuels, prin
cipally coal and petroleum products. In the combustion of 
coal, carbon atoms combine with the oxygen of the air to 
form carbon dioxide, with release of energy. The chief 
characteristic of ordinary combustion is that the atoms 
involved are not changed intrinsically. The carbon atom from 
the coal is still a carbon atom in the C02 of the flue gas. 
The energy made available is chemical energy. In a chemi
cal reaction, atoms of the same kind are present both before 
and after the reaction takes place. 

Physicists express the energy released by nuclear reactions 
in terms of electron volts per atom transformed, an electron 
volt being the work done on an electron when it moves 
through a potential drop of one volt. An electron volt is 
1.60 X 10-19 watt-second and is therefore a definite amount 
of energy just as is a foot-pound of ordinary mechanical 
work. Chemists usually express energies of reaction in calories 
per mole of material transformed. The heat of formation 
of C02 is about 94,000 calories per mole, so the energy 
release accompanying the formation of one molecule of C02 

is 4.1 electron volts. To form a kilowatt-hour of energy by 
burning coal requires about one-fourth pound at 100 per 
cent efficiency of conversion from heat to electrical energy. 

In some chemical reactions, the addition of heat or energy 
is required before the reaction will proceed, while in others, 
such as combustion, energy is liberated. Precisely the same 
condition exists in nuclear reaction, and the terms endo
thermic and exothermic are similarly used to indicate 
whether energy is required or given off in the process. Like 
chemical equations, nuclear equations are more accurately 
represented by including a term Q to represent the energy 
of reaction, or "energy balance." When the energy balance 
or Q is positive, energy is emitted, i.e., the reaction is exo
thermic. When the energy balance is negative, energy is 
absorbed and the process is endothermic. 

The magnitude of the energy balance is easy to compute 
if the masses of the reacting nuclei or atoms ·containing these 
nuclei are known. Consider, for example, the nuclear reac
tion caused by the bombardment of the metal beryllium 
( 4Be9) with deuterons ( ,H2

) accelerated in an atom smasher. 

This process, and the mass of each particle involved are as 
follows: 

4Be9+1Hz ~ 5Blo+onl+Q 
9.01510+2.01472 ~ 10.01617+1.00898+Q 

11.02982 ~ 11.02515+Q 

The masses are measured in amu (atomic mass units), 
one unit of which is equal to one sixteenth the mass of one 
atom of oxygen ( 80 16 ) . The sum of the masses of the nuclei 
on the left side of the equation is greater than that on the 
right by the energy balance of 0.00467 amu. Using Einstein's 
mass-energy equivalence, it can be shown that one amu 
equals 932 mev (million electron volts:). From this relation
ship, the energy balance can be expressed as: 

Q=4.35 mev. 

Uranium is the heaviest atom occurring in nature. The 
nucleus of uranium consists of 92 protons and is surrounded 
by 92 orbital electrons. One kind (i.e., isotope) of uranium, 
U 23S, contains 143 neutrons in addition to the 92 protons, 
giving it an atomic weight of 235. Another and predominat
ing isotope, U 238

, contains 146 neutrons, raising the atomic 
weight to 238. When a neutron strikes a U 235 nucleus in the 
right way, the nucleus breaks into two nearly equal fragments 
with great release of energy. Actually, experimental meas
urements show that about 200 mev of energy are released. 
This is equivalent to 3.2 X 10-11 watt-seconds. To release a 
kilowatt-hour of energy requires the fissioning of 1.12 X 1017 

atoms. To generate the same kilowatt-hour of energy (at 
100 per cent efficiency) requires. about one fourth pound of 
coal. Thus nuclear energy is basically 2.5 million times more 
effective on a weight basis. Therein lies the importance of 
nuclear energy. Although there are many more tons of coal 
than uranium available in the earth's crust, one two-and-one
half millionth as many tons of uranium would do the same 
work. Of importance also is the saving in storage capacity 
and fueling time in the use of uranium as a fuel. 

The reverse process of matter created from energy has also 
been observed. In fact, positrons were first discovered in 
this way. The hardest (i.e., shortest wavelength) X-rays, 
produced in an X-ray tube operating at more than one 
million volts, produce positron-electron pairs when they 
pass close to nuclei. The excess energy above the threshold 
value is converted into the kinetic energy of motion of the 
pair. The positrons thus formed are, as: pointed out, short
lived. They recombine with electrons the mass of both 
disappearing in favor of radiant energy, this time of longer 
wavelength than that whirch initiated the process. The 
process, in short, involves a change in frequency of electro
magnetic energy. 

It is not too much to expect that other and much larger 
material partides,..........,such as negative protons-can be gener
ated and annihiliated in a similar fashion, and that these 
processes will be observed soon. The fundamental building 
blocks of ordinary matter, protons and neutrons, cannot be 
created from energy until a'cceleration energies of the order 
of ten billion electron volts are available for the conversion. 
Thus, before X-rays could be used to generate neutrons or 
protons, it would be necessary to obtain X -rays of the hard
ness that would be produced in a particle accelerator that 
operates at about 10 billion volts. While this seems large, 
it is only twice the highest voltages attained so far. The 
3-billion-electron-volt (bev) cosmotron at the Brookhaven 
National Laboratory and the 6-bev bevatron at the Uni
versity of California are both now in operation. Some cosmic 
rays have much more than this amount of energy available 
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A simplified schematic of the reactor system. Rated 
plant output is produced with three of the four loops 
operating. 
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(Above) Four Oak Ridge National Laboratory scientists 
and engineers are bathed in the light of one lone elec:
tric bulb which dispelled the darkness when electricity 
was first generated from their experimental homogeneous 
reactor.-USAEC Photo 
(Below) Artists's conception of Experimental Breeder 
Reactor #2 atomic power plant, one of five major proj
ects called for in the U. S. Atomic Energy Commission's 
program of developing economic nuclear power. 

for inducing reactions. Possibly the first generation of protons 
and neutrons will be observed by studying the reactions 
induced by cosmic rays. 

The nuclei of the lighter elements, such as hydrogen and 
lithium, are bound together tightly than those in the middle 
of the periodic table, such as iron and nickel. Similarly, 
the nuclei of heavy elements like uranium and thorium are 
also less tightly bound and are consequently less s:ta:ble than 
iron and nickel. In terms of mass, this bears out the fact 
that when a heavy element such as uranium splits, the weight 
of the two pieces is less than that of the original atom; 
similarly, if two very light nuclei are assembled to form a 
nucleus of intermediate mass, the weight of the resultant 
nucleus: is less than that of the two original nuclei. The 
difference in each case appears as energy. 

This energy is enormous, even though in the process of 
fission only one part in a thousand of the mass is trans
formed into energy. 

In the fusion of atomic nuclei or in the fisson of uranium, 
the possibility exists of obtaining enormous amounts of 
energy. This possibility is difficult to realize in practice. 
Energy by way of fission of uranium is possible only because 
of certain unusual properties of uranium. 

When a uranium atom separates into two fragments 
through fission, the two parts rush apart with enormous 
speed (which means they have high energy), since they bear 
charges of the same sign due to the positively charged protons 
in the nuclei. The mass energy released in fission is mani
fested through the electrical repulsion of the fission frag
ments and appears as kinetic energy of these particles, which 
becomes heat energy as the fiss:on products tear their way 
through the surrounding matter and are slowed down. 

The essential thing about uranium fission that makes a 
chain reaction possible is that the uranium atoms split in 
such a way to liberate several free neutrons, aJbout 2)0 on 
the average. This neutrons liberation makes a self-maintain
ing process possible. The splitting requires a neutron to make 
it "go," and the splitting process itself act as a source of 
neutrons that can cause more uranium atoms to split. Here 
is the basis of a self-sustaining process, technically known 
as a chain reaction. This can be compared to ordinary 
combustion, which is a type of chain reaction wherein tem
perature plays the same part as the neutrons do in a reactor. 

Why then does not ordinary uranium explode or at 
least "burn nuclearly ?" There are complications. Theoreti
cally, because several neutrons are released in every fashion, 
a chain reaction is possible. The determining factor is what 
happens to those product neutrons. One of the 2)0 neutrons 
released must actually produce another fission to keep the 
process going. Otherwise the "fire" goes out. 

H all the neutrons released produced more fissions im
mediately, the material would explode violently. But because 
neutrons move rather freely through matter (like X-rays) 
many are lost by escaJping through the surface of the lump 
of uranium. Remedy: use a big enough lump to get a suf
ficiently small surface-to-volume ratio. In other words, un
less the lump of fissionable material exceeds a certain critical 
size, the chain reaction cannot proceed. 

Another complication is that impurities in the uranium 
are powerful absorbers of neutrons. They steal away some 
of the neutrons essential to the continuation of the process. 
This is difficult to remedy, because appreciable losses or 
"poiwning" result from the pre-;ence of only one part per 



Artist's conception of the Homogeneous Thorium Reactor atomic power plant, one of the major projects under development by 
the U. S. Atomic Energy Commission. This reactor, planned to have a capacity of about 20,000 kilowatts, will be 12 times larg
er than a homogeneous reactor now being built at the Oak Ridge National Laboratory of the AEC. 

a million of certain impurities, and it is no easy matter to 
manufacture anything of the required purity on an industrial 
scale. 

The mos:t serious complication of all is that uranium itself 
absorbs neutrons in other ways than those that can result in 
fission. This phenomenon was both a blessing and a curse 
to the aims of the military project. It turns out that the 
overall effect of this nonfission absorption is sufficiently great 
to prevent a chain reaction in perfectly pure natural urani
um, even in so large a lump that escape of neutrons through 
the surface is negligible. 

Neutrons given out in fission are "fast", i.e. have speeds 
of about 10,000 miles per second, corresponding to several 
million electron volts of kinetic energy. Such fast neutrons 
colliding with uranium atoms have a rather great chance 
of losing some of their energy without either being caught of 
producing fission. 

Neutrons, of intermediate speed produced in this way are 
unaible to produce fission in U 238

• They can do so only in 
U 235

, which forms only 1/140th part of ordinary uranium. 
Neutrons of a particularly low energy (about ten electron 
volts) are very likely to be captured by U 238 to form U 239

• 

(This is very important in reactor design; more will be said 
about this further along) . This happens readily, and so 
many neutrons, are used up this way that a chain reaction 
cannot he maintained in pure ordinary uranium regardless 
of the size of the sample. 

An uncaptured neutron continually loses energy by col
liding with atoms as it diffuses throughout any material, 
unless its average energy is that of the thermal motion of 
the atoms: of the material. It is these thermal neutrons of 
extremely low energies, i.e., less than an electron volt, which 

are strongly captured by U 235 to produce fission. 
The clue to possibly making chain reaction go with or

dinary uranium, which contains all kinds of uranium atoms 
but is predominately U 238

, lies in arranging the uranium in 
a lattice of small lumps so many of the fast-moving neutrons 
diffuse out of the uranium into some surrounding material. 
Here many of them would be slowed down to well below 
ten electron volts before diffusing back into the uranium. By 
this means a higher proportion of neutrons is preserved for 
the fission of U 235 by making them leSis likely to be caught by 
u23s. 

In the technical vocabulary of nuclear engineering, this 
other material, which keeps the neutrons in custody and heips 
them lose energy until they are safe from capture by U 238

, 

is called the "moderator". Evidently the moderator material 
also must not abso11b too many neutrons or the reaction 
would be stopped. The moderator, in addition to not ab
sorbing neutrons, should have a low atomic weight. This 
is because the neutrons to be slowed collide elastically with 
the nuclei of the moderator material, and give up more 
energy at each impact if the two partners of the collision 
have nearly the same mass. The hydrogen in water, being 
the element with the least mass, would, from the weight 
standpoint, be the best moderator. However, unfortunately, 
the single proton that comprises the hydrogen nucleus has 
a great tendency to absovb a neutron (resulting in the 
formation of a deuteron and a gamma-ray). Heavy water, 
which contains heavy hydrogen or deuterium, is satisfactory 
from a neutron-absorption s:tandpoint, but it is a costly and 
scarce substance. Helium, next in the scale of elements, would 
be suitable except that it is a gas at all but impracticably 

(continued on page 46) 
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Most businesses are helped today 
by Her<1ules' business . . . the 
production of synthetic resins, 
cellulose products, chemical cot
ton, terpene chemicals, rosin and 
rosin derivatives, chlorinated 
products, and many other chemi
cal processing materials-as well 
as explosives. Through close 
cooperative research with its 
customers, Hercules has helped 
improve the processing or per
formance of many industrial and 
consumer products. 

HERCULES POWDER. COMPANY Wilmington 99, Del. 
INCO••cAATao Sales Offices in Przncipal Cities 

II II II 

MUSCLE FOR 
MOUNTAIN MOVERS
More than 1,000,000 lbs. of 
Hercules® dynamite were 
used by S. A. Healy Co., 
Chicago, to hollow out a 
mountain near Washing
ton, D. C., in the construc
tion of an alternate global 
communications center for 
use in case present Army, 
Navy, and Air Force facili
ties are knocked out by 
enemy attack. The task of 
carving this top-secret head
quarters out of solid rock 
would have been impossible 
without industrial explosives 
and excavating ~now-how. 

SHORT CIRCUITS 
STYMIED-
Complicated electrical in· 
stallations give longer, more 
dependable service when 
vinyl wire insulation is made 
with Hercules Hercoflex® 
150. Hercoflex 150 is one 
of th@ Hercules family of 
vinyl plasticizers that are 
used in products ranging•' 
from toys to garden hose. 

EASY TO HANDLE -
These kitchen utensils not 
only make a woman's job 
easier, but their brightly 
colored handles add a dec
orative touch as well. The 
handles are molded with 
Hercules Hercocel ® cellu
lose acetate. In sales, de
sign, and production, 
Hercules' services to the 
plastics industry keep prod
ucts on the move. 
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To those interested in advanced academic 
study while associated with important research and 

development in industry, Hughes offirs 
two separate practical programs: / 

HUGHES 

COOPERATIVE 

FELLOWSHIP 

PROGRAM 

for 

Master of 

Science 

Degrees 

HOW TO APPLY 

""'-

- - --
A program to assist outstanding 
individuals in studying for the 
Master of Science Degree while 
employed in industry and making 
contributions to important military 
work. Open to students who will 
receive the B.S. degree in Electrical 
Engineering, Physics or Mechanical 
Engineering during the coming 
year, and to members of the Armed 
Services honorably discharged and 
holding such B.S. degrees. 

Candidates must meet entrance 
requirements for advanced study 
at the University of California 
at Los Angeles or the University 
of Southern California. Participants 
will work full time during the 
summer in the Hughes Laboratories 
and 25 hours per week while pur
suing a half-time schedule of 
graduate study at the university. 

Salary is commensurate with the 
individual's ability and experience. 
Tuition, admission fees and books 
for university attendance are pro
vided. Provision is made to assist in 
paying travel and moving expenses 
from outside Southern California. 

for the Hughes Cooperative Fellowship 
Program: Address all correspondence 
to the Committee for Graduate Study 

---
----------·----~----------------, 

THE 

HOWARD 

HUGHES 

FELLOWSHIPS 

in 

Science 

and 

Engineering 

HOW TO APPLY 

Eligible for these Fellowships are 
those who have completed one year 
of graduate study in physics or 
engineering. Successful candidates 
must qualify for graduate standing 
at the California Institute of Tech
nology for study toward the degree 
of Doctor of Philosophy or. post
doctoral work. Fellows may pursue 
graduate research in the fields of 
physics or engineering. During 
summers they will work full time 
in the Hughes Laboratories in 
association with scientists and engi
neers in their fields. 

Each appointment is for twelve 
months and provides a cash award 
of not less than $2,000, a salary of 
not less than $2,500, and $1,500 for 
tuition and research expenses. A 
suitable adjustment is made when 
financial responsibilities of the Fel
low might otherwise preclude par
ticipation in the program. For those 
coming from outside the Southern 
California area provision is made 
for moving and transportation 
expenses. 

for the Howard Hughes Fellowships in 
Science and Engineering: Address all 
correspondence to the Howard Hughes 
Fellowship Committee 

University of Southern CJiifornia University of California at Los Angeles ---- --
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By George A. Woodward 

18 

ANY authorities consider shell 
molding one of the greatest de
velopments of foundry practice 

in our time. However this process ,:s not 
likely to put established foundries out 
of business. In fact, the industry will 
benefit by the new blood and adjust
ments will be few. 

Shell molding is a complementary 
process that fills a wide gap existing 
between the conventional green-sand 
casting method and the more expen
sive precision-1investment casting pro
cess. It offers a product of a precision 
nature, with an excellent su:dace finish, 
not too limited by complex shape or 
th}n section, and at a cost that com
pares with green sand castings for 
weights below 200 lb. It halves the 
cost of precision-investment castings. 

If we consider that 90 per cent of 
all durable goods have basic parts that 
begin as metal casfngs, a new, cheap 
casting process is sure to be important. 

Johannes Croning, a German, de
veloped this process in the early 1940s~ 
when using thermosetting resins as 
bonding agents in sand molds. It was 
introduced into this country in 1947, 
thru a report of the Technical Indus
trial Intelligence Division U. S. Depart
ment of Commerce. 

Initia:l experiments were unsatisfac
tory, but the idea was accepted to a 
limited extent and research to develop 
new resins and molding techniques 
gained momentum. 

Patent difficulties slowed develop
ment by limiting the exchange of new 
informat:on about the process. At the 
end of 1952, only a few foundries were 
e:leperimenting with the process, but in 
1953 over 200 of this nation's 5800 
foundries were in production or active!ly 
developing shell molding for their use. 

The basic theory and technique in 
shell molding is very simple. It doesn't 
depend as much on foundryman sktll 
or ingredient variables, as does con
ventional molding. The investment ma
terial is a two stage (melts before it 
hardens) , thermosetting, phenolic resin, 
mixed with fine, high quality sand. 

When it comes in contact with a 
heated surface, the resin melts, form
ing a doughlike sand shell over the 
su11face. Upon further heating (the 
curing step) the shell hardens, forming 
a 14-in. layer that adheres to the pat
tern. Removing the shell reveals a 
very smooth, arcurate impression of the 
pattern. 

The six fundamental steps in making 
a sheN mold are : 



1. Heat the metal pattern plate, 
350° to 550° F. 

2. Clamp the heated plate to a 
dump or rollover box. 

3. Invert the box so about 80 lb. 
of the resin-sand mixture will fall 
on and cover the pattern. In 
several seconds the heat fuses the 
resin and the thin doughlike shell 
forms on the pattern surface. 

4. ~ight the :box, allowing the loose 
mixture to fall away from the 
plate . 

.5. Transfer the pattern p11ate and 
adhering shell to an oven and 
allow the shell to cure for 2 to 3 
minutes, at about 800 F. 

6. Strip the hardened shell from 
· the pattern plate. 

A second shdl will form the com
pleted shell mold, although each shell 
often contains both halves of a com
plete mold. The halves are clamped, 
bolted, or glued together. 

The rigid shell allows direct casting 
of small parts, but hacking the mdld 
with steel shot or crushed granite in
sures closer tolerances. 

A comparison of the inspiring list 
of advantages for the shell molding 
process with conventional mdlding dem
onstrates the possibilities of this new 
process. 

It lends itself to a very high degree 
of mechanization. Automatic machines 
now complete all six of the fundamental 
steps. 

It is an inherently clean process, :lead
ing to improved foundry working con
ditions and less general plant mainte
nance. 

The thin, light shell replaces the 
bulky cope and drag sections of con
ventiona:l molds. Women can handle 
the molds. 

Shell molding reduces by 85 to 90 
per cent the quantity of sand required 
per mold. 

More castings are produced per ton 
of metal poured, and there is less re
melt :because of the smaHer sprues and 
runners. 

Shell molds do not deteriorate and 
can he stored indefinitely. 

Collapsibility of the shell is very 
good, causing 'les restraint on the cool
,ing casting than other casting methods. 
This results in fewer cast-in stresses. 

Castings solidify more rapidly, giv
ing smaller and more uniform grains. 
They have better mechanical proper-

Cured shell mold, adhering to shell molding machine pattern plate.-GM Photo. 

Placing shell molding on conveyor.-GM Photo. 
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Finished shells are clamped to
gether and placed in a pouring box 
on a roller conveyor. 

Clamping back-up against molds. 

(Above) After packing, the boxes, 
still on the roller conveyor, pro
ceed to the metal pouring station, 
remaining on the conveyor until 
the castings are cool enough to 
shake out. (Below) Rollover .fix
ture for dumping flasks after metal 
has cooled. 
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ties and are less likely to leak in high
pressure sevice. 

Permeabi:lity of the shells practically 
eliminates gas entrainment. 

High insulating quality and surface 
smoothness doubles flowerability over 
sand molds and metal can be poured at 
the lower end of the temperature 
range. 

A precision casting results, because 
the shell is invested and cured on an 
accurate pattern. Minimum tolerance 
of 0.01 in. per ft. inside the shell and 
0.1 in. per ft. along the parting line 
occurs in ;production. 

A very smooth surface finish results. 
The castings, free of adhering sand as 
it comes from the mold, cuts cleaning 
costs. 

Gathering several molds together and 
pouring them in one large controlled 
heat permits better metallurgical con
trol. 

Less porosity, blow holes, and in
cluded sand and dirt are characteristic 
of shell-molded castings. 

A clean casting, with minimum rough 
cut tolerance, reduces tool wear and 
machining time. 

The process produces very thin sec
tions (0.1 in.), with reduced skin hard
nes. 

Core setting is often eliminated. 
The disadvantages of shell molding 

are relatively .few, but they tend to 
confine the process to a definite position 
in the foundry industry. 

The overall cost of a shell molded 
casting as it leaves the foundry is some
what higher than a sand molded cast
ing. This is a result of the high cost of 
resin and pattern equipment. Resin 
alone may represent 40 per cent of the 
cost of a casting. 

Shell mdlding is therefore justified 
only when other factors combine to re
duce the overall cost of a final product 
or when the quality of a casting is the 
governing factor. Saving machining 
costs will give a customer a good rea
son for paying a higher price for a 
convenient product. Jobh1ng foundries 
will .normally find shell molding unsuit
aible for their short run operations. 

Some particular difficulties are: 
Gases that form as the resin ignites 

tend to attaok metals like aluminum 
and magnesium, leaving a rough and 
discolored surface. 

Metals with low viscosity and with 
high melting points may penetrate in
to the sand, causing a rough finish, 
with sand inclusions. 

It is difficult to fa~ten the mold 
halves together and retain the desired 
tolerance along the parting line. 

The thin shell limits the casting 
weight to about 200 lbs. The best 
weight is 10 to 20 lbs. 

Variations in the practical uses of 
shell molding are not unusual and of
ten the development of the process is 
for a purpose unsuited for conventional 
sand molding. 

GeneraJl -Motors Central Foundry Di
vision began work with shell molding 
'in 1950. One examtple of the castings 
they now produce is a valve for an au
tomotive power steering unit. The gray
iron valve lbody has several grooves and 
flanges, requiring intricate coring, an 
impossiole task for conventional sand 
casting methods. The final cost of the 
finished part 1is greatly reduced as a 
result of this shell molding applica
tion. 

Polygram Casting Co. Chiswick, 
England, began experimenting with 
shell molding when the process was in
troduced. By Novemiber, 1952, they 
had reported producing two 55 lb. 
crankshafts, for a 4-cylinder engine, in 
a single mold. The mold was poured 
without the use of hacroing material 
and with the parting line horiontal, 
instead of vertical, as is common prac
tice. 

In a recent article, Lynchberg Foun
dry reported a total of 32,000 gears 
cast in shell molds. Machining costs 
were cut 52 per cent, for a minimum 
rough cut tolerance is allowed on the 
cast gear teeth. A flywheel formerly 
weighing 80 1bs. as a green sand cast
ing weighs only 60 1lbs. as a shell mold
ed casting. In these cases, the saving 
in machining costs make up for the 
higher priced casting. 

Mechanical Handling Systems, Inc., 
Detroit, Michigan, have set up a near
ly automatic foundry. They use a 12-
station, fully automatic molding ma
chine that turns out 4 shells a minute. 
An overhead conveyor takes the molds 
to mold assembly and core placement 
benches. Another conveyor then moves 
them to a storage area. A push button 
arrangement selects the desired molds 
from storage and delivers them by con
veyor to the flask assembly point. The 
molds are automatically backed with 
shot on their way to the pouring sta
tion.. After cooling, the flasks and 
molds are moved to a shakeout unit, 
which separates the castings, shot, and 
sand. The shot is cooled and cleaned 
for reuse. The sand is returned to the 



sand hopper and the castings are con
veyed to a sprue removal and clean
ing station. The mold assembly, pour
ing, cooling, shot and sand recovery 
operations are engineered so there is 
little dust and dirt. 

Oberdorfer Foundries, Inc., reported 
an interesting application of shell mold 
cores. They cast aircooled, aluminum 
cylinder heads. The single core forms 
the internal combustion chamber, in
take and exhaust ducts. Sand mixture, 
blown into a heated core box, forms 
the core. It weighs 7 lbs. 9 oz. against 
the 21 lbs. 10 oz. of conventional sand 
core; the cost saving ·is 6 cents per cyl
inder head. 

The examples give an idea of what 
shell molding can do, but two varia
tions of the process should be men
tioned. A more complicated method of 
investing covering over the pattern 
plate uses a blow head which fits over 
the pattern and blows sand in place. 
The advantage is complete fiHing of 
intricate pattern sections and the for
mation of a shell uniformly thick. Use 
of standard shaped backing plates in
creases tolerance attainable along the 
parting Hne. 

A closely related competitor of shell 
molding is the "D" process. Little 
known as yet, this process uses only 
standard foundry equipment and no 
shell molding machines. A vegetable 
oil replaces the resin as a sand-bonding 
agent. The mixture is blown onto a pat
tern plate to some convenient thickness. 
It i then cured in an oven for 30 to 40 
minutes. The stripped mold has a 
smooth precast faoing, much the same 
as the resin-sand shell mold. Archer
Daniels-Midland Co., of Minneapolis, 
is producing this oil. 

Shell mo;lding foundry practice is 
quite new and different from long 
standing concepts. New applications of 
the process are coming fast, and the 
field is open to assault from every en
gineering branch. 

Increased !latitude in product design 
assures a growing market for cost re
duction advantages bring the price of 
difficult-to-make products down to a 
more practical leveil for general use. 

Conventional foundries will lose 
some business to this process but the 
greater share of shell mold castings will 
be for new cast·ing shapes (such as 
crankshafts) rather than for castings 
normally produced by conventional 
methods. 

{end) 

(Above) Removing a cured shell mold from the pattern plate.-GM 
Photo. (Below) The automatic shell molding machine produced by 
Shell Process Inc., Chicopee, Mass. All phases of the shell molding 
cycle are controlled by this machine. 

The Author ... 

. . . of this article is a sen
ior in mechanical engineer
ing, interested in the design 
and manufacture of heavy 
machinery. George comes 
from Ladysmith, Wis., hav
ing attended the U. of Kan
sas and spending 5 years as 
a Navy pilot. Besides being 
interested in flying, he likes 
fishing, photography, and 
youth work. 
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... 4,000,000 answ rs later 

A few figures tell the storyo 

7 years of painstakin~; analysis, research and design 

by engineers from nearly every field of technology. 

14,200 hours of experimental engine 

operation in test cells and in flight test. 

4 .. 000,000 individual, complex mathematical 

problems solved by electronic computers. 

As a result, America now has the world's 

most powerful production aircraft engine 

-the J-57 turbojet. Careful engineering 

developn1ent like this has made 

Pratt & Whitney Aircraft the 

world's foremost designer and 

builder of aircraft engines. 

f•RA TT & WHITNEY 
AIRCRAFT 

DIVISION ·oF UNITED AIRCRAFT CORP. 

East Hartford 8, Connecticut 



COMMAND PERFORMANCE ..... 

This servo-motor is smaller than a household fuse
weighs only about one and one-half ounces. Yet, with
out such powerful compact devices, modern industry 
could· not function efficiently. 

Servo-motors are the slaves that carry out the 
commands of servo-mechanisms ... the workhorse 
and watchdog combination of today's automatic con
trol systems. In industry they provide the precision 
needed for machining propellers . . . the uniformity 
necessary in the processing of food, chemicals and 
petroleum . . . the phenomenal speed and efficiency 
required in electronic computing systems . . . and 
the control requirements of hundreds of industrial 
and military applications. 

MIND ... MADE MIRACLE ..... 

How many men worked out this miracle of precise 
control of power and movement? Physicists and en
gineers supplied theories ... technicians and designers 
developed them ... chemists, metallurgists, machin
ists ... these and scores of others worked their 
splendid best. But how did they know how? Not just 
from what they learned in school . . . or from their 
immediate associates. For, while these helped, this 

whole business of automatic control is growing so 
fast and changing so rapidly that basic terminology 
and concepts have not yet been settled. 

So these men of science and industry look to 
America's all-seeing, all-hearing and reporting Inter
Communications System for news of the needs and of 
the new in their field. 

THE AMERICAN INTER ... COM SYSTEM ...... 

Complete communication is the function, the unique 
contribution of the American business press . . . a 
great group of specially edited magazines devoted to 
the specialized work areas of men who want to man
age better, research better, sell better, buy better. 

COMMUNICATION IS OUR BUSINESS ..... 

Many of the textbooks in which you are now studying 
the fundamentals of your specialty bear the McGraw
Hill imprint. For McGraw-Hill is the world's largest 
publisher of scientific and technical works. 

After you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill's many business magazines 
will provide current information that will help you 
in your job. 

McGRAW-HILL PUBLISHING COMPANY, INC@ 
330 WEST 42nd STREET, NEW YORK 36, N. Y. 

IIEAIIOIIARTEIIS FOR TECHNICAL AND BUSINESS INFDRMATIDI\l 
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On November 13, 1946, General 
E;lectric's Dr. Vincent J. Schaefer and 
pilot Curtis Talbot rented a small 
plane at the Schenectady, N. Y., air
port and went aloft in search of a 
"suitable" cloud. It was found over 
Pittsfield, Mass., about 50 miles east of 
Schenectady, at an altitude of 14,000 
feet and a temperature of -20 C. 
What happened next was described 
later hy Schaefer in his bboratory 
notebook: 

Curt flew into the cloud and I start
ed the dispenser in operation. I 
dropped about three pounds {of dry 
ice) and then swung around and head
ed south. 

About this time I looked toward the 
rear and was thrilled to see long 
streamers of snow falling from the base 
of the cloud through which we had 
just passed. I shouted to Curt to swing 
around and, as we did so; we passed 
through a glistening mass of snow 
crystals! 

24 

lou Seeding 

As simply as this, man had created 
his first snowstorm. 

Strangely enough, the story of cloud 
, seeding began back in 1940 with the 
study by GE researchers, Langmuir 
and Schaefer, of the fundamental na
ture of filtration in gas masks. That 
study required the generation of gases 
to test new filters. 

Then in 1941, at the request of the 
Army, a large generator for producing 
white screening smoke was designed by 
G.E. 

Quite independently of this work, 
the Secretary of War in 1943 asked for 
research into problems of precipitation 
static, which caused aircraft radios to 
go dead when planes flew through 
snowstorms. Langmuir and Schaefer 
tackled this job, too. 

The Army Air Force was just as 
much interested in problems of aircraft 
icing as in precipitation static. The 
researchers followed that tangent, be
ginning a comprehensive study of cloud 
structure and growth of cloud parties. 

In tht course of experiments atop 
New Hampshire's Mt. Washington, 
Schaefer observed that anything ex
posed there during the winter imme
diately became covered with ice, !be
cause the air was full of supercooled 
(hut still unfrozen) droplets. 

In 1946, Schaefer began a search 
into the supercooling of water droplets. 
Using an ordinary home freezer lined 
with black velvet (for visibility)' and 
lowering the temperature to -23 C, he 

simulated the supercooled cloud hy 
breathing into the freezer. The mois
ture condensed and formed. fog parti
cles that were just like ordinary cloud 
particles. But no ice crystals formed. 
He tried many different substances 
dusted into the box as nuclei for ice 
crystals to form on, !but with little 
success. 

Finally, one July day when the 
chamber's interior wasn't cold enough, 
Schaefer dropped a big piece of dry ice 
into it to lower the temperature. In an 
instant, the air was full of ice crystals. 

Subsequent experiments proved to 
Schaefer that a very tiny grain of dry 
ice would transform the supercooled 
cloud in the cold box into ice crystals. 
He had won a victory in the labora
tory, his experiment in actual cloud 
seeding the following winter added far 
greater evidence that man might some
day ·control the weather. 

Research is a never-ending task. Dr. 
Bernard V onnegu t, also of G E' s 



laboratory, contributed significantly to 
the weather studies of Langmuir and 
Schaefer with his discovery that silver 
iodide particles served as excdlent 
nuclei for ice crystals. 

In February of 1947, the Army 
Signal Corps gave General Electric a 
contra:ct under which it was to do "re
search study of cloud particles and 
cloud modifications." 

Although the contract was issued by 
the Signal Corps, the project actually 
had joint sponsorship lby the U. S. 
Army Signal Corps and the Office of 
Naval Research, with close co-opera
tion of the U. S. Air Force, which 
furnished airplanes and the necessary 
personnel. GE's work was limited to 
evaluation of field test data and lalbora
tory research. On August 25, the study 
was named Project Cirrus. 

On September 30, 1952, the last of 
a series of government contracts ended, 
after a little more than five years of 
the life o:f P~roject Cirrus as a govern
ment-sponsored activity. 

On Octdber 14 of 1948, in New 
Mexico, equipped with elaborate in
struments and cameras for recording 
operations, Project Cirrus people 
seeded the clouds and brought two 
days of rain to New Mexico. To 
40,000 square miles (roughly one quar
ter) of this normally dry state came 
nearly 800,000,000 tons of rain. 

The following year, New Mexico 
was again the scene of operations. The 
yield of rain in one day of cloud seed
ing (July 21 ) : 1,600 million tons, or 
about 320 !.billion gallons! 

"An analysis of the July, 1949, rain
fall in New Mexico, Arizona, Colorado, 
OMahoma, Kansas, and Texas," Dr. 
Langmuir later wrote, "gives evidence 
that a iband of heavy rain progressed 
in an easterly direction during the 
period of July 20 to July 23 from 

southern Colorado across the southern 
half of Kansas, where it gave three to 
five inches of rainfall in many places." 

The significance of the two test 
projects at New Mexico becomes ap
parent. They indicated not only the 
possibilities of silver-iodide seeding 
from the ground, lbut they suggested a 
widespread effect on the weather of 
the nation. As a result, the project 

conducted some experiments in periodic 
seeding that were to have profound 
significance. 

Starting in December, 1949, in New 
Mexico, a silver-iodide ground-based 
generator was operated on a schedule 
so planned as to introduce, if possible, 
a seven-day periodicity into the nation's 
weather cycles. This program continued 
until the middle of 1951. 

Periodicities in rainfall were evident 
at almost any set of stations in the 
northeastern United States, For ex
ample, during a 12-week period during 
the winter of 1949-1950 at Buffalo, N. 
Y., Wi,lker-Barre, Pa., and Philadelphia, 
periodicity was almost the same as that 
found in the Ohio River Basin, but 
with a one-day phase lag. Very meticu
lous calculations by the weather 
scientists proved chance to Jbe pretty 
much out of tthe question. 

What does man's aibility to modify 
the weather mean? Under proper con
trol, weather modification could cer
tainly prove a boon to mankind. It 
could mean protection of aircraft
clearing of airports and 'landing fields, 
the prevention of thunderstorms, of 
hail, and perhaps of drought. It may 
even mean the taming of hurricanes. 

(end) 

One moonlit night, after a dance, 
a fellow begged to drive a beautiful 
young girl home. She accepted and 
got into his roadster. As they were 
driving along. he sighed deeply. 

"You're beautiful!" he murmured 
audibly. "That golden hair!" 

"Thank you," she answered. 
"And your big blue eyes! They're 

beautiful too!" 
"Thank you.'' 
"And your lips-and pearly teeth." 
She thanked him again. As they 

rode along he continued to shower 
her with compliments, but she re
mained silent. Suddenly she spoke. 

"Can you drive with one hand? .. 
she asked softly. 

"Sure." he quickly replied, hopeG 
fully. 

"Well," she suggested, "wipe your 
nose-it's running!" ' 

"Well, I guess I might as. well put 
the motion before the house," said 
the strip teaser. as she sashayed out 
on the stage. 

First Dog: ''Do you have a family 
tree?" 

Second Dog: "No, we're not par
ticular." 

Give an athlete an inch and he'll 
take a foot-but let him take it. Who 
wants athlete's foot? 

Rules for Handling Women Elec
trically: 

If she talks too long-Interrupter 
If she wants to be an angel

Transformer 
If she met you half way-Re

ceiver 
If she gets too excited-Controller 
If she gets up in the air-Conden

ser. 

er 

If she is hungry-Feeder 
If she sings inharmoniously-Tun-

If she is wrong-Rectifier 
If she is too fat-Reducer 
If she gasips too much Regu

later 
If she wants to get married--Re

sister. 
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PRODUCTION-Two shifts a day in a Midway·Iocation assure 
you the fastest service on every printing detail from the 
salesman's first call to fina:l completion. Fourteen presses back 
up our promise of your delivery date. An efficient bindery and 
mailing service compl,etes the cycle "from the idea to 
the mail bag." 

VERSATILITY -long or short runs. simple black and white or 
sparkling color on the widest range of stocks in offset or 
letterpress. from publications to pamphlets. from catalogs to 
calling cards-this is clll at your command. 

QUALITY -on offset c>r letterpress. our crisp. dean impressions 
will increase the effectiveness of your printed material. Our 
printers are experienced craftsmen assuring the BEST in 
typography. Many have been in our employ for more than 
twenty years. 

Be Sure to Check With Us 
On Your Next Printing Order 

Estimates promptly and gladly given .. Our 
layout and tCrrt department can help you with 
design or ideas and can recommend stock 
and type to suit any purpose. 



HONEYWELL 

OFFERS 

CHALLENGES 

UNLIMITED 

THE challenges and problems for the 
engineer in the automatic control 

field are unique in their variety and in 
the insight provided into all of the 
industries of today's modern world. 

The development and manufacture 
of tiny transistors for electronic control 
. . . the design and construction of 
giant control valves for oil refineries 
. . . the challenge of finding fish with 
underwater sonar ... of providing auto
matic flight for supersonic jets ... 
temperature controls for today's modern 
home . . . for atomic piles . . . 

These are a few of the fields in which 
Honeywell's several divisions are en
gaged, providing automatic controls 
for industry and the home. 

These controls are made possible by 
the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 

With nine separate divisions located 
throughout the United States and with 
factories in Canada, England and 
Europe, Honeywell offers unlimited 
opportunities in a variety of challeng
ing fields. Based on diversification and 
balance between normal industry and 
defense activities, Honeywell will con
tinue to grow and expand because 
automatic control is so important to 
the world's progress. And automatic 
control is Honeywell's business. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. 
In addition to full time engineering 
and research employment we offer a 
Cooperative Work Study program, a 
Summer Student Work Study program 
and Graduate Fellowships. It you are 
interested in a career in a vital, varied 
and diversified industry, send the cou
pon for more information. 

Divisions: Appliance, Aeronautical, Commercial, Heating Controls, Industrial, 
Marine, Micro Switch, Ordnance, Valve. 
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: MINNEAPOLIS-HONEYWELL : 

: REGULATOR Co. : 
e e 
: Personnel Dept., Minneapolis 8,Minn. : 
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: Gentlemen: Please send me your : 
: booklet, "Emphasis on Research", : 
: which tells more about engineering : 
: opportunities at Honeywell. : 
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o e : !Vame ____________________________ : 
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• 0 
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e o 
: Address_ _____ -------------------- : 
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: City------------------------------ : 
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e e 
e e 
: Zone ____________ State______________ : 
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e e 
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Fluorine 

Production ell 

HE Union Carbide and Carbon 
Corporation has developed a new 
fluorine production cell known as 

a "medium-temperature electrolytic 
fluorine cell" (fluorine is an essential 
for the production of uranium 235) . 
This cell produces fluorine at lower 
cost, in less operating time, and at a 
higher rate than previous methods. Its 
life is double that of previously avail
able cells. 

On the premise that fluorine produc
tion via this new cell is feasible in 
general industrial processes, Union Car
bide has been developing details on a 
typical plant with a daily production 
capacity of two tons. Their descrip
tions are based on operation of a 36 
cell unit. 

Cell construction uses a stress-relieved 
nickel base alloy inner shell, center 
cooling tubes and a baffled water jack
et. Effective anode area has been in
creased by using fewer but wider 
anodes. Anode support bars, pressure 
plates and lbolts are made of molyb
denum steel. The head is a single unit 
with multiple gas outlets and welded 
Monel skirts. 

The cell normally operates at 8 to 
10 volts and 3,500 to 4,000 amperes, 
continuously until breakdown, at 90 
per cent efficiency. Gaseous hydrogen 
fluoride is fed into the cell continuously 
so as to maintain a concentration in 
the electrolyte of 41 to 42 per cent by 
weight. The electrolyte level is main
tained 2 to 3 inches above the gas 
separation skirt. The cell is water 
cooled with the coolant entering at 
about 140 F. and leaving at about 
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160 F with a flow rate of approximate
ly 10 gallons per minute. Operating 
temperature of the electrolyte is 200 
to 220 F. 

The major cause of cell failure is 
corrosion on the construction materials. 
The principal effects are water leaks in 
cooling tubes and sludge accumulation 
on the cell bottom. 

Anode breakage is a major cause of 
cell overhaul. This is due to explosions 
resulting from the cross mixing of hy
drogen and fluorine caused by either 
gas header pressure fluctuations or 
holes in the skirts between anode and 
cathode gas chambers. 

Anode polarization has been a prob
lem which has been minimized by the 
following factors: use of electrolyte of 
more than 99 per cent purity, hydrogen 
fluoride with less than 0.5 per cent 
moisture, electrolyte preconditioned 
with fluorine, careful selection of 
anodes, and the addition of lithium 
fluoride to water. 

Continuing development efforts are 
aimed at effecting reductions in pro
duction costs by better cooling, by re
ducing anode breakage, maintenance 
simplification, and a change in cell size 
and design. Cathode cooling increases 
the coefficient of heat transfer. Re
duction of anode breakage may he 
possible through use of thicker anodes 
(from 1 Y4, to 2 inches), maintenance 
may be simplified by installation of ex
ternal anode connections which would 
allow easy replacement of the individual 
anodes, and a change in cell size m3:y 
allow an effective increase of anode 
area by as much as 30 per cent. 

The following considerations are 
necessary for successful industrial adap
tation: ( 1) product gases must con
tain a minimum of impurities, (2) con
trol must be centralized to reduce costs 
and tie in production with the using 
processes, ( 3) cells must operate elec
trically in series, ( 4) the plant must 
be capa:ble of continuous operation, ( 5) 
the plant must possess storage facilities, 
( 6) the plant must be safe, and ( 7) the 
plant must be efficient in raw material 
usage. 

A multiple cell fluorine unit would 
be operated from a central control 
room. Rectifiers., cell temperature con
trols, pumps and pressure during 
start-up are controlled from within the 
control room. During operations in
strument readings on amperage, vol
tage cell temperatures, coolant temper
atures and gas pressure are made in the 
control room. If action in the cell room 
is needed, the cell room operator is 
notified over a P A system. 

The cell room operator manually 
valves in, purges, switches on, and de
polarizes individual cells. He is also 
responsible for the hydrogen fluoride 
feed control, leak detection, pressure 
control for the entire plant, and rou
tine observation of electrolyte levels and 
hydrogen fluoride concentrations. 

Routine maintenance on this multi
ple cell unit consists in the main of 
cell rebuilding and replacement, leak 
repair, pump and valve repair and re
placement, and instrument calibration. 
Once a month a half-day shutdown is 
needed to replace defective equipment 
and for general cleaning of headers, 
mist separators .and pump piping. 

{end~ 
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Ten men between the ages of 26 and 40 were featured 

in a recent national magazine article which presented a 

portrait of the young scientist in America today. These 

particular men are a sample of the most brilliant young 

scientific minds in industry. 

It's interesting to note that three of the ten are 

with Bell Telephone Laboratories, three with General 

Electric and one each with four other companies. 

The variety of opportunity in research and other 

phases of telephone work has always attracted an un

usually high percentage of the nation's best young men. 

Consult your Placement Officer about opportunities 

with Bell Laboratories ... also with the Bell Telephone 

Companies, Western Electric and Sandia Corporation. 

Your Placement Officer will be glad to give you details. 

THREE OF THE TEN ARE AT BELL TELEPHONE LABORATORIES-

Mathematician Claude Shannon won fame 
for his Communication Theory 

Physical Chemist William Baker introduced new con
cepts that have improved synthetic rubber and fibers 

BELL TELEPHONE SYSTEM 

Physicist Conyers Herring is known for his under
standing of the quantum mechanics of the solid state 
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(Engineering translation: Evil to him who evil thinks!) 

The job superintendent on the li
braxy was quite put out when he 
discovered one of his workmen in 
the barber shop during working 
hours. 

"What do you mean getting your 
hair cut on company time?" 

"Well, why not. It grew on com
pany time, didn't it?" 

"It certainly didn't all grow on 
company time." 

"WelL I'm not going to have it all 
cut off." 

Little boy watching milkman's horse: 
'~M~ster, I bet you ain't gonna get 

home with your wagon." 
Milkman: "Why?" 
Little tboy: "Cause your horse just 

lost all his gasoline." 

A bored cat and an interested cat 
were watching a game of tennis. 

"You seem very interested in ten
nis," said the bored cat. 

"It's not that," said the interested 
cat, "but· my old man's in the rack
et." 

••shay~ can you tell me where to find 
Alcoholicsh Anonymush?" 

''Why? Do you want to join?'' 
••No, wanna resign.~' 

The gas company advertised in the 
local newspaper: 

Wanted: Hard-boiled, beauty-proof, 
woman-ha,ter to read meters in sorority 
houses. We haven't made a dollar this 
year. 

Engineer: "Do you love me, Jackie?" 
Coed: "But my name is Joan." 
Engineer: "Isn't this Wednesday?" 

A mountain man, who had never 
visited a city of any size, came to the 
big city at last. He and his son walked 
o1ut of the railroad station onto the 
stre-et. 

The old fellow seemed less fasci
nated by the tall buildings than by the 
P'aved streets. He scraped his feet on 
the hard surface~ and tested the pave
ment here and ther,e. Finally he turned 
to his son and said: ((Well~ I don't 
blame 'em for building a town here. 
The ground is too blamed hard to 
plow~ anywhow.'~ 

"Fasten that button, You," shouted 
the AFROTC officer to a Frosh. "We 
don't want none of that strip tease 
stuff in the AFROTC." 

AU a sweater does for her 1s make 
her itch. 

l 
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·Minister: "What does your father 
say before each meal?" 

Richard: "Go easy on the butter." 

Once upon a time, as the story goes, 
the fence between Heaven and HeU 
broke down. Satan appeared at his side 
of the broken section and called out to 
St. Peter; "Hey, St. Peter, since all the 
engineers are over on your side, how 
about sending a few to fix the fence?" 

"Sorry," replied St. Peter, "my men 
are too busy to fix fences." 

"Well, then," said Satan, "I'll have 
to sue you if you don't." 

St. Peter: "Guess you win; you've a}ll 
the lawyers on your side." 

T echman: "Psychologists say that 
a hysterical girl is most efficiently 
quieted by a firm kiss." 

Ralph: "And do they say how to 
get them hysterical." 

A tramp knocked on the door of an 
inn known as ••ceorge and the Dra
gon.'' When the landlady opened the 
door the tramp ask1ed: 

((Could you spare a poor hungry man 
a bite to eat?" 

((No!" said the woman as she slam
med the door. 

The tramp knocked again. As the 
woman opened the door he asked: 
((Could I have a few words with 
George?" 

Betty Dobis, treasurer of Alpha Xi Delta, a junior in elementary 

education, member of W AA and the Young Republican Club. 
Photo by N orv Pervier 
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IN THE PAST few years a large 
number of wash plants have been con
structed on the Mesabi to treat the 
intermediate iron ores left from the 
depletion of the high grade reserves. 
The wash ore industry should not be 
confused with the taconite industry, 
as they represent two entirely different 
processes. The taconite industry re
ceives more a£ the public attention 
nowadays because of its recent de
velopment and far-reaching effect to
ward the future. The bendiciation of 
wash ores represents over 1/3 of the 
iron ore shipments today; therefore it 
can't be overlooked in favor of the 
taconite industry as yet. 

ore types 

There are two basic types of wash 
ores : sandy wash ore and high den
sity wash ore. The sandy wash ore is 
composed of chunky iron ore particles 
mixed with fine sandy silicates. Ore of 
this type has only to be screened 
crushed and fed to a log washer, in 
which a blade-bearing log disintegrates 
the sandy material clinging to the 
chunky ore and transports it up the 
incline of the vessel to the concen
trate discharge. The suspended sandy 
material is discharged with the over
flow at the lower end of the vessel. 

high density ore 

This article is concerned mainly with 
the beneficiation of the high density 
wash ores, which have assumed the 
bulk of importance in recent years. 
This ore is composed of the chunky 
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By MARK HOVLAND 

iron ore mixed with the fine silicates, 
but also contains chunky silicates either 
free or cemented to the chunks of 
iron ore. The chunky silicates are 
too coarse to be suspended in the 
water, so different types of sepera
tion equipment have to be used. 

A typical high density plant may 
be divided into preparation and con
centration. 

crushing 

The primary crushing section, com
posed of either a jaw or gyrator 
crusher, reduces the ore from -36 
inch to -7 inch. It is usually in
dependent of the wash plant feed, the 
reason being that the capacity of this 
section is three or four times that 
of the wash plant. A conveyor belt 
transports the crusher discharge prod
uct to either surge bins or surge piles. 
Surge piles are generally more pref
erable, for in case of a plant break
down their capacity is unlimited. 
When different types of ore are to be 
treated, several surge installations are 
provided. Under each pile is the un
derground installation which houses the 
primary plant .feeder. 

From the desired surge pile, the 
ore is fed onto a conveyor belt which 
transfers the ore to the main plant 
conveyor. This belt conveys the ore 
into the plant to a vibrating screen 
of 1,% inch openings. While screen
ing takes place, water sprays wash 
most of the fine material away from 
the oversize. The screen oversize is 
discharged into a cone crusher which 
breaks the ore from -7 to -1Y'2 inch 

size, and the crusher product is re
circulated back to the main plant con
veyor. Meanwhile, the undersize of 
the primary screen is discharged onto 
another vibrating wash spray screen 
with 3/8 inch openings, and this over
size is discharged into a log washer to 
remove any clay particles still ad
hering to the coarse crude ore. 

If this log washing step is neglected, 
as it frequently is, considerable trouble 
is often encountered. The fine clayey 
material, if still adhering to the coarse 
fraction, is freed in the heavy medium 
section and creates a highly viscous 
medium, which prohibits separation. 

The undersize of the secondary 
screen is directed into a large primary 
classifier, where it is dewatered and 
discharged onto a conveyor belt, which 
transfers it to a jig surge bin. The 
classifier overflow is directed to a hy
droseparator (large settling tank) at 
the head af! the spiral section. The 
hydroseparator's overflow goes to the 
tailings pond, and its underflow is 
pumped to the spirals. 

concentration 

The preparation of the ore is now 
complete, and we are ready to look 
into the concentration sections. 

A spirial is semicircular trough that 
is coiled like a spring of five turns. 
The principle of separation is based 

vz 
on the formula F o:: -, where V is 

r 
the velocity of the particles circulating 
through the spiral, r is the radius of 
the circular path of the particle, and 

(continued on page 34) 



Six banks of S-turn spirals. 
The pulp flows into the dis
tributors at the head of each 
bank and from there sent to 
the individual spirals. Some 
mines contain a large amount 
of the finer particles and thus 
by the sole use of spirals 
some mines have been able 
to raise the grade of their 
ore considerably. 

The Remco Jigs as viewed from 
the lower end of the section. The 
tubes in the rear, guide the mid
dlings from rougher jig down onto 
the cleaner jig bed. The material 
stratifies as it moves forward until 
the lowest stratum of concentrate 
is drawn off at the gate discharge 
in the front. The upper stratum of 
middlings or tailings are washed 
into a trough and drawn off by 
chutes at sides of the jig. 

Jigging of iron ores holds a 
promising future as it has proven 
to be one of the most sure and 
consistent methods of obtaining a 
merchantable product from variable 
size ranges. 

Open pit crushing and screening 
plant. The trucks diump the crude 
ore into the pocket. An apron feed
er below the pocket feeds the ore 
onto a vibrating screen. The screen 
undersize drops onto a conveyor 
belt while the oversize drops into 
the jaw crusher at the right. The 
crushed product is added to the 
undersize and conveyed to the plant 
surge pile on the surface. 

Many mines of the Western Me
sabi employ only a set of screens. 
Here the oversize is usually all low 
grade material and thus is discard
ed immediately and only the under
size is washed. 



PRODUCTS DESIGNED FOR STEEL 
COST LESS BECAUSE: 

1 Steel is 3 times stronger than 
gray iron. 

2 Steel is 2Y2 times as rigid. 

3 Steel costs a third as much per 
pound as cast iron. 

CUTS COSTS 
ITH ELDED STEEL 

PRODUCTION costs largely de
termine whether a design is ac

ceptable for manufacture. The suc
cessful designer therefore, seeks out 
every opportunity to eliminate un
necessary expense from his engi
neering recommendations. 

Because steel is stronger, more 
rigid than iron, yet costs a third as 
much per pound, costs on many 
products such as the two shown be
low can be cut as much as 50%. 

COSTS 30% LESS- Machine bracket is 
welded from 10 gauge metal. Weighs half 
of original cast design. Cut is stronger·~ 
more rigid. Costs 30% less to produce. 

COSTS 45% LESS- Feeder roll is built 
from standard channel welded to steel 
discs. Steel design eliminates breakage, 
weighs half of former casting. Saves 45% 
on cost of manufacture. 

Ideas for designing in welded steel 
Bulletins and handbooks on latest design pro
cedures are available to engineering students. 
Write: 

THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 

THE WORLD'S LARGEST MANUFACTURER Of 
ARC WIELDING EQUIPMENT 
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F is the centrifugal force of the par
ticle which works against the force of 
gravity. The concentrated mixture of 
water and ore is ~fed into the top of the 
spiral ; the lighter silicates are .forced 
upward to the outer edge of the spiral 
trough. The heavier ore particles cir
culate near the bottom of the trough, 
are drawn off there by spigots, and 
pumped to the concentrate classifier 
in the jig section. A middlings prod
uct is also drawn off here, and is recir
culated back to the hydroseparator. 

The lighter gangue still contains 
some ore particles, therefore it is 
pumped to another division of three 
turn spirals. Here another middlings 
product is obtained and recirculated 
back to the hydroseparator. The 
gangue at this point is pumped to the 
tailings classifier in the jig section. 

The number of spirals in a division 
range from 10 to 100, depending on 
the amount of fine material expected 
from an ore. 

The intermediate size fraction is 
treated by the jigs. A ·jig is es
sentially a rectangular box with a 
screen at the bottom. Below this is 
attached a water tank connected to 
a device to provide upward pulsations 
of water through the bed. The con
centration of a jig is too involved to 
describe fully here, but the main prin
ciple of concentration is to create a 
fluid bed so dense that no silicate par
ticle could sink in it. The density of 
the fluid bed is attained by the sus
pension of ore particles in the water. 

The ore is fed by a feeder below the 
jig surge bin onto a conveyor belt and 
transported to a pulping box where 
\Vater is mixed with the ore. From 
here the pulp is drawn off to several 
rougher jigs. 

A middlings product is drawn off 
from the bottom of the jig bed at the 
lower end, and the gangue is drawn 
off the top and discharged into the 
tailings classifier. The middling is 
dropped below to a cleaner jig, which 
produces another middlings and a con
centrate is discharged into the con
centrate classifier. 

Any material that is finer than the 
screen openings of the jigs is drawn 
off as a hutch concentrate at the bot-

tom of the water tank and discharged 
to the concentrate classifier. 

The dewatered products of the tail
ings and concentrate classifiers are 
conveyed to the truck loading bin and 
railroad car loading bin respectively. 
The overflows of the classifiers are 
combined and pumped to the tailings 
pond. 

The heavy medium section is com
posed of the separator, drainage 
screens, magnetic medium recovery 
system, and the medium tanks and 
pumps. 

Here the + 3/8 material is trans
ferred from the log washer or screen 
and introduced into a large revolving 
drum containing a suspension of water 
and fine particles of ferrosilicon, an 
alloy of iron. An operator controls 
the S.G. of the suspension at 2.8 to 
3.3. The silicates ( S.G. about 2.7) will 
float and are discharged with the over
flow onto the tailings drainage screen. 
Iron ore ( S.G. about 5) will sink to 
the bottom of the drum. Lifter plates 
attached to the inside of the revolving 
drum will collect the ore and carry it 
up until gravity discharges it into a 
concentrate chute protruding into the 
drum. The ore is then discharged onto 
the concentrate drainage screen. 

The products pass from the medium 
drainage screens to the spray screens 
where any remammg medium is 
washed off. From here the products 
are sent to their respective loading 
bins, ready for shipment. 

Some mining companies have sev
eral properties with considerable wash 
ore reserves, but no one property of 
sufficient reserves to warrant construc
tion of a benefication plant. In several 
cases they have constructed a central
ly located custom mill to. treat all of 
their wash ores. These plants are de
signed for maximum flexibility in the 
fiow sheet. Thus, when the treatment 
of ore from one mine is finished, 
quick changes and adjustments are 
made in the fiow sheet to· enable proper 
treatment of the following ore from 
another mine. One plant on the Mesa
bi has treated ores from as many as 
ten different mines, in one season. 

More of these plants will be erect
ed in the next !few years, and the older 
ones remodeled to produce greater ton
nages, in order to conserve our dwin
dling high grade reserves. The com
plexity of plant equipment and proc
esses will increase as less amenable 
ores are mined. 

(end) 



The hotter@ .. the better 
Carbon has a peculiar quality -it's at its best when ~('the heat is on"' 

IN THE ROARING HEAT of steelmakers' furnaces, molten 
metals boil and bubble like water in a teakettle. 

STANDING FIRM in the intense heat of many of these 
furnaces are inner walls made of blocks of carbon. 

Because pure carbon laughs at heat-actually grows 
stronger as it gets hotter-it has become vitally im
portant in making iron, steel, and many of the other 
things an· of us use every day. 

IN CHEMISTRY, carbon and its refined cousin, graphite, 
handle hot and violent chemicals that would quickly 
destroy metal or other materials. Today there are 
pumps, pipes, tank linings, even entire chemical-process
ing structures-all made of carbon or graphite. 

UCC e. o AND CARBON-For over 60 years the people 
of Union Carbide have pioneered in the discovery, de
velopment, and production of many carbon and graph
ite products for both industry and the home. This is 
one more way in which UCC transforms the elements 
of nature for the benefit of all. 

STIIJDIIENTS AND S'illJDIENi ADVUSIERS: Learn more about career 
opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 
GASES, and PLASTICS. Write for booklet H-2. 

u 10 CARBIDE 
.AND CARBON CORPORATION 
30 EAST 42ND STREET ~ NEW YORK 17, N.Y. 

In Canada: UNION CARBIDE CANADA LIMITED 

UCC's Trade-marked Products include ---------------
NATIONAL Carbons ELECTROMET Alloys and Metals HAYNES STELUTE Alloys PRESTONE Anti-Freeze LINDE Oxygen 
AcHESON Electrodes PREST-O-LITE Acetylene PYROFAX Gas EVEREADY Flashlights and Batteries Dyne! Textile Fibers 
KARBATE Corrosion-Resistant Equipment BAKELITE, VINYUTE, and KRENE Plastics SYNTHETIC ORGANIC CHEMICALS 
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GENERAL MOTORS RESEARCHERS reported today they have built a "Little Florida" that weathers auto paint 20 
times faster than nature and promises to give new clues to keeping your car shiny longer. The apparatus has been dubbed 
"Little Florida" because it wears the gloss off car paint in a week or two. Ordinarily, nature needs from six months to a 
year, even in severe weather, to dull a car. With the new device, an experimental lacquer or enamel can be changed at once if 
it shows signs of "chalking" quickly. Thousands of outdoor tests have labeled sunlight and dew as the worst enemies of your 
car's showroom shine. "Little Florida" thus has both an artificial sun and dew supply. The sun is a 1,200-watt high pressure 
mercury arc lamp. The dew is water vapor condensed when cold water passes through a metal box on which test panels are 
clamped. Resembling a lottery drum, the entire unit is about five feet across. Paint panels are fastened on the inside waH 
around the "sun." Researchers have noted that sunlight in the blue and ultraviolet range causes chalking. They compare this 
with soil erosion. When the "binder" in paint is removed, pigment particles stick out through the surface and make it rough 
-like stones in a washed-out field. This accounts for the loss in paint gloss. Sun, oxygen and water speed up this paint ero
sion. They do this by attacking the binder which then tends to wash away and decompose as a gas. This is a slow process 
actually. A car finish, properly cared for, can last the auto's life time. But dulling films, nevertheless, do form. The new 
weathering device will help researchers study the chemical reactions that take place during this process. As a result, even 
more weatherproof finishes than are obtainable today maybe devised in the future. 
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SYCH-man, Jhat's a 'crazy' course!" Those were 
the thoughts of Howie Reeks, Sanitary '61, as he 
made his way toward the tally office with his 

spring quarter program in hand. Howie figured it was 
about time he was taking some SLA electives; after all, 
five years is a long time if you don't throw in a few 
easy courses now and then. He had carefully studied 
the gruesome list of subjects that the moguls of IT 
allowed him to take in his leisure moments. He finally 
figured he had nothing to lose but his mind by taking 
psychology. (Many of Howie's best friends had this 
same attitude when they joined the National Guard to 
keep from being drafted.) 

class? 

The first week of class saw a succession of three 
different psych profs, each going over the same material 
the other had covered and doing an excellent job of 
hopelessly confusing the situation. In a fit of pique 
Howie ate the notes one afternoon, but the attempt to 
digest the material never did any good. The dept. head 
finally decided that a bird named Mac Crocodile would 
teach the course and the proctors passed out seating 
cards, giving everyone a fair chance to put down that 
he was deaf, had dandruff, or just had to sit up on the 
stage of Burton so he could see the blackboard. The 
seats were assigned near mid-quarter, and blind and 
deaf as Howie said he was, they stuck him behind a 
pillar in row 41, seat 672. From this vantage point 
Howie was able to see the blackboard with the aid of 
his six power telescope only by leaning over the busty 
redhead on his left. (It was truly amazing how long it 
took Howie to copy diagrams and take notes.) 

After two weeks spent on giving a definition of psych, 
Crocodile finally got into his theories of heredity vs. 
environment. The experiments leading up to this went 
under the name of Kellog's Ape. Kellog was a rich 
breakfast food manufacturer. One day a great adver
tising slogan came into his mind: "Our breakfast food 
never touched by human hands." It was perfect. He 
hired apes. Besides it was cheaper. All this had noth
ing to do with heredity vs. environment but it was a hell 

By BONZO 

of an interesting story. Crocodile laughed himself sick. 
Crocodile then told how a business man named 

Octavius Blort, who had seen "Bedtime for Bonzo," 
decided to take an ape in to his home to test this theory. 
The excuse that Blort gave his neighbors was that the 
ape was a playmate for his two months old son. The 
poor kid never did see the ape, Blort was too busy 
teaching it how to peel bananas. Blort's wife put 
diapers on the ape and treated it as she did her own 
son; besides, it was better looking. Every morning 
Blort had been in the habit of kissing his wife and baby 
goodby, so to keep the ape happy he had to kiss it 
goodby too. After a while Blort grew to love this cold 
wet nose. Reeks overslept the next class meeting and 
never did find out if Blort's wife bought some Kleenex 
or what happened to the ape and the boy. He over
heard later, though, that Blort had died and left the 
business to the ape. The ape, now a shrewd business 
man and married to a pretty debutante, is giving the 
other Wall Street tycoons a run for their money. 

Mac Crocodile's next theory concerned hunger. Mac 
claimed that a man gets hungry because the inter
ceptors (a fancy word for nerve) in his stomach are 
hyperactive. When the stomach is full, the interceptors 
are satisfied and the man is not hungry. The professor 
thought this was an amazing conclusion. He was dumb
founded, and let the class out early so that he might 
contemplate this discovery in peace. Next day, Croco
dile in an attempt to prove the theory that when the 
stomach is full there's no hunger, cited the following 
experiment. A youn psychologist, eager to have his 
name in print, starved hmiself for 72 hours. At the end 
of this time he was ravenously hungry and he then ate 
as much as his stomach would hold of rock moss mixed 
with dried clay. He suddenly found that he was no 
longer hungry and he reached the profound conclusion 
that when the stomach is full there is no hunger. He 
was very proud of his findings. Besides, it was the best 
meal he had had in months. He convinced the army 
of the necessity of the high class spinach and he soon 
had his product copyrighted and on the market. The 
army bought tremendous quantities, which they labeled 
K-rations. 

(continued on paf!e 42) 
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SALESMAN sells a gear box with the statement, 
"It has very few moving parts." The gyroscope 
on the United States coasts to a stop seven days 

after the power is shut off. A rotating toothless steel 
disc cuts through a hot ingot in eleven seconds. These 
three seemingly unrelated statements are all connected 
through one natural phenomenon-friction. 

Today we use frictional properties in all industries, 
businesses, and professions; but we have yet to know 
just what friction is, how it occurs, and what it is caused 
by. Leonardo da Vinci tried to answer these questions 
450 years ago, and today there is still a controversy 
over the fundamental nature of friction. 

The oldest theory is that of interlocking surface asper
ites. According to this theory, friction could be alleviat
edif surfaces were machined smooth enough; but, in 
some cases, frictional resistance is lowered where one 
surface is rougher than the other; steel journal bearings, 
of varying degrees of smothness, exhibit no significant 
differences in frictional resistance; and polishing be
yond a certain degree may actually increase frictional 
resistance in some applications. 

answer? 

Perhaps the answer lies in a second theory, that of 
molecular cohesion. Radioactive tracers show that 
when two pieces of metal are placed next to each other 
there is some transfer of molecules from one piece to the 
other. This occurs only at the point of contact between 
the extremely small irregularities of the. two pieces of 
metal. Greater pressure causes a flattening of these 
little hills and valleys and hence, a greater area of actual 
contact of molecules with a correspondingly greater 
frictional force between the metal surfaces. 

The third theory, that of electrical attraction, states 
that when two surfaces rub together, one surface may 
gain electrons and the other surface may lose electrons. 
This attraction of surfaces (resulting in an increased 
frictional force between them) is observed mainly in 
non-metallic substances. 
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The complete investigation of frictional properties first 
requires an observation of the metallic surfaces them
selves. To analyze frictional effects between metals, 
the surfaces must be cleaned of all contamination. One 
method of doing this, first tried by Bowden and Young 
is the following: two like pieces of metal are placed in a 
chamber and one piece, under a certain load, is rubbed 
over the other. The resistance offered is a measure of 
th coefficient of friction, fL (frictional force/weight). The 
specimens are moved apart and the chamber is heated 
and evacuated. After cooling to room temperature un
dr vacuum, the fL is again determined. Any disparity 
in the two values shows the effects of the surface con
taminants present. 

Four t~ests were made between like pieces of Ni, Fe, 
Pt, and U. In the Ni test, the load was 15.2 grams and 
the initiol fL was 0.4. As the pressure dropped to lo-s 
mm Hg, the fL rose to 0.6. After one heat to 900 C the 
fL rose to 2.5. On repeated heats to 1000 C, the /L's rose 
to 4.2, 5.2, 8.8; and finally, complete seizure occurred. 
At the higher /L's, the resistance was not a constant force 
but was a series of discrete "sticks" and "breaks" be
tween the two pieces. When the Ni specimens were 
brought together at 1000 C, immediate seizure took 
place. At high temperature, deformation is high and 
the resulting areas of contact are large. Apparently, 
regardless of temperature, if the Ni surfaces are suffi
ciently clean, seizure will take place. 

Iron is more difficult to clean than Ni. After repeated 
heats to 100 c at I0-6 mm Hg, the JL

1

S of Fe rose from 
0.4 to 3 . .5. When tested at 300 C, complete seizure oc
curred. A normal force of 1.18 Kg was necessary to 
break the bond. The area of the junction was 0.0187 
mm2

; therefore, the strength of the area of seizure was 
63 Kg/mm2 which approximates the bulk strength of Fe. 

The metal most easily cleaned was platinum. The 
original fL was 0.15 and after one heat to 850 C, seizure 
occurred. Uranium, on the other hand, has a very stable 
and tencxciously attached oxide. With cxn original 11. of 
0.6, repeated heats to 900 C failed to increase the value. 
When contact tests were made at all temperatures up 
to 950 C, the fL did not exced 1.0. Above 950 C, fL in-



creased rapidly to complete seizure at l 060 C, well 
above the softening point of uranium. 

other contaminants 

Although oxides are the most common surface con
taminants, other compounds influence frictional re
sistance. Among those compounds investigated by 
Bowden & Young are those for:tned by 0, N, H2 , T20, 
H2S, Cl2 and long chain fatty acids. Friction is reduced 
on most metal surfaces as soon as a layer of oxide one 
molecule thick is formed. There is little further reduc
tion in friction as the thickness of this layer is increased. 
In the presence of air, friction betwen "clean" pieces of 
Fe drops immediately. In pure N2 , no such effect is seen. 
Hydrogen, although readily adsorbed on metals, does 
not reduce friction because of the thin surface layer 
which forms on the piece. 

Water vapor and HsS are commonly found in surface 
contamination. With these compounds two reactions 
take place. The first is the chemically formed oxide, 
hydroxide, or sulfide layer of a few molecules thickness. 
The next reaction is the adsorption of more vapor in the 
chemically formed film. When either of these gases is 
adsorbed on a surface of this film, the frictional resist
ance falls to 213 of the original value. Desorption returns 
the resistance to the original amount. In short, this sys
tem is composed of an irreversible chemical reaction 
plus a superimposed reversible physical adsorption. 

Ferric chloride, at 1 mm thickness, will reduce fric
tion betwen two "clean" Fe surfaces from fL of 0.4. Here 
the chloride has reduced the resistance to a value ac
cepted in practice as the true fL of commercial Fe but 
the layer which must be maintained is one million times 
the thicknes of the common oxide layer. This chloride 
layer is easily evaporated at high temperature with a 
complete loss of lubricity. Long chain fatty acids derive 
their lubricating properties from their ability to protect 
the surface of metal with an extremely thick monomolec
ular layer. 

In general, if any layer of contamination is contin
uous, no adhesion will occur. Slight open areas free of 
this protective layer permit limited adhesion. Here it is 
seen that a temperature coefficient of friction is mean
ingless since friction depends on the nature of the sur
face film and the reduction of contact area. 

Through the use of radioactive tracers, it was found 
that frictional force between two sliding pieces of meta} 
resulted from the shearing of small welds. These welds 
are far smaller than the macrogalling of "frozen" parts: 
in fact, below the resolving power of the optical micro
scope. 

Also, tracers revealed that mutual transfer of metal 
always occurs in ruptures of small welds between any 
two metals. Apparently, the rupturing is random and 
the composition of metals far overshadows the relative 
hardness in determining the quantity and direction of 
transferred material. 

Up to this point, the present work tends to indicate 
that the primary cause of frictional resistance is molecu
lar cohesion in the case of finely polished surfaces and 
interlocking surface irregularities in the rougher finished 

materials. The electrical attraction theory is based on 
attraction between neighboring molecules by induced 
electrical forces when one electronic sphere of influ
ence crosses another. Helmholtz gives the "influential" 
distance as 10-s em on the average. In metals, this 
should be a negligible force because, even on the 
Johannsen gauge block, asperities of l0-6 em are com
mon. 

In summary, when sufficiently clean metals touch 
at any temperature, complete seizure occurs; over the 
real area of contact two like specimens may adhere with 
the bulk strength of the metal; unless a definite chem
ical reaction occurs, reduction in friction is not great; 
generally layers break down at a critical temperature 
and complete seizure folows. No perfectly general rules 
apply to all cases of friction. Properties of the· frictional 
phenomenon are used every day in creating or alleviat
ing friction to a certain degree. But, we still have not 
answered da Vinci's question that is four and one half 
centuries old: what is friction? 

(end) 

"Am I scared! Got a letter from a man saying he'd 
shoot me if I didn't stay away from his wife." 

"Well, all you gotta do is stay away from her." 
"Yeah, but he didn't sign his name." 

"Why sure, we'd be glad to show you 
through the lab." 

The big day was here. The wonderful gigantic bridge 
connecting two of the country's largest cities was being 
formally opened. At the height of the festivities, when 
thousands of people had thronged onto the bridge. the 
center span-with a crash heard for miles-fell into the 
bay, a mass of twisted girders and human bodies. The 
frenzied mayor seeing the engineer dashed up to him, 
"Look what you have done." 

The engineer. scratching his ear, replied, "I told Joe 
that decimal point was in the wrong place." 
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This space will be devoted to the doings of the professional 
engineering societies in IT. 

At the present time, most societies are staging membership 
drives. So if you have debated joining, now is your chance. 
The problem of getting the information to the 'Log for 
publication has been taken care of nicely by the Tech Com
mission; each member is the reporter for the society in his 
field of study. 

s gf 
The ASAgE has been raising funds for their organization 

by selling 1955 license plates on the St. Paul campus. Top 
sellers are: Lee Sisler, Ken 'Schafer, Willie Shoemaker, Jack 
Williams, "Pete" Gaskill, Jerry Clark, Jim Florin, Chtrles 
Bricher, Deane Banbeck, Don Peterson, and Carl Zielow. 
An ASAgE-sponsored student-faculty dinner and open house 
on the St. Paul Campus ,was held November 16. 

AS E 
Harry Wilson assistant superv1smg engineer of the Uni

versity spoke on construction at the University at a meeting 
of the ASCE November 3. "Prestressed Concrete at Tampa 
Bay" and "Steel Spans the Chesapeake," 2 movies of con
struction projects, comprised the program of the November 
17 meeting. On December 1, Charles Wetzler, of Clay Tile 
Products, will show a movie and talk on the use of structural 
tile in house construction. 

AI hE 
A talk by Dr. Reyerson, head of the School of Chemistry, 

on "Fundamental and Applied Research" highlighted the 
first meeting of the AIChE October 26, During this meeting, 
Dave Haug was elected treasurer and Dean Kavanagh sec
retary. On November 11, the members went on an inspec
tion trip through Hamm's Brewery in tS. Paul. 

S M 
The SA!M1 meeting of October 28 was marked by a debate 

bf'tween Mr. Douglas Hall, AFL-CEO regional counsel, and 
Mr. R. Fenlon, of Felhaber and Larson, management con
sultants. SAM is looking for volunteers for its pace-rating 
project. Anyone in IT is eligible; you will be paid $1.50 an 
hour. For complete information, drop in to the SAM office, 
13 ME. 
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Architects, The AltA wants you as a member. Contact 

Carl Nelson, Herb Polechek, or John Bulov with a buck and 
help raise the enrollment to the traditional 90 per cent. A 
Coke hour, for the Grade I students and faculty, is being 
planned for the latter part of November. 

A s 
A glass-blowing demonstration is one of the highlights of 

this year':s meeting schedule of the .ACS. An effort is also 
being made to get a full roster of speakers from various parts 
of the chemical world for forthcoming meetings. 

S E 
On October 29, the members of ASME went on an in

spection trip through the Minneapolis Brewing Co. The 
night of November 10 was devoted to an open house of the 
ME labs. Dr. Jordan, Dr. Eckert, and Dr. Algren spoke on 
the various phases of mechanical engineering study. 

AI E 
H. De Witt Smith, national president-elect of the AIME 

spoke at a dinner meeting October 25 on "The Future of 
Mining." 

A lEt~ 
The fall program of the AlEE-IRE was poned on October 

3 with a talk by Dr. H. E. Hartig on "New Horizons for 
Electrical Engineering." On November 4, fifty members 
went on an inspection trip through K:STP-TV. After a tour 
of station facilities they watched a half-hour color television 
program-"Ford Theater." · 

At the final meeting of fall quarter, to be held Wednesday, 
December 1 at 7:30 P.iM., a representative from Engineering 
Research Associates will speak on computers. All EE stu
dents are welcome. 

For membership applications and further information 
about AlEE-IRE come to Room 38EE. 



Beginning with this issue, this page will be devoted 
to the news of the professional fraternities :of IT. To 
appear in the December issue, material should be got
ten to the 'Log office, (2 1ME) before Tuesday, Novem
ber 24. 

KHK 
Fourteen EE students were pledged to Kappa E,ta 

Kappa on October 14. By so doing they associate 
themselves with the Beta Chapter of the only profes
sional electrical engineering fraternity in the country. 
These students are : 

Eugene Chenette-4th year 
Omar Dahl-2nd year 
George DuFour-2nd year 
Clyde Gates-3rd year 
Donald Hoffman-2nd year 
Edward Johnson-3rd year 
Dick Lillienthal-2nd year 
Russell MeN aughton-3rd year 
Edward Melin-4th year 
Terrence Nolan-2nd year 

r 

LeRoy Prohofsky-4th year 
Dick Sparks,-2nd year 
Ray Burdette Stivers-2nd year 
Bill Swanson-4th year 

Upon completion of their pledge period, at the be
ginning of winter quarter, they will be initiated into 
full membership of the fraternity. The pledges are mak
ing good use of their time by spearheading the ·work 
to put KHK's 1000-watt amateur radio station 
(W0QND) on the air again. By Christmas, mem.bets 
should be able to contact other amateurs throughout the 
Western Hemisphere. 

Again this year, KHK offers its co-operation in every 
way possible to the EE Department. In this way we 
hope to be an aid to you and all the other EE students. 

XE 
Chi Epsilon, professional civil engineering fraternity, 

held their initiation dinner November 10 at McCarthy's. 
Featured speaker was S. C. Thomson, assistant director 
of the School of Public Health at the University. 

t f r t 1 
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is the time to join! Planners and writ
ers are especially wanted now; po
tential actors and stage crew are 
asked to sign up at this tim.e also so 

that a "hard core~~ will be ready to get going when rehears
als start 

'I' 

Bill Cordes or sign up on the sheet put up in the 
"Log~~ office, 2 ME; you will be contacted shortly. 
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(continued from page 37) 

Howie was a little astonished by this conclusion, and 
soon he was convinced he'd found a theory comparable 
to E=Mc. 2 After all, he reasoned correctly[ what man 
could possibly be hungry with his stomach full of sand, 
silt clay, etc.? When Howie went up to tell Crocodile 
what he thought of this theory he was rather surprised 
to see Mac ignore him completely and pull out his 
lunch of sand sandwiches and begin grinding his 
molars together vigorously. Howie fled. 

sex life 

The next and most startling theory of all dealt with 
the sex life of white rats. The men and boys in the 
psychology department really had a field day on this 
one. With fiendish grins they had constructed a special 
cage with two compartments-one for the male rat and 
one for the female rat. Just like twin beds on a honey
moon. This was all very fine and proper, except for the 
fact that the compartments were connected by a small 
runway. They would sit by the runway and yell for 
the rats to "Take-off!" The inference was clear, even 
though the Alvin was closed at the time. Built into this 
runway was an electric grid in which the current could 
be varied to suit the occasion. The object of all this was 
to find out how many volts were needed to prevent the 
male rat from crossing to the female's compartment or 
vice versa, depending on the time of the month and the 
phase of the moon. The experimenters got a large 
charge in singeing the hair off the more frisky males. 
There were nasty rumors going about though, that 
they would stand around the cage placing bets on how 
many volts would be needed to restrain any particular 
rat. Howie sometimes wondered how many volts would 
be needed to stop him if he were placed in a similar 
situation. 

The joy of learning about the private life of white 
rats and psychology in general soon palled with the 
mention of the final. Howie learned that the test would 
be in several parts, one of which would require the 
recognition of a word by its first and last letter. After 

The mc:a:n got off a train. green in the face. A friend 
who met him asked him what was wrong. 

"Train sickness," said the traveler. "I'm always death
ly sick when I ride backwards on a train." 

... Why didn't you ask the man sitting opposite you to 
change with you?" asked the friend. 

"I thought of that," replied the traveler," but there 
wasn't a:nybody there.~~ 

Judge: "I fine you $1.10 for beating your wife;'' 
Defendent: "Yer overcharging me. 11 

Judge: "That extra dime is for amusement tax!" 

Concluding his lecture a college professor started to 
dismiss the class when a student called out: 

"Professor, have you any documentary proof to sup
port the things you've been telling us?" 

Since the talk had been about life on other planets. 
the professor admitted that he hadn't. 

"Until you do produce proof," said the brash student. 
"do you mind if I call you a liar?" 

"Not at all. but tell me, were you born a human or 
an animc:d?" 

"A human, of course." 
"Have you your birth certificate with you?" 
"No. but-" 
"Well until you produce it, do you mind if I call you 

an imper1tinent jackass?" 

A professor is a man whose job it is to tell students 
how to solve the problems of life which he himself has 
tried to Civoid by becoming a professor. 

The editor of a country newspaper retired with a for
tune. When asked the secret of his success, he replied: 

"I attribute my ability to retire with a $100.000 bank 
balance after 30 years in the newspaper field, to close 
application to duty, pursuing a policy of strict honesty, 
always practicing rigorous rules of economy, and to 
the recent death of my uncle, who left me $98,500.'• 

much conscientious preparation he did, in fact, get by l~~~~--~~~~~~~~~~~~~~~~~~~-

the multiple choice portion, answering every third ques- ~ · 
tion. The blow came, though, with the spelling exer- . 
cise. As Howie could barely recognize cat by C-T, he . All Technical Books and Supplies 
was panicked by such a word as Q-----X. A few 
words were easily recognized, but the majority of at 
Howie's answers fell into the category of extremely 
wild guesses. Having reserved the third slot on the 
electric scoring sheet for wild guesses, Howie1

S paper, 
as he handed it in, was a vertical column of threes. He 
later learned the answers were all twos. 

With the experience of the spring quarter's work 
behind him, Howie Reeks felt he was now better pre
pared to cope with the coming scientific revelations of 
the summer session. "After all," he says, "you are 
bound to pass it the second time around. 

(end) 
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''NE'W DEPARTURES'' IN SCIENCE & INVE 

MRe~M R E 

PUTS HI INVENTI N 

T PRAC~TI L E 

Actually, Morse's first message over his electric 
telegraph was, "What hath God wrought?" Ever 
since, it's helped solve the problem of getting 
money from home .. e .. and a good many other 
problems as well. 

Inventor Morse wouldn't recognize some of the 
latest developments in his field. Automatic coding 
and decoding machines. Radar. Electronic com
puters. Such devices depend on ball bearings to 
maintain moving parts in accurate alignment, cut 
friction to the minimum and reduce wear. 

In every field 0 .. • designers and engineers call on 
New Departure for the finest in ball bearings. 
For New Departure manufacturing is known to 
employ advanced methods of automation, integra
tion and quality control. 

IBM's latest brainchild, the 702 Electronic 
Data Processing Machine, is an outstanding 
example of New Departure ball bearing 
application. New Departures also assure accurate 
support of moving parts in IBM's now famous 
701 Electronic Computer. 

NEW DEPARTURE " DIVISION Of GENERAL MOTORS • BRISTOL, CONNECTICUT 
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After completing his general training which brought him in 
contact with all departments, Richard J. Conway decided that 
manufacturing engineering was his field. He says, "I chose the 
Manufacturing Engineering Department after completing my 
general training at Worthington because as a graduate in In
dustrial Engineering I can learn the practical aspects of my 
field while applying theory I learned in college. 

"The personnel of this department work together as a team 
toward the solution of the numerous problems which arise 
daily. We have the cooperation of all other departments in the 
corporation in getting the necessary facts pertinent to the solu
tion of these problems. In the course of our day it may be 
necessary for us to meet the Plant Manager, Chief Engineer, 
Comptroller, several department heads, clerks, foremen, rna-

FOR ADDITIONAl. INFORMATION, see your College 
Placement Bureau or write to the Personnel and Training 
Department, Worthington Corporation, Harrison, N. J. 

' 1, 
at t 

chinists and many others throughout the company. 
"I have contributed to the solution of many problems han

dled by this department including metal spraying, machining 
procedures, purchasing new equipment and designating proper 
dimensions to obtain desired fits between mating parts. 

"I enjoy my work because I'm doing the work I want and 
my formal education is being supplemented with practical 
knowledge gained from the tremendous wealth of knowledge 
available to me at Worthington. I know from personal contact 
with many other departments in the Corporation that Wor· 
thington can and will find their young engineers a spot which 
will give them the same opportunities as have beyn afforded me." 

When you're thinking of a good job, think high-think 
Worthington. 
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True rolling motion, high precision 
practically elimina friction 

All lines drawn coincident with the working surfaces 
of the rollers and races of Timken bearings meet at a 
common point on the bearing axis. This meansTimken 
bearings are designed to give true rolling motion. And 
they are precision manufactured to live up to their 
design. Result: Timken bearings practically eliminate 
friction, save power. 

How billet mill g s extra 
e bearing capaci 1n same space 

Engineers who designed this 1 0-stand billet mill speci
fied that the roll necks be mounted on Timken® Balanced 
Proportion bearings. That's because Timken Balanced 
Proportion bearings have load ratings up to 40% 
higher than same-size bearings of older designs. And 
they make possible a 50 to 60% increase in roll neck 
strength which means greater rigidity and higher roll
ing precision. 

1115DGIIIIIS!ItGSIIISIII11111118 _____________________________________________________ _ 
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TAPERED ROLLER BEARINGS 

ant to learn more about 
bearings or iob opportunities? 

. Many of the engineering problems you'll face after 
graduation will involve bearing applications. For help 
in learning more about bearings, 
write for the 270-page General In
formation Manual on Timken bear
ings. And for information about the 
excellent job opportunities at the 
Timken Company, write for a copy 
of .. This Is Timken". The Timken 
Roller Bearing Company, Canton 
6, Ohio. 

NOT JUST A BALL 0 NOT JUST A ROLLER a::J THE TIMKEN TAPERED ROLLER a:::> 

BEARING TAKES RADIAL ~ AND THRUST --@- LOADS OR ANY COMBINATION * 
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{continued from page 15) 

low temperatures, and is therefore not dense enough to pro
vide adequate slowing-down targets for neutrons:. Metallic 
beryllium is a good possibility, but has been too expensive. 
Lithium and boron are strong neutron aJbsor!bers and hence 
are unsuitable as moderators. High-purity car:bon, in the 
form of graphite, is more readily available and is. a low cost 
material with acceptable absorption properties. It has been 
used in many chain-reacting piles, including the famous 
"first" at the University of Chicago. However, graphite has 
poor structural strength in that it has a very low breaking 
stress; and, further, a carbon moderator requires four times 
as many collisions to slow down fission neutrons to thermal 
speeds as does a heavy water moderator. 

If the reactor is so constructed that, on the average, more 
than one fission results from the neutrons produced by each 
fission, then clearly the number of neutrons present and the 
heat generated increases by the compound-interest law. If 
a great multiplication happens rapidly, say, in a small frac
tion of a second, then the phenomenon becomes an explo
sion. In short, this is a sort of atomic bomb. Even if the re
action occurs slowly, the reactor would be destroyed by 
melting if the multiplication were allowed to proceed in
definitely. 

One way to control the reactor is to provide passageways 
through it into which rods of material that strongly absorb 
neutrons can be placed. When these rods are fully inserted 
into the mass of fissioning material, they absorb so many 

In order to keep pace with the 

neutrons that the chain reaction is stopped. As they are 
slowly withdrawn, a point is: reached where the reaction is 
just able to maintain itself; if the rods are pulled out farther 
the neutrons are able to multiply and the reactor operates 
at increasing power levels. To reduce the multiplication 
rate, the rods are simply pushed back in. Thus to raise the 
reactor power output, control rods are withdrawn to multi
ply the number of neutrons:, then returned to the operating 
point; the reactor then operates at a higher power level. 
The procedure is reversed to lower the power level. Cadmium, 
boron-containing steel, and several other materials are suit
able for the control rods. 

The language of the preceding paragraph implies that the 
time scale is slow enough for an operator to maintain con
trol by manual operation of the control rods, or by the 
use of a s:imilar relatively slow-acting control mechanism. 
That is in fact the case, owing to another phenomenon in 
the fundamental physics of fission: delayed neutrons. 

Most but not all, neutrons emitted in the fission process 
come out instantly. The uranium nucleus in splitting apart 
spills out about 99 per cent of the neutrons immediately. 
These are called prompt neutrons. The atomic fragments 
are also in a highly unstable condition and some of them 
throw out additional neutrons after a short time delay, 
amounting, on the average, to 10 seconds. These delayed 
neutrons set the time scale on which the neutron multiplica
tion in the reactor builds up, and sets it for such a long 
time that slow-acting controls are easily able to regulate the 
activity of the pile. 

Although the invention and use of dynamite did demon
strate certain aspects of the utility of molecular energy, it 

(continued on page 48) 

drafting requirements of modern 
industry Dietzgen introduced Master Bows into 

the United States. They have since become an 
indispensable aid to engineers and draftsmen. 
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Dietzen Drawing Instruments are 
constructed of hard nickel silver and 
fine tool steel to precision stand
ards, offering the student unex
celled accuracy and lifetime service. 

University Bookstores 
University of Minnesota 
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Fanny, the Variable 

NCE upon .a time on a beautiful starry night, Rube, 
the compound motor and Fanny, the variable re
sistor, decided to go .over to the D.C. Lab where 

they had heard the Delta Wye, a local fraternity, was hav
ing a magnetic blowout and the volts were jumping all over 
the place. 

On the way to the Lab, they stopped off for a short 
circuit at the Center Tap. The lights were low and there 
was an electrostatic charge in the air-it was a perfect 
night for fuseing. Rube ordered Gulfpride, 40 weight, 
while Fanny preferred a double copper oxide. They were 
having some mutual induction when Fanny scr,eamed, "Ye 
gad, I've ripped my last pair of insulators" and ran for the 
"Little Resistor's Room." Rube knew all the time that she 
was having a surge current and that she had made a poor 
excuse. 

At this time, Jake, the unloaded Generator, a big time 
three-phase, Delta connected power disperser, was sitting at 
the bus-bar getting his bearings oiled. There were whispers 
all over the room that his efficiency had dropped-poor Jake 
-he needed his power factor raised. He eyed Fanny very 
closely as she ambled toward his table. Then he purred very 
softly, "Hey, honey, did you come out of a hot wire instru-
ment?" · 

Her quick retort shamed Jake down to his slots. "No, 
you small time sinewave pusher, don't get your field excited. 
I'm with a cumulative-compound mo-

CAN YOU READ THIS? 
Seville dair dego 
Tousin bussis inuro 
Nojo demstrux 
Sumit cousin 
Sumit dux 

Having trouble? Read it faster and if you still can't 
get it, here's all it says: 

See, Will. there they go
Thousand buses in a row. 
No, Joe, them's trucks. 
Some mit cows in. 
Some mit ducks. 

"Why is your car painted blue on one side and red 
on the other?" 

"It's a great scheme. You should hear the witnesses 
contradicting each other." 

You can't tell a farmer's daughter that a stork brings 
baby calves, because she already knows it's the bull. 

A lawyer caught a burglar one night. "I advise you 
to get out of here/' he said. The burglar did. and was 
congratulated on his good luck by his pals. 

"Good luck nothing," snorted the burglar. "He 
charged me $25 for the advice." 

Officer: "That's either a fellow with a couple of quarts 
in his hip pockets or else she's wearing slacks." 

tor." With that she swished back to 
Rube and finding him fused out, she 
glanced frantically around the room. 
Her gaze came to rest on Jake's big 
yoke. "My," she thought, "what big 
pole faces he has." Jake, seeing the 
loow in her eyes, nearly :£ell out of 
synchronism. He .regulated his voltage 
and walked over to her table, and im
mediately apologized for his pulsating 

Now is the time to get the 

manner. 

After taking a few ampere-turns 
around the floor, he decided that she 
was just the one for him. Man! She 
sure had a well-shaped hyst~erisis loop. 
At Fanny's request to sit the next one 
out, J al\:e took the opportunity to tell 
her how his interpoles were wound. 
He clasped her rend connections tight
ly and whispered, "Fanny, my love, I 
think I am just the generator for you 
-I am drum wound, have a rotating 
field, can be hand regulated, and have 
no leakage reactance. Darling, will 
you be my little variable rheostat?" 

(end) 

She: "Your wife ran away with 
your best friend? Was he good 
looking?" 

He: "Don't know! Never saw 
him." 

LIFE-LONG 

Your tools of tomorrow should 
be your tools of today. When you graduate and start 
upon your own career you will find that the top 
engineers, architects and designers use CASTELL,_,. 
either the famous wood pencil or LocKTITE Holder 
with 9030 lead. 

CASTELL is smoother, stronger, lays down greater 
depth of graphite on the drawing. It is uniformly 
excellent in all 20 degrees, 8B to 1 OH. 

You study in a fine school, taught by outstanding 
professors. Does it make sense to work with inferior 
tools? Order CASTELL, world's standard of quality, 
from your College Store, stationer or art supply store. 
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did not lead directly to the internal combustion engine. 
Similarly, the existence of nuclear fission and atomic bombs 
does not guarantee or necessarily imply the possibility of 
useful atomic power. In the fission process, the resulting 
fragments are given off with tremendous energies of about 
100 million electron volts each and are highly charged elec
trically. It is natural to wonder if it would he possible to 
use these projectiles to generate electrical power directly by 
allowing them to move through electromagneti·c fields. U n
fortunately, means have not yet been developed to do this 
as efficiently as the molecular temperature of the burning 
gas is used in the internal combustion engine. In the present 
nuclear reactors, the fuel-bearing materials are used as 
transducers to reduce the high-energy particles to thermal 
energies through collisions of the fission particles with the 
surrounding molecules in the fuel and structural materials of 
the rea·ctor. By these collisions the struck atoms are heated 
and the various surfaces near the fuel within the reactor 
are heated. 

Reactors utilize for their fuel any of the fissionable nuclei 
that can sustain a chain reaction and be obtained in suffi
cient quantity to originate the chain. In present day reactors 
most of the fissions are produced in U 235 or Pu239

• The fission 
of one of these nuclei releases about 195 mev of energy-
165 mev in the form of the kinetic energy of the fission 
particles and 30 mev that is associated with neutron and 

A Key to 
K&E Leadership 

beta- and gamma-ray energy. The fission fragments pene
trate about 0.0005 inch into the surrounding reactor mate
rials. Thus, in most reactors the fission energy )s trans
formed into heat inside the reactor fuel elements within a 
very short distance of the point of fission. To establish a 
thermal energy of 100,000 kilowatts, the reactor must pro
duce 3 X 1018 fissions per second. The chain reaction with
in the reactor must be kept just at criticality, that is, the 
production rate of neutrons must be precisely the same as the 
rate of loss of neutrons by leakage from the reactor plus the 
rate of absorption of neutrons within the reactor. The equa
tion for the balance of neutrons for the reactor assembly is 
then: 

Leakage + Absorption = Production 
A practical power reactor operates most of the time at a 

steady power level and, since this level is proportional to 
the rate of production of fissions, the power production is 
proportional to the rate at which neutrons are produced. The 
size and sihape of the reactor, the nuclear characteristics of 
materials comprising the reactor, as well as other effects, all 
influence the ability to maintain the chain reaction. The 
factors that determine the criticality are more precisely: 

1-Geom.etry. This includes the external size and shape 
of the reactor and the detailed arrangement of the fission
able and other materials, in the reactor. Small, high-power 
reactors, such as the Submarine Thermal Reactor ( STR.) 
which will propel the submarine U.S.S. Nautilus~ have 
stringent geometry requirements. 

2-Migra.tion Length. Neutrons are born in the nuclear 
fission process and move about until they either escape from 
the reactor or are absorbed by the materials of the reactor. 

(continued on page 52) 
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Electronics Research Engineer Irving Alne records 

radiation antenna patterns. Twenty-two 

foot plastic tower in background eliminates 

ground reflections, approximates free space. 

Tower is of Lockheed design, as are pattern 

integrator, high gain amplifier, 

square root amplifier, logarithmic amplifier. 

ntenna develop 

Electronics Research Engineer F. R. Zboril measures 

input impedance of a scale model helical 

antenna array used for ground tracking of 

missiles. Most of Lockheed's other 

antenna work involves advanced research 

studies on flush mounted antennas. 

E. 0. Richter, Electronics Research department 

manager (seated), W. R. Martin, antenna 

laboratory group engineer (standing), 

and J. L. Rodgers, electronics research engineer, 

discuss design of corrugated surface antenna. 

ent progra at Lockheed expands 
Lockheed's diversified development program presents Electronics Engineers 
qualified for airborne antenna design with a wide range of assignments 
in communication, navigation and microwaves. Antenna design 
is one of the fastest growing research and development areas at Lockheed. 

Studies embrace virtually all types of aircraft, including the Super 
Constellation radar search plane- a type of aircraft developed and 
produced exclusively by Lockheed. 

Career Positions at lockheed 
Lockheed's expanding development program has created a number of positions for 

Electronics Engineers and Physicists to perform advanced work in antenna design. 

In addition Lockheed has a number of positions open for engineers in 

aerodynamics, thermodynamics, flight test analysis, structures and design to 

perform advanced studies on such diverse projects as: Applications of nuclear 

energy to aircraft, turbo-prop and jet transports, bombers, trainers, supersonic aircraft 

with speeds surpassing Mach 2, and a wide range of classified activities. 

Program· for Advanced Study-To encourage members of its engineering staff in 

study leading to advanced degrees, Lockheed reimburses 50% of the tuition fee upon 

successful completion of each course relating to the engineer's field at the University of 

Southern California and University of California at Los Angeles. Both universities 

offer a wide night school curriculum in science and engineering. 

LOCKHEED 
AIRCRAFT CORPORATION 

BURBANK CAliFORNIA 
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The beautiful blonde behind the 
glove counter was idly polishing her 
nails, reports the Wall Street Jour
nal, when a mildly distraught man 
rushed up to her and exclaimed: 

"I have lost my wife in this shop. 
Do you mind if I converse with you 
for a while?" 

"For goodness sake!" the girl re
plied. "What good will that do?" 

"Just wait and see,'' the man 
pleaded. "She is sure to tum up if I 
am talking to a pretty girl!" 

C.E.: "Is she a nice girl?" 
M.E.: "Moraless." 

Each morning an inmate of an 
asylum borrowed three long books 
from the library, returning them the 
same afternoon. One day the li
brarian gave him the city telephone 
directory. When he returned with it 
in the afternoon, the librarian ex
claimed, "Don't tell me you've fin
ished that big book already," "I cer
tainly have/' replied the inmate. 
"The plot was lousy, but man, what 
a cast." 
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For absolutely no charge, we would like 
to print your advertisements on t:his page. 
If you have something you ward to buy. 
sell, or swap; let: us know in Room 2, Me
chanical Engineering Building. 

LL TDI 

A foursome was playing golf 
when suddenly a pretty girl with no 
clothes on ran across the fairway 
with four men in hot pursuit. The 
last of the four was somewhat be
hind, and the golfers noticed he car
ried a pail of sand in each hand. 

"What goes on here?" asked the 
foursome. 

The caddie said, "Oh, she,s an in
mate of the sanitarium and she gets 
out almost every day. Those men 
chasing her are the attendants. They 
have to catch her and put her back." 

"But what about the fourth man? 
How come he carries two pails of 
sand?,, 

"Thafs his handicap// sa:id the 
caddie. "You see, he caught her 
yesterday." 

Many girls leave nothing· to a 
man's imagination. and eve1~ything 
to his self-control. 

1st Coed: "Your boy-friend is very 
talented on the athletic field., 

2nd Coed: "Yes, we park there 
every night.l/ 

p CE 

Mike: "Where did you get that 
black eye?" 

Franz: "I sneezed." 
Mike: "What do you mean, you 

sneezed?" 
Franz: "Well, I was in the closet 

when I sneezed." 

A group of civilians was touring 
a batleship when the guide paused 
before a bronze plate set into the 
deck and said reverently, "And this 
is where our gallant captain fell." 

"Well, no wonder/' said the little 
old lady, "I nearly tripped over the 
damn thing myself." 

Student Nurse: "Every time I bend 
over to listen to his heart his pulse 
rate goes up alarmingly. What 
should I do?" 

Intern: "Button your collar." 

She doesn't drink 
She doesn't pet 
She doesn't go 
To college yet. 



ers t~l ~ 
Molybdicoxide I e lnf rme 
the synthesi ,MoOa, is the i . molybdenu~ ~fh a l~rge familyn~~rmedxate for 

em1cals. 
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(continued from page 48) 

In the course of its journey, the neuton makes many colli
sions with materials within the reactor. The net distance 
traveled by the neutron from its birth in fission to its eventual 
loss or capture is called the migration length. It sets the 
geometrical scale for the size of the reactor and depends 
mainly on the nuclear properties of the materials of the re
actor. 

3-Multiplication Constant. To maintain the chain re
action, the number of neutrons produced within the reactor 
must be equal to the number lost or absorbed. The multi
plication constant (k) is the ratio of the total number of 
neutrons produced during a small fraction of a second to the 
total number of neutrons lost or absorbed during the same 
time. The chief problem in reactor control is to keep thi<; 
ratio exactly equal to one. The value of k is then the 
ratio of the number of neutrons present in two successive 
neutron generations. It is clear that, unless suitably con
trolled, the number of neutrons in a nuclear reactor and 
consequently the reactor power, increases exponentiall; with 
time, provided k is greater than unity, i.e., the reactor is 
su percri tical. 

Except for a few neutrons from an artificial source used 
to start the reactor, all of the neutrons present are produced 
in the fission process. Not all of these neutrons so produced 
cause fission of other uranium nuclei. Many nuclear process-

es occur that influence the ability of the reactor to maintain 
criticality. These are: 

1-Leakage of neutrons from the reactor before they are 
slowed down. 

2-Leakage of neutrons after they become slow. 
3-Fission of U 2

"
5 'by slow neutrons. 

4-Fission of U 235 by fast neutrons. 
5-Fission of U 238 by fast neutrons. 

6-Non-fission capture of neutrons by U 235 forming U 236
, 

or by U 2
"

8 forming U 239
, the latter decaying first into nep

tunium and then into plutonium. These capture events are 
most likely to occur for particular values of neutron energy 
called "resonance energies". This is sometimes called "reson
ance capture". 

7-Capture of neutrons by structural, control-rod, or 
moderator materials in the reactor. 

8--Capture of neutrons by the products of previous fis
sions or capture processes. This and the previous effect con
stitute "parasitic capture". 

9-Neutron-induced fission of the products of previous 
capture reactions such as plutonium, which is produced by 
a process sometimes called "conversion". 

The importance of the various processes to the mainte
nance of a chain reaction varies greatly with the particular 
reactor design. To get some idea of how the neutrons are 
used and lost within the reactor, the magnitude of the pre-
ceding effects must be evaluated. . 

. Most c?ntemplat:d power nuclear reactors use highly en
nched, slightly ennched, or natural uranium. The relative 

(continued on page 54) 
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importance of the various events that influence the life of 
a neutron is quite different for each type. Naturally, a de
tailed analysis of each reactor is required before it can be 
mechanically designed. 

Reactors can also be distinguished by the neutron energy 
at which most of the fissioning takes place. The Submarine 
Thermal Reactor is called a "thermal reactor" because most 
of the neutrons are moderated so that they are nearly in 
thermal equilibrium with the water in the reactor. This 
means that most of the neutrons hav,e energies of about 0.03 
electron volt. The reactors at Hanford and the original "pile" 
at the University of Chicago are other examples of thermal 
reactors. 

Reactors, in which most of the fissions are caused by neu
trons having energies above the thermal range but not over 
about 1000 ev are called, "intermediate reactors", since they 
use neutrons in the intermediate energy range. A typical 
example of this type of reactor is the Submarine Intermedi
ate Reactor (SIR), being developed by the General Elec
tric Company for application in another atomic-powered 
submarine, U.S.S. Sea Wolf. 

If a reactor has most of the fissions originated by neutrons 
with energies above 1000 ev, it is called a "fast reactor", 
since it uses very high energy neutrons. An example of a 
transient fast reactor is the atomic bomb. However, stable 
operation of a fast reactor is possible and such a device has 
been operated at the Los Alamos Scientific Laboratory. 

Thermal reactors such as the STR are generally simpler 
theoretically than other types and the nuclear constants for 
them are better understood. Since the probability of fission 
is highest for low-energy neutrons, a thermal reactor for a 
given size can be made critical with smaller amounts of 
fissionable material than are required for the other reactor 
types. Thus, except for the poisoning effects by fission prod
ucts (~whose cross sections are also high for low energy neu
trons), the thermal reactor posses~.es a definite advantage 
in the ability to attain critirality with a minimum of scarce 
fissiona'blematerial. 

The prime source of information for reactor control is 
the measurement of the intensity of the neutrons that leak 
out of the reactor. Special neutron-counting devices are 
used for this purpose. Fortunately, nature assists in control 
of nuclear reactors. It was shown previously that a reactor 
would increase in power very rapidly if it became super
critical; so rapid is this increase that it would be very diffi
cult to actuate sufficiently rapidly to maintain criticality. 
However, not all the neutrons are emitted immediately in 
the fission process. At the time of discovery it was difficult 
to understand how this could be possible; however, it has 
been found that certain of the radioactive decay products 
in the fission chain possess excess neutrons to such an extent 
that they decay by neutron emission. Consider the typical 
fission reaction in which uranium fissions into bromine and 
lanthanum: 

92 U 235 + 0n1
--) 35Br87 + 57La147 + 20n 1 + Energy 

The bromine isotope 35Br87 decays into krypton 36Kr87
, 

which is also unstable and decays by two means: ( 1) normal 
electron emission to rubidium 37R'b87 and, ( 2) the emission 
of a neutron to the stable krypton isotope aGKr8 n. 

Neutrons emitted by such processes are called delayed 
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neutrons. Since the half-life (i.e., time for half the substance 
to decay) of 35Br87 is 55.6 seconds, the neutrons are emitted 
from its decay product for some time after fission. Even 
though only a fraction of the neutrons following fission are 
produced in this manner, they represent a sufficient number 
to increase the average neutron lifetime from 0.0001 second 
(the value if all neutrons were emitted promptly at fission) 
to 0.1 second. If neutron absorbing rods are moved into the 
reactor within a reasonable nurnber of seconds, reactor tran
sients due to a sudden hurst of neutrons can be compensated 
for and reactor stability maintained. 

Water-moderated reactors: possess a very desirable stability 
feature in that they have a relatively high negative tempera
ture coefficient. If the temperature of a water-moderated 
power reactor should rise, due to some unforseen reason, 
the reactor tends to operate at lower power, thereby lower
ing its temperature to its original value. Similarly, when the 
temperature is caused to decrease, the reactor works more 
effiectively and tends to increase the temperature. Hence, the 
reactor itself prefers to operate at a constant temperature. 
Since the reactor is usually required to operate at constant 
power, it is generally very desirable that the reactor power 
plant be inherently a!ble to make corrections for minor per
turbations due to temperature fluctuations. The negative 
temperature coefficient provides an automatic regulation of 
just this type. This property arises simply from the change 
in density and thus the moderating ability of the water when 
the temperature is modiified. Some of the water is squeezed 
out of the reactor core when the temperature increases and 
sucked back into the core when the temperature decreases. 
Since the moderating property of the water is proportional 
to the mass present within the core, this effect produces a 
strong stabilizing negative temperature coefficient that is of 
great value in controlling the reactor and its associated power 
plant. 

The pre~;ent existence of a number of different varieties of 
nuclear reactors-only nine years after the detonation of the 
first atomic bomb-attests to the speed at which events in 
this. fie~d transpired. Yet so much unexplored territory re
mams m nuclear physics and related sciences: that future 
disc~ver~es are cer~ain to exert marked influence on practical 
apphcat10n; conceivably the whole approach to practical use 
could be altered almost overnight by some new bit of in
formation. Just what transpires and how quickly is largely 
a function of how rapidly new knowledge can be uncovered. 

(end) 

CE (in bookstore): "How much is this paper?" 
Clerk: "Seventy-five cents a ream.~~ 
CE: 'It sure is." 

The eager relatives gathered for the reading of the 
will. It contained one sentence: "Being of sound mind, 
I spent every darn cent I had." 

Nurse: "Doctor Jones, I believe that engineering stu
dent has passed his crisis." 

Doctor: "How can you tell?" 
Nurse: "Welt when I left him he was trying to blow 

the foam off his medicine.'' 
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Needle Bearings Offer A Unique Combination of Advantages 

The Torrington Needle Bearing has 

two component parts-the full com
plement of relatively small diameter, 
thru-hardened, precision-ground 
rollers and a case hardened retain
ing shell by which they are held. 

The bearing is a complete unit in 
itself, and is easily pressed into posi
tion in a bore machined to proper 
dimensions. The advantages of this 
unit construction in simplifying in
stallation and speeding assembly 

are readily apparent. 

High Radial Capacity 

Of special importance is the high 
capacity of the Torrington Needle 
Bearing. This efficient anti-friction 
unit can carry a greater radial load 
than any other bearing of compar
able outside diameter due to the 
large number of rollers. The small 
cross section of the bearing allows a 

large shaft which permits a rigid de
sign with minimum shaft deflection .. 

Efficient Lubrication 

The method of lubrication is an
other feature of the Torrington 
Needle Bearing. The retaining shell 

with its turned-in lips provides a 
natural reservoir for the lubricant. 
Thus the needle rollers turn in an 
oil or grease bath and continually 
bring up a fresh film of lubricant
insuring rotation of all moving 
members on a fluid film. 

Low Cost 

The size of the Torrington Needle 
Bearing, coupled with the simplicity 
of its construction, makes it a com
paratively inexpensive anti-friction 
unit. Its compact size encourages 
simplified design which requires less 
material in surrounding compon
ents. This also contributes to further 

cost reductions. 
The shaft serves as the inner race 

in the majority of Needle Bearing 
applications and therefore should 

be hardened and ground to proper 
dimensions. However, where it is de
sirable to use an unhardened shaft, 
an inner race can be supplied. 

For Modern Design 

Where the efficiency of anti-friction 
operation is desired, and where 
space, weight and cost are vitally 
important considerations, Needle 
Bearings. provide a logical answer. 
That's why you will find them 
used in an ever-growing list of 
applications. 

This is one of a series of adver
tisements designed to give you the 
latest engineering information on 
Needle Bearings. Should you have 
occasion to work with bearing de
sign or wish more information, write 
our engineering department. 

THE TORRINGTON COMPANY 
Torrington, Conn. South Bend 21, Ind. 

District Offices and Distributors in Principal Cities of United States and Canada 
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The Editor's 

o put this magazine on a more personal level with 
the students in IT, I would like to print articles of in
terest from the various fraternities and organizations on 
campus. On Page 40 rm starting this policy. Anything 
of this nature to be in the December issue should be in 
my hands by November 22. See page 50 for informa
tion on another feature I hope to start next month. 

* * * * ACH month a mountain of mail goes through this 
office, and out of this pile a few pieces are worth 

passing on to you. The longer ones generally appear as 
articles, the shorter ones as blurbs in the New in Engin
eering column, and a few still remain that are of interest, 
but only worth passing comment. For example, a report 
prepared by Mr. John T. Rettaliata, president of Illinois 
Institute of Technology, entitled "Two Factors Which 
Endanger the Nation's Technological Superiority." This 
report was prepared in connection with the appoint
ment of a presidential committee to study the continuing 
shortage of young college-trained engineers and scien
tists. Quotations from the report are as follows: 

It is good news that our ,government and defense 
officials are becomin1g concerned as a result of the report 
that nearly three times as many coUege-trained engineers 
and scientists 1are' now be.ing graduated each year in 
Russia as i1n! the United States. 

This situation may bring about corrections in military 
draft policies, and in some high school c:urriculum pro
grams which have been keepin1g young engineers and 
scien.tists in short supply. President Eisenhower's appoint
ment of a special cabinet 1committee to study the pwblem 
is a step i.nl the right direction. 

Engineering educators are aware of two factors which 
are' e:n,c£angerin;g the nation's technological superiority: 
On'e is the local draft board ,Policy in some parts of the 
country of denying deferment to gradualte students. The 
other is the spreading tM'Lden:cy iml the high schools t·o
ward more gene•ral education programs which prepare 
fewer of their grad:u·ates to pursue scientific and engineer
ing studies in coPlege. 

In Russia, the engineering college' program extends 
over a 5 Y2-year period and contains very little study in 
the human1ities or liberal .arts field. Because of this spe
cializatio<n, the Russian graduate ·Ob1tains more· training 
in his field and, consequently, gets an· education eqluiva
lent to that obtain1ed by a master's degree student in this 
co.un;try. Furthermore, the Russians use force•d placement 
according t.o the Sit;uden1t' s college ·major. Since this 
restricts occup•ational mobility, the areas where the need 
is greatest are' filled more rapidly. 

An interesting comparison with this grim picture is 
the report issued by the National Society of Professional 
Enginer. 
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American irndiu,#ry again this year is eying college 
campuses across the nation for the young man who soon 
will be tucking that new engineering degree under his 
arm. 

And in June industry will once more be vieing for his 
talents, making him ·offers fo•r the fledlging e·ngineer has 
never before received in history. 

This is a rosy outlook for the young engineer, but it 
has a «catch." That is that some graduates-a sizable 
n'umber to be sureL-are going to be "oversold" by eager 
employers on what the ro·okie engineer can expect on 
his first job. 

When the «honeymoon" is over a lot of engineers will 
find themse'lves beruding over a drafting board or in test
ing, analysis or computation assignmenlts. Then they may 
start wondering why management is •not using to <the 
fullest the talents for which there was such frantic 
bidding only a few months before. 

Today, nearly 40 per cent of employed engineers are 
u~nhappy in their jobs, the report shows, and many of 
them blame their discontent on1 the fact they were "over
sold" by industry recruiters. 

On the o·ther side of the picture, are the many en
gineers who have found satisfaction in their jobs. And 
equally significant is the way in which a: wide section 
of industry is doing everything at its comma:n'd to keep 
the engineers happy. 

If such a, large percentage of engineers aren't happy, 
what's the reason? Some say they think their salaries 
are :too low and some blame it :o'n lack of opportunity 
for advanceme:n.t offered by the employer. 

Of significance, however, is the fact that twenty-eight 
per cent of all the en1gineers queried-including those 
satisfied with their jobs-indicated some' colleges are not 
training them adequately fo·r a career in engineering. 
Arud a large number of executives agree. Eighty-eight 
pe·r cernt of the emplo·yers felt engineering schools are 
turning out graduates w~th an adequate background of 
knowledge ·of scientific fundamentals, but a majority (62 
per cent) believed these newcomers were sorely deficient 
in other areas of study. 

Something of interest, especially to the graduating 
seniors, is the awarding of the National Science Founda
tion fellowships. Approximately 700 graduate and 130 
postdoctoral fellowships are to be awarded to individ
uals planning to undertake graduate study in the sci
ences during the 1955-56 academic year. 

Of prime interest are the first year fellowships. A wards 
in this category are to be made to students entering 
graduate school for the first time. The annual stipend 
for this category will be $1400. The studies may be 
taken at any accredited non-profit institution of higher 
education in the United States. 

Selection of fellows will be based on academic records 
and recommendations regarding each candidate's abil
ities. All applicants for graduate awards wil be re
quired to take an examination designed to test scien
tific aptitude and achievement. Further information may 
be obtained from the Fellowship Office, National Re
search Councit 2101 Constitution Avenue, N.W., Wash
ington 25,. D.C. 



Illustration shows test of aircraft compass at United States Gauge, 
division of American Machine and Metals, Inc. A magnetic force, 
developed by the loops, pulls the compass card 30° off its normal 
heading. Then the force is released, The instant of release and the 
moment the compass recovers by 5o are both recorded on the film
become positive evidence of proper performance. 

Wanted: 
an inspector with a split-second ye 

otog; 9' got e ;ob 
A difference of 2/lOths of a second means the compass 
passes or fails. So the maker pits it against a stop watch

gets definite proof of performance with movies. 

Uncle Sam said this aircraft compass must respond 
by 5 degrees in not less than 1 second or more than 
1.2 seconds. That's only 2/lOths of a second leeway
far too little for human hands and eyes to catch the 
action accurately. 

So, side-by-side, the stop watch and compass act 
their parts before the movie camera. Then individual 
frames along the film show the precise instant that 
the 5-degree mark is reached. 

Product testing and quality control are naturals for 
photography. They are typical examples of the many 
ways photography works for businesses, large and 

small. It is improving production, saving time, reduc
ing error, cutting costs. 

Graduates in the physical sciences and in engi
neering find photography an increasingly valuable 
tool in their new occupations. Its expanding use has 
also created many challenging opportunities at 
Kodak, especially in the development of large-scale 
chemical processes and the design of complex pre
cision mechanical- electronic equipment. Whether 
you are a recent graduate or a qualified returning 
service man, if you are interested in these oppor
tunities, write to Business & Technical Personnel 
Dept., Eastman Kodak Company, Rochester 4, N.Y. 

Eastman Kodak Company, Rochester 4, N.Y. 



45,000 C-E people working on jobs created by new products since 1945 could almost fill Princeton's Palmer Stadium. 
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Coming years promise even more progress. 

One out of every five people at General Electric owes 
his job to products G .E. didn't make before 1945. 
And the future looks even brighter. 

We can see new and exciting possibilities in many 
difl'erent fields. Atomic energy, jet engines, electronics, 
silicones- all promise to create new products, new 
processes and new jobs. 
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As we see it at General Electric, America's industrial 
progress in a free economy is not only continuing, it's 
rapidly accelerating. 

~rress Is Our Mosf lmporli!nf ?rotluc.f 

GE~IERAL ELECTRIC 





Robert Le Schneider, class of '49, 
speaks from experience when he says 0 s e 

' 'United tates teel 

offers unlimited opportunities covering 
practically all engineering fields" 

I N 1949 Robert L. Schneider gradu
ated from college with degrees in 

engineering and physics. After being 
interviewed by United States Steel, he 
was accepted as a trainee. Then after 
a year, he was advanced to a test engi
neer in the Maintenance Department; 
then to a power foreman in the Power & 
Fuel Division. By 1953, he had been 
made Power Superintendent in the 
Power & Fuel Division at the Carrie 
Furnaces. 

As superintendent, he is responsible 
for the operation and maintenance of 
power producing and distributing facili
ties for the plant which supplies elec
trical power to several of our largest 
steel mills around Pittsburgh. Such ad
vancement is not unusual at U.S. Steel. 

As for the future, Schneider says, 

"Opportunities are unlimited. U.S. 
Steel is such a large and· diversified or
ganization that the future is not re
stricted to your current department or 
division. Transfer to equal or better 
positions in numerous other divisions is 
always possible." 

To all future graduate engineers Mr. 
Schneider says, "U.S. Steel offers the 
best opportunity to get an overall pic
ture of and experience in industry to
day. U.S. Steel is big enough to cover 
practically all engineering fields and 

permits a man to find the fields he 
wants to pursue." 

If you are interested in a challenging 
and rewarding career with United 
States Steel and feel that you can 
qualify, you can obtain further details 
from your college placement director. 
Or we will gladly send you our informa
tive booklet, "Paths of Opportunity," 
upon request. Just write to Unite~l 
States Steel Corporation, Personnel 
Division, Room 1628, 525 William Penn 
Place, Pittsburgh 30, Pa. 

SEE THE UNITED STATES STEEl 1-IOI!.IR It's a full-hour TV program 
presented every other week by United States Steel. Consult your local 
newspaper for time and station. 

ITE E L 
AMERICAN BRIDGE •• AMERICAN STEEl & WIRE and CYCLONE FENCE •• COLUMBIA-GENEVA STEEl •• CONSOLIDATED WESTERN STEEl •• GERRARD STEEL STRAPPING •• NATIONAL TUBE 

Oil WEll SUPPLY •• TENNESSEE COAl & IRON •• UNITED STATES STEEL PRODUCTS •• UNITED STATES STEEL SUPPlY •• Divisions of UNITED STATES STEEl CORPORATION, PITTSBURGH 

UNITED STATES STEEl HOMES, INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATlAS CEMENT COMPANY 4-1B92 



1923-first aerial refueling 

1954-Boeing KC-97 tankers completed 16,000 refuelings last year 

30 years of progress in aerial refueling 

The small picture shows the first aerial 
refueling by the Air Force. The large 
picture shows a Boeing KC-97, today's 
standard Air Force tanker, transferring 
600 gallons of fuel a minute to a Boeing 
B-47 Stratojet bomber. 

Boeing pioneered aerial refueling 
tankers a.nd equipment. Further, during 
its 38 years, it has constantly pioneered 
trend-setting designs in commercial and 
military aircraft. This has meant such 
continuous growth that Boeing now 
employs more engineers than ever be
fore, including the World War II peak. 
Boeing offers stable careers to engineers 

of virtually EVERY type: civil, me
chanical, electrical and aeronautical. 
The company employs draftsmen and 
engineering aides for routine work, thus 
freeing engineers for more creative 
assignments. 

r r r 
50% 

Boeing engineers enjoy long-range ca
reers-46% of them have been at Boeing 
5 or more years, 2 5% have been here 
10 years, and 6% for 15 years. 

In addition to stability, Boeing offers 
an unusual variety of research, design 
and production opportunities, includ
ing work with new materials, guided 
missiles, jet bombers and transports, 
and research in nuclear-powered air
craft and supersonic flight. 

Boeing makes it possible for engi
neers to take graduate studies while 
working, and reimburses them for all 
tuition expenses. 

For further Boeing career information, 

consult your Placement Office, or write: 

JOHN C. SANDERS, Staff Engineer- Personnel 
Boeing Airplane Company, Seattle 14, Wash. 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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''NE'W DEPARTURES'' IN SCIENCE & I 

Naturally Dr. Diesel was proud of his engine. He 
was delighted! He'd spent the best years of his life 
on this "new departwre." So many experiments. So 
many failures. He finally succeeded in 1897, and 

_engineers everywhere acclaimed the Diesel engine. 

Ever since, better and better Diesels have been 
built. Smoother-running, more compact, more 
powerful, more dependable. And New Departure 
has helped. For example, the double-row angular
contact ball bearing which supports the rotors in 
the GM Diesel Supercharger. This bearing was 
designed and developed by New Departure. It is 
just one of many reasons for New Departure's wide 
reputation for ba II bearing leadership. 

Two double-row angular
contact ball bearings 
provide dose axial and 
radial location of rotors 
and timing gears in the 
GM Diesel Supercharger. 
This bearing type is Qne 
of many originated at 
New Departure. 

NEW DEPARTURE • DIVISION OF GENERAL MOTORS • IIRISTOL, CONNECTICUT 



Delbert N. De Young received a B.S. in Chern. Eng. from the University 
of Wisconsin last June. Now he is working for an M.S. degree. By asking 
questions, he's learned that many excellent industrial opportunities are 
passed over because they're not understood by the average undergraduate. 

Clarence rrDing" Bell answers: 

Well, if I said ((All sorts," it might sound a bit vague to 
you, Del, but it would be very close to the truth. That's 
because technical sales work at Du Pont-bearing in 
mind the great diversity of products we have-is broader 
in scope than a lot of other technical assignments, and 
requires additional talents. 

Let's suppose that one of Du Pont's customers is 
having technical difficulties-needs help in adapting 
ccTeflon" to a specific gasketing application, for exam
ple. When our sales representative calls, he naturally 
must carry with him the engineering knowledge that's 
the basis for sound technical advice-data on flexural 
fatigue, chemical passivity, and deformation under load. 
The customer is receptive. He wants to make a better 
product, increase his sales, reduce costs-or do all three. 
Naturally, he's looking for reliable technical advice and 
intelligent actions that apply to his specific conditions. 
With the cooperation of the customer and help from 
our own research people, when necessary, the problem 
will sooner or later be ('licked." 

We have found, though, that if a technical service 

BETTER THINGS FOR BETTER LIVHiolG 

••• THROUGH CHEMISTRY 

WATCH c•CAVALCADE OF AMERICA" ON TELEVISION 

Del De Young wants to, know: 

hat sort of 
Eli wor Is 

volved in 
e 

1 

technical sales 
atDu ont? 

Clarence D. Bell, B.S., Chern. Eng., Univ. of 
Pitts. (1937), joined DuPont as a chemical engineer 
immediately after graduation. He began in the re
search group of the Ammonia Department, pro
gressed steadily through assignments on nylon and a 
number of other products. Today he is an Assistant 
Director of Sales in the Polychemicals Department. 

man is going to be truly effective in such a situation, he 
must possess certain human qualities in addition to his 
technical ability. That is, he must really like people and 
be sincerely interested in helping them solve their prob
lems. He must-in every" sense of the word-be an 
"ambassador" who can handle human relationships 
smoothly and effectively. 

Take the depth suggested by this simple example, 
Del, and multiply it by a breadth representing all the 
challenging problems you'll run into with Du Pont's 
diversity of products. If your slide rule isn't too far out 
of alignment, the resulting area should give you some 
idea of what I meant by Hall sorts" of work. 

Let me emphasize one more point. The importance of 
effective sales work is fully understood and appreciated 
at Du Pont! In the past, sales work has been one of the 
active roads to top management jobs. There is every 
reason to believe that this will continue in the future. 

Are you inclined toward sales work? There are four main 
types of sales activity in the Du Pont Company-tech
nical sales service, sales development, market research 
and direct selling. Information on sales, and many other 
facts about working with Du Pont, are given in "The 
DuPont Company and the College Graduate." Write for 
your copy of this free 36-page booklet to E. I. du Pont de 
Nemours & Co. (Inc.), 2521 Nemours Building, Wilming
ton, Delaware. 
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DEVELOP 
® @ ® a leader in the DESIGN o ~ @ 

ENJ and PRODUCTION of TURBO·JET 
and TIURBO·PROP ENGINES 

We'd like to tell you more ~about our expanding, long-range engineer-

ing program. And, explain how you can build YOUR engineering 

career with Allison in Indianapolis. Allison offers REAL opportunity for 

the young engineer with the qualifications and potential for progress 

with a pace setter in advanced types of aircraft power. Write for 

additional information and application blank: R. G. GREENWOOD, 

Engineering College Contact, ALLISON DIVISION1 General Motors 

Corporation, Indianapolis 6, Indiana. 

DIVISION/ GENERAl MOTORS CORPORATION, Indianapolis, Ind. 

Design, development and production-high power TURBINE ENGINES, PROPELLERS and ACTUATORS for modern 
aircraft ••• heavy duty TORQMATIC DRIVES for Ordnance and Commercial vehicles .•• DIESEL lOCOMOTIVE 
PARTS ••• PRECISION BEARINGS for gasoline and Diesel engines and special application. 



The Lockheed Missile Systems Division 

announces an advanced study program for 

MASTER OF SCIE CE DEGREES 

University of Southern California o University of California at Los Angeles 

During the regular school year the industrial 
assignment will he coordinated 
with the Study Program to permit a 
half-time University schedule of 
advanced study. During the school 
vacation periods participants will 
he employed full-time at the 
Lockheed Missile Systems Division. 

Students who are United States citizens or 
members of the Armed Services being 
honorably separated and holding 
B.S. Degrees in Physics, Electrical 
Engineering, Mechanical Engineering, 
and Aeronautical Engineering are 
eligible. Candidates must qualify 
for graduate standing. 

Tuition, admission fees a~1d costs of 
textbooks covering the number of 
units required by the University 
for a Master of Science Degree, 
will be horne by Lockheed. A 
travel and moving allowance will be 
provided for those residing outside 
the Southern California area. 

How to apply: 

GRADUATE STUDY COUNCIL 

MISSILE SYSTEMS DIVISION 

LOCKHEED AIRCRAFT CORPORATION 

VAN NUYS • CALH'ORNIA 

Contact your placement bureau or write 

The Graduate Study Council for an application form 

and brochure giving full details of the program. 
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nuts 
Here are ten typical fastening problems. One device, the 
ELASTIC STOP nut, solves them all-without additional parts 
or operations. Deliberately undersized in relation to bolt diameter, 
the red elastic collar grips the bolt with a perfect fit, exerting 
a continuing self-locking pressure against the threads, and 
holding the nut securely in place at any point on the bolt. It also 
provides a tight seal against the bolt threads, which prevents 
seepage and wear-producing axial play. And because the bolt threads 
are protected against moisture from without, the nuts are 
not "frozen" to the bolt by corrosion. 
ELASTIC STOP nuts stay tight, right where you put them, in spite of 
vibration and stress reversals. Yet they are not jammed in place. and can be 
removed with a wrench and reused many times. 
For further information on ESNA self-locking fasteners, 
mail the coupon below. 

ElASTIC STOP NUT CORPORATION OF A ERICA 

Dept. N40 ,!illtCSstic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 

Please send the following free fastening information 

0 Elastic Stop nut bulletin 0 Here is a drawing of our product. What self· 
0 ~ollpin bulletin locking fastener would you suggest? 

Name __________ _;.... _____ Title ______ _ 

firm'--------------------------
Street·-------------------------

Citv·----------...,----_.;;cme __ $tate'------



MOST OF THIE RESEARCH WORK that led to the development of 
Ultraforming-a more efficient and economical refining process- took 
place in the Whiting research laboratories of Standard Oil, above. 
Extensive studies in seventeen research-scale units demonstrated 
the merits of cyclic regeneration. 

Standard Oil scientists develop llralorrnin •• 
the latest 1n catalytic reforming 

After several years of research, Standard Oil 
scientists have developed a new and important 
refining process-Ultraforming. 

The process is a better way of improving the 
low-octane straight-run gasoline found in crude 
oil. To make such gasoline suitable for present 
day cars, refiners must change it into an en
tirely different material, which gives good anti
knock performance. The change is known as 
reforming. 

Ultraforming is the last word in catalytic 
reforming. It gives greater yields of higher 
octane gasoline than were previously possible 
and gets good results even with poor feed 
stocks. In addition, it raises the yield of 
hydrogen, an increasingly valuable by-product 
of catalytic reforming. 

Ultraforming units do not have to be shut 
down when the catalyst begins to lose activity 
through use. By a new technique, an im
proved platinum catalyst is regenerated to 
maintain peak performance. 

The ad vantages of Ultraforming over pre
vious methods are so great that Standard Oil 
and its subsidiary companies are building units 
at four refineries. They will start operating 
this year. The new process, of course, is avail
able to the petroleum indus try through licens
ing arrangements. 

At Standard Oil, young engineers and chem
ists work with the stimulating knowledge that 
they are participating in important and last
ing contributions to the oil industry and to 
their country. 

tandard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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By DAVE 

Reprinted from the Drexel 

OUR HOM,E may one day be a refrigerator. That 
is to say, it will be cooled like a refrigerator in the 
summer, and heated by a reverse process in the 

winter. This will be accomplished by the use of a heat 
pump. It is the "getting something for nothing" (as other
wise waste heat is used from ground, water, or air) that 
makes this type of heating system especially attractive . 

.A!bout one hundred years ago, Lord Kelvin first called 
to attention to the fact that refrigerating systems are re
versible, and that they have some unusual and interesting 
characteristics when operated as heatl.ng systems. Interest 
in the idea remained practically dormant until about thirty 
years ago, when the development of the domestic refrigera
tor and commercial refrigeration for food preservation be
gan to make engineers think of summer air-conditioning 
for home as something more than just a far-off dream. 

With the extensive promotion of summer air-conditioning 
for homes, the heat pump is moving from a dream to a 
reality. It offers possibilities of fuel economy far beyond 
anything possible with fuel-burning equipment. 

Figure 1 illustrates the phenomenon of heat absorption 
by a boiling liquid. Heat applied to liquid in the flask 
is used to raise its temperature to the boiling point and 
change it to vapor. When the vapor is cooled below its 
vaporizing point, it will give off its latent heat of vapor
ization and condense hack to liquid form. At atmospheric 
pressure, the boiling of water in the flask and the con
densing of water in the condenser tubing will occur at 
212~F. All the heat absovbed from the flame by the water 
will be transported and released in the condenser. At 
pressures less than atmospheric, the water will boil at 
temperatures less than 212F. If a vacuum pump is at
tached to the flask, as in Figure 2, and the pressure in 
the flask (evaporator) is reduced to 0.36 pounds per 
square inch, the water will then boil at an ambient 
temperature of 70F. Since the vacuum. pump exhausts 
the vapor at atmospheric pressure, 14.7 pounds per square 
inch, the vapor wiU condense back to a liquid at 212F. 
Thus, by virtue of the work required to pump the vapor 
from the lower to the higher pressure, heat is absorbed 
at a temperature of 70F and released at 212F. 

Substances with more suitable characteristics than water 
are available for the purpose and are known as refrigerants. 
Among their more desiralb1e properties is the ability to 
evaporate at low temperatures with saturation pressures 
greater than atmospheric, with the consequence that high 
vacua are not required. If Freon-12, one of the most 
commonly used refrigerants, is emp:Ioyed in the apparatus 
shown in Figure 2, heat can be a1bsovbed at a temperature 
of 32F and given oil at lOOF with a pressure of 72.5 
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pounds per square inch in the evaporator and 212.6 pounds 
per square inch in the condenser. 

To permit the reuse of the refrigerant, the condenser 
liquid can be returned to the evaporator through a pres
sure-reducing orifice, or expansion valve, thus completely 
sealing off the refrigerant system from the atmosphere. 
This results in a complete refrigeration system, as shown 
in Figure 3, capable of continuously extracting external 
heat at one temperature and delivering it at a higher 
temperature. 

For use as a refrigerator, the evaporator is placed in
side an insulated container and heat is pumped to the 
outside. For a heat pump that can be used alternatively 
as a heater or a cooler, it is not necessary to reverse the 
cycle, as is commonly supposed; but simply to utilize the 
heating effect of the condenser, or the cooling effect of 
the evaporator as is desired. 

Figure 3 shows a simplified schematic diagram of a 
direct-expansion heat pump. When the pump operates in 
the winter time for heating purposes, air from the house 
is forced through the condenser where it is heated suffi
ciently to satisfy the heat loss of the house. Air from out
side is forced through the evaporator where it provides 
heat to be transmitted to the house. To use this same 
system for cooling in the summer the outdoor air and the 
are available for the purpose and are known as refrigerants. 

Technical problems fall into two main categories: ex
ternal conditions under which the heat pump must work, 
and internal conditions or manners in which the heat 
pump must satisfy the external requirements. 

An important external condition is the source from 
which heat can be obtained in the winter and to which 
it can be released in the summer. Figure 4 diagrams the 
three principal sources: well water, ground and air. 

Well water is an attractive heat source since its tempera
ture in cold weather is considerably higher than the air 
temperature. It can be used as a heat source directly or 
indirectly. For the direct method, it is pumped from the 
well and heat is removed from it by reducing its tempera
ture before it is discharged. To insure a sufficiently high 
evaporator temperature for efficient performance and to 
avoid the possibility of ice formation, it is generally neces
sary to pump at the rate of three to four gallons per 
minute for each horsepower of compressor size. This quan
tity may severely strain the capacity of the water strata 
and, in addition, considerable pumping power is required. 
For that condition, it is possible to conserve pumping 
power by circulating a secondary fluid, as shown in Figure 
4 (a). This method imposes the penalty of an additional 
temperature drop for heat transfer, and will work only if 
there is sufficien~ movement of the underground water past 
the well; otherwise, continued removal of heat may reduce 

21 2.* F 
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the temperature of the water in the casing until it freezes. 
Another method, that is receiving much attention, is 

that of burying a heat exchanger directly in the ground 
to provide a source of heat for the heat pump. The amount 
of heat available varies widely with the type of soil and 
the amount of moisture present. Heat obtained in this 
way does not come from the center of the earth. Most of 
it comes from underground water or the storage of heat 
from the sun's radiation. 

As illustrated in Figure 4b, an evaporator coil may be 
imbedded directly in the ground, or an indirect system 
may be used wherein the heat is obtained by circulating 
water or an anti-freeze solution through the coil. 

The remaining common source of heat for the heat 
pump is the atmosphere. This source appears in most in
stances desirable from an economic standpoint. Its particu
lar advantage is that it is universally available, and unlike 
many other sources, its characteristics are generally pre
dictable. Its obvious disadvantage, of course, is that it is 
coldes{ at about the time that the most heat is needed. 
Even so, there is heat available even if the outside air 
being cooled may be at a temperature well below zero. 
As is indicated in Figure 4c, outdoor air may be passed 
over the heat pump evaporator and its temperature re
duced to obtain heat, or in case where large quantities of 
air are being expelled for ventilation or other purposes, it 
may be feasible to extract all or a large portion of the 
required heat from it. 

Other sources of heat are sometimes available. Streams 
or open bodies of water under some condition have been 
found practical, and municipal water has been particularly 
useful as a supplementary source to outdoor air during 

\'I tll- \V A. l t tt 
D\Q..tC1 

Fig. 4 

12 

Fig. 3 

Ia/ 
I 

c 



periods of low temperatures. Some attention is also being 
given to the possibilities of heat stored by a solar radiation 
collector. 

The efficiency of the system is the heat output divided 
by the heat equivalent of the electrical input, and because 
this is always greater than 100 per cent, it is called the 
coefficient of performance. The electrical input multiplied 
by the coefficient of performance yields the heat output 
to the house. 

The relative proportion of heat obtained from electrical 
input and from outdoor air depends primarily on the in
door and outdoor temperatures. This is quite different 
from a fuel burning furnace which has an efficiency sub
stantially independent of outdoor temperatures. As in the 
case of a steam power plant, the heat pump is a heat 
engine absorbing heat at one temperature level and dis
charging it at another. The principal difference is that a 
steam power plant delivers mechanical work from the 
engine, whereas the heat pump absorbs it. Both follow a 
theoretical ideal, the Carnot cycle, and the theoretical 
ideal efficiencies are similar in form, that for the heat 
pump being: 

71 
Coefficient of Performance=---

71-72 
T 1 is the house or condenser temperature, both being 

the same in the ideal, and 7 2 is the outside or evaporator 
temperature. Temperatures in this case must be measured 
on the absolute scale. Curve A in Figure 5 shows the co
efficient .of performance for a perfect Carnot cycle heat 
pump maintaining 70F in a house at various outdoor 
temperatures. It will be noted that with a heat pump at 
20F outdoor temperature, it is theoretically possible to 
obtain 10.6 times as much heat in the house as would be 
possible by using the same power input in electrictil __ re
sistance heaters. In addition to a perfect heat engine,. this 
would require condenser and evaporator heat transfer suf
ficiently large to transfer the heat without appreciable 
temperature differences, and correspondingly large air flow 
in the house and outdoor air circuits. Sizing the heat trans
fer surfaces and air flows to values that would be con
sidered practical in a summer air-conditioning system of 
similar proportions would give Curve B in Figure 5, where 
the refrigerant condensing temperature has been increased 
and the evaporating temperature decreased a total of 
60F. This would permit delivery of heated air to the house 
at 105,F to llOF. Curve C in Figure 5 shows coefficients 
of performance that can be obtained with refrigeration 
equipment available today. This curve differs from Curve 
B in that proper allowance has been made for the use of 
Freon 12 instead of a perfect refrigerant, for mechanical 
and other inefficiencies of equipment, and for power re-
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Fig. 5 

quired by auxiliaries such as fans. The performance indi
cated by this curve has been reached by installations now 
in operation using outdoor air as a source of evaporator 
heat. 

Estimating the average annual energy consumption of 
heat pump is obviously a tedious undertaking, because the 
coefficient of performance is a function of outdoor tempera
ture and doubly dependent on the weather. However, ap
proximate calculations for the average climate of the 
United States, including both winter heating and summer 
cooling, give a total usage of about 17,000 kilowatt-hours 
per year. In the event of atomic power to supply the 
energy, the cost of heating and air-conditioning would be 
practical for the average home owner. 

Another way that maximum economy may be obtained 
is to substitute a natural gas motor to drive the compres
sor. The hot exhaust gases may be used to supplement the 
external source of heat. In this way air temperature at 
the plenum reach 135F. Specifications for one such unit 
are: heating, up to 225,000 BTUs per hour and cooling, 
up to 10 tons refrigeration. 

The future cuppears to be bright for the growth of 
the heat pump use in homes and other buildings. Appli
cations of the heat pump principle to industrial processes, 
as well as for water heating, will also emerge in greater 
numbers. Residential applications will be made principally 
with self-contained units and initially will find most rapid 
acceptance in the South and West Coast regions. As 
further technical refinements are made and as greater con
sumer familiarity with its advantages is achieved, the 
growth will spread to the North and Central United States. 

(end) 
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Most businesses are helped 
today by Hercules' business 
... the production of synthetic 

resins, cellulose products, chemical 
cotton, terpene chemicals, rosin and 
rosin derivatives, chlorinated prod
ucts, and many other chemical proc
essingmaterials-as well as explosives. 
Through close cooperative research 
with its customers, Hercules has helped 
improve the processing or perform
ance of many industrial and consumer 
products. 

ONE PAINT IN A HUNDRED-Toronto's new $50,000,000 
subway is modern in every way, including its glisten
ing tile walls and brightly painted ceilings, For the 
ceiling, a paint was needed that could resist high 
humidity. More than 100 were tested and a paint 
based on Hercules Parlon® (chlorinated rubber) 
selected. On all types of surfaces, interior and ex
terior, Parlon paints are providing outstanding service 
at lower long-term cost. 
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BEAUTIFUl BUT TOUGH-"Saucy Walker" greets "Mary Hartline", famed star of TV. 
Both dolls are members of the ever-popular Ideal Toy family. Molded with Hercules 
Hercocel ® Cellulose acetate, the dolls have that combination of beauty and durability 
that spells increased sales ... happy children ... satisfied parents. 

FOR A WHITE HOT RECIPE-Pouring molten metal to produce castings weighing 
30 tons or more places a heavy demand on the sand. Molds and cores for steel and 
cores for iron "stay put" when bonded with Truline® binder. Yet cores are easily 
removed when metal has set. And Truline means cores can be baked in half the normal 
time, preventing foundry oven bottlenecks; reducing man hours per ton. 

HERCULES POWDER COMPANY 

Wilmington 99, Delaware 
Sales Offices in Principal Cities 
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Alcoa's new 
aluminum office 
building 

DUSTRY 

• In 1888, the aluminum industry consisted of one company
located in an unimpressive little building on the east side of 
Pittsburgh. It was called The Pittsburgh Reduction Company. 
The men of this company had real engineering abilities and 
viewed the work to be done with an imagineering eye. But 
they were much more than that. They were pioneers ... 
leaders ... men of vision. 

A :ot has happened since 1888. The country ... the 
company ... and the industry have grown up. Ten new 
territories have become states, for one thing. The total 
industry now employs more than 1,000,000 people
and the little outfit on Smallman Street? Well, it's a lot 
bigger, too-and the name has been changed to Alcoa. 
ALUMINUM COMPANY OF AMERICA ... but it's still the 
leader-still the place for engineering "firsts". 

As you prepare to trade textbooks for a position in 
industry, consider the advantages of joining a 
dynamic company like Alcoa-for real job stability 
and pleasant working conditions-where good 
men move up fast through their association with 
the recognized leaders in the aluminum industry. 

We have fine positions for college graduate 
engineers-in our plants, sales offices and 
.research laboratories from coast to coast. 
These ar~ positions of responsibility in 
production ~upervision, plant and design 
engineeri~g, industrial research or sales 
engineering. Right now it may be 
quicker than you think from a seat in 
the classroom to your career with 
Alcoa. Why not find out? 

Your Placement Director will be 
glad to make an appointment for 
you with our personnel represent
ative. Or just send us an applica
tion yourself. ALUMINUM 
COMPANY OF AMERICA, 182 5 
Alcoa :Bldg., Pittsburgh 19, Pa. 
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IR CONDITIONING is the science of controlling 
the temperature, humidity, movement, and purity of 
air. The reasons for air conditioning are to main

tain human comfort and health, control atmospheric con
ditions for industrial processes, and attain air conditions 
suita:ble for storage of goods. This article is concerned with 
the physical and chemical conditions of the au as· they 
relate to human comfort and health. 

For many years, air was conditioned with the thought 
of maintaining its purity. Close control of temperature 
and humidity was thought to be relatively unimportant. 
"Crowd poison" was the term given to people breathing 
and giving off odors to the air. Discomfort in a crowded 
room was thought to be caused by excesses of carbon 
dioxide and other impurities in the air. Tests of the 
American Society of Heating and Ventilating Engineers, 
( ASHVE), have proved this old idea to be false. Experi
ments ·showed that conditions of both comfort and dis
comfort could be obtained with either high or low con-

(Left) Passengers who have sat in airplanes wait
ing to take off and either sweltered or shivered, ac
cording to the weather, will find relief at the new 
Greater Pittsburgh Airport. It's the only airport in 
the world to provide a central air-conditioning and 
heating system to standing aircraft. 



(Above) Home model of Westinghouse's electrostatic 
air cleaner. 

(Below) Outside installation of GE's new air-cooled 
condenser, used for waterless air-cooling, which can 
be installed just about anywhere. 

centrations of carbon dioxide by varying temperature and 
humidity. Present-day control of air impurities consists 
of adding only enough fresh air to dilute the room air to 
a point where body odors are not perceptible and smoke 
is not objectionable. According to the Air Conditioning 
Manufacturers' Association, the minimum addition of out

_side air should be five cubic feet per minute for non-
smokers and twenty-five cubic feet per minute for smokers. 

Outside air introduced to a conditioned space must have 
its movement controlled to prevent adverse physiological 
and psychological effects. A certain amount of air move
ment over the body is necessary to remove heat and 
moisture, but dra:fts cause too rapid dissipation of body 
heat and cooling of skin surfaces. With many individuals 
the psychological factors pertaining to air movement af
fect comfort. A slight draft which could not cause too 
rapid cooling could cause discomfort because of false 
ideas held by a person. Some people like to have a win
dow open at all times irrespective of room air tempera
ture, humidity and purity. The Trane Company has 

18 

This Westinghouse air conditioner may be used 
alone or in conjunction with a forced warm air heat
ing system and is capable of cooling the average 
size home. 

found that air velocities up to forty feet per minute will 
not cause complaint. 

The body process of converting chemical energy in food 
to heat energy is called metaJbolism. The body adjusts its 
rate of metabolism to maintain an internal temperature 
of 98.6F. A second method of maintaining constant body 
temperature is by varying the flow of blood to the skin 
surfaces. An increase in flow of blood increases the rate 
of heat loss to the surrounding air. The third method, 
usually coming into effect after the other two, is increased 
body heat loss through moisture evaporation on skin. The 
system is able to adjust to different climates by changing 
the rate of metabolism. This adaption is called acclimatiza
tion. Acclimatization may take two or three months. The 
sweat glands are more effective for handling widely vary
ing heat losses neoessitated by changing activities during 
the day. The expulsion of moisture by the sweat glands 
is incidental to the expulsion of heat thereby. The body 
also has other means of disposing of moisture. The heat 



losses of the body may be classified as either latent or 
sensible. 

.Sensible heat losses take place through conduction, con
vection, and radiation. Losses by conduction are the least 
important, but deserve consideration in some instances. 
A worker will occasion discomfort if forced to stand or 
sit on a cold object having high conductivity. Convection 
losses are to the air which circulates over the skin. The 
loss in heat varies directly with the rate of circulation. 
Maintaining convection air currents in an occupied space 
is no problem on earth. Air picking up body heat expands 
and the more dense cold air is drawn to the bottom of 
the room by gravity pull. In planning a trip into space 
in a rocket, a means of providing convection would have 
to be considered because a human's breath would hang 
around him like a fog and warm, moist air would envelop 
his body. 

The sensible heat losses by radiation are a function of 
the temperature difference between the body and the ob
ject reflecting or absorbing heat, the absorptivity, and the 
distance separating the body and the object. Ordinarily 

.. (Above) Washing a precipitron type air cleaner 
which supplies fresh, clean air to waiting commercial 
aircraft parked outside. (Left) Oil fired warm air 
furnace combined with a water cooled home cooling 
unit. 

the effect of radiation to a cold object is imperceptible; 
however, if a person stands by a pile of cold steel in a 
warehouse, the effect is noticeable. The affect of radiation 
from a hot object is very apparent as in the case of an 
electric heater or a pot of molten metal. It is possible to 
maintain body comfort with air temperatures lower than 
normal if the walls of a room radiate enough heat to the 
body to make up for the increased heat loss to the colder 
au. 

'The latent heat loss of the body is the heat given up 
to evaporate the moisture expelled by the sweat glands. 
While sensible heat accounts for most of the body heat 
loss at low temperatures, latent heat accounts for most 
of the loss at high temperatures. 

"Effective temperature (E.T.) is defined as that index 
which expresses the composite effect of air temperature, 
relative humidity, and air motion on the human body." 
As implied by this definition, no one factor determines 
comfort, but a combination of factors. For a given dry 
bulb temperature, varying degrees of comfort may be ob
tained by varying humidity and air motion. ASHVE tests 
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show that for any temperature within a range of 17 de
grees for summer and 14 degrees for winter, comfort 
conditions for most people may be obtained by varying 
the relative humidity. It is conceivable that if the factor 
of air motion had been included in the tests, that an even 
greater range of temperature could have been obtained. 
The ASHVE experiments showed that a combination of 
high humidity and low dry bulb temperature have the 
same effect on comfort as high dry bulb temperatures and 
low relatives humidity. An effective temperature of X 
degrees means that the air in question will produce the 
s~e sensation of warmth as saturated air at X degrees 
dry bulb. 

The first consideration in designing an air conditioning 
system is sizing the equipment to obtain the maximum 
amount of air that would be required under ordinary con
ditions. Ordinary determinations are made on the basis 
of so many cubic feet of air per minute per individual 
in the occupied space. Air quantity supply specifications 
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for industrial applications, where toxic or explosive vapors 
are given off, are usually given by city ordinance as an 
air change per so many minutes. 

The quality or purity of the air in the conditioned 
space may be controlled by varying the per cent re
circulated or by means of air wash or filters. 

The air entering a conditioned space should not be 
directed toward the occupants. Flow should be planned 
to eliminate any dead spaces in the room. 

The velocity of the air across a room should be kept 
under 40 feet per minute for human comfort. The air 
entering through ducts should not exceed 2000 feet per 
minute. 

To condition air for comfort and health, air tempera
ture, humidity, motion, and purity must be considered. 
Effective temperature is a useful tool in combining these 
factors. 

(end) 



How a 11/4 hour (9(9gem-cutting'' operation 

became an 8-nzinute mechanized job 

PROBLEM: Preparing quartz 
crystals for use as electronic 
frequency controls calls for 
the highest degree of preci

sion. So much oo, in fact, that prior to World 
War II skilled gem-cutters were employed 
to do the job. 

But during the war, there were not enough 
gem-cutters to keep up with the demand for 
crystals in radar, military communications 
and other applications. 

Western Electric tackled the job of build
ing into machines the skill and precision that 
had previously called for the most highly 
skilled operators. 

SOLUTION: Here is how quartz crystals are 
made now-by semi-skilled labor in a fraction 
of the time formerly required: 

A quartz stone is sliced into wafers on a 
reciprocating diamond-edged saw, after de
termination of optical and electrical axes by 
means of an oil bath and an X-ray machine. 
Hairline accuracy is assured by an orienting 
fixture. 

The wafers are cut into rectangles on rna
chines equipped with diamond saws. The 
human element is practically eliminated by 
means of adjustable stops and other semi
automatic features. 

The quartz rectangles are lapped automatic
ally to a thickness tolerance of plus or minus 
.OOOl".A timer prevents overlapping. Finally, 
edges are ground to specific length and width 

dimensions on machines with fully automatic 
microfeed systems. 

Most of these machines were either com
pletely or largely designed and developed by 
Western Electric engineers. 

RESULTS: With skill built into the machines 
-with costly hand operations eliminated
this Western Electric mechanization program 
raised production of quartz crystals from a 
few thousand a year to nearly a million a 
month during the war years. This is just one 
of the many unusual jobs undertaken and 
solved by Western Electric engineers. 

Quartz stones are cut into wafers on this diamond-edged saw, 
with orientation to optical axis controlled by fixture. This is 
just one of several types of machines designed and developed 
by Western Electric engineers to mechanize quartz cutting. 

Mc:mufaduring plants in Chicago, Ill.; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and laureldale, Pa.; Burlington, 
Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.; Haverhill and lawrence, Mass.; lincoln, Neb.; St. Paul and Duluth, Minn. 
Distributing Centers in 29 cities and Installation headquarters in 15 cities. Company headquarters, 195 Broadway, New York City. 
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8 RAND NEW 

.... : .. . .. 

Chaplain: (To prisoner in electric chair)----Can I do 
anything for you? 

Prisoner-Yes, hold my hand. 

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

The first letter received said; ''Hernia." 

Asked how he achieved such natural. delicate flesh 
tints on his nudes. the painter Renoir is said to have 
replied: 

"I just keep on painting and painting until I feel like 
pinching-then I know it's right." 

A salesman making a week's stay in town bought 
some limburger cheese to eat in his room. When he got 
ready to leave, he still had part of it left. Not wanting 
to pack it or leave it lying open in th~ room, he went 
to the window-sill, carefully removed a plant from the 
pot, buried the cheese, and replaced the plant. 

A few days later he got a telegram from the hotel: 
"O.K., we give up. Where in hell did you hide it?" 

After explaining the meaning of the word responsi
bility to her second graders, the teacher asked the 
youngsters to tell about their responsibilities at home. 
"My responsibility," said one particularly strenuous 
little boy, .. is to get out and stay out." 

E 

Once a young college female wrote the editor of a cor
respondence column, "J"m only 19 and I stayed out till 
two the other night. My mother objects. Did I do wrong?" 

The answer published in the paper next day: '(Try to 
remember.'' 

He had Tarzan's eyes-they swung from limb to limb. 

A patient in an asylum who had been certified cured 
was saying goodbye to the director of the institution. 
"And what are you going to do when you go out into 
the world?" asked the director. 

"WelL" said the ex-nut, "I have passed my bar exam
inations; so I may try to work up a law practice. Again, 
I had quite a bit of experience with dramatics in college, 
so I may try my hand at acting." 

He paused and thought a moment. 
"Then, on the other hand," he continued, 'T may 

decide to be a teakettle." 

A certain Business Administration Professor was unpa~ck
ing some glassware he had received from the factory. Seeing 
that one jar was upside down he exclaimed, "How absurd, 
this jar has no mouth." Turning it over he w.as once more 
astonished, "Why the bottom's gone too/' he exclaimed. 

The Tridelt, excited about having been ,pinned by a 
fraternity man the night before. dressed hurriedly and 
was walking towards the cathedral when she came -
upon a group of male friends bound for State Hall. 
Stopping in front of them, the girl proudly thrust o\lt her 
chest and commanded happily. "Look!" . -

But in the excitement. she had forgotten to wear the 
pin. 

"Merry Christmas'' says the engineers' dream of Santa Claus,. 

Margaret Ann Ellefson is a junior in the College of Education, 

majoring in music. Fellas, let's not jam the steps of the Pi Beta Phi 

house wanting to make sweet music with her. 

Photo by Norv P~rvier 
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Selecting 
Your 

Employer 

By R. H. EARLE 

Chief Engineer, Central Plant 

Line Material Company 

HE ENGINEERING student who is about to grad
uate and start on his working career often is con
fronted by so many job openings that he has diffi-

culty in selecting the best one. Obviously, he wants to 
choose the position which offers him the best oppor
tunity to develop his talents to the utmost, contribute 
the most to the organization he selects, and receive in 
return the greatest compensation in the form of recog
nition, personal enjoyment in his work, and his salary. 

The young engineer's problem bears a striking simil
arity to that of a man who has some money to invest on 
a long-term basis and wishes to purchase common 
stock in the business concern which will give him the 
greatest return over the long pull. 

Investment counsellors have some guides that they 
follow in advising prospective investors. The counsel
lors point out, as good investment possibilities, com
panies that are in a growing and an essential industry, 
have financial stability, and are operated by a seasoned 
management It is interesting to see if these same 
guides could not be followed by the yeung engineer 
selecting a job. 
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One of the first things the young engineer and the in
vestor have to decide is to what degree they wish to 
speculate because there is no such thing in the business 
world as absolute security, either for the money invested 
in a business or for the men that make up the organiza
tion. 

The investor who is young, healthy, and financially 
independent, even during emergencies, can afford to 
take greater risks with his common stock fund than 
could, for example, an older mari with family responsi
bilities, limited resources, and few years to recover from 
any financial losses he might experience. Likewise, the 
young engineer who is healthy and financially inde
pendent can afford to take a greater risk in the selec
tion of a job than a young man who is married, has a 
family, and is solely dependent upon his monthly salary. 

I believe that most young engineers and most long 
term investors in common stocks can take a so-called 
"businessman's risk," because they are both looking for 
a moderate amount of security. Engineers and investors 
seek an opportunity for progress through growth of the 
company with which they are associated. 

At this point it might be interesting to trace the history 
of a typical company or typical industry in our economic 
system today. 

The usual pattern is for the early stages of an industry 
to be quite hazardous from a financial standpoint and 
very speculative for both the investors and the em
ployees. For example, the very earliest railroads that 
were built shortly after the steam locomotive was in
vented were very hazardous ventures and/ undoubt
edly, much money and many jobs were lost in the early 
stages. 

Very often in these early stages there is not a market 
yet for the product being sold. Further there has not 
been engineering design data accumulated to the point 
that a thoroughly satisfactory product can be designed 
and produced. The result is likely to be frequent cus
tomers/ complaints and consequent losses from replacing 
defective products. As the industry and the companies 
in it gain more experience, establish a market for the 
product, and accumulate know-how and facilities, a 
reasonable measure of stability gradually evolves. The 



industry then enters a so-called "growth" period. If the 
product or service has a wide appeal, the market de
velops rapidly, and for some years shows no sign of 
saturation. During this period the industry and the 
companies in it are likely to grow at a more rapid rate 
than business in general. 

Gradually as enough companies get into the business 
to supply the market adequately, the market approaches 
a ceiling and its ultimately made up of two parts: first 
in the replacement of products that have already been 
sold and have ben worn out in service; second in sup
plying new buyers who have never owned the product 
before. This latter part of the market is pretty well 
geared to the increase in population. As conditions 
change and new products gradually supersede the 
existing product, the market levels off and then begins 
to decline. The classic example is the buggy whip busi
ness which was undoubtely thriving 100 years ago but 
has now practically disappeared because of the auto
mobile superseding the horse and buggy. 

The foregoing history is quite typical of most indus
tries and the companies that form it. __ __,,___, 

Sometimes as an industry starts to decline, alert manu
facturers recognize trends away from their original field 
of endeavor and branch out into new fields, but many 
do not and ultimately become casualties in the business 
world. This, of course, results in loss to the holders of 
common stocks and the employees who have made up 
the organization. This typical industry pattern having a 
speculative start, then a period of growth, the reaching 
of the zenith, and ultimate decline, is recognized by in
vestment counsellors and could well be kept i.n mind 
by the young engineer selecting his first job. 

In general, not very many investors nor very many 
young engineers can afford to take the chances of the 
extremely young industries and companies. It is true 
that our great companies of today were at one time 
extremely small, and those investors and employees who 
stayed with them have made fabulous profits or have 
advanced into high positions through the growth of the 
company. 

The risk of such situations is well illustrated by the 
dozens of automobile companies which were formed 
and went bankrupt in the early days of that industry. 
Out of those early troubled times have grown the great 

automobile companies of today, some of which rank 
among our most stable enterprises. Manufacturing auto
mobiles is no longer a particularly speculative line of 
business; investments and jobs with these companies 
compare favorably in security with our other leading 
lines of business. 

If a person has the emotional make-up to be happy in 
very speculative situations, he can consider joining an 
organization in the very early specu!ative stages. How
ever, he should be sure that b,e really has this make-up 
and can be happy and retain his health under prolonged 
conditions of extreme uncertainty. A man who is some
what more conservative, but does not demand a maxi
mum of security, can well consider one of the smaller 
:::ompanies in a growing well-established industry. 

The company should have a successful record which 
means the management should have proven itself over 
a period of years not only to be able to manage well, 
but also to be progressive, and the company should be 
in good financial shape. It should have a history of more 
than average gr9wth which frequently means that in its 
own industry, its line of products does not completely 
cover the field. Therefore, the company can grow not 
only as its industry grows, but also as it adds new pro
ducts progressively to round out its line. These smaller 
companies are apt to grow faster percentage-wise than 
their very large competitors. who have been in business 
so long that their line of products is virtually complete. 
These large companies are likely to offer a little more 
security, particularly in the early stages of employment, 
but probably not quite the opportunities for advance
ment for the average young engineer. 

The man who needs still more security to remain hap
py and whose inclinations are perhaps not very com
petitive, will probably be better satisfied in one of the 
largest companies in the most stable industries whose 
products or services find a market both in good times 
and bad. As a general rule, these very secure positions 
do not pay as much salary as the more speculative ones, 
but there are frequently other forms of compensation 
such as more favorable insurance, pension or medical 
treatment plans, company activities, and, above all, 
peace of mind of the employee. 

Now suppose that the young engineer or investor has 
sized up the situation and has boiled his choice down 
to a few companies which appear to offer about equal 
prospects in the future, there is not much more that can 
be done. The final choice becomes largely a matter of 
chance and is relatively unimportant as far as the odds 
are concerned. 

It appears, therefore, that the guides of the investment 
counsellor in choosing attractive common stocks for his 
client can be useful to the young engineering graduate 
confronted with a great many opportunities for employ
ment. Both the investor and the young engineer are 
likely to do well with a growing company in a growing 
industry, and both will find it impossible to predict much 
ahead of time their exact rate of progress with extreme 
accuracy. Both the young engineer and the investor 
who are willing to take a reasonable amount of risk will 
find the odds in their favor if they chose an aggressive 
growing company in a growing industry that is well 
established in our economic pattern. 

(end) 
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A type study of the test takers in high
er education as gleaned from an exclu
sive interview with Dr. Seeall Cheaters 
of the Psychology Department,, test 
giver since 1893. This is another 
TEGHNOLOG first! 

Frivolous-Doesn't give a d--, already has his draft 
induction notice. 

' 

Night Owl-Burned the mid
night oil studying aU night at 
the J oUy Fisher, trying hard to 
concentrate on the quiz. 

Crib Note Artist-Shopped for weeks for 
his 191'2 collar. He has all the answers, 
but complains about the dark. He is cur
rently working on a battery system for 
lighting his work. 



Hand Raiser - Needs to 
have the whole test ex
plained to her. Stray from 
3-letter words and this 
type is lost. Proctors usu
ally camp near this type 
to save steps during the 
exam. 

Complainer-We never studied this 
stuff. Shocked look comes naturally; 
this type is also shocked when he dis
covers the class assignments were due 
each week during the quarter. His 
favorite phrase "Aw come on, let's 
have coffee-the physics lectures are 
dull anyway." 

Nervous-Usually knows the quiz cold, but worries 
about facts like "Who designed the door knobs for 
the parthenon?" for his architectural history exam. 
The test didn't mention Greece at all. 

Quiz Kid-Has time to check 
aU his answers at least 7 
times. He's positive his paper 
is a perfect 100. Average 
score for this type is 29Y2 
points.: 

Rib Jabber-"Hey, the proctors not looking, would you 
give poor .little ole me the last 17 answers?" After the 
quiz she gives with the "I don't talk to strangers" routine. 

2'7 
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<:: •••.• Reprinted from 

Chemical and Engineering News 

A Symposium . 

Editor's Note: Scientific investigations that deal with 
the problem of energy requirements are always welcome. 
Author of the following, 0. R. Frisch, Cambridge, England, 
is especially qualified to discuss the subject. A renowned 
nuclear physicist, he formerly occupied a high post in the 
Harwell Atomic Energy Establishment. 

HE RECENT discovery of coal (black, fossilized 
plant remains) in a number of places offers an inter-

esting alternative to the production of power from 
fission. Some of the places where coal has been found 
show signs of previous exploitation by prehistoric men who, 
however, probably used it for jewels and to blacken their 
faces at religious ceremonies. 

The power potentialities depend on the .fact that coal 
can be readily oxidized with the production of a high tem
perature and an energy of aboue 0.0000001 megawatt day 
per gram. That is, of course, very little, hut large amounts 
of coal (perhaps millions of tons) appear to be available. 

The chief advantage is that the critical amount is very 
much smaller for coal than for any fissionable material. Fis
sion plants become, is is well known, uneconomical below 
50 megawatts, and a coal-driven plant may be competitive 
for small communities (such as small islands) with small 
power requirements. 

The main problem in the design of a coal reactor is to 
achieve free, yet controlled access of oxygen to the fuel 
elements. The kinetics of the coal-oxygen reaction are 
much more complicated than fission kinetics, and not yet 
completely understood. A differential equation which ap
proximates the behavior of the reaction has been set up, 
but its solution is generally difficult. 

It is therefore proposed to make the reaction vessel in 
the form of a cylinder, with perforated walls to allow the 
combustion gases to escape. A concentric inner cylinder, 
also perforated, serves to introduce oxygen, while the fuel 
elements arc placed between the two cylinders. The nec
essary presence of end plates poses a difficult but not in
soluble mathematical problem. 

It is likely that fuel elements will be easier to manufac
ture than in the case of fission reactors. Canning is un
necessary and indeed undesirable since it would make it 
impossible for the oxygen to gain access to the fuel. Vari
ous lattices have been calculated, and it appears that the 
simplest of all-close packing of equal spheres-is likely 
to be satis-factory. Computations are in progress to deter
mine the optimum size of the spheres and the required 
tolerances. Coal is soft and easy to machine; so the man
ufacture of the spheres should present no problems. 

Pure oxygen is, of course, ideal as an oxidnnt but costly; 
it is therefore proposed to use air in the first place. How
ever, it must be remembered that air contains 78 per cent 
nitrogen. If even a fraction of that combined with the 



carbon of the coal to form the highly toxic gas cyanogen, 
this would constitute a grave health hazard (see below). 

To start the reaction one requires a fairly high temper
ature of 968F; this is most conveniently achieved by pass
ing an electric current between the inner and outer cylinder 
(the end plates being made of some insulating material, 
such as ceramic). A current of several thousand amperes 
is needed, at some 30 volts, and the required large stor
age battery will add substantially to installation costs. 

There is a possibility of starting the reaction by some 
auxiliary self-starting reaction, such as that between phos
phine and hydrogen peroxide; this is being looked into. 

Once the reaction is started its rate can be controlled by 
adjusting the rate at which oxygen is admitted; this is 
almost as simple as the use of control rods in a conven
tional fission reactor. 

The walls of the reactor must withstand a temperature 
of well over lOOOF in the presence of oxygen, nitrogen, 
carbon monoxide, ca:Dbon dioxide, as well as small amounts· 
of sulfur dioxide and other impurities, some still unknown. 
Few metals or ceramics can resist such gruelling condi
tions. Niobium with a thin lining of nickel might be an 
attractive possibility, but probably solid nickel will have 
to be used. For the ceramic, fused thoria appears to be 
the best bet. 

health hazard? 

The main health hazard is attached to the gaseous waste 
products. They contain not only caflbon monoxide and 
sulfur dioxide (both highly toxic), but also a number of 
.carcinogenic compounds such as phenanthrene and others. 
To discharge those into the air is impossible; it would 
cause the tolerance level to be exceeded for several miles 
around the reactor. 

It is therefore necessary to collect the gaseous waste in 
.suitable containers, pending chemical detoxification. Al
ternatively, the waste might be mixed with hydrogen and 
filled into large balloons which are then released. 

The solid waste products will have to be removed at 
frequent intervals (perhaps as often as daily, but the 
health hazards involved in that operation can easily be 
minimized by the use of remote-handling equipment. Waste 
could be dumped at sea. 

There is a possibility-though it may seem remote~that 
the oxygen supply may get out of control; this would lead 
to melting of the entire reactor and the liberation of vast 
amounts of toxic gases. Here is a grave argument against 

the use of coal and in favor of fission reactors which have 
proved their complete safety over a period of several thou
sand years. It would probably take decades before a con
trol system of sufficient reliability can be evolved to allay 
the fears of those to whom the safety of our people are 
intrusted. 

Upon circulation of the above report for review and 
criticism,. I. Reich of West New York, N. ]., made the fol
lowing comments. 

Evidently Frisch is not aware that several investigators 
in this country have considered the possibility of producing 
energy by the combustion of coal. 

A lattice of close-packed spheres, which Frisch suggests, 
is not satisfactory. As the reaction proceeds, the spheres 
will shrink. Since the reaction occurs only at the surfaces, 
its rate will decrease. This problem has been solved by 
machining the coal into hexagonal plates and boring holes 
of suitable size through the plates. This ensures constant 
surfaces during the course of the reaction. 

Starting up the reaction is in fact more difficult than 
Frisch supposes. Passing a current through the pile is the 
best means known, but because of the low conductivity of 
the coal and the need for raising the temperature of the 
entire mass to about lOOOF a voltage of 2000 to 5000 is 
required. This will put a current of some 2000 amperes 
through a properly designed one-ton pile and bring the 
temperature to about lOOOF in a few minutes. There
after the reaction will be self-sustaining. 

The only practical method for achieving this is to have 
two coal piles in operation. As one of these approaches 
complete reaction, it is used to provide energy for driving 
a dynamo which in turn provides current to start up the 
second pile. Then the first system is taken down, waste 
products are removed, and a new coal lattice is built up to 
be ignited later by energy from the other pile. This dupli
cation is, of course, expensive and, further, poses the prob
lem of startup in isolated communities. 

Of far greater importance, however, than the use of coal 
as a source of controlled power, it its potential use as a 
military explosive. When coal is finely powdered and dis
persed as an aerosol in oxygen, its combustion occurs with 
explosive speed and is capable fo causing heavy destruction 
over a radius of from several dozen to several hundred 
feet from ground zero. This introduces possibilities of 
controlled bombardment of small, precisely-defined areas. 
Such weapons can he used by individual soldiers at close 
quarters. Although military security does not permit dis
clsure of the sizes of weapons, methods of triggering, etc., 
it is clear that this development will revolutionize warfare. 

(en'd) 
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ANKIND has struggled to dispel darkness with man
made light since the beginning of civilization. Until 
,75 years ago there were only open-flame light sources 

the torch, the candle, the oil lamp, the gas mantle. It 
was not until 1879, when science produced electric light, 
that light was created without flame. Edison's invention 
of the first practical incandescent lamp, just three-quarters 
of a century ago, marked the beginning of the age of 
electric light. 

The possibility of an illuminant using electricity had 
been demonstrated with crude, short-lived "lamps" in 
laboratories before Edison's birth. But to Edison goes the 
credit for inventing the first commercial-ly practical Ill

candescent lamp. He made over 1200 experiments on 
lamps at his research laboratory in Menlo Park, N. J., 
beginning in 1877. After two years of work, he devised a 

30 

lamp contammg a carbonized cotton-thread filament in 
a glass bulb, and within a relatively high vacuum. 

The first lamp burned for 40 hours, during which Edison 
and his co-·workers carried on what later was to be known 
as the "death watch." Certain they were on the trail of 
success, they increased the voltage and deliberately burned 
it out. The lamp was of 110-watt size, and had an efficiency 
of 1.4 lumens per watt of electricity consumed. Seventy
five years later saw the development of the fluorescent 
lamp of the same wattage with a rated life of 7500 hours 
(187 times as long and a light output of 6800 lumens 
( 44 times as efficient) . 

Soon after his historic electric lamp was developed, 
Edison formed several companies to produce generating 
and transmission equipment, to assure the successful in
troduction of his invention. 



=1900 
TRHof U~HT 

Afl<torloiHimrv of 

=1800=== 
[] PII:ESfNT DAY ltANGI Of LAMPS 

ELECTRIC DISCHARGE INCANDESCENT 

The incandescent lamp bulbs we use today in principle 
are like that which Edison invented in 1879. The greatest 
advances made in the "art" of incandescent lighting since 
then are: substitution) in 1906) of tungsten .for Edison's car
bon filament, and the introduction of the gas-filled bulb 
in 1913. 

Other developments which have helped provide the bulbs 
of today include: double coiling of the filament wire, re
ducing the blackening of the bulb, improving the diffusion 
of the light, removing the tip from the bulb, introducing 
sizes from one-fifth watt to 75,000 watts, construction of 
lamps with internal reflectors (all-glass sealed-beam lamps, 
silvered-bowl lamps and reflector lamps), modern volume 
production methods, and others. 

Today, thousands of sizes and types of incandescent 
lamps are marketed, many tailor-made for specific lighting 

jobs. In 1954, an esti,mated one and one-half billion in
candescent lamps are the industry's total production in 
the United States. These include both large and miniature 
sizes, and Christmas lamp types. 

Most popular sizes are 100 watts and 60 watts. These 
are the sizes most in demand for home consumption. 
About 50 per cent of all incandescent lamps are pur
chased for residential use. Of the others, 15 per cent goes 
into commercial uses, 15 per cent into industrial appli
cations, and the remaining 20 per cent goes into institu
tions, transportation facilities, and the like. 

The theoretical maximum efficiency for the production 
of white light, if every part of the electrical energy were 
changed into light without loss, is some 220 lumens per 
watt. So Edison's first lamp reached only about one-half 
of one per cent of the theoretical maximum. Today, with 
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the 96-inch-long slimline fluorescent lamps, an efficiency 
of 69 lumens per watt has been achieved-a long way 
from the first lamp at 1.4 lumens, but still far from the 
theoretical figure of 220. In the incandescent lamp, effi
ciency has reached 16 lumens per watt for th~ popular 
100-watt size, and 35 lumens per watt for certam photo
flood lamps, where great quantities of light are needed 
for short periods of time. 

later improvements 
The lamp of 1879 was quickly improved, and in 1881, 

when the first actual lighting systems were installed, the 
efficiency was 1.8. Soon after the turn of the century. ~)r. 
Willis Whitney of GE discovered a method for metalhzmg 
carbon filaments that doubled their efficiency to four 
lumens per watt. Lamps with these filaments were known 
as GEM lamps. 

Research directed by Dr. William D. Coolidge of GE 
produced the ductile tungsten filament, which in 1911 put 
the electric lamp at an efficiency of 7.8 lumens per watt. 
In 1913, Langmuir made the first high-e~ciency. lamp, 
filled with gas instead of under a vacuum, mcreasmg the 
efficiency by 40 per cent. Today the smallest gas-filled 
lamp is a 40-watt size. 

Fundamentally, an incandescent lamp is a simple thing 
-just a wire sealed in a glass bulb, with a few supple
mentary parts. The power required to force electric cur
rent through the filament wire heats it to incandescence, 
and light is produced. 

However, to design and produce millions of efficient, 
uniform, precise electrical devices, which are today's light 
bulbs, requires the most detailed knowledge and applica
tion of metallurgical, chemical, electrical and mechanical 
sciences. 

A tungsten filament operates at a temperature of around 
5000F, higher than any other artificial heat ordinarily 
encountered by man. It is a temperature at which asbestos 
or fire brick would melt like wax, and twice the tempera
ture of molten steel. 

The coiled-coil filament for a 60-watt household lamp 
starts as a tungsten wire 0.0019 inch in diameter and 21 
inches long. After the first coiling the length is reduced 
to 3.4 inches. The coil, now comprising a:bout 1200 turns, 
is again coiled, leaving the finished filament only five
eighths of an inch long. Double coiling of the wire causes 
a higher concentration of heat, and increases the efficiency 
of the lamp by a:bout 10 per cent. 

tolerances 
The mandrel on which some filaments are coiled must 

be accurate to 1/10,000 of an inch, or life may be affected 
by as much as 20 per cent. Spacing between coils must 
be minutely accurate, not only to avoid short circuiting, 
but also to avoid concentration of heat at one point, 
thus affecting life. A single drop of moisture distributed 
in 500,000 lamps will cause early blackening in all of 
them. 

For each of the thousands of different types of fila·m~~t 
lamps now made a complete specification of every part is 
necessary. There are presently in effect about 700 different 
specifications for glass parts-thickness, length, diameter, 
and chemical composition; nearly 200 base specifications; 
5000 to 6000 specifications for leading-in wires and sup-
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ports; over 200 different chemical compounds; a countless 
variety of filament wire sizes, lengths, diameters and 
processing schedules. 

Automatic machines for lamp making have replaced old 
and tedious hand methods. This accounts not only for 
the many reductions in lamp prices, hut more important, 
has been a major factor in uniformity of product in watt
age, efficiency, and life rating. 

The objectives of lamp design are simple. The first con
sideration is that a source produce light most economically 
for the service intended. A second vital objective is uni
formity and accuracy of wattage, efficiency, and life ratings, 
so that the lamp will give dependable service. 

Incandescent lamps can be made to last a lifetime with
out iburnng out, or they can 'be made to burn out a very 
few hours. When a lamp filament burns at low tempera
ture, light output is low and life is very long. Such lamps 
produce radiation largely composed of· infra-red energy, 
which can be used for heating applications. When a fila
ment burns at high temperature, light output is very high 
and life is quite short. Such lamps are useful in the photo
graphic field. 

Most household lamps are designed to bum in the range 
of 750 to 1000 hours. Lamps designed to burn for longer 
periods, even if they were sold at the same price as pres
ent lamps, would waste so much electricity that they would 
be a poor investment for the customer. They would give 
out very little light for the energy consumed. The answer 
to how long a light bulb should last is this: Long enough 
to give the best lighting value for the combined cost of 
bulbs and current. 

arc lamps 
In 1879, the same year that Edison lighted the first prac

tical incandescent lamp, Charles F. Brush made the first 
installation of public lighting with arc lamps in the United 
States. The downtown area of the city of Cleveland was 
lighted by 12 lamps mounted on high towers. 

For niany years arc lamps were used widely for street 
lighting. The arc continues to be the principal light source 
where extremely high concentrations of brightness are re
quired, such as for searchlights and for motion picture 
projection equipment in theaters. 

In 1860 Professor John Thomas Way discovered that if 
an electric circuit were opened between two jets of mer
cury, a brilliant greenish arc was produced. The next 40 
years brought many types of arc lamps, largely experi
mental ones. 

At the turn of the century, Peter Cooper-Hewitt began 
his experiments in this field, ultimately producing a tubular 
mercury arc lamp, about four feet long, with a mercury 
pool cathode and a solid iron anode. The mercury-vapor 
lamps, as they were called, were used widely in industrial 
lighting and photographic studios. The Cooper-Hewitt or
ganization, a part of the General Electric Company from 
1920, developed a "high-pressure" mercury lamp in 1934. 
This was the forerunner of today's mercury lamps. 

The present line of mercury lamps in the United States 
starts at 100 watts. The most popular is the 400-watt 
size. There is a 1000-watt lamp, and the largest is the 
3000-watt size, which produces 132,000 lumens, producing 
light at extremely low cost, having an efficiency of 44 
lumens per watt. 



Panel showing the various glass, metal and chemical 
materials which go into the fluorescent lamp. 

Electric discharge lamps are quite different from fila
ment lamps, both in appearance and operation. Instead 
of being a hot wire in a bottle, they are more like an 
"electric storm" in a bottle. In these lamps, visible light 
and other radiant energy known as ultraviolet are given 
off as a result of the passage of electric current through 
a gas. The most commonly used gas is mercury vapor. 

Because of the unfavorable color of light from these 
mercury lamps they are often used in combination with 
incandescent lamps. Light from the incandescent lamp 
is rich in red, the color is lacking in the light from mercury 
lamps. Color-improved mercury lamps have been avail
able since World War II. These find the mercury lamp 
enclosed in a larger bulb which is coated on the inside with 
a fluorescent powder. This converts part of the invisible 
ultraviolet energy into red or orange light. The outer 
bulb now is available in reflector shapes. 

The fluorescent lamp, in effect, is a low-pressure mer
cury lamp with a phosphor on the inside of the tube. 
Synthetic phosphors were developed to utilize the ultra
violet energy which the low-pressure mercury arc discharge 
produces in relatively large quantities. The phosphor con
verts the invisible ultraviolet energy into visible light, the 
color of which depends upon the composition of the phos
phor. 

First commercial use of fluorescent lamps was made at 
the New York and San Francisco World's Fairs, in 1938 
and 1939, principally in a variety of colors. 

Panel showing the various glass, metal and chemical 
ingredients which go together to make up an incan
descent light bulb. 

World War II gave great impetus to the growth of 
fluorescent lighting, the lamps being used in huge num
bers to illuminate war plants and offices. In 1954 pro
duction will be around 85 million lamps in the United 
States. Although this figure is only one-eleventh that of 
large incandescent lamp production, fluorescent lamps now 
produce more light in this country than do incandescent 
sources. This is due to their superiority in the form of 
greater efficiency and longer life. Since 1939, rated burn
ing life of the 40-watt size has been increased from 2000 
hours to 7500 hours, efficiency has been raised from 47 
lumens per watt to 65 lumens per watt. During the same 
period the price has been reduced from $2.80 to $1.10. 
Fluorescent lamps have reduced the overall cost of light 
by half, and, by using them with high-frequency circuits, 
promise to provide higher and higher levels of light at 
comparatively small increases in cost. 

Fluorescent lamps now are available in sizes ranging 
from the 6-inch-long, 4-watt lamp to the 96-inch-long, 
74watt slimline, which has the top efficiency of 69 lumens 
per watt. In addition to straight tubes, they come in 8, 
12- and 16-inch diameter circles. 

Because its size increases rapidly as wattages go up, the 
fluorescent lamp is a relatively feeble light source as com
pared with higher-wattage mercury or incandescent lamps. 
The highest-wattage yet produced in a fluorescent lamp 
is 110. Recent improvements in fluorescent lamps include 
the following: increase in rated burning life to 7500 hours; 
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improvement in white colors by introduction of de luxe 
lamps which show objects and people to best advantage; 
increase in efficiency to double that of 1939; introduc
tion of rapid start lamps which eliminate starters and 
flickering; development of lamps which operate in cold 
weather, and others. 

About 40 percent of fluorescent lamps are employed in 
commercial installations, 30 percent in industrial, 15 per
cent in residential, and 15 percent in public 'buildings, 
schools, hospitals, transportation facilities, and others. 
Street lighting is a new and growing fluorescent lamp 
application. 

To illustrate why fluorescent lamps have been welcomed 
as light sources, note the following: the 40-watt fluorescent 
lamp produces 2550 lumens for 7500 hours, while the 40-
watt incandescent lamp produces 465 lumens for 1000 
hours. Thus the fluorescent source produces over 40 times 
as much light over its life span than the incandescent of 
the same wattage. 

In addition to the visible part of the spectrum, light 
sources also radiate energy of wavelengths shorter than 
visible and longer than visible. These, respectively, are 
ultraviolet radiation and infra-red radiation. 

ultraviolet sources 

Ultraviolet energy is useful in several ways, and lamps 
have been produced which emphasize the wavelengths 
which are most effective in bringing about the wanted 
results~ These lamps are: the germicidal lamp, the ultra
violet energy from which kills airborn bacteria, sterilizes 
by killing germs, and prevents the growth of mold; the sun
lamp, which has a sun-tanning effect and contributes Vita
min D to the system of the user; the black-light lamp, 
which causes certain paints and lacquers to fluoresce; and 
the ozone lamp, which kills unwanted odors. 

From 75 to 85 percent of the wattage consumed by an 
incandescent lamp is dissipated as heat through infra-red 
radiation. To emphasize the infra-red radiation the fila
ment is burned at lower temperatures. Heat lamps are 
used for easing sore muscles, for baking, drying, cooking, 
brooding, and otherwise. Latest infra-red lamp to be 
developed consists of a tungsten filament extended the 
length of a quartz tube which is slightly larger in diam
eter than a cigarette. It makes possible twice the con
centration of radiant energy available from previous lamps 
of the same wattage. 

Approximately a half-billion photoflash bulbs will be used 
1954. This is about 50 million more than were used the 
year before. Approximately 15 million cameras owned 
in the United States are equipped for flash picture tak
ing. It is estimated that about 25 per cent of all pic
tures taken are with flash, and experts see 45 percent as 
a realistic goal for the foreseeable future. 

photographic uses 

Photoflash lamps were introduced commercially in this 
country in 1930. Their first impact was in the form of 
revolutionizing the art of pictorial news reporting, and in 
broadening the range of professional photography. The 
"midget" flashbulb, introduced in 1939, gave great impetus 
to the use of this light source in the amateur field. Of 
this type, the No. 5 is the most popular. 
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It was not until after World War II, however, when box 
cameras with flash attachments became generally avail
able, that amateur photoflash lamp use reached its present 
high rate of ex<pansion. In 1953 the first miniature flash
bulb, the M2, was introduced. It is expected soon to pass 
the No. 5 in acceptance, for amateurs with box cameras 
can use it successfully with 100 percent of their black-and
white pictures. 

Photofla9,h lamps, physically patterned after the regular 
incandescent lamps, actually are "combustion" sources. 
They burn aluminum foil, or, in the case of the SM, solid 
material on the lead-in wires. The combustible material 
oxidizes readily in an atmosphere of pur~ oxygen. 

In addition to the inflammable metal and the oxygen, 
the flashbulb contains a filament, three times thinner than 
a human hair, which ignites the primer on the ends of the 
lead-in wires. The bulbs are coated with clear lacquer 
inside and out to safeguard against shattering the glass. 
Aluminum is used because it produces intense white light 
with a color temperature of approximately 3800K, favor
able to most black-and-white films. Special blue lacquer 
is used to raise the color temperature to about 6000K 
for color pictures. 

Flashbulbs have a burning life of only a few hundredths 
of a second. They are rated in lumen-seconds, a measure 
of their photographic effectiveness. 

Other photographic lamps include flashtubes, which can 
be fired repeatedly. They are used largely by professional 
photographer. Still other types are: photoflood lamps, pic
ture projection lamps, exciter lamps for sound reproduc
tion, film viewing and editing lamps, photographic enlarger 
lamps, photocolor lamps for color viewing, and dark room 
lamps. 

electroluminescence 

Electroluminescence is a relatively new method of pro
d~ci~g light. by the direct conversion of electric energy 
w1thm a semiconducting solid. 

It is a fundamentally attractive method of creating light, 
because it is not inherently limited in efficiency. Both in
candescent and fluorescent lamps are limited in ultimate 
efficiency by the indircet means used to convert the elec
tric energy into light. 

An electroluminescuent light source consists of a layer 
of crystals of silicon carbide or zinc sulphide sandwiched 
between a transparent sheet of glass and a metal plate. 
When alternating current is passed through the crystal 
layer, the phosphor glows. Phosphor colors range from 
orange to blue, and include white. 

The brightness obtained at 115 volts and 60 cycles is 
about one foot-lambert. This is very low and is practical 
only for dark-adapted use, such as at night for wall Slwitches 
ar clock faces. At higher voltages and frequencies, 10 to 
20 times higher brightnesses can be obtained. The bright
ness declines rapidly after a few hours of operation, how
ever. 

General-purpose lighting by electroluminescent devices 
will not be fea,sible until the efficiency is at least equal to 
that of incandescent lamps. The efficiency at present is only 
one tenth that of tungsten lighting. 

(end} 
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CAN KE 
EN LUCKY Ell 

This year, S!l~ needs just 9 engineering graduates for 
good, secure, important jobs. 

Here's why these 9 will be lucky men ... 
They'll be with one of America's best-known and 

oldest manufacturers of ball and roller bearings- a 
medium-sized company where their work will be im
portant to top management right from the start. 

They'll be engaged in activities so basic they will be 
in contact with practically every industry. 

They'll have a chance to get into sales, development 
or production engineering. 

They'll have unsurpassed job security in good, 
friendly working conditions. 

They'll have all the benefits they naturally expect -
group insurance, retirement plan, paid vacations, good 
starting pay, frequent and fair salary reviews. 

If you'd like to talk about being one of these lucky 9, 
the time to do it is ri!iht now. Waiting may well close 
the door to work so diversified you'll never tire of it, so 
basically important it's always secure. Why not fill in 
and mail the coupon today and let us tell you more? 

7568 

.SICF INDUSTRIES, INC., PHilADElPHIA 32, PA. 
-manufacturers of &IDCF and HESS-BRIGIH® bearings. 

~~~~~~--~------~~~~~-~~~ 
I Mr. Ralph Palmer, Personnel Dep't., I 
I .SKF Industries, Inc., Philadelphia 32, Pa. I 
I I 
I YES, I'd like to know more about a good I 
I job as an R!DGSW sales, development or pro- I 
I duction engineer. Send your literature to I 
I I 
I Name I 
I Address I 
I I 
I School I 
I City !:late I 
I I 
I My degree will be I 
L ~-~------~~-~~~~~~ 
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Have you heard about one of the new lecturers? 
H eJ s not a fast lecturer. 

He) s not a slow lecturer. 

He)s a rather Half-Fast Lecturer. 

Look! Smedley's found a new place to dig. 

The inspector was extremely annoyed by the amount of 
noise coming from the adjoining room while he made his 
usual rounds of the school. Unable to stand it any longer) 
he opened the door. Seeing one boy taller than the others 
and talking a great deal) he grabbed him by the collar, 
dragged him to another room and stood him in the corner. 

"Now you stand there and be quiet till I tell you to go 
back to your room!)) the exasperated school inspector com
manded. 

A quarter-hour later a small head appeared around the 
door and a small quivering voice asked: 

"Please, sir) may we have our teacher back now?'' 

Missionary: "Poor man! You know nothing of reli
gion." 

Cannibc::d: "Oh yes I do. I got a taste of it when the 
last missicmary was here." 

An angry housewife caused two telephone linemen to be 
arrested and booked on a charge of public profanity. One 
of them explained: 

"It was this way, judge/) he said) a Red here was working 
above me on a pole, and I said) 'See here, Red, that hot 
lead doesn·'t feel very good dropping down my back. Please 
don)t drop any more.:~' 

"I wonder what's the matter with our star basketball 
player-he looks so unhappy." 

"It's because his father is always writing him for 
money." 



KHK 
The University of Wisconsin, Del

ta Chapter, was the site of this 
year's National Kappa Eta Kappa 
Convention. Held November 26-28, 
we sent seven members including 
Dale Palmer, delegate, and Bill Mc
Roden, alternate. Their duty was 
to help formulate national frater
nity policies. 

Social activities this quarter in
cluded two informal parties. The 
first a Halloween party at the fra
ternity. The second a hay ride 
followed by a barn dance at the 
Hilltop Riding Academy. An after 
finals dinner-dance has been planned 
for Thursday, December 16. 

:The pledges have taken over the 
project of redecorating the base
ment. This means that next quarter 
we will have a much improved party 
and game room. 

Robert Delvin seating the blindfolded new initiates Richard 
Klobuchar, Warren Johnson, Douglas Gordon Arnol'd Fisher 
John Brown, and Eugene Anderson. ' ' 

XE 
Chi Epsilon, honorary civil enigneering fraternity had ini

tiation ceremonies followed by a banquet at McCarthy's 
on Nov. 10. Professor S. C. Thomson was the speaker. He 
showed slides of a visit to Scotland, and spoke of the 
old Scottish practice of body snatching, to provide medical 
students with anatomy specimens. Dean 0. M. Leland, 
the guest of honor, was presented with a shingle to rep
resent his membership as the first honorary mem:ber of XE. 
Professor Miles 0. Kertsen acted as the master of cere
monies. 

After dinner session with (1. to r.) Professor Miles Kersten, 
former IT Dean 0. M. Leland, Public Health Professor S. C. 
Thomson. The students are Arnold Fisher Robert Delvin 
Richard Barker, president of XE, Mike Caba~ Vice pres., Paui 
An?rews, Albert Toddy, Sylvester Knapp, Ken Anderson, 
Orm Tollefsrud, Warren West, John Dickson, and Robert 
Fletcher. 
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I T IS THE national pastime of the Europeans, the 
founder of. the W.C.T.U., the social pleasure of 
America, the mystery to youth, the deceit of teen-

agers, the dreaded fear of parents, the scourge of some, 
and the habit of millions. All students at the Univer .. 
sity, especially the virile engineers, should develop the 
art of tippling intoxicating beverages because of the 
many social occasions. where it is done: at diplomatic 
receptions, literary cocktail parties, and the office Christ
mas party, whose motto seems to be, "Secretaries are 
like cigarettes-you can't enjoy them until you get 
them lit." 

Here at the University we are fortunate enough to be 
able to approach drinking intellectually. There is no 
ned for hush-hush; after all, it is not sex! Then, let 
us discuss the limits of the problem, assuming them to 
be beer, whiskey, and wine. 

Beer composes the largest volume (2,634 million 
gallons per year) of alcoholic beverages,, usually 3.2, 6, 
and 12 per cent by volume. It is. common beginner's 
beverage. One can drink more of it than water, get 
rid of it faster than water, and find it much harder 
to get than water if he is under 21. It is the staple 
food of a pow-wow, and pledge walk-out party, the 
tasty balance to a spaghetti meal, and the silent mem
ber of many song fests. 

There are several ways of drinking beer. The drink
ing of a single cold bottle on a hot, August afternoon 
needs no delineation, but the drinking of large quanti
ties of beer should. be given a finesse to raise it above 
the guzzling of the low-brow forester. The college 
game of chug-a-lugging does this, wherein the object 
is to pick up, drink, and place the empty glass on the 
table before anyone .else. This is a good example of 
the competitive system that has made our country 
great. Also very sporting is the drinking of a shot glass 
of beer every minute for an hour. This method is 
guaranteed to produce results. Other varieties of beer 
drinking are to mix in tomato juice, mix in a raw egg, 
or eat a salted, hard boiled egg along on the side. 
My own favorite is to nibble on a chocolate bar. 

Whiskey (169 mil1io:n gallons per year) develops 
the hearty, robust type of drinker. He is a good drinker 
if he gets hazy enough to enjoy everything, sings along 



By LARRY BAKKEN 

with the rest of the group, is cong~nial, and retains 
his sens.e of balance. Unfortunately, some souls cannot 
enjoy whiskey because they get sick (merely a physi
cal reaction to the rate of imbibing), or becom.e giggly 
(as is the case for many beginning girls), or become 
obnoxious (the case of many beginning boys). 

Whiskey comes in several types : bourbon, for the 
common man; scotch, the rich man's water; gin, some
times considered to be a seductive influence in young 
maidens; rye, :usually from Canada; and grain alcohol, 
illegal in this state because of its high proof rating. 

Whiskey is drunk in cocktails at cocktail parties, in 
highballs. at formal dances, or straight at poker parties. 
The Tom Collins is preferred for the first experience 
into the mystery of alcohol. The gin is very hard to 
taste,. but very effective in producing inebriation-a 
state wherein, as in physics, opposites attract ; tight 
men and loose women. A young lady a little more 
aware of the ways of liquor would probably drink whis
key sours, or Manhattans. The ·latter drink always 
provides a good ice breaker on a first date. The man 
can say as he pours the whiskey and vermouth into 
the shaker, "Do you like Manhattans?" Whereupon 
the shy, young thing will reply, "Yes, but only for 
the cherry at the bottom of the glass." Hearing this, 
everybody laughs, and the fellow can speak on in a 
much more relaxed atmosphere about his fabulous 
drin~ing bouts, if he is really a novice, or about the 
orgies of his friends, a true indication that he is. a 
veteran of bourbon and water. 

If one is interested in getting an "·edge on" to handle 
some difficult emotional encounter, such as taking home 
your grade slip, where there is not enough time to 
get high by repetition, then these three drinks will 
suffice. First, the Purple Passion, grape juice and 
grain alcohol. Second, the Zombie, made from every
thing left behind the bar after it clos.es and named 
after its hangover. And third, the Blood Transfusion, 
which is served on fire, goes down as fire, and can 
create the wish to give up the eternal struggle. 

Whiskey is going to be facing trouble in Congress 
this .year because of the interstate advertising essential 
to its marketing. W.C.T.U. President (Mrs.) D. Leigh 
Colvin has said, "It is false and misleading not to put 
the label 'Poison' on it." The distillers have replied 

that it would be the same as forcing auto makers to 
run pictures of wrecks instead of new models, since 
cars kill more than 30,000 people every year. Prohibi
tion, itself, would throw thousands out. of jobs, dis
rupt the segment of U.S. agriculture geared for liquor 
production, increase bootlegging, and deprive the gov
ernment of $2 billion annually. 

Wine (135 million gallons per year), according to a 
recently published survey by the Yale Institute of 
Alcohol, is usually a family drink among college men. 
It is really the nectar of the gods, and much too un
appreciated by Americans. It is the beverage on which 
to learn to drink, to ·sharpen your tastes for sweet or 
dry, sparkling or plain, red or white, natural or rein
forced. Wine has a smoothness, bouquet, graceful spun 
glass container, and romantic hi~tory that places it 
above all the other alcoholic beverages. 

In America, wine is socially acceptable with dinner, 
but the Europeans. drink it rather than water, and it 
is really most useful as a sporting drink. A bottle of 
wine well hidden proves a most welcome addition to a 
skiing party, and is equally useful on hay rides, skat
ing, tobogganing, and most outside sports. 

In conclusion, wouldn't you like to join our large 
group of well adjusted drinkers? It is for your own 
benefit. To illustrate this., it was found in the 1950 
University of Rochester survey, that girls who drink 
and those who do not drink become· engaged in the 
same percentages; however, the girls that do not drink, 
have more dates during the year than thos.e who do 
drink. It must be understood that there are many more 
girls who do not drink so this shows . . . that non
drinking girls are poorer dates and less suitable for 
consideration as wives. Incidentally, the survey also 
noted that sorority girls· drink more on both dating 
and non-dating engagements than non-sorority girls. 
Also, that out-of-town girls living in the dormitories 
drink more than those living in the town at their -own 
homes. Not only is drinking the natural thing to do, 
but it will not harm one. Look at Edgar Allen Poe, 
whose genius was. undiminished by drink. The people 
you feel at ease with are usually the drinkers., casual 
and friendly. Let us welcome you with a friendly 
smile to our own clan. Hie! 

(enJd) 
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ealed~Beam 

Headli hts 

NEW, brighter, sealed-beam automobile headlamp, 
designed to increase visibility in clear weather, but 
especially in rain, snow, fog, and dust, has been 

introduced for 1955 models by G.E. 
Here's what the improvements mean to the motorist: 
The high beam, or driving beam, gives 25 per cent more 

light. The beam pattern remains virtually unchanged, but 
the driver should be ahle to see objects about 100 feet 
farther from the car than with existing upper beams. 

The low beam, or passing beam, produces about 23 per 
cent more light and, more important, directs twice as 
much light down the right side of the road, where it is 
needed most. The driver will be able to see a pedestrian 
as much as 80 feet farther ahead. 

The improved low beam greatly reduces the upward 
"spill" light, which becomes blinding when it is reflected 
to the eyes by fog, snow, rain, or dust. As a result, it is 
as effective in poor visibility conditions as special fog 
lamps. 

Control of the lower beam is such that, if ,the lamps 
are properly aimed, glare is reduced for approaching motor
ists in the critical passing zone. 

Several modifications have been made in the design of 
the new headlamps to effect their improved performance. 

Upper and lower beams are stronger because new fila
ments, 7 per cent more efficient, are operated at higher 
wattages-50 and 40 watts, respectively, instead of 45 and 
35. 

A little metal hood above the low-beam· filament keeps 
stray light from shining upward to be reflected into the 
driver's eyes. 

The reflector is tilted two degrees downward, this also 
to reduce up-shining light. 

The lens is redesigned to give better distribution of lower 
beam light down the right-hand side of the road, and 
also to prevent upward-directed light. 

The new headlamp is completely interchangeable physi
cally with existing sealed beam headlamps, the only visible 
difference, externally or internally, being the small cap 
above the lower beam filament. Its advantages are most 
appareNt when it is used in pairs. 

(end) 

(Above) The only visible difference between this new 
sealed-beam headlamp and the one it replaces, is the 
small metal cap above the lower-beam filament, shown 
in this cutaway view. The cap serves to reduce upward 
"spill" light, which is reflected into the eyes of the driver 
in conditions of poor visibility. 

{Below) This new sealed-beam headlamp for automobiles 
concentrates the light where it is most needed-down the 
right-hand side of the road. In the sketch the lower beam 
is shown. Besides controlling the light more effectively, 
the new headlamps produce 23 per cent more light on 
low beam. 
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(Above) Highly accurate milling of aircraft and guided missile parts with
out machinery is possible with North American Aviation's new chemical 
millin,g process. The "before" sample shows dark portions, specially 
masked to confine chemical milling only to desired areas. Several of 
many samples of work done by chemical milling are in the background. 

(Below} Intricate designs to make for better, lighter, and stronger air-
. planes and missiles can now be formed without use of machinery. North 

American Aviation's chemical milling process can sculpture metals to 
shapes impossible by machine milling. Shown here are two matched 
parts of a curved waffle type grid before the parts are joined at islands 
to produce a stiff sandwich structure. By masking off all areas but 
those to be milled by chemical solution, many parts of unconventional 
design can be created. 



RECISION milling ·of aircraft and guided missile 
parts without machinery can now be accomplished 
with the new chemical milling process developed by 

North American Aviation to save weight, give greater 
accuracy and permit better designs. 

To prepare a part for chemical milling, the metal to 
be removed is left exposed, while the rest of the part is 
masked with a specially developed coating. The entire 
part is submerged in an etching solution which attacks 
exposed surfaces evenly at a constant rate until the desired 
amount of metal has been etched away. 

Electronically controlled, the chemical sculpturing proc
ess produces finished metal surfaces to accuracies of 0.002 
inch. 

Added to making possible broader horizons of design, 
chemical milling can lead to faster production of complex 
parts. With a solution tank large enough, any number of 
parts can be etched at the same time,· greatly reducing 
unit costs. 

While most of the experimental work with chemical 
milling has been done with aluminum, the process has 
already h~en applied to steel, stainless steel, titanium, and 
other metals. 

Us~ble !Jy military and civilian industries, the chemical 
milling method removes unwanted metal from complex 
or fragile formed parts without danger of warpage or 
rejection that might result from machining. The method 
is equally effective in making intricate cuts and in tapering 
metal. 

Chemical milling is not intended to replace all machining 
operations but to permit new and unconventional designs. 
Cost of chemical milling equipment is only a fraction of 

· that for a skin mill. 
Stiffened construction of wings or fuselage is possible 

by this method, allowing cooling or heating passages, if 
needed. A design similar to the "sandwich" or "waffle" 
construction can be produced without the previous head
aches of machine-forming complex curves and angles. 

(end) 

(Above) "Miking" a large chemically milled part. 
Chemical milling reduces the possibility of parts 
warping and permits the milling of formed parts. An 
electronic control insures sizing of complex, fragile, 
and intricate parts to accuraces of two-thousandths 
of an inch. 

(Below) A piece showing the sharp edges and corners 
produced on both acute and obtuse angles-something 
difficult and not very practical by conventional 
machining. 
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EVELOPMENT of a new isotope material that 
may become an important factor in cancer research 
was announced by the Operations Division of Oak 

Ridge National Laboratory. For the first time in scien
tific history, large quantities of the radioisotope cesium-
137 have been separated and compressed into pellets. This 
achievement was the result of 2Yz years in research and 
development. 

The cesium-137, which is the most important long-lived 
gamma-ray emitting isotope found in spent reactor fuel, 
was chemically separated from fission products available 
at the laboratory. The first cesium pellets will be used as 
a radiation source in a new teletherapy unit being pre
pared for cancer research in the medical division of the 
Oak Ridge Institute of Nuclear Studies. "Large quanti
ties" of high purity cesium-137 means just these two 
pellets, each about the diameter of a half dollar-a half 
inch thick and weighing a little more than an ounce. The 
two pellets contained 1540 curies of radioactivity, equiva
lent in radiation energy to more than one pound of radium, 
which at current rates would cost more than $1,000,000. 

Cesium-137 has great potentialities for applications 
whe:t;"e X -ray machines, radium, or radioactive cobalt-60 
are now commonly used. Although performing essentially 
the same functions, it offers several advantages over these 
radiation sources. 

One advantage lies in its relatively long-lived intensity. 
Cesium-137 has a half life of 37 years, or seven times that 
of cobalt-60, though not nearly so long as radium's almost 
1600 years. Another (eature is the favorable range of its 
energy. Its gamma radiation energy is 0.66 million elec
tron volts (Mev), as compared with 1.2 Mev for cobalt-
60. This lower energy is sufficient for successful deep 
therapy, yet it requires less shielding than a cobalt source. 
In radiographic work, too, this lesser energy can frequent
ly provide better contrast than the more energetic cobalt 
radiation. The energy of the combined two pellets just 
prepared at Oak Ridge National Laboratory is comparable 
to the peak energy given out by much more expensive 
million-volt X-ray machines. 

(end) 



Al: "Is my face dirty, or is it my 
imagination?" 

John: "Your face is clean. I don't 
know about your imagination.'' 

I've never been dated 
I've never been kissed 
They said if I waited 
No man could resist 
The lure of a pure, innocent Miss, 
The trouble is-I'm fifty. 

Now they tell us that every American 
is entitled to life, liberty and an auto
mobile in which to pursue his happi
ness. 

Governor, looking at newly-con
structed WPA dam: "Migawd, the 
water! It's supposed to be on the other 
side!" 

r 

A kindly visitor was one day going 
through an insane asylum. Presently 
he saw a fellow sitting beside a flower 
bed fishing with his line dropped among 
the plants. Thinking to humor t:he pa
tient the visi'tor asked, ('How many have 
you caught so far, my poor fellow?" 

"You're the ninth today.'' 

Dinner guest at an Engineering 
banquet: "Will you pass the nuts, 
Prof?" 

Preoccupied Professor: "I suppose 
so, but I really should flunk most of 
them." 

Girls are somewhat like typewriters,· 
when you punch the wrong places you 
get the damndest lines. 

The height of bad luck-seasick
ness and lockjaw. 

Thermo Prof.: "Who's smoking in 
the back of the room?" 

M. E.: "No one-that's just the fog 
we're in." 

Professor to noisy class: "Order, 
please." 

A voice from the rear of the room: 
"Two beers." 

"If you do I'll scream.' 
"If I do what? 
aw ell, you're not just going to sit 

there, are youF' 

The one who thinks our jokes are 
poor 

Would straight-way change his 
views 

Could he compare the jokes we 
print 

With those we could not use. 

r t 1 
itt 

is the time to join! Planners, writers, 
actors, and stage crew are asked to 
sign up at this time so that a "hard 
coreu will be ready to get going when 
rehearsals start .. 

Bill Cordes or sign up on the sheet put up in the 
"Log" officee 2 ME; you will be contacted shortly .. 

'I'll I~ lf)55 ·~~·· Ill~ 71JI~ 



Reprinted from the NYU Quadrangle 

HE THEORY of relativity, as expounded by Lorenz, 
Minkowski, and Einstein, dealt a telling blow to what 
was considered a rigorous and an invinciple edifice 

of science. Never before were scientists so agitated as to 
the outcome of an eX!periment involved in the confirmation 
of this theory. Once the experiment verified its validity, 
the whole scientific outlook on universal phenomona had 
to be changed. Basic physical and mathematical principles 
were sharply repudiated. Newton's laws, in particular, were 
shaken to their foundations. By and large, the whole 
pattern of reasoning that governed physics and mathematics 
was fundamentally shattered. 

Fortunately, the gamut of human experience runs within 
very narrow limits. Any phenomenon, therefore, which is 
confined to these limits can still be explained and studied 
with complete impunity in the light of old and accepted 
laws. The error thus produced is too neglihle to be serious
ly considered. However, once science emerges from earthly 
confinement and attempts to explore into the yet un
fathoma:ble a:byss of the universe, these laws are not suffi
cient. They have to be superseded by the principles of 
relativity in order to insure accurate results. 

There are highly involved mathematical equations in the 
theory of relativity, and it would be under false pretenses 
had the author claimed to explain them alL The purpose 
of this article, however, is not to give the mathematical 
aspects of the theory, but to present the essence and its 
implications. To accomplish this, a discussion of the special 
theory of relativity will follow. This part will deal primar
ily with the relative motion of bodies and the effects of 
physical transformations they undergo. The article will 
then proceed to discuss the general theory of relativity, 
which stems from the idea of a four-dimensional co-ordinate 
system, and which imparts an entirely new meaning to the 
concept of gravitation. 

special theory 

The principle of the special theory of relativity states 
that there is no meaning to absolute motion or absolute 
velocity. Absolute motion is a motion which is assigned to 
a body or a locatable phenomenon in the universe, like a 
spot of light, but without reference to any other body. So 
far, every experience, of which there is any record, sustains 
no evidence of any observable effect of absolute motion. 
What wiU appear to be of such nature will invariably turn 
out on examination to depend on relative motion only. 
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h 
By DAN WIZANSKY 

The fact that absolute motion has no meaning was first 
substantiated iby the famous Michelson-Morley experiment 
performed by Dr. Michelson in 1882. A beam of light was 
divided into two different paths in air and then re-united. 
The inte:r;ference pattern produced by the two beams served 
to analyse the results. 

In Fig. 1, a half-silvered mirror, which can both reflect 
and transmit a beam of light at the same time, was installed 
at A. Light from source S falls at A and is divided into 
two beams. One of them is transmitted through the mirror 
and traverses a path of length L striking another mirror at 
B. There it is reflected back to A, which in turn reflects it 
to the telescope T. The second beam is reflected from 

Fig. l 

mirror A, and, perpendicular to its previous direction, 
traverses a path of th~ same .length L. There it strikes 
mirror C and is reflected back to A, from which it is trans
mitted to the telescope. These beams are re-united along 
A-T and produce an inter.ference pattern at the telescope. 
If the entire system is not moving, as is assumed in Fig. 1, 
the two beams will traverse exactly the same distance, 2L, 
and no change will be noted in the interference pattern. 

·However, if the apparatus is moving, which it is, due to 
, the rotation of the earth in its orbit around the sun, the 
results should be different. In Fig. 2, the beam from the 
light source S strikes mirror A and is split in two. By the 
time one of the beams arrives at B, the mirror has moved 
up to B'. As the beam returns back to the original mirror, 
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the latter has changed its position from A to A'. The second 
beam is reflected from A. When it arrives at C, the mirror 
there has moved forward to C'. On returning to mirror A, 
the latter has moved to its new position at A'. 

It can be easi,ly shown that the paths taken by the two 
beams are not equal. Calculating, one finds their lengths 
to be: 

2L 
AB'+B'A'= --

v2 
1--

2L 
AC'+C'A'== ----

v{ r- :,' } 

where v is the orbital velocity of the earth and c is the 
speed of light. 

The values for the length of the paths traversed by the 
two bearps are evidently not equal to each other. In con
sequence; a shift in the interference bands shouJd be de-

\\\'&~ 
c 

/ 

Fig. 2 

tected. Nothing of the kind was observed. The experiment 
was performed again six months later, at which time the 
earth's velocity around the sun was different by 37 miles 
per second. Again no shift in the interference pattern was 
observed. 

The amazing results of the Michelson-Morley experiment 
gave an indication that there was a basic fallacy in the 
physical concept of absolute motion. 

Max Lorenz then presented a revolutionary idea. He 
suggested that when a body is moving, it automatically 

v2 
contracts by a factor of 1- - in the direction of its 

V c2 

velocity v. By introducing this factor into the experiment, 
the discrepancy between theory and results is eliminated. 
Going back to the experiment, one can see that the path 
AB' + B'A' for one of the beams is in a direction parallel to 
v. Hence, according to Lorenz, the length AB' +B'A' con-

v2 
tracts by the factor y- -. Applying _this factor wiU 

cz 
yield the following results: 

(AB'+B'A') y1- - = ---
cz 

y1--
c2 

But this is exactly equal to the length of path AC'+C'A', 
and will be equal to it for all positions and for all values of 
v. No shift in the interference pattern will occur, and the 
experiment will fail to give any knowledge of the absolute 
motion of the earth. 

The Lorenz hypothesis served as the springboard for the 
development of the special theory of relativity. It indicated 
there was some defect in our reasoning. We had a false 
conception of the meaning of length. This physical quan
tity is no longer fixed and defined by a standard dimensional 
unit. It varies, and the amount of variation depends on 
the relative velocity of the body. The actual length is given 
by the expression: 

On examining this formula one wiU notice that, at 
velocities presently known to human experience, the effect 
of transformation will be nil. Only at velocities approach
ing that of light will the transformation assume a sizable 
proportion. 

changeable units 

The three fundamental dimensions upon which our 
physical concepts lie are mas,s, length, and time. All other 
dimensions can be expressed in terms of these primary 
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ones. While dimension is a descriptive word, unit is a 
definite standard or measure of a dimension. The English 
gravitational system of units consists of the pound, foot, and 
second. These three units are used to describe the whole 
physical universe. As a result, they were tacitly given the 
property of permanence and unchangeability; or else the 
basic structure of physics would have tumbled down. It 
can be understood, therefore, why the Lorenz transforma
tion of length stood in such daring defiance of what was 
considered the bulwark of science. 

The standard unit of length was not the only dimension 
that underwent transformation. Lorenz proved that the 
two other basic dimensions of mass and time were subject 
to variation, too. Their transformation followed the same 
pattern and employed the same factor. Thus, the unit of 
time ascribed to a body which travels with a relative 
velocity v becomes: 

v2 
t=t0 \/1-- -, 

cz 

where to is the unit of time while the body is at rest. 
Eviden~ly, time is shortened with an increase in velocity, 
and w11l be zero at the speed of light. The expression 
relating mass to the velocity is : 

M=yl-

where Mo is the rest mass of the body. The length, mass, 
and time transformations are generally known as Lorenz 
transformations. 

?~ the basis of the mass equation given above, two 
stnkmg deductions were made. One of them stated . that 
the velocity of a body can never exceed the velocity of light. 
!he s~cond de~uction indicated that mass is not only chang
mg w1th velo~1ty: but can also exist as a form of energy. 
Further exammat10n of these two deductions will not follow. 

Through the conservation momentum principle, one can 
defin~ mass as the resistance of a body to change in motion. 
A~d mdeed, the more mass a body contains, the harder it 
w11l be to change its motion (or velocity). But, the mass 
equation indicates that at the velocity of light, M will be 
infinite. Consequently, a velocity which exceeds that of 
light can never be attained. 

Let it be assumed that two identical bodies are moving 
towards each other with the same velocity v. The mass of 
each body is given by: 

Mo 
M=--

\/1-

This value is evidently greater than M 0 • Each body, there
fore, loses a certain amount of weight; yet the conservation 
of mass principle requires that the total mass of the system 
remains constant. 

48 

At this point Dr. Einstein stepped in and cleared up the 
puzzle. He suggested that the mass unaccounted for is not 
actually lost but exists in the form of energy. This energy 
is due to the impact of the two bodies at the instant of 
collision. As energy cannot be created from nothing, it 
had to he produced at the expense of the mass. Einstein's 
famous equation, which relates mass to energy, is given by: 
E-mc2

• 

As was shown, the special theory of relativity renders 
meaningless the idea of absolute motion. It only deals with 
the relative motion of bodies and the consequential trans
formations of their physical entities. Two deductions were 
drawn. The first one established the fact the velocity of 
light is the absolute limit for any velocity that could ever 
be attained. The second one corroborated the existence of 
mass in a totally different form; a form of energy. 

general theory 

As the name implies, the general theory of relativity 
generalizes the special theory and applies its principles 
to all universal phenomena. It tries to relate all motions 
and forces in the universe to one single cause, and ex
plains the nature of this cause by the principles pre
viously discussed. 

From the foregoing discussion, it is understood that 
objects in space moving different velocities build up dif
ferent time intervals. Suppose, now, that an object in 
motion is viewed from both Venus and Mars. The orbital 
velocities of these two planets are different. Consequently, 
the relative velocities of each with respect to an object 
on Earth are different. According to the Lorenz trans
formation, then, this object will seem to each of the viewers 
on Venus and Mars to traverse the same path in two 
different times. Or, if asked to point out the object at 
the same instant, they will locate it at different places on 
the same coordinate system. Hence, in order to be able 
to absolutely locate a particle in space, three dimensions 
would not be sufficient. The time element must be taken 
into consideration, too. 

The exact relation between space and time was finally 
discovered in 1903 by a Hungarian physicist, Minkowski. 
He presented a precise mathematical formula, in which 
the time related to any body moving from one point in 
space to another was included in the expressions for the 
spatial path that it traversed. Instead of being inde
pendently treated, the concept of space and time from then 
on became interlocked. Time began ·to be considered as 
the fourth dimension, while length, breath, and thickness 
remained the other dimensions. With a good stretch of 
the imagination, one can picture time as the fourth co
ordinate in a system of coordinates and at right angles 
to all other coordinates. These four dimensions make it 
possible to coordinate the time-space relationship of all 
bodies in the universe and accurately pinpoint their loca
tions. 

Previously, the shortest distance between two particles 
in space was given by the expression: 

S = V (xz-XJ 2+(y2-yi) 2+ (z2-z1)2. 
However, in the time-space coordinate system, this is m
complete. 

Another term, according to Minkowski, must be in
corporated into the square root sign in order to account 



for the time interval. This term is ( Q2-Q1)2, where Q = 
f(t). The modified expression for the path S will now 
read: 

S = V ( x2-xl) 2+ (y2-yl) 2+ ( z2-zl F-1- ( Q2-QJ)2. 
Any venturing reader can visualize, now, the coordinate 
system as going- up and down, left and right, backwards 
and forwards, and sooner and later. 

Einstein's greatest achievement was in applying these 
revised concepts of space and time to clarify cosmic prob
lems. As was shown, the shortest paths taken by a par
ticle are also a function of time. The magnitude of time, 

Fig. 3 
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however, depends upon the relative velocity. Hence, the 
surrounding bodies, with their masses and velocities, have 
a pronounced effect on the path of a particle, inasmuch 
as they determine its relative velocity. 

Upon analysing it, Einstein concluded that the line 
shaped by the shortest path of a body in space is not 
necessarily straight. It depends upon the surrounding bodies 
and their corresponding velocities. It is twisted and dis
torted in such a way as to let a body which is moving 
through this path do so in the shortest possible way~ as 
indicated by the space and time relationship. In other 
words, a body in the universe will strive to move through 
a path whose shape is such to impart the smaHest value 
to the four-dimensional value for S. 

Gravitation, according to Einstein, may not be inter
preted in terms of these paths in the time-space combina
tion. The earth moves in a curved elliptical orbi,t around 
the sun, not because of any direct pull the sun directs 
on it, but because it tries to find the shortest path through 
time and space. Only an elliptical shape for the path 
could conform to this requirement. The path of any other 
object, whether it is a planet or falling body, is predicated 
upon the same cause, namely, the endeavor of the object 
to counteract the influence of the mass and velocities of 
other bodies around it, and to make its tangled path 
through them the shortest possible. 

From these premises, Einstein developed mathematical 
formulas which gave more precise results than those based 
on Newton's theory. However, Newton's formulas are 
such close approximations that it is difficult to find, from 
observation, any obvious disagreement with experience. 
This was so until the famous experiment which involved 
the deflection of a beam of light, and which completely 
vindicated Einstein's theory. In order to comprehend the 
importance of the experiment, a liHle background will be 
discussed. 

Newton's laws of gravitation made it clear that bodies 
which have mass attract each other. Then, if light has 
mass, and it was definitely shown that it has, there is no 
reason why light should not be attracted by the sun or 
some other planetary body. The question that stirred 
scientists was not so much whether a ray of light would 
deviate from its path, but to what extent it would deviate. 

In order to check which theory was right, it was de
cided to use the sun as the massive object which wiU de
flect a beam of light. The sun is, by far, the largest body 
in our solar system and, therefore, will exert the largest 
pull. However, under ordinary conditions the sun shines 
with such brilliance that objects around it, including rays 
of light would be entirely dimmed. It was, therefore, 
necessary to put the theory into test only when a total 
eclipse of the sun occurred. 

Fig. 3 illustrates the layout of the experiment. The 
moon, in the position shown, imparts a total eclipse of 
the sun in the region from A to B. A beam of light from 
star C is deflected by the sun through an angle a. To an 
observer on earth, the star will appear to be at C'. Ac
cording to Newton, the gravitational attraction on the 
beam is inversely proportional to the square of its dis
tance from the center of the sun. Using this theory, scien
tists predicted that the sun would deflect the beam by an 
angular deflection of 0. 75 seconds. Einstein, on the other 
hand, using his new theory, calculated the displacement 
to be 1.8 seconds. 

confirmation 

On May 29, 1909, when a total eclipse of the sun oc
curred, the experiment was performed and the amount 
of deflection carne out to be 1. 76 seconds, or almost ex
actly as Einstein predicted. This was the big triumph for 
his gravitational theory, which was recognized as the suc
cessor to the Newtonian concept and the forerunner of a 
new era. 

As was shown, a principle in the special theory of rela
tivity, namely, Lorenz transformation of time, was ap
plied to the general theory to establish the fourth dimen
sional continuum. Time became interrelated to space, and 
was inco11porated into the spatia1 system of coordinates, 
in order to yield the exact location of a particle any
where in space. From this principle, Einstein proceeded 
to postulate his theory of gravitation, stating that the 
motion of a body through the universe is such to traverse 
the shortest path through space-time combination. This 
path is not necessarily a straight line. 

what next? 

The theory of relativity is stiH a highly controversial 
subject. Its principles will be more emphatically asserted 
when applied to regions beyond our solar system, and 
when velocities approaching that of light will be attained. 
However, means for experimenting in these conditions are 
not availa~ble as yet. In the narrow range of human ex
perience, Newton's laws can be still applied without pre
senting any dete:ctable discrepancy. Only through continued 
experimentation and more refined analysis will the theory 
of relativity be better acknowledged, and its distinguished 
place will be solidly entrenched in the realm of science. 

(end) 
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LUMBERTON STATION 
Total capability 185,000 kw. 

GoLDSBORO STATION 
Total capability 169,000 kw. 

rinnell piping products 
have played a vital role 

----~~--~==~---
WILMINGTON STATION 

Total capability 230~000 kw. (est.) 

in the construction of 

arolina P~ower Light ompany 
Since 1949, Carolina Power & Light's modernization 
and improvement program has been in full swing. 
Over this 6-year period, 6 new steam-electric 
generating units have been added to the system, with 
another scheduled for completion early in 1955. 
And very significantly, in each of these seven new units, 
Grinnell Prefabricated Piping and Grinnell Engineered 
Hangers have been employed, exclusively! 

Thi8 continuous use of Grinnell Piping Products over 
the years means that Grinnell has successfully passed 
the most exacting test of all ... the "test" of actual 
performance ... on the job .. · . day-in and day-out. 

Main steam lfne in WILMINGTON plant, fabricated by Grinnell, 
and supported by Grinnell Model R Constant-Support Hangers. 

Piping fabricated in Grinnell shops is done under 
ideal conditions, with modern equipment, by 
personnel qualified for each class of work. Included 
in the price (which is determined in advance) are 
such items of expense as: interpretive engineering, 
shop sketches and planning, procurement of materials, 
power services, expendable tools and supplies. There 
are no charges for waste material or spoilage. All 
piping is rigidly inspected and tested to comply exactly 
with customer specifications and applicable codes. 
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WHENEVER PIPING IS INVOLVED 

GrinneU Company, Inc., Providence, Rhode Island 

pi"pe ond tube fittings ~ welding fittings @ engineered pipe hangers and supports • Thermolier unit heaters G> ygives 
Grinnell-Saunders diCiphragm v<e:~lves $ pipe *' prefabricated piping '" plumbing and heating spec:ialties *' water works supplie$ 
industrial supplies '$ Grinnell automatic: sprinkler fire protection :systems ~ Amco <e:~ir c:onditioning systems 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 



Lockheed Expands 
erodyna ics Staff 

LOCKHEED 
AIRCRAFT CORPORATION 

BURBANK CALifORNIA 

Jim Hong, Aerodynamics 
Division head, discusses 
results of high-speed wind 
tunnel research on drag 
of straight and delta wing 
plan forms with Richard 
Heppe, Aerodynamics 
Department head 
(standing), and 
Aerodynamicist Ronald 
Richmond (seated right). 

With five prototypes already in or near flight test, Lockheed's 
Aerodynamics Division is expanding its staff to handle 
greatly increased research and development on future aircraft 
in commercial and military fields. 

The five prototypes, which show the breadth and versatility of 
Lockheed engineering, are: The F-104 supersonic superiority 
fighter; XFV-1 vertical rising fighter; C-130 U.S.A.F. turbo-prop 
cargo transport; R7V-2 U.S.N. turbo-prop Super Constellation 
transport; and an advanced jet trainer of the T-33 type. 

New projects now in motion are even more diversified and offer career-minded 
Aerodynamics Engineers and Aerodynamicists unusual opportunity to: 
Create supersonic inlet designs for flight at extremely high altitude; match 
human pilots with rapid oscillations of supersonic aircraft at 
low altitude; develop boundary layer control systems for safe take-off 
and landing of fighters and transports; remove aileron reversal 
and tail flutter problems incurred in high speed flight through analysis and 
design; participate in determining configurations of turbo-prop 
and jet transports and advanced fighters, interceptors and bombers. 

Career Positions at lockheed 
Lockheed's expanding development program has created a number 
of positions for Aerodynamics Engineers and Aerodynamicists 
to perform advanced work. 

In addition Lockheed has positions open for Electronics Engineers, 
Thermodynamicists, Flight Test Analysis Engineers and Stress and Structures 
Engineers to perform advanced studies on such diverse projects as: 
Applications of nuclear energy to aircraft, turbo-prop and jet transports, 
bombers, trainers, supersonic fighters with speeds far surpassing those 
of present-day planes, and a wide range of classified activities. 

Program for Advanced Study- To encourage members of its engineering 
staff in study leading to advanced degrees, Lockheed reimburses 50% 
of the tuition fee upon successful completion of each course relating to 
the engineer's field at the University of Southern California and 
University of California at Los .A_ngeles. Both universities offer a wide 
night school curriculum in science and engineering. 
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In order to keep pace with the 
drafting requirements of modern 

industry Dietzgen introduced Master Bows into 
the United States. They have since become an 

indispensable aid to engineers and draftsmen. 

Dietzen Drawing Instruments are 
constructed of hard nickel silver and 
fine tool steel to precision stand
ards, offering the student unex
celled accuracy and lifetime service. 

University Bookstores 
University of Minnesota 

MAIN ENGINEERING BUilDING 

8 
ina''ONE ol' RK OP 

The spindle of a popular electric power tool 
for hobbyists literally floats on four Fafnir 
pre-lubricated Mechani-Seal Type Ball Bear
ings. Since the power tool operates in both 
vertical and horizontal positions and under 
varied conditions ... as a circular saw, ver
tical drill, wood lathe, disc sander ancl hori
zontal drill press .•. the bearings are ex
tremely important to its accuracy and life. 
With saw blade at full speed, coins upended 
on hobby tool table will not fall over ..• a 
tribute to rigidity gained from use of Fafnir 

Ball Bearings. Oppor
tunities for product 
improvement through 
ball bearing applica
tions are almost limit
less. The Fafnir Bear· 
ing Company, New 
Britain. Conn. 

I 
BALL BEARINGS 

MOST COMPLETE UNIE IN AMERIC.A. 

B 
ENERAL 
KBI DIN 

Gold lettering - Stamping 
Tooling 

WE BIND 
Medical Theses 

Chemical Pamphlets 

Magazines Text-Books 

law Reviews 

COVERS - ALBUMS - SCRAPBOOKS 
Made to your specifications 

BINDING 

F. Oe ERICKSON, 
BOOKBINDER 

downstairs 

GRA Y1S DRUGSTORE 

1326 4th St. S.E. GE. 5765 



Will data on molybdenum 
and the "moly" derivatives 
utilized in chemicals, agriculture 
and various phases of industry 
help your thesis projed? If so, let 
us know your field of particulc:~~r 
interest ... write: Climax 
Molybdenum Company, 500 Fifth 
Avenue, New York 36, N.Y. 

I 
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ELECTRICAL ENGINEERS 
or 

PHYSICS GRADUATES 

with experience ill 

RADAR or ELECTRONICS 
or those desiring to enter these areas ... 

The time was never more opportune than now 
for becoming associated with the field of advanced electronics. 

Because of military emphasis this is the 1nost 
rapidly growing and promising sphere of endeavor for the young 

electrical engineer or physicist. 

Since 1948 Hughes Research and Devel
opment Laboratories have been engaged 
in an expanding program for design, de
velopment and manufacture of highly 
con::.plex radar fire control systems for 
fighter and interceptor aircraft. This re
c;uires Hughes technical advisors in the 
field to serve companies and military 
agencies employing the equipment. 

As one of these field engineers you will 
become farniliar with the entire systems in-

Hughes Field Engineer H. Heaton 
Barker (right) discusses operation of 
fire control system with Royal Canadian 
Air Force technicians. Avro Canada 
CF-100 shown at right. 
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valved, including the most advanced 
electronic computers. With this advan
tage you will be ideally situated to 
broaden your experience and learning 
more quickly for future application to 
advanced electronics activity in either the 
military or the commercial field. 

Positions are available in the continen
tal United States for married and single 
·men under 3 5 years of age. Overseas 
assignments are open to single n:en only. 

Scientific 
and 
Engineering 
Staff 

HUGHES 
RESEARCH 
AND 
DEVELOPMENT 
LABORATORIES 

Culver City, 
Los Angeles 
County, 
California 

The colonel was lecturing a class 
of incipient officers. "A 40 foot flag
pole has fallen down," he said. 
"You have a sergeant and a squad 
of men. How do you erect the flag
pole again?'/ 

The candidates thought, then 
made suggestions about block and 
tackle, derricks and so on. 

"You're all wrong, said the 
colonel. You'd say: "Sergeant, get 
that flagpole up.' 1 

Salesman: "Sir~ I have something 
that~ s guaranteed to make you the Hfe 
of the party, allow you to win friends 
and influence people) help you forge 
ahead in the business world and in gen
eral make life a more pleasant place 
and invigorating experience.)} 

Engineer: ({I'll take a quart." 

"So you say the water that you 
get here at the fraternity house is 
unsafe?" 

"Yeah." 
"Well, tell me/ what precautions 

do you take against it?" 
"First, we filter it. I! 
"Yes. 11 

And then we drink beer.'' 

aso your husband is one of the guns 
of industry?'} 

aYes) he)s been fired eight times., 

KOH-1-NOOR 
DAPTO-CLUTCH 

LEAD HOLDERS 
All degrees and diame

ters of lead .. 

~ Technical Books and 
Supplies 

~ Study Outlines 

~ Thesis Supplies 

at 

E'S 
315 14th Ave. S.E. 

and 
Harvard and Washington Ave. 



says GERALD SMART 
Marquette University, BS-1948 

and now Supervisor of Plant Engineering, 
Allis-Chalmers, Norwood,. Ohio, Works 

"MosT MEN graduating from college don't have a 
clear idea of what they want to do. These indi.:. 

viduals are helped by Allis-Chalmers Graduate Train
ing Course to find the right job whether it be in design, 
sales, engineering, research or manufacturing. 

"My case is a little different, however. I started the 
course with all my interest centered on tool design and 
'in-plant' service. The reason is that I started getting 
vocational guidance from some very helpful Allis
Chalmers men back in 1940." 

Served Apprenticeship 

"At their suggestion I had gone to school part time 
while working full time. This not only gave me the 
chance to serve an apprenticeship as a tool and die 
maker, and earn money, but I learned what I wanted 
to do after graduation. 

"Then came the war and service in the Navy. After 
the war I finished school. By the time I started on the 

course in 1948, I knew what I liked and seemed best 
fitted to do. As a result, my entire time as a GTC stu
dent was spent in the shops. 

"The 18 months spent in the foundry, erection floor 
and machine shop have all proved valuable background 
for my present job. 

"As supervisor of plant engineering at the Norwood 
Works, I am concerned with such problems as: Plant 
layout, material handling equipment and methods, new 
construction, new production methods to be used in 
building motors, centrifugal pumps, and Texrope 
drives. It's an extremely interesting job. 

"From my experience, I'd say, whether you're a 
freshman or a senior it will pay you to talk to an Allis
Chalmers representative now. You can't start plan
ning your future too soon. And you can't plan starting 
at a better place, because Allis-Chalmers builds so many 
different products that you'll find any type of engi
neering activity you could possibly want right here." 

Fads You Should Know About the ALLIS~CHALMERS Graduate Training Course 

1. It's well established, having been 
started in 1904. A large percentage of the 
management group are graduates of the 
course. 

2. The course offers a maximum of 24 
months' training. Length and type of 
training is individually planned. 

3. The graduate engineer may choose the 
kind of work he wants to do: design, en
gineering, research, production, sales, 
erection, service, etc. 

4. He may choose the kind of power, 
processing, specialized equipment or in
dustrial apparatus with which he will 
work, such as: steam or hydraulic, turbo
generators, circuit breakers, unit substa
tions, transformers, motors, control 
pumps, kilns, coolers, rod and ball mills, 
crushers, vibrating screens, rectifiers, in
duction and dielectric heaters, grain mills, 
sifters, etc. 

S. He will have individual attention and 
guidance of experienced, helpful superiors 

in working out his training program. 

6. The program has as its objective the 
right job for the right man. As he gets ex
perience in different training locations he 
can alter his course of training to match 
changing interests. 

For information watch for the Allis
Chalmers representative visiting your 
campus, or call an Allis-Chalmers district 
office, or write Graduate Training Sec
tion, Allis-Chalmers, Milwaukee 1, Wise. 

Texrope is an 
Allis-Chalmers trademark. 
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A Key to K&E Leadership 
Measurements-by the mechanic or uno-it-yourself" 
man working to sixteenths of an inch, or the· engineer 
measuring to thousandths-mu!!t be reliable. K&E Steel 
Tapes-such as the original Wyteface®, the doubly 
durable Albadure®, the highly precise Optical Tooling 
Tapes- assure li1sting legibility, sturdy endurance, 
essential precision. Such reliability is a key to K&E 
leadership in drafting, reproduction, surveying and 
optical tooling equipment and materials, in slide rules 
and measuring tapes. 

KEUFFEL & ESSER CO. 
EST. 1867 

New York Hoboken, N.J. 
Chicago • St. Louis • De'. ,.~it • San francisco o Los Angeles • Montreal 

CHRISTMAS 

S T A F F 

MINNEAPOLIS 
BLUE PRINTING CO. 

523 Second Avenue South 
Minneapolis, Minn. 

MAin 5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KEUFFEl & ESSER CO. 



For illustrated brochure describing Delco 
Products College Graduate Training Program 

Write to: E. J. Bentley, Supervisor 
College Graduate Training Program 
Delco Products Division of G.M. 
Dayton 1, Ohio 
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ENG.INEERS NEEDED 
ON NEW GRUMMAN 

SUPERSONIC 

Grumman, one of the most 
stable aircraft companies in 
the industry, needs engineers 
to work on the supersonic 
Tiger and new Cougar II. 
With Grumman, your home 
will be Long Island, the 
playground of New York. 
If you are an experienced 
aircraft engineer, or a recent 
engineering graduate, send 
your resume to Engineering 
Personnel Dept. Interviews 
at Employment Office. 

NEEDED NOW: 
Wing and Fuselage Designers 
Hydraulic Engineers 
Stress Analysts 
Flight Test Engineers 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE " LONG ISLAND • NEW YORK 
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No activities have been planned un

til winter quarter. See the January 
'Log for complete details. 

AS E 
At the November 24 meetino- "Steel 

·~' 
spans the Chesapeake," a color film was 

shown. It showed the construction of 

the 3-mile curve span from the driving 

of the piles for the piers to the placing 
of the guard rails for the finished road

way. This bridge is unusual in that 
several different kinds of truss were 

used in its various parts. Because of 

this, the film received the unofficial 
subtitle, "The :{Jractical Application of 

CE 32 to the formation of a JF'ull and 
\ 1Vcll-rounded Life." 

An illustrated talk on new develop

ments in the brick and tile industry, 

by Charles Wetzler of the Structural 

Clay Products Institute, was the feature 
of the meeting held December 1. He 

stated the advantages of clay tile con

struction as better fire protection and 

lower maintenance cost, but he added 

that it would take a!l active educational 
program > to encourage the public to 

accept it for the construction of their 
homes. 

SAM 
SAM's pace rating film project is still 

in progress. Any IT student is eligible 

to participate in this; good pay, too. 
Drop in at the SAM office, 13 M E for 
complete info. 

AS E 
The first meeting of winter quarter 

(date not yet set) will be highlighted 
by a film on gas turbines. The spring 
conference of ASME will be held at 

the U; representatives from about 22 
schools will attend. 

s 
Jerry Koch, from the ARS, spoke on 

solid fuel rockets and his experiences 
with them at the November 30 meet

mg. 

I eS 
The U of M student branch of the 

IAeiS invites all budding aeros (and all 

other aviation-minded engineering sci

ence students) to join novv. We like to 

mix lots of socia:l activities with our 

main objective, o~ganizing and dis

tributing knowledge concerning the 

latest developments in aviation. 

Prof. Akerman, head of our depart

ment, spoke at our first meeting. His 

topic was an extremely interesting (and 

humorous) account of his student flying 

days in Russia. 

Mr. Ben Ciscil of Minneapolis-Honey

well spoke on the E 10 autopilot, illus~ 

trating his comments with colored slides, 

at our last meeting. Just ask any aero 
who was there how he liked this one. 

We also have noon movies each week. 

We have toured the Rosemount Re

search Laboratories, and are planning 

to tour HoneyweH Aero. 

Socially, we have our Aero Ball on 

Washington's Birthday every year, since 

Washington financed the ·first govern

ment balloon. Also there is the spring 

picnic and, we hope, a few parties dur

ing the year. Last year's picnic was 
held at Prof. Akerman's summer home 

on the St. Croix. 

Now comes the touch. The dues (you 

lucky dogs) are only $2.00 per year, an 

amazingly low sum, considering the 

benefits. Therefore, you'd better RUN, 

DON'T WALK (or you'll be trampled) 

to 111 Aero and JOIN NOW! 

-D.B. 



toni t 
This man could almost reach the 
moon tonight ... for he stands at the 
brink of a new age in the conquest 
of space, and he knows this: 

If we had to, we could get him there. 
Given time and urgent need, we could 
design, build and deliver the total 
solution to that problem. 

An entirely new development in the 
aircraft industry now makes this 
possible. It is a science and a method 
of developing aircraft, guided missiles 
and electronic systems not as traditional 
flying vehicles but as fully coordinated 
solutions to operations problems. 

Today, The Glenn L. Martin 
Company's creative engineering 
resources and production facilities are 
among the finest in the new world of 
weapons systems development. 

And one of the reasons for Martin's 
dynamic future in this new world is 
basic to leadership in any organization: 

There is always an opening for 
outstanding abili~y. 

BALTIMORE· MARYLAND 
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"Within the next ten years", says William R. Parlett, young 

·worthington Sales Engineer, "many of the officers of the 

corporation, district office sales managers and top salesmen 

will be retired. 

"Appreciating the fact that someone must fill these jobs, 

our management is striving to develop capable leadership 

among the younger men of the corporation. 

"As a prospective Worthington Sales Engineer, I received 

several months of classroom instruction by works managers, 

top sales personnel and application engineers at all of the 

Worthington plants. The background I obtained was a sound 

basis for further development and learning gained in one of 

fOR ADDITIONAL INFORMA JION, see your College 
Placement Bureau or write to the Personnel and Training 
Department, Worthington Corporation, Harrison, N.J. 

r ell ' 
1!1!!1 
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the product sales divisions and then in a district sales office. 

After obtaining sufficient product knowledge and sales training, 

I was ready to sell directly to industry. As more important 

sales assignments are available, I feel I will progress in propor

tion to my own development and sales performance. 

"As a Worthington salesman I contact a class of trade with 

which it is a pleasure to do business. The company's reputation 

is a key to a welcome reception by my customers. 

"I have found that with Worthington you have job satisfac

tion, adequate compensation, and unlimited opportunity." 

When you're thinking of a good job, think high-think 

Worthington. 
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How Tl KEN® bearings 
hold shaf rigid 

The line contact between rollers and races of 
Timken bearings gives shafts rigid support over a 
wide area. Shaft deflection is minimized. And end
play is eliminated because the tapered design of 
Timken bearings lets them take radial and tht·ust 
loads in any combination. 

fRADE·MARK REG. u. 5. PAT. OFF. 

TAPERED ROllER BEARINGS 

How to increase bevel 
gear life 

The shafts that hold the bevel gears in this 
farm machine gear box carry two kinds of 
loads. Loads from the bevel gears run 1) 
along the shaft and 2 ) at right angles to it. 
Timken® bearings, being tapered, carry both 
loads at once, hold gears rigidly in place. 
Perfect tooth-mesh is maintained; gears last 
longer. 

t 

ant to learn more about 
bearings or iob opportunities? 
Many of the engineering problems you'll face after 
graduation will involve bearing ap
plications. For help in learning more 
about bearings, write for the 270-
page General Information Manual 
on Timken bearings. And for infor
mation about the excellent job op
portunities at the Timken Company, 
write for a copy of "This Is Timken". 
The Timken Roller Bearing Com
pany, Canton 6, Ohio. 

NOT JUST A BAll 0 NOT JUST A ROLLER o:::> THE TIMKEN TAPERED ROLLER CJ::::J 

BEARING TAKES RADIAL ~ AND. THRUST -t)- LOADS OR ANY COMBINATION * 
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For sale: Sonar-VFX 680; VFO, X tal, 
Controlled Exciter, NBFM, 80-10 n1e
ters, F one-CvV tnonitor, 6L6 final atnpli
fier. Used about 10 hours. See or call 
Ron \l egetnast, 0 R 5-9281. 

For sale: 1954 Cris-Craft Outboard 
Cruiser \vith 25 H. P. Evinrude J\!Iotor. 
Con1pletely equipped (including twin 
bunks and sort of a head) for cruising 
(ask the editor). Free storage for the 
rest of the 'Winter. A steal at $1300. 
See Ted in the Log Office. 

F'or sale: l)elta VTVM, Brand ne-vv. 
Call Don Stephani, l\11 4878. 

For sale: A Deluxe Ste·wart-vVarner 
"South wind" gas heater. Used one sea
son. $15. See Joe Mensch, Rootn 2, ME. 

For sale: 20-gauge vVinchester, nlod
el 37, for sale reasonable or will trade 
for a .410 gauge single or other firearn1. 
Norv Pervier, OR 7-9192. 

All Want Ads should be in Room 2, 
ME, by January 5. They will be printed 
once, unless otherwise directed, in son1e 
suitable spot in the January Log. This 
is a special service offered, \vithout 
charge, to IT' students only. 

When Thomas A. Edison first put B&W 
Boilers to work in the Pearl Street Station, 
he launched a new industry of electric 
power which made possible an era of tre
mendous growth. Electricity-cheap, avail
able, abundant-is the bedrock of America's 
strength. And certainly, this great pioneer 
envisioned all the wonders still to come, in 
the soft glow of his first practical lamp. 



H NEY ELL 

OFFERS 

CHALLENGES 

UNLI I TED 

THE challenges and problems for the 
engineer in the automatic control 

field are unique in their variety and in 
the insight provided into all of the 
industries of today' s modern world. 

The development and manufacture 
of tiny transistors for electronic control 
. . . the design and construction of 
giant control valves for oil refineries 
... the challenge of finding fish with 
underwater sonar ... of providing auto
matic flight for supersonic jets . . . 
temperature controls for today's modern 
home ... for atomic piles ... 

These are a few of the fields in which 
Honeywell's several divisions are en
gaged, providing automatic controls 
for industry and the home. 

These controls are made possible by 
the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 

With nine separate divisions located 
throughout the United States and with 
factories in Canada, England and 
Europe, Honeywell offers unlimited 
opportunities in a variety of challeng
ing fields. Based on diversification and 
balance between normal industry and 
defense activities, Honeywell will con
tinue to grow and expand because 
automatic control is so important to 
the world's progress. And automatic 
control is Honeywell's business. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. 
In addition to full time engineering 
and research employment we offer a 
Cooperative Work Study program, a 
Summer Student Work Study program 
and Graduate Fellowships. If you are 
interested in a career in a vital, varied 
and diversified industry, send the cou
pon for more information. 

Divisions: Appliance, Aeronautical, Commercial, Heating Controls, Industrial, 
Marine, Micro Switch, Ordnance, Valve. 
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The Editor's 

INCE this issue of the LOG comes less than 3 weeks 
after the November one, it has become difficult to 
scrounge up something of sufficient importance to 

discuss here. All I've received in the mail so far is an
other new plan of General Electric's and a scholarship 
offer from Lincoln Electric. So here it is. 

STARTING January 1, funds from the General Elec
tric Educational and Charitable Fund will be allo

cated to match the contributions made by company 
employes to institutions of higher education. It is the 
intention of this plan to provide for joint participation of 
individual employees, who are college graduat,es, and 
the Educational Fund in a charitable program toward 
colleges. A quote from the press release: 

It is clear that the one who profits most from 
education is the individual graduate, but un
deniably the benefits are shared by the organiza
tions with which he is associated. However, in 
almost every instance, the real cost of a college 
education was not covered by the tuition paid
usually not more than half of it in fact. It seems 
appropriate and fair, therefore, that both the 
individual and the organization with which he 
has allied himself should undertake some measure 
of support for the college and universities which 
play so important a role in American life and 
progress so that others can participate in those 
benefits. 

This proposition is specially challenging right 
now, when institutions of higher education are 
facing higher costs, increased enrollments, and 
greater demands for educated manpower on the 
part of industry, science, the professions, and the 
government. Their problem is complicated by 
inadequate and outmoded facilities in many cases, 
and by overworked teaching staffs which. are al
most always underpaid. 

F OR the past eight years, Lincoln Electric Company 
has sponsored a scholarship program, giving 46 

awards totaling $5000. In the last few years I know of 
no one from the University of Minnesota who has re
ceived even one of these awards. In the year 1953-1954, 
only 27 different colleges were represented in the list of 
winners; the other schools undoubtedly had little or no 
representation in the final judging of papers. 
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It seems peculiar, that with so many scholarships of
fered, and with money as scarce as it is, that there is so 
little competition when it comes to earning a sizable 
chunk of it. 

So as has been stated in this column before, and un
doubtedly will appear again in the future; all engin
eering undergraduates are eligible to compete for the 
cash awards. No special conditions, forms, or fees are 
needed to enter, only the ingenuity necessary to think 
up a satisfactory design paper. A Rules and Condi
tions booklet is available in Room 2, ME. 

Hardly Worth MENSCHtioning 

ONGRA TULA TIONS to Marvin Mirsch and Larry 
Bakken( their efforts at magazine article writing 

has won them national recognition in the Engineering 
College Magazine Association. Marvin got third place 
for the feature article, Industrial Disasters; and Larry 
got third place for the article, Israeli Roads. 

SPEAKING of feature articles, as yet little has come 
of our award of two $50 checks to the authors of 

the two best feature articles. As it stands now, it looks 
like Larryfs in for one of the checks as a result of his 
efforts on the article( "Drink/' in this issue. Just remem
ber, you're all welcome to try and beat him out of that 
check. 

I 'M wondering how the architecture students are 
I coming with the re-design of the campus. Each 
fall the civil engineers check to see if the buildings are 
still where they were originally planted( but this spring 
the architects will reveal their concepts of the campus 
they would like. I hope they incorporate such novel 
features as putting sidewalks where people want to walk 
instead of just completing some geometric pattern; and 
planning the route to and from Home Economics class, 
and the like, past IT, we should have some chance to 
see what the outside world is like. 

I hope, by now, you realize that the article "Cool 
Combustion Reactors," page 28, has very little basis 

in fact; strictly for laffs. 



When photography peered inside ... 

the battery shrank in size ... lasted longer Radiograph showing 
how anode grows in 
use. From such facts, 
National Carbon devel
oped a battery with the 
largest possible anode 
in a small case. 

In air-depolarized hearing-aid batteries, anode size determines battery 
life. But anodes swell in use. How big could one be for a tiny new case? 
National Carbon Company used x-rays and photography and found out. 

EW electronic developments were making 
hearing aids more effective, smaller, more 

convenient. What was needed was a power supply 
equally advantageous. Could this be had without 
sacrifice in battery life? 

National Carbon Company thought so-put x-ray 
photography to work- and came up with a mighty 
midget "Eveready" with unusually long life. 

Checking internal conditions like this-proving 
the soundness of castings and welds- inspecting 
the inside of "sealed-in" assemblies-are all in the 
day's work for photography. 

In fact, graduates in the physical sciences and in 
engineering find photography an increasingly valu
able tool in their new occupations. Its expanding 
use has also created many challenging opportuni
ties at Kodak, especially in the development of 
large-scale chemical processes and the design of 
complex precision mechanical-electronic equip
ment. Whether you are a recent graduate or a 
qualified returning serviceman, if you are inter
ested in these opportunities, write to Business & 
Technical Personnel Dept., Eastman Kodak Com
pany, Rochester 4, N.Y. 

Eastman Kodak Company, Rochester 4, N.Y. 



Looki ahead with General Electric 

• 
I 

A young man who can lead has al-ways had a good 
chance of success, but his prospects ·were never better 
than no-w. There's a steadily growing demand in industry 
for men to fill top professional and management jobs ... 
fellows with a special ability to work well with other people 
and inspire their best work. At General Electric, we're 
constantly on the lookout for them. 

~Personal integrit~ 
rl ~ we\\-ba\anced persona\\W 
~ . and under· r-l Rea\ \nterest m, 
~ stand\ng ot, peop\e 

·rt to :·wen-de\le\oped ab\' ~. [0 th\n\\ c\ear\~ and \og\ca\\~ 

B Imagination 

~ Good iudgment 

Persuas\\leness 

\n\t\at\\le 

rl C\ear-cut obiect\ves 
W energ~ to prov\de 

1\bundant r a\ ior ach\e\1· 
the dr\ve essen ' 

obiect\\les 

Ten trait'S we look for, above, add up to a pretty good 

indication of potential success in business. Not everyone 

has them all to a top degree, but the basic characteristics 

are always present and can be developed in the men we 

pick to help lead General Electric. We hope you can rate 

yourself very high on the list and find it helpful. 

EDUCATIONAL RELATIONS, GENERAL ELECTRIC CO., SCHENECTADY, N. Y. 

KNOW? Opportunities for G-E 
leadership jobs are expected 

d ble in the next 10 to ou . 
The need. techmcal years. · 

and non-technical profes-

sionals and managers. 





John A. Bauscher, Class ol '43 

speaks lrom experience when he says • • • 

' 'United tates teel 
offers first-rate opportunities 

in research and product development" 

JOHN BAUSCHER graduated from col-
lege in 1943 with a B.S. degree in 

Metallurgy. After a stint in the Navy, 
he returned to college as a metallurgi
cal research assistant. In 1949 he re
ceived his M.S. in Metallurgy and 
then came to work at the U.S. Steel 
Applied Research Laboratory. After 
just four and a half years, Mr. 
Bauscher had progressed to Division 
Chief for Sheet Products Develop
ment - responsible for the improve
ment of present sheet steel products 
and the development of new and im
proved types. 

Why did Mr. Bauscher choose U.S. 
Steel? Because, says he, "U.S. Steel 
produces such a great diversity of 
products and maintains such a thor
ough research program on all its prod
ucts - not only theoretical research, 
but also applied research or product 
development. The graduate engineer 

has unusual latitude in selecting the 
type of products and the type of re
search that interest him most. Work is 
done not only on steel, but on many 
raw materials and by-products as well. 

"And," says Mr. Bauscher, "Oppor
tunities at U.S. Steel are better now 
than ever before because of the em
phasis on product development and 
the recent expansion of research 
facilities." 

If you are interested in a challeng-

ing and rewarding career with U.S. 
Steel and feel that you can qualify, 
you can get details from your college 
placement director. And we will gladly 
send you a copy of our informative 
booklet, "Paths of Opportunity," 
which describes U.S. Steel and the 
openings in various scientific fields. 
Just write to United States Steel Cor
poration, Personnel Division, Room 
1622, 525 William Penn Place, Pitts
burgh 30, Pennsylvania. 

SIEE THE UNDYED STATES STIE!El HOUR. It's a full hour of top flight 
TV drama, presented every other week by United States Steel. Con
sult your local newspaper for time and station. 

I 
AMERICAN BRIDGE •• AMERICAN STEEl & WIRE and CYClONE FENCE • COLUMBIA-GENEVA STEEl •• CONSOLIDATED WESTERN STEEl •• GERRARD STEEL STRAPPING •. NATIONAL TUBE 
OIL WELL SUPPLY •• TENNESSEE COAL & IRON •• UNITED STATES STEEL PRODUCTS •• UNITED STATES STEEL SUPPlY •• Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEl HOMES, INC. • UNION SUPPlY COMPANY • UNITED STATES STEEl EXPORT COMPANY • UNIVERSAl ATlAS CEMENT COMPANY 5-47 



1916-The first Boeing plant, Seattle 1954-Boeing's Seattle plant as it appears today. New Engineering Building is shown in foreground. 

Is career stability important to you? 

Then the chart below will be of interest. 
It shows that 46% of Boeing's engineers 
have been with this company for five 
or more years; 25% have been here 10 
or more years, and 6% for 15 years. 

50% 

One reason for this stability is that 
Boeing has grown steadily for 3 8 years, 
providing plenty of room for advance
ment. Another reason is the highly in
teresting type of work at Boeing, such 
as designing and building America's first 
jet transport and the revolutionary B-4 7 

and B-52 jet bombers, as well as worl: 
on pilotless aircraft, supersonic flight 
and research in nuclear-powered aircraft. 

Still another reason is this: Boeing 
always has put dominant emphasis on 
engineering development. Pioneering in 
this field has meant that Boeing con
stantly has increased its engineering staff 
in relation to total employees. Fifteen 
years ago, one out of 16 employees was 
in engineering. Five years ago the pro
portion of engineers had been raised 
to one in ten and today it has climbed 
to one in seven. 

Boeing has rewarding openings for 
engineers of EVERY category-electri
cal, civil, mechanical, aeronautical and 
related fields, as well as for applied 

physicists and mathematicians with ad
vanced degrees. 

Careers at Boeing afford a wide vari
ety of experience in research, design and 
production, as well as work with new 
materials and techniques, and contacts 
with a cross section of industry through 
Boeing's vast subcontracting program. 

Boeing promotes from within and 
holds regular merit reviews to assure in
dividual recognition. Engineers are en
couraged to take graduate studies while 
working and arc reimbursed for all tui
tion expense. 

For further Boeing career information 
consult your PLACEMENT OFFICE, or write 

JOHN C. SANDERS, Staff Engineer - Personnel 
Boeing Airplane Company, Seattle 14, Wash. 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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If Zeppelin had said his dirigible was "just a big bag of wind," he'd have shown 
vision. He knew that its record of 60 miles in two hours was only a beginning. 

And so it was. Now the sound barrier has been smashed ... and New Departure 
has helped. With ball bearings to withstand high jet engine temperatures. With 
ball bearings to carry heavy propeller loads. With ultra-precise instrument ball 
bearings that help make "blind flight" and pinpoint navigation possible. 

Just as New Departure was ready for today's advances in aviation, New Departure 
will be ready tomorrow, too-with the finest in ball bearings •.• first. 

NEW DEPARTURE " DIVISION OF GENERAL MOTORS • BRISTOL, CONNECTICUT 

PARTURE 

NOTHING ROLLS LIKE A BALl 

E & I 

Navy's new vertical take-off lflghter, the "pogo 
stick," has some 80 New Departure ball bearings in 
its Allison T40 turbo-prop engine. New Departures 
also ·carry heavy thrust and combination loads in 
the Curtiss-Wright Turbolectric propellers. 



A MESSAGE TO 

COLLEGE ENGINEERING 
STUDENTS 

from C. H. Weaver, Manager, 
Atomic Power Division, 

Westinghouse Electric Corporation 
University of Pennsylvania, 1936 

To you who want to help create the atomic age 
You're looking at the practical beginning of an atomic age. 

This is a model of the land-based prototype for the first atomic 
submarine engine, designed and built by Westinghouse-work
ing with the Atomic Energy Commission and the U. S. Navy. 

And now, Westinghouse is developing the world's first atomic 
power plant to harness this vast power for peacetime use. Its 
output, enough for a city of 100,000 people, will go into a 
utility's power system. 

Since 1948, Westinghouse has had an Atomic Power Division 
for atomic energy development ••• and it now has an Atomic 
Equipment Department to develop apparatus for atomic power 
installations. These are typical of the steps our forward-looking 

YOU CAN BE u 
s 

Westinghouse management is constantly taking in leading the 
way toward development of new sources of energy and new 
products. 

Wouldn't you like to be with Westinghouse ... helping to 
create this new era? 

We at Westinghouse are interested in you as an individual . .. 
interested in your ambitions as well as your technical ability. 
For your professional development, there is a Graduate Study 
Program, available in 19 universities, and leading to your 
Master's and Ph.D. degrees. And there are other Westinghouse 
programs to fit your individual needs ... all aimed at helping 
you reach your goal. 

Ask your Placement Officer about career 
opportunities at Westinghouse, or write 
for these two booklets: Continued Educa
tion in Westinghouse (describing our Grad
uate Study Program) and Finding Your 
Place in Industry. 

To get these booklets, write: Mr. C. W. 
Mills, Regional Educational Co-ordina
tor, Westinghouse Electric Corporation, 
Merchandise Mart Plaza, Chicago 54, Ill. 

J 





JOE MENSCH EDITOR-IN-CHIEF 

BILL CORDES MANAGING EDITOR 

TOM ORR MAKEUP 

TED SUNDIN SPECIAL FEATURES 

AL SORENSEN FEATURES 

NORMAN DAY ART 

JACK SCHUCK PHOTOGRAPHY 

CHUCK LOBB HUMOR 

RON GLESNES BUS. MANAGER 

DON GRITTNER ASST. BUS. MGR. 

KEITH WARBLE ADVERTISING 

BOB DEVRIES, CHUCK HARE, PAT HART. 

PAT PHILLIPS. NORV PERVIER, DICK 

JORGENSEN, RUSS ZENK, GARY ANDER-

SEN. 

TECHNOLOG BOARD 

CLIFFORD HAGA, PAUL CARTWRIGHT, EDWIN 

SIGGELKOW, BILL BERNARD, JAMES FLORIN, 

NAPHTY KNOX, LAWRENCE BAKKEN, PHIL 

NELSON, RUSTY HASTAD, MARK HOVLAND. 

DON NELSON, AND JAMES PETERKA. 

MEMBER OF ENGINEERING 

COLLEGE MAGAZINES ASSOCIATEI:' 

CHAIRMAN: PROF. THOMAS FARRELL, DEPART

MENT OF ENGLISH, STATE UNIVERSITY OF 

IOWA, IOWA CITY. IOWA. ENTERED AS SECOND

CLASS MATTER APRIL 9, 1925, AT THE POST 

OFFICE AT MINNEAPOLIS, MINNESOTA, UNDER 

THE ACT OF MARCH 3, 1879. OFFICE, 2 

MECHANICAL ENGINEERING BLDG., UNIVER

SITY OF MINNESOTA. TELEPHONE, MAIN 8158, 

EXTENSION 514. SUBSCRIPTION RATE, $2.50 

PER YEAR. ADVERTISING RATES UPON APPLI

CATION. THE MINNESOTA TECHNOLOG IS 

PUBLISHED MONTHLY OCTOBER THROUGH 

MAY. PUBLISHER'S REPRESENTATIVE: LITTELL

MURRAY-BARNHILL, INC .. 101 PARK AVENUE. 

N. Y .. AND 605 N. MICHIGAN AVE., CHICAGO. 

VOL 35 NO. 4 

JANUARY 1955 

I ES T TEC 
INSTITUTE OF TECHNOLOGY 

UNIVERSITY OF MINNESOTA 

11 Fire 

17 S~ide Rule 

21 Poker Probability 

26 Interview Schedule 

30 Pinup 

31 Jokes? 

34 Thermal Barrier 

36 New in Engineering 

38 E-Day 

46 Society News 

52 Editor's Mailbox 

Cover: A drawing by Norm 
Day; an interpretation of the 
theme of our lead article-FIRE! 

Frontispiece: Courtesy of Gen
eral Electric: sunflower-shaped 
corona produced by a high volt
age machine. 

5 



6 

I 
'-Engineers Pioneer 

I I 
Power Plant Development 

W. S. "Gus" Broffitt, who received his B.S. in Mechanical Engineering, 
U. of Kentucky in 1938, is now Section Head of the Installation liaison 
and Engineering group of the Allison Turbo-Jet Engineering. Shown here 
by a J33-A-37, he is holding an inner combustion liner that has been 
through the aluminum dipping process, a step which helps cut critical 
materials in this high speed, low cost jet engine, designed for 100% 
reliability. 

e The Allison jet powered USAF B-61 Martin Matador 

is the country's first operational ground-to-ground 

pilotless bomber. And, it's the first such missile to be 

sent overseas for duty. 

The B-61 engine-an Allison )33-A-37-is based 

on the proven Allison centrifugal flow engine. This 

engine has accumulated more than 2Y:z million hours 

of flight in such aircraft as the Lockheed F-80 Shooting 

Star, the T-33 Trainer, F-94 Night Fighter, and in the 

Grumman F9F Panthers and the Cougars! 

In 1950, Allison undertook the project of engineer

ing and developing a 5-hour, low-cost, expendable jet 

engine for the Glenn L. Martin Co. which was under 

contract with the Air Force. The missile assignment 

made it necessary for Allison to design a J 3 3 model

incorporating reduced material, manufacturing and 

testing costs-and still maintain a 100% reliability. 

The concentrated efforts of Allison engineers result

ed in an 85% reduction of critical materials in missile 

engines in comparison with the similar centrifugal 

flow engines built for piloted aircraft. 

An aluminum dipping process, developed by Allison 

engineers-in cooperation with General Motors Re

search-helped materially in reduction of critical ma

terials. This process was used on inner combustion 

liners and permits using a low alloy steel in place of 

highly critical material. The aluminum dipping process 

affords corrosion protection, and still enables the liners 

to withstand high combustion temperan~res. First to 

use aluminum dipping equipment on large parts, Alli

son now uses the process on turbine engines scheduled 

for piloted aircraft. 

The missile power plant project is another example 

of the variety of problems handled by Allison engi

neering. Because Allison is continually doing pioneer 

work in advanced engineering developments, we need 

more technically trained men, especially young grad

uate engineers. Want to know more about your engi

neering future at Allison? Write now for information: 

R. G. GREENWOOD, Engineering College Contact 

ALLISON DIVISION, General Motors Corporation 
Indianapolis 6, Indiana 



ave invitation 

This is the front door to one of the most exciting 

developments in the aircraft industry today ... 

the development of a top team of Martin scientists, 

physicists and engineers to carry on a planned, 

long-range, top secret program. 

Never before has there been such an opportunity 

-and invitation-to creative engineers. 

BALTIMORE • MARYLAND 
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e Each month, business and professional journals emanating from the 
Bruce plant are read by more than one and one-quarter million people. 
Included are medical publications with international circulation, 
fraternal, educational and trade publications with national and regional 
coverage. 

Bruce Business Publications devoted to the distributive industries have 
served the Twin City market and northwest territory for more than half 
a century. These trade magazines are being used by hundreds of local 
firms and national distributors who seek an economical and effective 
means to reach merchants in this great market. 

Because Bruce Business Publications are edited regionally, they enjoy 
an acceptance and readership which make the advertising they carry un
usually influential. 

If your market is in this great Upper Mid-West area, then a Bruce 
publication can give you penetrating coverage ... coverage at the "sales
action" level. 

Northwestern Druggist: 

Established 1892 
Published monthly 
Reaches 6,000 druggists serving 
the needs of northwest people 
with quality merchandise and a 
reliable prescription source. 

Hardware Trade: 

Established 1890 
Published monthly 
Reaches 10,700 retailers and 
wholesalers of hardware, home 
and farm appliances and 
sporting goods in sixteen states. 

American Feed and· Grain: 

Established 1916 
Published monthly 
Reaches 1 0,000 feed mixers 
and dealers nationally, with 
particular impact in thirteen 
"Feedland" states, where 
80% of the nation's feed is 
grown and processed. 

Northern Automotive Journal: Commercial Bulletin 
Established 1891 
Published monthly 
Reaches 14,000 dealers, garage owners, 
jobbers and manufacturers serving the 
automotive trade. 

and Apparel Merchant: 

Established 1858 
Published monthly 
Reaches 5,500 retailers of wearing 
apparel, dry goods, footwear and allied 
lines in the seven· northwest states. 

These, with more than fifty other journals in the professional, business and educational 
fields, are printed and mailed from the Bruce plant, which has specialized in this type of 
publication service for nearly fifty years. 

I I 
LETTER PRESS AND OFFSET REPRODUCTION 

A MODERN, COMP!.ETEL Y EQUIPPED PRINTING PLANT 

MINNEAPOLIS OFfiCE 
312 National Building- Tel. MAin 6951 

SAINT PAUL PLANT AND OFFICE 
2642. University Avenue -Tel. NEstor 2641 

• 
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S. S. Marine Dow-Chem, first ship ever built specifically for the transportation of liquid chemicals. 

CHEMICAL GO TO EA ... 
REDUCING FREIGHT COSTS AND BRINGING 

FASTER SERVICE TO MANY DOW CUSTOMERS 

Newest link between Dow's important Texas Division and 
eastern terminals is the 18,000-ton chemical tanker, 
~~Marine Dow-Chem". First ship ever designed and built 
to carry chemicals, this huge tanker has a capacity of 
3,500,000 gallons, including special nickel-clad, heated 
tanks that safely carry 73% caustic soda solution. The 
t~Marine Dow-Chem" made her maiden voyage in April, 
completing three years in the planning and building of 
the vessel. 

Transportation of Dow chemicals by way of water routes 
did not begin with this new ship. Dow has pioneered in 
this technique of shipment. On any given day, you may 
see a tanker steaming out of Freeport, Texas, steering for 
East Coast terminals; a powerful tug herding its charge of 
barges up the Mississippi to Cincinnati; and a freighter 

leaving California, heading through the Panama Canal 
toward the Atlantic coast. All have one common purpose 
-delivering Dow chemicals by the most convenient, most 
economical routes possible. 

Just as Dow's research and production are making giant 
steps in the progress of the chemical industry, so Dow's 
distribution keeps pace through new techniques in trans
portation and service. 

QjJIX>rtunitles 

Whether you choose research, production or sales, 
you can find a challenging career with Dow. Write 
to Technical Employment Department, THE DOW 

CHEMICAL COMPANY. Midland, Michigan or Freeport, 
Texas for the booklet, "Opportunities with The Dow 
Chemical Company" -yolj,'ll find it interesting. 

you can depend on DOW CHEMICALS -
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NLY IRC MAKES S ANY 

IAN AND IL TYPE RESISTORS 

... another reason why engineers prefer IRC Resistors 

56 different IRC resistors is today's figure-all equiva
lent to JAN or MIL specifications. Manufacturers of 
military equipment who must meet these specifications 
depend on IRC for all their resistor requirements. 
Offering the widest line of resistors in the industry-
138 different types in all-IRC is the logical source of 
JAN and MIL type units. 

INTERNATIONAL 
RESISTANCE COa 
401 N. Broad St., Phila. 8, Pa. 

~ i.fce., ~ ~ -'\Mr In Ccmada: International Resisfanc:eJ Co., Toronto, l.ic:enm® 



F I E! 
By Donald W. Hanson 

THERE IS perhaps no more desolate looking sight 
than that of a forest which has been destroyed by 
fire. Each year the United States loses 31 million 

acres of marketable timber to the forest's worst enemy, 
fire. That is equal to the combined areas of Massa
chusetts, Connecticut, Rhode Island, New Jersey, Dela
ware, and the Di·s,trict of Columbia. And yet this figure 
does not include the growth of young trees which would 
provide us with our future timber. No wonder the 
motto of the United States Forest Service is. "Every
body loses when the forest burns." 

The Fores,t Service and the lumber men of the coun
try are waging a never-ending war with fire. Some of 
the problems facing them in their battle are: quick dis
covery of the location of fires, assembly of men and 
equipment, transportation of men and equipm.ent, find
ing mote effective equipment, and the co-ordination of 
all the fire fighting forces. 

"An ounce of prevention is worth a pound of cure,'' 
applies doubly to forest fires caused by the carelessness 
of man. Positive measures such as clearing railroad, 
highway, and power line right-of-ways, providing pre
pared campsites for public use, and educating the public 
in forest fire prevention have been and are being tried. 

The next best thing to preventing forest fires is nip
ping them in the bud by getting men and' equipment to 
the scene of a fire before it has. time to spread. A few 
men rushed to the scene of the fire while it is yet small 
can do more good than thousands arriving later. For 
this reason, quick discovery of fires is the most im
portant factor in fire fighting. Quick discovery is as
sured through a system of look-out stations and 
through air patrol of forested areas. 

The United States Forest Service and the various 
state forest services have established systems of look
out stations ·which cover the major part of the forested 
area of the country. The look-out towers are located 
o:n high hills from which the forest ranger can scan 
many square miles of forest. As the territory covered 
by one station overlaps that of other stations, the en
tire area can be very adequately covered'. The position 
of each of the stations. is plotted on a map in the dis
trict office of the forestry service. 

When smoke or any other sign of a fire is discovered 
by a ranger, he immediately determines its exact direc
tion and approximate distance from the look-out tower. 
He phones this information to the district office where 
a line is, plotted on the map from the look-out station in 
the direction given. When the fire has been similarly 
located by another look-out station and a line plotted 
on the map from this station in the same manner, the 
intersection of the two lines is the exact location of the 
fire. By this. method, fires can be located quickly and 
accurately. The look-out stations are manned con
tinuously during the fire danger periods, and inter
mittently during periods of les,s danger. 

A new method of fire discovery and location is the 
use of airplanes a:nd helicopters. Air patrolling may be 
used for reporting the course of fires as well as for their 
discovery and location. The course of a fire is radioed 
to the district office where a scale map of the fire area 
can be drawn and the plan of action determined. 

Helicopters., called the forest service's "aerial eyes," 
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(Above} Hand equipment used by 
field crews. 

{Below) Gasoline powered pump 
used to combat small fires by pumping 
water from lakes or streams. 



can be used for rescue work in areas threatened by fire 
where other means of rescue would be impossible. 

The rapid assembly of men and equipment is an im
portant factor in subduing a fire before it gets too good 
a start. The better start a fire has, the more men are 
needed to fight it. 

Two methods of assembling men for fighting forest 
fires are: the old method of recruiting anyone available, 
and the new method which amounts to building a small 
standing army of fire fighters, skilled in the use of fire 
fighting weapons and physically fit for their strenuous 
job. 

The old method, to round up some casual laborers 
and hoboes, arm them with crude tools, which they did 
not know how to use effectively, and send them to the 
fire front, has proved very ineffective and has largely 
been abandoned. 

The new method is to have on hand at all. times, 
trained men whose only job is fire fighting. When they 
are not actually fighting fires, they clear right-of-ways, 
build fire protection truck trails, and do other jobs 
which keep them physically fit. 

'The United States Forest Service has, drafting powers 
for fire fighting, but does not have to resort to them 
very often. When a fire threatens a forest, ranchers. 
lumbermen, and others who have an interest in the 
timber are willing a:nd ready to offer their services. 

Since men without equipment can do nothing against 
fire, it is important that the necessary equipment for 
fire fighting is readily available. 

Specially prepared packs, called smoke chaser units 
are kept on hand. These units contain an axe, a shovel, 
a flash lamp, a first aid kit, a water canteen, emergency 
rations for two days., a two way portable hand pump, a 
ten pound portable radio set, and a small flame thrower. 

For fighting larger fires, heavy equipment, such as 
bulldozers, light pump trucks, rotary trenchers, and 
pulvi-mixers, is. kept ready to go at a moment's notice. 
All this equipment is stored in convenient depots near 
the fire fighters' quarters. 

Once the men and equipment have been assembled, 

they must be delivered to the scene of the fire with the 
utmost speed before the fire gets a good start. Begin
ning with transportation by foot, progre'Ssing to trans
portation by truck, and ultimately reaching transporta
tion by plane, the transportation system has gotten 
progressively better. 

Transportation of men and equipment by foot was 
formerly the only means of getting them to the scene 
of the fire. It often took several hours or even days to 
reach the fire, which, by the time they arrived, would 
be out of control. They could not carry much equip
ment with them. and but few provisions. This method 
is too slow and inefficient and is used no~w only in very 
unusual cases. 

The transportation of men and equipment by truck 
was a great improvement over travel by foot, but was 
greatly hindered by the lack of roads and trails in the 
forests. 'The CCC and the forest service have built 
many fire protection truck trails, but they do not give 
access to all parts. of the forests. 'This method is a great 
improvement over travel by foot, but still it is not com
pletely satisfactory. 

The most recent and bes,t method of transportation 
is the use of the airplane and helicopter. Para-troopers 
can be flown to the fire area in less than an hour, 
whereas trucks or other means would require six hours 
or more even under the best conditions. These "fire
jumpers" with small pacl~s of hand tools can put out 
small fires and control larger fires until more men and 
equipment can be rushed to their aid. Helicopters and 
planes can supply them with the equipment and pro
visions they need in a very short time. 

The forest service is constantly trying to find more 
effective equipm.ent to use against fires. There has 
been a tendency toward lighter, more mobile equip
ment using less water. 

Water and chemical bombing are very recent addi
tions to forest fire fighting methods. The bombs are 
made from auxilliary fuel tanks which were used in 
World War II to give planes added range. They are 
fitted with proximity fuses and tail fins and are set to 

Float plane used to locate remote fires and direct fire fighters to the area.-Wisconsin Conservation Department Photo. 
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(Above) A fire-break plow. This plow is 
used to open the ground in front of the fire 
to prevent its spread. 

(Be~ow) Small "cat" loaded on a trailer 
for instant transportation to fires.-Wisconsin 
Conservation Department Photo. 

explode at a predetermined distance above the fire, 
scattering water or chemical's over the fire. Some 
bombs do not have the fuse attachments but are made 
so as to shatter on impact, throwing water and dirt in 
the path of the fire. The bombs will quench small fires 
if dropped within a radius. of 35 yards. 

B-29's and P-47's are used to drop the bombs. The 
B-29'·s, can carry 184 hundred-pound bombs or 3 four 
thousand pound bombs. The P-47's carry 310 gallon 
bombs. The bombs are used to quench very small fires 
or to keep larger fires in check until smoke-jumpers or 
ground fighters can reach it. 

The Bosworth trencher is used for building fire lines. 
This machine is a sort of combined cultivator and ro
tary snowplow. It can dig one mile of fire trench in 
one hour. It would require 300 men with shovels and 
hoes the same time to do the same job. 

The Stewart well digger can be easily transported 
and set up. It will dig a well and produce water in a 
matter of a few minutes, thus providing water to fight 
the fire with. 

The co-ordination of all the fire fighting forces is 
essential to assure the most efficient use of the men and 
equipment available for the quick suppression of fires. 

Fire hazard maps are kept up to date in forest service 
headquarters. These maps, a record weather conditions, 
humidity of the air, moisture content of the brush and 
undergrowth in the forest, and other data, give the 
rangers an indication of the potential fire hazard in 
each part of the forest. With these maps, the forest 
service knows where the most men and equipment are 



needed, and which part of the forest bears the most 
careful watching. 

Lightning is one of the major causes of forest fires. 
The rangers in the look-out stations keep a careful 
check on all thunderheads since they may be potential 
electrical storms. They note the direction and approxi
mate velocity of the thund~rheads, and record all light
ning strikes. The spots, where strikes occur are watched 
very carefully for 24 hours for possible fires. 

Traveling Weather Bureau units are often ,set up ·at 
the scene of major fires to forecast the wind velocity 
and direction, humidity, and the weather in general. 
This information is, often of great value to the men 
directing the battle against fire in predicting the course 
and probable progress of the fire. The men in charge 
of directing the action study the maps of the course of 
the fire and determine where the men would do the 
most good. These regular fire fighters are sent to the 
toughest spots ; untrained volunteers are sent to the 
areas of the least immediate danger. 

Two methods of fighting fires are : building fire lines, 
which the fire cannot pass, and back firing. Fire lines 
are built by clearing out all combustible material along 
a strip wide enough so that the fire cannot pass, over it. 
Back firing is starting a small fire, which a few men 
can control, in order to clear a strip in the path of the 
main fire of combustible material. 

With trained men, modern equipment, and effective 
organization, fires can be brought under control with 
the maximum speed and the minimum loss as well as 
with the fewest men possible. 

(end) 
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Broad assignments in atomic energy represent 
just one phase of the widely diversified in
terests of Phillips Petroleum Company. 

Whatever your specialty in engineering or 
the sciences, you may be sure that we are 
interested in your abilities and your achieve
ments. Already, well over 2,800 technical 
graduates are found among our 23,000 em
ployees. 

Some of these scientists and engineers work 
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This scene is reminiscent of earlier times, 
but the shots being fired are neutrons. Here 
at the Materials Testing Reactor, operated 
by Phillips Petroleum Company for the 
Atomic Energy Commission near Idaho 
Falls, Idaho, radiation level is checked 
preparatory to placing a sample of material 
under "neutron bombardment." 

to produce and improve our automotive fuels 
and lubricants. Others develop and manufac
ture such products as carbon black, synthetic 
rubbers, chemical fertilizers, sulfur com
pounds, and chemicals used in synthetic fibers. 

If you're looking for a career with a future 
we invite you to write to our Employee Re
lations Department for further information 
about opportunities with Phillips Petroleum 
Company and its subsidiaries. 

PH I LLI PS PETROLEUM COMPANY, Bartlesville, Oklahoma 
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E I E E 
By Paul Fryar 

Reprinted from the SC Engineer 

HE SLIDE rule may have been invented all at 
once, but the trigonometric functions were devel

oped by degrees."-Spade Cooley (Ancient Chinese 
evangelist, 341/z B.C.-341/z A.D.) 

In his recent book, "Uncle Edward's Twice Told Trav
el Tales/' the eminent traveler and lecturer, Commander 
Edward Blackhead, has said, "Once the slide rule was 
invented, mathematics was inevitable." 

How true this is. And it helps to illustrate the fact that 
the slide rule, like so many other things in life, is too 
often taken for granted. Perhaps you don't realize that 
if you didn't have a slide rule in that case hooked on 
your belt you'd have a devil of a time getting a book of 
log tables into it. 

And so with this thought in mind, we will now launch 
into the colorful and, at times, violent history of the 
slide rule. 

Until May of this year the early history of the slide 
rule was a complete blank. But with the discovery of 
the 4500-year-old ship buried in the sand next to Khufu's 
Pyramid just outside of Alexandria, Egypt, one of his
tory's greatest mysteries was solved. 

Aboard that ship was a book. That book was "The 
Pharoah's Almanac." (Cheap's Granite Edition, 2669 
B.C. A cheaper volume bound in sand was three slave 
girls less, but did not weather nearly as well.) On Slab 
27 about half way down the first column the history of 
the slide rule is written. 

"Through reliable sources it was reported today that 
Akim Mussrat, former sling shot guard for the Sphinx 
Patrol, was jailed for inciting a riot at the Hour Glass 
Drive-In just east of Camelchip Oasis last night. The girl 
that waited on his camel claimed that he not only shot 
her in the eye with his straw wrapper, but that as she 
turned to leave he reached down, pulled up her veil and 
pinched her on the cheek. In custody, Mussrat flatly de
nied the charge and said that it must have been his 
trained flea. His bail has been set at 30 pounds of goat 
cheese. The flea is still at large." 

This insignificant episode from history may seem to 
the average reader to have no bearing upon the subject 
at hand. This is true. But I thought that it was such 
an interesting look into the past that it shouldn't be left 
out. Actually to say that it does not pertain to the sub
ject is not completely correct. Although the unfortunate 
one in the above paragraph had nothing to do with 
the development of the slide rule, it is true that he 
bought his camel from a man who did. That man was 
Ali Bendover, "The Blushing Bedouin," a prominent 
used camel dealer of the period. 

With the mention of this ancient Egyptian, a knowing 
light will gleam in the eye of every commerce major. 
For he knows, as do all well-read men of business, that 
Ali Bendover was the godfather of the used car busi
ness. It was he who originated the "Save shipping 
charges. Take factory delivery at Giza" plan. Even 
today his "When better camels are made, Bendover 
will make 'em," is but slightly altered. But besides 
camels, "The Blushing Bedouin" also had his finger in 
other pies around the Nile. It was rumored that he had 
sold the Sphinx no less than 77 times during a five-year 
period. He also dabbled in poisonous snakes. He had a 
fine collection, numbering well over a thousand. Among 

17 



them were sand and puff adders/ horned vipers/ tiger 
snakes, and horses's asps. 

But it is still another facet of this man's life in which 
we are interested. On Slab 42 we again pick up the fine 
thread of history, as our ancient observer continues. 

"Today, Ali Bendover, prominent Egyptian business 
man and inventor of the famous banker's approved 
Papyrus Mate Stylus, announced that he had developed 
the first log table. Already mathematicians are her
alding this invention as the greatest boon to mankind 
since the bed. Bendover states that at present he was 
undergoing a tooling up period, but that production 
would begin as soon as the first shipment of logs ar
rived." 

This was the beginning of the slide rule. 
The spoor of the slide rule next appears in mid-six

teenth-century Germany in the small hamlet of Swine
nukkels. Here, a little-known mathematician, Rudolph Pi, 
made the first significant contribution toward the de
velopment of the rule in over 4000 years. For this chap
ter in the history of the slide rule we refer to the words 
of that famous Nineteenth Century English historian, Sir 
Harry Udder of Toppling-on-the-Brink. 

"Six if by land and nine if by sea was the prearranged 
signal, and many eyes were on the old North Brewery 
Tower that night. Then came the light, and the cobble
stone streets of Swinenukkels echoed with the hooves of 
a galloping horse. It reined to a stop outside the Bur
germeister's house. There was the fatal knock at the 
door, and the hoarse shout, "Hamm's is coming!" Then 
away into the night to warn the rest of the hamlet. The 
Beer War of Sixteenth centry Germany had begun." 

It was into this mortal conflict that one Rudolph Pi 
was born. 

Scarred from early childhood by a flying church key 
in the famous Battle of Burgermeister Gate, Rudolph be
came extremely self-conscious, and as a result soon be
came the youngest hermit in town. Thus it was that 
while other young men of his age were sipping Rhine 
wine, brodying around in their Volkswagons/ and check
ing stock on the city's fraulein population/ Rudolph Pi 
was applying for membership in the Mathematician/s 
Book-of-the-Month Club. And so at the age of 21/ this 
budding young mathematician, with barrel of schnapps 
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and a copy of Gazoonheit's "Inebriate's Handbook of 
Integrals," disappeared into the Black Forest. 

Forty eight years later a widow, who owned a farm 
on the edge of the forest, was hanging clothes on her 
line when an animal came running out of the trees to
ward her. It turned out to be a very old man wearing 
a barrel and swinging a stick above his unkept head. In 
a broken voice he shrieked/ "3.1416! 3.1416!"/ then 
laughed insanely. Quickly she ran into the house, 
grabbed her musket, and as the cackling old man 
wheeled around an outbuilding, she let him have it, 
right through the bung hole. 

After nearly fifty years of seclusion/ Rudolph Pi had 
returned to the city of his birth shouting the number 
that was later to make his name famous and swinging 
above his head a Log Duplex Decitrig slide rule which 
he had carved out of a barrel bung. At his funeral the 
Burgermeister proclaimed that, "This unfortunate man, 
to whom mathematics owes so much, shall be, from 
this day forward, known as Herr Pi of the Black Forest, 
the man who invented the slide rule." 



The slide rule that Rudolph Pi invented is essentially 
the same rule that is used today, with only the number 
'it marked on it besides the gauge marking used to tell 
the amount of schnapps left in his barrel. This made it 
rather hard to perform the usual calculations. And so 
we move into the final chapter in the development of 
the slide rule. 

In 1908 there lived in upstate New York a mortician 
by the name of Percy Scroit. Now Scroit, like Rudolph 
Pi before him, also had a complex, a marked inferiority 
complex. He felt that people were always looking down 
on him. Some of this feeling might have stemmed from 
the fact that he was a midget. For many years Scroit 
toiled unceasingly at his chosen profession, all the while 
thirsting for public acclaim. But he received not a word 
of thanks from his many .clients. One day, while pass
ing a stationery store, he noticed a slide rule in the 
window. If brewers could use it to measure the depths 
of kegs, why couldn't he, with a bit of revision, use it 
to measure the length of coffins? And so Percy Scroit 
brought the slide. rule, with its brewery scale and 'it 

marked on it, and added the coffin scale, or C scale as it 
later became known. 

It served him well, this rule, but to the little man's 
methodical and orderly mind it just didn't look right. 
This led him to buy a math book, because, "It contained 
some interesting looking tables." These he cut out and 
pasted into the blank spaces on his slide rule. And 
thus it truly can be said of this man, that he constructed 
the first complete slide rule. 

But as fate would have it, he did not realize just 
what manner of contrivance he had made. Thus, still 
suffering from a thorough lack of security complex, he 
decided to take the Niagara Falls method to gain pub
lic recognition. (At one time a theory was introduced 
stating that people went over Niagara Falls in barrels 
because they couldn't afford canoes. This is just as 
erroneous as the theory that there are more trees than 
parked cars on the River Flats on Friday nights.) 

It was a warm summer day when Percy Scroit pushed 
his Thermos bottle out into the current and raced over 
the brink into oblivion. 

Two weeks later they found the Thermos. When the 
cap was removed they discovered that the cork had 
fallen out and Percy had drowned, never realizing his 
ambition to become famous. But the episode was not 
written off as a total loss. The Little Giant Vacuum Bot
tle Company of Racine, Wis., maker of the Thermos, 
finding that their product had withstood the rigors of the 
Falls, put this fact into advertising and made a million 
dollars. 

Many additional scales have been added to various 
rules since Scroi t' s time. Wage and retroactive scales 
for labor unions, fish scales for the tuna industry, bath
room scales for the plumbing fixtures industry, etc. In 
the main they were just to increase scales appeal to 
different groups. 

So now, if sometime in the future you find yourself 
ready to light a match to your slide rule because it 
failed to get enough significant figures in your answer, 
just stop a moment and think of the colorful and violent 
history of the instrument. Then go ahead and burn it. 
And don't forget to smash the cursor under your heel. It 
won't burn. 
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To e gradu ~ng e ~ 1n 
ants his 

first job to e 
The temptation is great to take the first job that comes 
along. Especially when the salary looks so big after 
scrimping to make ends meet through 4 or more years of 
college. But, it's a mistake not to weigh that "first job" 
decision carefully. Because, like in most everything else, 
getting the right start is mighty important. 

We believe you will do well to consider taking your 
first job with Collins Radio Company, and we'll tell you 
why. First of all, Collins is a large company that is 
continuing to grow and expand rapidly. Because it is 
a big company, and one of the leaders in the field 
of electronics, with research and manufacturing plants 
in Cedar Rapids, Iowa, Dallas, Texas, and Burbank, 
California, present opportunities are great. And, because 
Collins is a company that is expanding rapidly, 
future opportunities are unlimited. 

Collins can offer you that salary that looks so big 
plus the kind of a job that is stimulating and satisfying 
and prepares you well for a future limited only by your 
own abilities. Your engineering career at Collins 
will put you in the forefront of advanced research 
in the field of electronics for the aviation broadcasting 
and telecasting industries. 

For example, Collins new engineering and research 
building in Cedar Rapids, Iowa, covers more than 
100,000 square feet of floor space .. One of the finest, 
most completely equipped engineering-research 
laboratories in the country. Other research and 
engineering plants are located in Dallas and Burbank. 

If you are graduating in Mechanical or Electrical 
engineering, contact the engineering placement office 
for an interview with Collins. 

Interviews will be held on campus on Tuesday, 
February 8 and Wednesday, February 9. 

COLliNS RADIO CO. 
Cedar Rapids, Iowa 

261 Madison Ave., NEW YORK 16 
2700 W. Olive Ave., li:U.DRIBANK 
1930 Hli-D.ine Drive, DALD.AS 2 

COUUNS RADIO COMPANY Of CANADA, LTD., 
74 Sparks St., OTTAWA, ONTARIO 
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E1ARL Y everyone likes to take a 
chance at times; provided the 
odds are not too great and the 

penalty for losing is not too severe. 
Some people find in gambling an outlet 
for excitement; others attempt to bol
ster fancied insufficient incomes at the 
pari-mutuel window. Most people, 
however, confine their gambling to such 
matters as matching for the milkshake, 
nickel poker, or the weather for the 
Sunday picnic. 

The urge to gamble is well illustrated 
by the classic story of a cowboy on his 
way to town to the local gambling 
house. When told that the house was 
crooked, the immediate reply was "I 
know, but it's the only game in town." 

No matter how much gambling is 
deplored, all of us take chances every 
day; in crossing streets, riding elevators, 
or taking a hard course in college. To 
avoid taking chances, one must not 
travel, or eat for fear of bacteria; how
ever, staying at home is extremely dan
gerous in itself, as ample statistics of 
the National Safety Council prove. 
The only way to escape from this 
dilemma is to realize that taking 
chances is a necessary part of everyday 
life; and to live intelligently requires 
that we take chances intelligently. 

We owe the beginning of the theory 
of probability and statistics to gamblers 
at the time of the close of the Renais
sance. Unable to answer their own 
questions about gaming problems, they 
took certain situations to the leading 
scientists of the day; among those ap
proached were Galileo and Pascal. 
These two scholars provided the intel
lectual impetus which led to the science 
of statistics. 

To begin with, let us consider some 
basic terms. Probability is the rating 
given to a possibility as a potential fact. 
It is unsound thinking to pick a fa
vorite possibility and proceed as if there 
were no others, even though that par
ticular possibility is a favorite. For in
stance, in a single toss of a coin, the 
chance that heads will appear is ex
actly equal to the chance that the toss 
will be tails. Therefore the odds are 
one in two that the throw will be heads. 
Another way of expressing this. is to 
say that the probability of heads ap
pearing is 12 for any particular toss. 

Formally defined, probability is the 
number of favorable cases divided by 
the total number of cases-both favor
able and unfavorable-provided that all 
cases are equally likely to occur. As 
an illustration consider the chances of 
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throwing a six with a single roll of one 
dice. There is one favorable case and 
five unfavorable cases; therefore the 
probability that the event will occur 
is 1/ ( 1 + 5), or 1/6. Similarly, the 
probability of throwing either a five or 
a six with a single roll is 2/6, or Y3· It 
can readily be seen that the probability 
cannot be greater than one-corre
sponding to an absolute certainty-or 
less than zero-corresponding to an im
possibility. This method of computing 
probability cannot be used if all of the 
cases are not equally likely to occur. 
Thus, in life insurance, there is no such 
thing as all the chances of death are 
equally likely to occur. In such cases, 
other means must be used for evalua
tion. 

If th~ odds are even on an event, or 

1 to 1, the chance of the event is 1 in 
2; if the odds are 2 to 1 against then 
the chance of the event is 1 in 3, and 
so on. Suppose that the probability 
of an event is 5/12. Then the prob
ability that the event will not occur 
is 7/12, since it is an absolute certainty 
that the event either will occur or it 
will not occur. The two numerators 
indicate the betting odd, i.e., 7 to 5 
against the event. If these odds are 
fair, then, in a long series of bets, 
two bettors will come out about 7 to 5, 
provided the conditions determining 
the event do not vary. 

A convenient method for expressing 
the fairness or unfairness of the odds 
is the concept of mathematical exjJecta
tion. To find expectation, multiply the 
probability that the event will be favor-

TABLE I 
ODDS AGAINST IMPROVING POKER HANDS ON THE DRAW 

Original 
Hand 

One pair 

Two pairs 
Triplets 

Four straight, ( 1 ga,p) 
(open) 

Four flush 
Three flush 
Two flush 
Four straight flush 

( 1 gap) 

Four straight flush 
(open) 
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Cards 
Drawn 

3 
3 
3 
3 
() 

,) 

2 
2 
2 
2 
2 
1 
2 
2 
2 
1 
1 
1 
1 
1 
1 
2 
3 

lm!Jroved Prob-
Hand ability 

Two pairs 0.160 
Triplets 0.114 
Full house 0.0102 
Fours 0.0028 
Any improved hand 0.287 
Two pairs 0.172 
Triplets 0.078 
Full house 0.0083 
Fours 0.0009 
Any improved hand 0.260 
Full house 0.085 
Full house 0.061 
Fours 0.043 
Any improved hand 0.104 
Full house 0.064 
Fours 0.021 
Any improved hand O.OHS 
Straight 0.085 

0.170 
Flush 0.191 

0.042 
0.0102 

Straight flush 0.021 
Any straight m flush 0.256 

Straight flush 0.,043 
Any straight or flush 0.319 

Odds 
A.~ainst 

5.25-1 
'7.7 -1 

97 -1 
350 -1 

2.48-1 
4.8 -1 

11.9 -1 
119 -1 

1,080 -1 
2.86-1 

10.8 -1 
15.4 -1 
22.5 -1 

8.6 -1 
H.7 -1 
46 -1 
10.8 -1 
10.8 -1 
4.9 -1 
4.2 -1 

23 -1 
97 -1 

46 -1 
2.9 -1 

. 22.5 -1 
•·'ri 1 -1 \'.r·,-

able by the amount of money taken in 
if the :bet is won. That is, if there is 1 
chance in 10 of winning $50, the ex
pectation is $5. If the expectation is 
less than the stake, the odds are un
fair to the bettor; conversely if greater, 
the odds are unfair to the opponent. A 
bettor who consistently places bets that 
have a lower expectation than the bet 
is bound to lose eventually. 

The game of poker provides one of 
the best illustrations of the laws of 
chance, inasmuch as it is not a game 
of pure luck, as dice or roulette, but 
involves a large element of skill and 
judgment. This judgment, however, 
is based squarely upon· probabilities, 
and the intelligent poker player is the 
one who can play the odds in his favor. 

To begin with, let us consider some 
of the probabilities that have to do with 
the draw. Suppose that a four flush 



is held, to which one card is to be 
drawn. What are the chances of filling 
it? There are 47 cards left in the deck, 
of which nine are of the desired suit. 
There are 4 7 distinct draws, no one 
more likely to occur than another. 
Likewise there are nine favorable cases 
out of 4 7 possible cases; so that the 
probability is 9/47. 

objection 

An abjection may be raised at this 
point; namely that several other hands 
have probably been dealt and, includ
ing the discard, there are considerably 
less than 4 7 cards left in the deck. It 
seems at first glance that the prob
ability of the favorable case could not 
be computed unless it were known how 
many of the desirable suit were left in 
the deck. The answer to this-and a 
very important point-is that so long 
as the opponents' cards remain face 
down, it makes not the slightest differ
ence from the standpoint of probability 
whether the remaining 47 cards have 
been dealt out or not. However if one 
of the discard is accidentally exposed 
the probability immediately changes. 
If the exposed card was of the desired 
suit then the probability would be 8/46, 
if of some other suit, 9/46. 

The problem of the two card draw 
is well illustrated by draws to a three 
card flush, although in sound poker 
this procedure is employed only in un
usual circumstances. Suppose a player 
holds t hree spades and two others, 
which are discarded. Listing the fa
vorable and possible cases, there are 
4 7 possible draws on the first draw 
and 46 on the second. Thus the num
ber of possible draws is 47 X 46. To 
find the favorable cases from these pos
sibilities, the computation is the same 
as if the following were true: How 
many hands of two cards each can be 
dealt from a pack of ten cards, all of 
which are spades? There are ten pos
sibilities for the first card, and for each 
of these there are nine for the second, 
making 10 X 9 favorable cases. The 
probability of filling the three card 
flush is therefore 

10 X9 
47 X 46 

45 
1081 

The chance Is 1 in 24, odds 23 to 1 
against. 

The most common draw in poker 
is to a pair. Consider the three card 
draw to a pair. What are the chances 
of having two pair after the draw? 
Suppose, to be explicit, that the orig
inal hand contains A A K 10 9, of 
which the last three are discarded. 
Now the possible combinations are 
47 X 46 X 45, divided by 3 X 2, or 
16,215. The three cards drawn must 
contain a pair (not aces, since that 
would make four of a kind) and one 
other, which is not an ace or of the 
same denomination as the second pair. 
The remaining cards contain two aces, 
three kings, tens, and nines, and four 
each of the remaining nine denomina
tions. The number of favorable cases 
involving kings is 3 X 42, as there are 
three distinct pairs that can be obtained 
from three kings. The number 42 rep
resents the number of cards in the deck 
after subtracting aces and kings. Sim
ilarly for tens and nines, making alto
gether 3 X 3 X 42 favorable cases of 
this kind. To this must be added the 
favorable cases from the other nine 
denominations, viz, 9 X 6 X 41. Gath
ering up these results the probability 
of drawing another pair is 2,592, or 

16,215 
approximately 16/100. The chance 
for this event is 1 in 6.25. 

odds 

Table I has been prepared using 
similar calculations to those given in 
the preceding paragraphs. It is valu
able information for a player to recog
nize the odds against him for any par-

ticular draw and to tise these facts to 
intelligently plan his strategy. To con
sistently buck unfavorable odds-espe
cially with high stakes-is courting with 
certain disaster. 

The process of finding the prob
ability of holding any given hand on 
the deal is treated in a similar manner 
to the preceding problems. As an il
lustration, suppose it is desired to find 
the probability of holding a four flush. 

The total possible cases consists ob
viously of all the possible poker hands, 
a total of 2,598,960. For any one suit 
there are 13 X 12 X 11 X 10 

4X3X2X1 
X 39 fa

vorable cases, 'since four cards must be 
of one suit and the fifth can be of any 
of the remaining 39 cards. For all four 
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suits the total number of cases is the 
above expression times four. The prob
ability of a four flush is 

quency which a player may be expected 
to hold these hands in the course of an 
evening's play can be found. 

111,540 

2,598,960 
or about 1 chance in 23. It has been 
noted above that the chance of filling 
a four flush is about 1 in 5-2/9 so that 
four flush may be expected to be filled 
on the average once in 120 hands, pro
vided the player draws to every one. 

An important part of a poker play
er's skill is composed of the ability to 
decide upon the proper point to call, 
raise or fold. This ability is essentially 
a question of mathematical expecta
tion; referred to earlier. The person 
who is able to take advantage of this 
concept has less chance of losing on 
his thad hands. Table II contains the probabilities 

of holding various hands on the deal. 
By combining Tables I and II the fre-

Imagine a player faced with the de
cision of paying $1 to stay in a pot 

TABLE II 

ODDs AGAINST HoLDING VARious PoKER HANDS ON THE DEAL 

One pair 
Two pairs 
Triplets 
Straight 
Flush 
Full house 
Fours 
Straight flush 
Royal flush 
Four straight 
Four flush 

Hand 

Four straight (open) 
(middle) 

(end) 
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Probability 

0.423 
0.048 
0.021 
0.0039 
0.0020 
0.0014 
0.00024 
0.000014 
0.0000015 
0.167 
0.043 
0.035 
0.123 
0.0087 

Odds Against 

1.4-1 
20 -1 
46 -1 

254 -1 
508 -1 
693 -1 

4,164 -1 
72,192 -1 

649,739 -1 
4.9-1 

22 -1 
27 -1 

7.1-1 
114 -1 

A Key to K&E leadership 
To design a slide rule that makes even the most complex 
calculations simple takes ingenuity. Years of ingenious 
developments and improvements by K&E, first to make 
slide rules in America, produced the Log Log Duplex 
Decitrig®, the slide rule most used by engineers and 
students alike. Ingennity-of design, of manufacture-is 
one of the keys to K&E's eighty-seven years of leader
ship in drafting, reproduction, surveying and optical 
tooling equipment and materials, in slide rules and 
measuring tapes. 

KEUFFEL & ESSER CO .. 
New York Hoboken, N. J. 

Chicago • St. louis • Detroit • San Francisco • los Angeles • Montreal 

which already contains $4. First of all, 
his decision should not be influenced 
by the amount he has previously con
tributed. That is "water over the dam" 
and has no influence over the computa
tion of his expectation. If .the prob
ability of winning the pot is 1/5, then 
his expectation is $5 X 1/5, or $1. 
That is, the odds are even on the in
vestment, and it is a "heads or tails" 
decision. If the expectation is more 
than $1, he should certainly raise, and 
conversely if the expectation, computed 
on his estimates of the odds, is less than 
$1, he should fold. 

bad bets 

Many players have an almost ir
resistible urge to stay in a pot to which 
they have already contributed heavily, 
thinking that in some way they are 
protecting their investment. They are 
unable to realize that putting in more 
chips, when the expectation is less than 
their value, is merely making a bad 
bet, which is entirely independent of 
any previous action. 

It should be pointed out that it is 
entirely within the realm of possibility 
that an event on which the odds were, 
say, 1/50 could happen twice in succes
sion. This is not contrary to the laws 
of chance, although it would he an un
usual occurance. The laws of chance 
simply state that if the process is re
peated a large number of times, the 
event in question will take place once in 
about 50 trys. A player might decide 
to "play a hunch" on such odds and 
win two times in succession. However, 
if he persisted in the face of such odds, 
he would eventually meet with heavy 
losses. 

judgment 

In actual play many of the most im
portant elements that determine a 
course of action are judgments of what 
the opponents are doing, based upon 
their bets, draws, habits and charac
teristics. These judgments are all esti
mates of the chance that one thing or 
another will happen; and should, if 
possible to be translated into numerical 
terms. Even if the estimated odds are 
not exactly correct, they will indicate 
a usually workable method of play in 
which the user stands a much !better 
chance of winning consistently. 

(end) 
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I\Na s sornel in nelN'' 

"Different types of work appeal to different 
men," says Donald O'Brian (A.B., Indiana, '50), 
in the Traffic Department with Indiana Bell Tele
phone Company. "For me, I'll take a job that 
keeps me hopping. And that's just the kind of 
job I have. 

"You'd think that after two years I'd have all 
the variables pinned down. But it doesn't work 
that way. When you supervise telephone service 
for thousands of different customers whose needs 

are always changing, there's always something 
new coming up. 

"I started with Indiana Bell in 1952, after 
two years in the Army. My training program 
exposed me to many different kinds of tele
phone work-customer contact, personnel, ac
counting, operations. I saw a lot of jobs which 
looked as interesting as mine. As much as I 
like what I'm doing now, I bet I'll like my next 
spot even better." 

Don's enthusiasm for his job is pretty typical of how 
most young college men feel about their telephone 
careers. Perhaps you'd be interested in a similar oppor
tunity with a Bell Telephone operating company, such 
as Indiana Bell ••• or with Bell Telephone Laboratories, 
Western Electric or Sandia Corporation. See your Place
ment Officer for more information. 

BELL TELEPHONE SYSTEM 

I 

L----------------------------------------------------------------------------------~ 
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ENGINEERI 

Here is an ideal way 

for the engineer or 

physicist with some 

aptitude for writing to 

enter the field of advanced 

electronics. In this 

relatively new and 

expanding area you can 

make immediate and 

effective use of your 

academic training while 

acquiring additional 

experience. 

HUGHES 
RESEARCH AND 

DEVELOPMENT 

LABORATORIES 

WRITIN 

Hughes Research and Development 
Laboratories are engaged in a continu
ing program for design and manufac
ture of integrated radar and fire con
trol systems in military all-weather 
interceptor aircraft. Engineers who 
produce the maintenance and opera
tional handbooks for this equipment 
work directly with engineers and 
scientists engaged in development of 
radar fire control systems, electronic 
computers, and other advanced elec
tronic systems and devices. 

Your effort in the field of engineer
ing writing through these publica
tions transmits information to other 
engineers and technical personnel on 
operation, maintenance and modifi
cation of Hughes equipment in the 
field. 

You will receive additional training 
in the Laboratories at full pay to be
come familiar with Hughes equip
ment. Seminars are conducted by 
publications specialists to orient new 
writers. After-hours graduate courses 
under Company sponsorship are 
available at nearby universities. 

SCIENTIFIC AND 

ENGINEERING STAFF 

Culver City, Los Angeles County, California 

Photograph above: Engineer-writer John Burnett (left) 
works with engineers John H. Haughawout (right) and 
Donald King to compile handbook information. 

F R 
Schedule 

JANUARY 17 
The .Trane Company 
Kimberly Clark Corporation 
Dow Chemical Company 

GhE, Ch-BS, Met-BS, MS, PhD 
General Electric Company 
Chrysler Corporation 
The Magnovox Company 

JANUARY 18 
Raytheon Mfg. Co. 
Linde Air Products Co. 

Ch, Phy-BS, ChE, ME-BS, MS, PhD 
The Tr.ane Co. (2nd Day) 
Hazeltine Electronics Corp 

EE, ME, Phys 
Dow Chemical Go. (2nd Day) 
General Electric '(2nd Day) 

JANUARY 19 
The Standard Oil Company 
Cleveland, Ohio 

CE, ChE, IE, ME, Chern, BS, MS 
Interstate Power Company 

Dubuque, Iowa 
EE, BS 

Ideal Electric & Mfg. Go., EE, BS 

JANUARY 20 
U. S. Naval Labs of California 
Carbide and Carbon Chern. Co. 

Whiting, Indiana 
Ch, GhE, ME, BS, MS 

Carbide and Carbon Chern. Co. 
Oak Hidge, Tennessee 

JANUARY '21 
U. S.,Naval Labs. (2nd Day) 
Carbide and Carbon Chern. Co. (2nd Day

Oak Ridge) 
Socony Vacuum Oil Co., Inc. 

ChE, ME, BS-also summer work 
U. S. Steel Corp. 
Iowa State Highway Commission 

CE,BS 
Magnolia Petroleum 

JANUARY 24 
Eastman Kodak Go. 
The Babcock & Wilcox Co. 
Worthington Corporation 
Minnesota Mining & Manufacturing 

ChE, ME, IE, EE-BS 

JANUARY 25 
Westinghouse Electric Corporation 
Eastman Kodak (2nd Day) 
Mallinckrodt Chern. Co. 

Met E-all levels; Chern, ChE-BS, ME, 
EE, CE-BS, MS 

Caterpillar Tractor Company 
Hubbard & Company 

JANUARY 26 
Westinghouse (2nd Day) 
DuPont Company 
Caterpillar Tractor Company (2nd Day) 
National .Security Agency 
Firestone Tire & Rubber Company 

Akron, Ohio 

JANUARY 27 
DuPont (2nd Day) 
Mpls.-Honeywell Regulator Company 
The Mead Corporation 

CE, Chern, ME 
Northern Indiana Public Service Company 

CE, EE, ME, ChE 
North American Aviation-Columbus, Ohio 
Electro-Metallurgical Company 



u TIN EN INEER 
uarter Job Interviews 

JANUARY 28 
Mpls.-Honeywell Regulator Company (2nd 

Day) 
Firestone Tire & Rubber Company (2nd 

Day) 
The Maytag Company 
John Morrell & Co. 
Electro-Metallurgical Company 

JANUARY 31 
Ingersoll-Rand Company 

ME, IE, EE, MinE 
General Motors Corporation 
American Viscose Corporation 

Chem-BS, MS, PhD 
Mrs.: Tuckers Products 

Ch,ChE 
The Jeffrey Manufacturing Co. 

FEBRUARY l 
Bendix Radio Division of Bendix 

Aviation-Baltimore, Maryland 
Chance Vought Aircraft, Inc. 

ME, AE, AeE, CE, EE, IE-BS & Grad; 
Math-Grad. 

Allis-Chalmers ,Mfg. Co. 
General Motors (2nd Day) 
Cutler-Hammer, Inc. 

FEBRUARY 2 
Bendix Radio Division (2nd Day) 
Chance Vought Aircraft (2nd Day) 
Allis-Chalmers (2nd Day) 
International Harvester Company 

AgE, ME, Math, IE, MetE, EE, ChE 
Inland Steel Container Co. 

FEBRUARY 3 
Automatic Electric Company, ME, EE 
West Bend Aluminum Company 
Reynolds,' Metal Company 

MinE, ME, MetE, ChE, IE, Chem-BS, MS, 
PhD 

Armour Research Foundation of Illinois 
Institute of Technology 
ChE,, EE, ME, MetE, Phy-BS, MS, PhD 

Monsanto Chemical Company 
ChE, ME-BS, MS, PhD 

FEBRUARY 4 
The Toni Company 
Northern States Power Company 

ME, EE 
Monsanto Chemical Company (2nd Day) 
Kaiser Services 

ME, EE, IE, ChE, MetE 
Sikorsky Aircraft 

FEBRUARY 7 
Procter & Gamble Company 
Goodyear Tire & Rubber Company 
Goodyear Aircraft Corporation 
Square D Company 
Marathon Corporation 
General Mills 

FEBRUARY 8 
Collins Radio Company 
Procter & Gamble (2nd Day) 
Ethyl Corporation 
Square D Company (2nd Day) 
Carter Oil Company 

FEBRUARY 9' 
Collins Radio Company (2nd Day) 
Procter & Gamble Co. (3rd Day) 
Western Union, EE, IE, ME 
Haynes Stellite· Company 

ChE, IE, ME, MetE 
Pratt & Whitney Aircraft 

FEBRUARY 10 
Sperry Gyroscope Company 
Standard Oil Company-Whiting, Indiana 
Electronic Defense Laboratory-Division of 

Sylvania Electric Products, Inc. 
EE, Phy, Math-BS, MS, PhD 

The Visking Corporation 
ChE, ME 

Federal Telecommunication Laboratories 
EE, ME, Phy 

Kearney & Trecker Corporation 
ME, EE-BS, MS 

FEBRUARY ll 
Chain Belt Company 

EE, ChE, AgE 
Wisconsin Power and Light Company 

CE, EE, ME 
Pure Oil Company-Chicago, Illinois 

ChE, ME, EE, IE, CE, PetE 

FEBRUARY 14 
Campbell Soup Company 
The Reliance Electric and Engineering 

Company 
Bucyrus-Erie Company 

ME, CE, MinE, MetE 
Wisconsin Electric Power Company 

IE, ME, EE 

FEBRUARY 15 
The Texas Company 
Wright Air Development Center (Wright

Patterson Air Force Base) AeE, EE, ME
BS, MS 

Bell System 
The Quaker Oats Company 
Chicago, Rock Island & Pacific Railroad 

FEBRUARY 16 
Aluminum Company of America 
Commonwealth Associates, Inc. 

EE, ME 
North American Aviation, Inc.-Los 

Angeles 
Freeport Sulphur Company 
Bell System' (2nd Day) 
Continental Oil Company-Ho·~ston, Texcs 

FEBRUARY 17 
Potomac River Naval Command 
Cargill, Inc. 

ChE, ME, Chern 
Dravo Corporation 
National Advisory Committee for Aero

nautics 
North American Aviation (2nd Day) 

FEBRUARY 18 
Dravo Corporation (2nd Day) 
Farnsworth Electronics Co. 
Gulf Oil 
Schlumberger Well Surveying Corp. 

EE, ME, Phy 
Picatinny Arsenal 

ME, ChE, EE-BS, MS, PhD, Me~E, IE, 
AeE-BS 

FEBRUARY 21 
RCA Laboratories 

EE, ME, Phy-BS, MS 
RCA Victor Division 

EE, ME, Phy-BS, MS, PhD 
San Francisco Naval Shipyard 

FEBRUARY 23 
Creole Petroleum Corporation 

ME, ChE, Phy, Petrol E, Geol 
Convair 

AeE, CE, EE, ME-BS, MS, PhD 
Hughes Aircraft Company 
The Republic Aviation Corp. 

FEBRUARY 24 
McDonnell Aircraft Corporation 

AeE, Math, ME, CE-BS, MS, PhD, EE, 
Phy-BS 

Owens-Corning Fiberglas Corporation 
Engineering Research Associates 

EE, Phy-BS, MS, PhD, ME-BS, MS 
International Business Machines 
Columbia-Southern Chemical Corporation 

FEBRUARY 25 
McDonnell Aircraft Corp. (2nd Day) 
Consumers Power Company 
North American Aviation-Missile and 

Control Equipment Dept.-Downey, Calif. 
Engineering Research Associates (2nd 

Day) 
Lockheed Aircraft Corporation 

FEBRUARY 26 
Shell Oil Company 
Aberdeen Proving Grounds 

Math, MetE, Phy, AeE, ChE, EE, ME 
Eli Lilly 1and Company 
Naval Air Station-Wold Chamberlain 
Hamilton Manufacturing Company 

IE, ChE, AE 
Boeing Airplane Company-group meeting 

MARCH l 
Boeing Airplane Company 

AeE, ME, EE, CE-BS, MS, PhD 
Phy, Math-MS, PhD 

Shell Oil Company (2nd Day) 
Hercules Powder Company 

ChE-BS, MS, MinE-BS 

MARCH 2 
Boeing Airplane Company (2nd Day) 
Piasecki Helicopter Corporation 
Ford Motor Company 

ME, IE-BS, MS, PhD 
AiResearch Manufacturing Company 

EE, ME, AeE-BS, MS, PhD 

MARCH 3 
B. F. Goodrich Company-Akron, Ohio 

Chern, ChE, ME, IE 
B. F. Goodrich Chemical Company-Avon 

Lake, Ohio 
ChE, ME, Chem-BS, MS 

Wisconsin State Highway Commission 
Ford Motor Company (2nd Day) 
MARCH 4 
Stanley Aviation Corporation 

MARCH 7 
Phillips Petroleum Company 
The Glenn L. Martin Co. 
Douglas Aircraft Company, Inc. 

AeE, ME, EE, CE 
Pittsburgh Plate Glass Company 
Airborne Instruments Laboratory 

EE, Phy-BS, MS 
Northrop Aircraft, Inc. 

MARCH & 
U. S. Naval Air Development and Material 

Center 
Northrop Aircraft, Inc. (2nd Day) 
Ames Aeronautical Laboratory 

EE, Phy, AeE, ME 
Marquette Cement Manufacturing Co. 

EE', CE, ChE, ME, Chern 
Electronics Corporation of America 
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Here's what 

happens when 

you take a job 

with 

3 As a trainee you get into every 
conceivable phase of Delco's engi
neering operations - engineering 
laboratory, plant engineering, draft
ing, sales, processing, standards, 
quality control. Additional assign
ments are often made in related 
departments for broader experience. 

1 When you take a job with Delco 
Products, you start a career with 
General Motors- with a division 
known throughout the world as a 
leading manufacturer of eledric 
motors, hydraulic shock absorbers, 
and many other products. 

4 Training completed, you'll be 
given a specific departmental as
signment. Progress can be made in 
product development, technical 
staff operations, sales, or in manu
facturing supervision-according fo 
your interests and capacity for 
future development. 

If this opportunity interests you, sign up for the GM interview 
on your campus and ask for referral to Delco Products. For 
booklet detailing Delco's engineering activities, write to: 

E. J. Bentley, Supervisor, Graduate Training 
Delco Products Division, GMC 
Dayton 1, Ohio 

2 You enter into a well-organized 
training program-a program spe
cifically designed to take full ad
vantage of your particular interests 
and abilities. You don't just "go 
back to school." Instead, you learn 
by doing, with top-flight supervision. 

5 With Delco's policy of promo
tion from within, your opportunities 
for advancement are virtually un
limited. Not every trainee becomes 
a supervisor, but some go much 
farther. Many General Motors top 
executives today are "graduates" of 
Delco Products Division. 

DELCO 
PRODUCTS 

Division 
General Motors 

Corporation 
Dayton, Ohio 



These planes are some of America's 
newest, biggest, best - setting new 
standards for speed, maneuverability, 
reliability. 

Widely separated airframe engineer
ing groups developed these record 
makers. Yet each plane has one vital 
feature in common -

the engines are Pratt & Whitney 
Aircraft's J -57 turbojets - the most 
powerful production aircraft engines 
in the world! 

Is it any wonder that so many young 
engineering graduates want to work for 
the world's foremost designer of air
craft engines? 

PRATT & WHITNEY 
AIRCRAFT 

Division of United Aircraft Corporation 

East Hartford 8, Connecticut 
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8 RAN 0 NEW 

Engineer: "She's a· nicely reared 
girl, isn't she?" 

Physicist: "Not bad from the front 
either." 

A fellow was trying to start a con
versation with the young lady who sat 
next to him at the table. "Do you like 
Kipling?'~ he asked. 

The young lady giggled and then re
plied~ "I don~t know. How do you 
kipple?J~ 

Some girls may have to answer a 
lot of questions when applying for a 
job, but it is really a matter of form. 

An engineer is a guy who is edu
cated in the art of developing new 
and different ways of making the 
same mistake. 

The doctor was questioning the 
nurse about her patient. "Have you 
kept a chart on his progress?" he 
asked. 

"No," she said blushingly, "but I 
can show you my diary." 

A small boy was seated on the 
curb with a pint of whiskey in his 
hand reading a racing form and 
smoking a big cigar. 

An old lady passed and asked/ 
"Little boy/ why aren/t you in 
school?// 

The child replied: "Gee/s lady/ I 
ain't but four." 

Take for example rags. Rags make 
paper. Paper makes money. Money 
makes banks. Banks make loans. Loans 
make povertyJ and poverty makes rags. 

Mose was brought up for the 
fourth speeding offense. He mutter
ed something under his breath that 
sounded like an oath. 

"Repeat that." snapped the judge. 
"·Oh, I says, 'God am de judge, 

God am de judge.' " 

A beautiful girl was walking along 
the sidewalk one evening on her way to 
the movie. She noticed a small bird 

· laying at the side of the walk with a 
broken wing. Instead of going to the 
movie she took the bird home> ban
daged its wing~ and fed it. In a week 
the bird was well enough to fly away. 

Now let~s see you guys find anything 
dirty in that. 

Leroy Brooks was assigned the job 
of writing up his senior class play 
in the high school paper. He came 
in for his share of literary fame when 
this write-up was published: 

"The auditorium was filled with 
expectant mothers/ eagerly awaiting 
the appearance of their offspring.// 

"What a day. I lost my job. I lost 
my billfold. My wife ran away with 
the electric light man. The Cards 
lost to Brooklyn. It's unbelievable
leading by three in the eighth and 
they lost to Brooklyn." 

E 

The old engineer pulled his fa
vorite steam engine up to the water 
tank and briefed the new fireman. 
The fireman got up on the tender 
and brought the spout down all 
right but somehow his foot caught 
in the chain and he stepped into 
the tank. 

As he floundered in the water, the 
engineer watched him with a jaun
diced eye. 

"Just fill the tank with water/ 
Sonny/' he drawled. "No need to 
stamp the stuff down.

11 

Lucky Stiff 

He only drinks to calm himself. 
His steadiness to improve 

Last night he grew so steady 
He couldn't even move. 

Teacher: David, what does F-E-E-T 
spell? 

David: I don~t think I know. 
Teacher: Well:. what is it that a cow 

has four of and I have only two? 
The class was dismissed. 

Stalin: Tell me/ comrade/ what 
was the first thing you did when 
you came back home after four 
years of war. 

Ski Trooper: Welt sir/ I hadn/t 
seen my wife in four years and ... 
you know how it is. 

Stalin: Er/ yes/ but tell me/ what 
was the second thing you did. 

Trooper: Took off my skis. 

Any sports love sport? Then try skiing with Joanne Nessly, our Pinup Queen for January. 

This lovely lass now resides in Robbinsdale. Another interesting sideline of Joanne's is cheer

leading for the Gophers. And if you still can't make connections, try breaking a leg and have 

Joanne nurse you back to health at the University Hospital. 
Photo by Norv Pervier 
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1111s- VERSATILE RAW MATERIAl-The linters left on 
cotton seed are made into chemical cotton (bleached 
cotton linters) by Hercules' Virginia Cellulose 
Department. In high-grade paper, chemical cotton 
replaces rags, eliminates costly rag sorting. And 
chemical cotton is the best source of cellulose, key 
to products ranging from lacquers to plastics. 

32 

• CHEMICAl BATH-Hercules Dresinate®, added to alkaline cleaners, increases the 
efficiency of cleaning solutions for large equipment such as these railroad wheels. In 
other applications-as an emulsifier, detergent, dispersant, foaming and flotation agent
this water-soluble resinate helps increase performance, reduce cost of other compounds. 

Most businesses are helped today by Hercules' business ••• the 
production of synthetic resins, cellulose products, chemical cotton, 
terpene chemicals, rosin and rosin derivatives, chlorinated products, 
and many other chemical processing materials-as well as explo

sives. Through close cooperative research with its customers, Hercules 
has helped improve the processing or performance of many industrial and 
consumer products. 

• IMPOSSIBLE WITHOUT ElCPlOSIVES-Modern highway construction, such as the 
$555-million, 427-mile New York State Thruway, would be impossible without ex
plosives. Whether it means cutting through a mountain, spanning a gorge, or even 
moving a river-the modern highway can go straight and level, thanks to the con
trolled energy supplied by Hercules® explosives. 

HERCULES POWDER COMPANY 
INCORPORATED 

Wilmington 99, Del. 
Sales Offices in Principal Cities 



Of aU the wolves upon this earth 
The ones who've cause to brag 

Are Chase & Sanborn. They alone 
llave dated every bag. 

A man six feet, eight inches, ap
plied for a job as a lifeguard. 

"Can you swim?" asked the beach 
manager. 

"No," said the big boy, "but I can 
wade to beat hell!" 

A young flapper breezed into a florist 
shop and looked around the shelves for 
something she wanted. Spying an old 
fellow puttering around a plant in the 
corner, she walked over to him. 

all ave you got any passion poppy?" 
"Col ding it!" he exclaimed. "You 

just wait 'til I get through pruning 
this lily.'' 

lst Ma: "I have a terrible time 
keeping dirt out of my children's 
ears.'' 

2nd Ma: "I understand. I can't 
stop my husband from swearing 
around the house either." 

I once knew a fellow named Guesser 
W hotse knowledge got lesser and 

lesser 
It at last grew so smally 

ll e knew nothing at all-
And now he's a college professor. 

You're getting old when you pay 
more attention to the dish on the 
menu than the dish who brings it. 

Enzyme: Little bug that chews up 
sugar and spits out alcohol. 

To Be or Not To Be 
Keep on studying, get no sleep, soon 

you're looking like a creep, 
Coffee flowiS, aspirin, too; seems that 

you are full of glue. 
Stress and strain, calculus-find the 

unknowns, mustn't fuss, 
Temper short, walk with droop, keep 

on feeling like a stupe. 
Paper spread upon the floor, ((Quiet 

Please" pinned to the door, 
Books are stacked in towering pile. 

Wonder if it's worth the while, 
Toss a coin, decide the crams; heads, 

the army-tails, the exams. 

Prof: "That's five times this week 
that you failed to turn in your as
signments. Do you have any com
ment? 

Bruce: "Yes, sir, I'm sure glad it's 
Friday." 

A recession is a period in which you 
tighten your belt. 

A depression is a time when you have 
no belt to tighten. 

When you have no pants to hold up it's 
a panic. 

Kiss-contraction of the mouth 
due to the enlargement of the heart. 

"It's quite simple/' explained one 
of the M.E.'s in EE, "to hook up 
an electric power circuit. We merely 
fasten leads to the terminals and 
pull the switch. If the motor runs, 
we take our readings. If it smokes, 
we sneak it back and get another 
one." 

We know a fellow who spent so 
much money on a girl· in two years, 
he finally married her for his money. 

MINNEAPOLIS 
BLUE PRINTING CO. 

523 Second Avenue South 

Minneapolis. Minn. 

MAin 5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KEUfFEl & ESSER CO. 

E EERS 
WORK ON NEW YORK'S 

PLAYGROUND 

The Navy's new supersonic Tiger, de
signed and built by Grumman, opens a 
new era for jet fighters. You can get in 
on the beginning, plus working on other 
jet fighters, anti-sub planes, and 
amphibians. Grumman has openings for 
experienced aircraft engineers and re
cent engineering graduates. 

e Wing and Fuselage Designers 
e Hydraulic Engineers 

· e Stress Analysts 
• Flight Test Engineers 

Send resumes to Engineering Personnel 
Dept.InterviewsatEmploymentOffi.ce. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
IIETIIPAGE • LONG ISLAND • HEW 'I'D!IK 
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AT MACH 2 
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T HE MEN WHO engineer and plot advanced theory for 
tomorrow's aircraft disagree on whether the speed limit 

to man's flight was already in sight. 
They agree, though, that research on the effects of high

speed, high-altitude flight have lagged behind the design of 
aircraft to fly in the thermal barrier. 

The thermal harrier applies to the high temperature met 
by aircraft beyond Mach 2. 

"Startling" problems are presented by supersonic heating. 
For example, at Mach 5 aluminum melts, and at Mach 6 
steel melts. 

Optimists believe that aircraft without radical design 
changes, following carefully prescr~bed flight paths, can 
weather thermal flight conditions. A suitable designed plane 
or missile, say the optimists, "may fly very fast at extreme 
altitude where the density of air is practically zero and 
then proceed at reduced speed while passing through lower 
altitudes." 

The more pessimistic contend that the damaging effect 
of heating during thermal flight can be prevented for only 
short periods. "Sooner or later," says this group, "the air
craft engineer will have to face the task of designing the 
aircraft to carry loads while hot"-that is, while the air
craft body and equipment are at temperatures of anywhere 
from 200 to 1600F or more. 

In pilotless aircraft-missiles, rockets, etc.-heat effects 
might he alleviated by allowing certain parts of the missile 
to melt. The melting process would he similar to that of 
nature in meteorites that fall to earth. Melting in meteorites 
occurs at the surface; the interior remains relatively cool. 

At Mach 3.5 speed, the increased weight necessary to 
make the plane structurally sound in the fact of 800F, for 
example, would render the aircraft impractical. A Mach 
3.5 fighter might weigh as much as current heavy bombers. 

There are two approaches to design of high-speed piloted 
aircraft. One is to design the aircraft to endure the high 
temperatures. The other is to keep the airplane cool so that 
conventional designs may be used. 

The first course presents almost insurmountable problems 
at the present time, even at moderately high Mach num
bers. Possibilities for the second course include cooling by 
air-cycle systems, water-evaporation systems, and fuel cool
ing (the latter only in chemically-fueled aircraft). 



I E 

courtesy New York University 

Despite the effectiveness of cabin-pressurization and pres
sure-breathing equipment, such factors as sudden loss of 
pressure and acceleration during combat maneuvers may 
result in loss of pilot consciousness, or in death. Air crews 
should be indoctrinated to understand their own physical 
limitations while in flight. A supersonic aircraft may cover 
a mile or more between the time the pilot sees a situation 
and the time he moves his muscles to respond to it. 

Among other points raised were: 
1.-The heat problem in turbo-jets, most popular type ,of 

engine for supersonic flight, is further complicated by blade
flutter. If vibration or heat damages even one of the 1,000 
blades of a turbo-jet's compressor, the engine may be 
wrecked completely. 

2.-Engineers would like to use the large fuel supplies 
carried by supersonic aircraft as a "sink" to draw up the 
excess heat. However, the fuel system designer has more 
than his share of problems under conditions of supersonic 
flight without anyone else adding heat to the fuel. Instead, 
artificial heat "sinks" may have to be created, and water 
still seems to be the most efficient cooling agent. 

3.-Time is an essential factor in determining stresses in 
supersonic aircraft parts, so essential that the designer has 
to get used to the idea that each structural element be cal
culated for a definite lifetime. This leads to the suggestion 
of parts or whole planes that will be replaced rapidly, per
haps as often as after each flight of longer than a few 
minutes. 

4.-There may be more castings in future aircraft manu
facture, since data shows some cast materials to have higher 
allowable creep strength than wrought plates. 

Until recently, structural research has always been suffi
ciently ahead of the needs of design to prevent serious delays 
in the development of aircraft. The opinion is already held 
that research is today merely sweeping up after the de
signers. 

The magnitude of the thermal problem is such that over
all research, unless accelerated, will soon find itself five to 
ten years behind aerodynamics and propulsion. 

Nibbling away at the fringe problems associated with 
300F temperatures is entirely inadequate; investigation of 
the problems peculiar to each temperature range up to 
lOOOF, and even beyond, is required. 

(end) 

llllmlllllllllllmmnm'u ....... 
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(Left) A power transform
er is brought into the 
world's largest anechoic 
chamber. The laboratory I 
completed recently/ was 
built for the study and 
research on the sound of 
power transformers. 

(Below) This comely lass 
finds the world/s largest 
"quiet" room a perfect 
place for taking a break 
from her work. The room, 
one of the quietest places 
ever constructed, is part 
of a new laboratory that 
was built for advanced 
research on the sound of 
electrical equipment. The 
relaxing girl is seated in 
front of a 41-foot-high 
door covered with fiber 
glass wedges that absorb 
sound. More than 12,000 
of these w e d g e s were 
used to cover the floor, 
ceiling, and walls of the 
room. 

courtesy of General Electric 



(Above) An Army pocket 
compass designed to op
erate over a temperature 
range from -85F to l60F 
is sealed against moisture 
and protected from phys
ical shock by a rubber 
cup. 

(Right) This interrupter for 
a 330-kv/ 25 million kva 
circuit breaker is divided 
into four identical arc
quenching units. Each of 
the four units can be test
ed separately with avail
able facilities/ whereas a 
single-break unit could 
never be tested at its full 
25 million kva rating. 
Each arc is drawn inside 
of an interrupter block of 
fiber plates. One feature 
of the blocks is that each 
can be removed/ not only 
for its own inspection/ but 
to leave a p o r t h o I e 
through which the con
tacts can be inspected 
without disturbing their 
alignment. 

c-ourtesy of Westinghouse 



Black Book Dance 

Brawl 

Buttons 

Field Day 

General Events 

Industrial Exhibits 

••• IJI, 
Knighting 

luncheon 

Office 

Open House 

Parade 

Ctll: 
Picnic 

Posters and Decorations 

Publicity 

Queens 

Revue 

Tickets 
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NAME _______________________________________ __ 

ADDRESS __________________________________ _ 

PHONE ________ MAJQR _________ y EAR _____ _ 

CoMMITTEE PREFERRED·------------------

ANY EXPERIENCE AND I OR QUALIFICATION? (NONE NECESSARY) __ 

. . . . 
" " 

ASS EETING 
Jan. 25-7:30 P.M. 

4ME 
Everyone Interested 

Invited 

Get the Complete 
Scoop: Be There! 

1iiS IIIIDIIII!IIIIIIIIII B 1111!1 II 1!1111111 II B 111811 B B 1!11111!1119 m DB Ill Ell II Ill 111118111 § 1111111111111& 1111111111 1!11111111!1111111 Ill 11111!111111111111!1111 II II S Ull DIll B II m llliHI 81 S 11111111!1. """""""""""""""' .......... """""' ......... """""""""""""""""""""""'"""""""""".........,.......11 

38 
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? (or /Jo ) 

Right now the 1955 E-Day Revue is being planned .. 

For a good show we need: 

• 
• 
• 

And we can't hardly get them n·o more .. We is desperate: SIGN UP, NOW! 
Use the coupon above or sign up in the Main Engineering office (l33E). 



Search is exciting! 
Scientists are constantly probing deeper into the secrets of nature 

-bringing new and better things to you 

AS THE PROSPECTOR thrills to the search for treasure, 
so does the scientist as he searches out the secrets of 
the earth, air, and water. 

THE TREASURE that the scientist seeks is better un
derstanding of nature, and ways to bring better living 
for all of us. To find them, he is constantly probing, 
taking the elements apart, putting them back together 
in different ways-always looking for something new 
and promising. 

How important is such research? Today, more than 
one-third of the work of the people of Uni~n Carbide is 
in providing products and processes that did not exist 
in commercial quantities 15 years ago. Each new prod
uct, each new process, was born of intensive search. 

fROM CHEMICALS TO METALS-The results of these 
achievements are serving all of us today-chemicals 

for life-saving medicines and many other uses ... a wide 
range of carbon and graphite products ... oxygen for 
the sickroom and industry ... a variety of wonderful 
new plastics ... alloying metals for stainless and other 
fine steels. 

SEARCH .... RESEARCH? To the scientists of Union 
Carbiqe, search and research are the same-an excit
ing key to a brighter future for all. 

STUDENTS AND STUDENT ADVISERS: Learn more about career 
opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 
GASES and PLASTICS. Write for booklet M-2. 

UNION CAR IDE 
AND CARBON CORPORATION 
30 EAST 42ND STREET [(!{! NEW YORK 17, N.Y. 

In Canada: UNION CARBIDE CANADA LIMITED 

--------------- UCC's TradeDmarked Products include---------------
SYNTHETIC ORGANIC CHEMICALS ELECTRO MET Alloys and Metals HAYNES STELLITE Alloys UNION Carbide LINDE Oxygen 
EVEREADY Flashlights and Batteries LINDE Silicones Dynel Textile Fibers PRESTONE Anti-Freeze NATIONAL Carbons 
BAKELITE, VINYLITE, and KRENE Plastics PREST·O-LITE Acetylene PYROFAX Gas AcHESON Electrodes 
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NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 

40 
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Although best known for design and production of world-famous 

aircraft like the Korea-famed F -86 Sabre Jet and the new, record

smashing F-100 Super Sabre ... North American Aviation also 

offers engineers excellent opportunities in other technical fields. 

North American needs engineers with imagination to help 

design and build the aircraft of the future. Other fascinating 

careers are created daily in its rapidly developing guided missile, jet, 

propulsion systems, electronic and atomic energy programs. 

When you are ready to enter the engineering profession, consider 

the well-paid opportunities at North American. Meanwhile, 

write for information on your future in the aircraft industry. 

Contact : Your College placement office or write : 

Engineering Personnel Office 
5701 West Imperial Highway, 
Los Angeles 

l2214South 
Lakewood Blvd., 
Downey, Calif. 

North American 
Aviation, Inc. 
Columbus 6, Ohlo 

ENGINEERING AHEAD FOR A BETTER TOMORROW 

H I I I 



A Pocket Slide Rule is a constant bosom companion. 

PLASTIC P .CKET SLIDE RULES 
As Don says "This is an age of portabil-

ity. 'Take it with you' is the slogan of the day. 
You slide rule users are behind the times if you 
aren't carrying a concentrated boiled-down slide 
rule with you 24 hours a day. 

"You ought to see the little pocket editions K&E 
is making. Pick the one that will do the jobs you 
need it for whenever its bigger ten inch brother 
isn't around." 

University B kstores 
University of Minnesota 

·H C~nee'UHif B~,~g~~ 

Come on in and let us show these K&E Pocket 
Slide Rules. They're the finest that are made. 

A man caught in a snowdrift looked 
up and saw .a St. Bernard coming to
ward him, with the usual keg of bran
dy under the dog!s chin. ((Well_," ex
claimed the man, a here comes man's 
best friend-and look at the big dog, 
too." 

Girls are like newspapers: They 
all have forms, they always have 
the last word, back numbers are not 
in demand, they have great influ
ence, you can't believe everything 
they say, they're thinner than they 
used to be, they get along by ad
vertising, and every man should 
have his own and not try to borrow 
his neighbor's. 

ME: "How did you puncture that 
tire?" 

EE: "Ran over a milk bottle." 
ME: "Didn't you see it?" 
EE: "Naw. the kid had it under 

his coat." 

"A wolf call is like a train whis
tle to me.'' mused the beautiful 
young thing. "I love to hear it. 
even if I'm not going any place." 

A man wandered into a tennis tour
nament the other day and sat down on 
the bench. 

''Whose game?" he asked. 
A shy young coed sitting next to him 

looked up hopefully. 
"I am/' she r(Jplied. 

ai should like some alligator shoes." 
"What size does your alligator wear?" 

Student to Prof: "What did you 
say this morning?" 

Prof: "Nothing." 
Student: "I know, but how did you 

put it across today?" 

She was aHoney Chile" in New Orleans, 
The hot spot of the bunch; 

But on the expense account 
She was gas_, cigars_, and lunch. 

Gold Lettering - Stamping 
Tooling 

WE BIND 
Medical Theses 
Chemical Pamphlets 
Magazines Text-Books 

law Reviews 

COVERS • ALBUMS • SCRAPBOOKS 
Made to your specifications 

BINDING 

Fe 0@ ERICKSON, 
BOOKBINDER 

downstairs 

GRAY'S DRUGSTORE 

ai seem to have run out of gas," he 
said softly. Her beautiful face was 
turned up to his, her eyes were glowing 
dizzily, her head swam. Why not? He 
was her dentist. 

A bathing suit-like a barbed wire 
fence-is designed to protect the prop
erty without obstructing the view. 

1326 4th St. S.E. GE. 5765 

41 



42 

Ball-and-socket joint cast iron pipe for water main crossing river at Newark, Ohio. 

Where installations are planned for long-term 

service to assure low cost per service year, engineers 

rely on cast iron pipe as a dependable and adapt

able material. Consequently, it is specified for a 

wide variety of applications, both utility and in

dustrial, including water supply, sewerage, fire 

protection, process industries and many forms of 

speciai construction. Long life and low maintenance 

cost are proved results of the high beam-strength, 

compressive-strength, shock-strength and effective 

resistance to corrosion of cast iron pipe. Cast Iron 

Pipe Research Association, Thos. F. Wolfe, Manag

ing Director, 122 So. Michigan Ave., Chicago 3, Ill. Cast iron water main still functioning in Philadelphia 
after 135 years of service. 

ea SERVES FOB 
Ill 

m1 CENTURIES 



THE PIERCIENTAGIE of hydrogen in gen in the sample is computed from 
liquid hydrocarbons can be determined these measurements and a calibration 
by making two simultaneous measure- curve. The new instrument shown here, 
ments on the sample to give (1) density a Standard Oil development, measures 
and (2) the absorption rate for beta the beta ray absorption rate. 
rays. The weight percentage of hydro-

BETA RAY 
used to speed hydrogen measurement 

The problem: How to measure the percentage of 
hydrogen in organic compounds in a short time. 

The established process was combustion. It 
took about four hours, and so discouraged the 
use of hydl'ogen determinations. But such 
analyses are increasingly important. Processes 
in the petroleum and chemical industries often 
involve hydrogenation or dehydrogenation. In 
addition, the percentage of hydrogen is an 
index to the performance of critical fuels such 
as those used in jet planes. 

A rapid method for measuring hydrogen 
content would therefore be a great help in 
both research work and plant control. Standard 

Oil's Engineering Research Department, spe
cialists in solving technical problems, took on 
this challenging assignment. 

A new machine-a beta ray hydrogen ana
lyzer-was invented and constructed. It gives 
results in :five minutes, and is twice as accu
rate as the old combustion method. It is so 
easy to operate that a laboratory technician 
can use it. 

Problems such as this are met continually 
in Standard Oil laboratories. They offer an 
opportunity for young men with trainiBg in 
chemistry and engineering to test their knowl
edge, skill and ingenuity. 

tandard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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Simple enough now, this vertical ascent was history-making in 1939. 

T E FIRST SUC ESSF L ELIC PTER 

Just two years before Pearl Harbor, Igor Sikorsky 
took the controls of a weird-looking machine -
culmination of a dream of thirty years. Moments 
later it rose from the ground. Though the flight 
lasted only a few seconds, the VS-300 became the 
first practical helicopter in the United States. 

Less than six months after Pearl Harbor, the Air 
Force took delivery of the first military Sikorsky. 

Since then, rapid developments prove that the 
helicopter, most versatile of military aircraft, has 
tremendous commercial potentials. 

Helicopters of the future will be the product of 
tomorrow's engineers. Sikorsky is young and grow~ 
ing. It offers life-time opportunities to young men 
who choose work where their skills and abilities will 
be constantly challenged. 

Perhaps you belong at Sikorsky - in the research 
departments, the drafting rooms, the engineering 
laboratories. 

You can remember the first successful helicopter 
........ you may be the man to build tomorrow's! Learn 
more about employment opportunities at Sikorsky. 
Consult your College Placement Office concerning 
arrangements for a personal interview. 

I 

Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1 r Corm. 
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Bill rtman wants to know: 

hat effect 

would an advanced 

degree have on 

my opportunities 

for advancement 

at DuPont? 

William N. Zartman is studying for a B.S. in Chemical Engineering at the 
University of Illinois. Last summer he worked in the Technical Laboratory at 
Du Pont's Chambers Works to gain industrial experience. He has not yet 
selected a permanent employer, however; and right now he's asking the kind 
of questions which will help him select the right job and plan a successful career. 

Sheldon Isako answers: 

Dr. Sheldon Esakoff received his Ph.D. degree in 
Chemical Engineering from Columbia University 
in 1952, doing his graduate research work on the 
problem of heat transfer in liquid metals. Since 
graduation he's been engaged in fundamental re
search work at the Du Pont Experimental Station, 
Wilmington, Delaware. Dr. Isakoff is now a Re
search Project Engineer in the Engineering Re
search Laboratory. 

Are you interested in research work? 
About 2000 Du Pont scientists are cur
rently engaged in research, aided by some 
3500 other employees. Laboratory facilities 
of the highest quality are available at the 
Du Pont Experimental Station near Wil
mington, and elsewhere throughout the 
country. Full information about research 
work at DuPont is given in "The Story of 
Research." Write for your copy of this free 
28-page booklet to E. I. duPont de Ne
mours & Co. (Inc.), 2521 Nemours Build
ing, Wilmington, Delaware. 

BETTER THINGS fOR BETTER LIVING 
••• THROUGH CHEMISTRY 

WATCH "CAVALCADE OF AMERICA" ON TELEVISION 

An advanced degree would undoubtedly have a favorable effect 
in technical work, Bill, but let me enlarge on that just a little. 
In my own field-chemical engineering-a doctorate is consid
ered to be evidence of demonstrated ability in carrying out 
original research. An advanced technical degree is therefore 
helpful in obtaining work in research and development, where 
that skill is definitely important. You might say it gives a man 
a head start in proving his ability in those areas. 

It's less important in some other areas, though. For example, 
in production or sales work a manifest ability for handling 
human relationships is just as important for advancement as 
technical competence. If an engineer is sold on production work 
or sales, a graduate degree in marketing or business adminis
tration might be more helpful to him than advanced technical 
training-in getting started. 

But I've noticed this at Du Pont. Once a man lands a job in 
his chosen field and actually begins to work, his subsequent 
advancement depends more on demonstrated ability than on 
college degrees. That's true throughout the entire company
in scientific work, administration, or what not. 

So an advanced degree is not a royal road to anything at 
Du Pont, Bill. But when coupled with proved abilities, an ad
vanced technical degree is unquestionably helpful to a man in 
research and development work. It often gives him a chance to 
demonstrate his abilities more rapidly. 
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The desiggg engineer traigged In 
welded steel construction is 6esf 
able to meet industry's need for 
low cost manufacture 6eccnuse 

ELDED DESIGNS 
CUT COSTS 50 

By using steel instead of cast i.ro?, 
design engineers today make thex.r 

products more efficient ... many times at 
half the cost. Product designs :are stro?g· 
er, more rigid, take less matenal to budd. 

Too little attention is usually devoted to 
simplification of product designs to elim
inate costly manufacturing manhours 
once a basic design is established. Where 
designers reappraise product details for 
welded steel construction, production 
costs are being cut an average of 50% com· 
pared with manufacture using castings. 

Manufacturing operations are simpli
fied with welded steel design. Rejections 
due to inferior metal are eliminated. Less 
machining and :finishing are £equired. 
Finished machines are streamlined, more 
modern in appearance. 

In the example below, an economy· 
minded design engineer lowered manu· 
facturing cost on a machine arm and cut 
weight of the arm. 

Before conversion to steel, the machine 
arm required 182 pounds of gray iron 
and cost $38.25 to cast and machine. 
Welded steel design weighs only 86.8 
pounds •.. costs $20.06. 

Fig. 1. Origincai 
cast c:onstrudic:m 

of operating ma· 
chine lever. Weighs 182 

pounds ..• Costs $38.25. 

fig. 2. Welded steel 
design is stronger, 
stijje r yet weighs 
only 86.8 potmds .•• 
Costs $20.06. 

DII!SDGN DATA lor wt~~lclecl construdion is avail
o&le to engineering students in the lorm ol bulletins 
oncl hCJnclhoolcs. Write 

THE LINCOLN ELECTRIC COMPANY 
Cleveland 17, Ohio 

THE WORLD'S lARGEST MANUFACTURER OF 
ARC WIELDING EQUIPMENT 
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Compiled by William Cordes 

A S 
The ACS had its first meeting of the 

winter quarter Thursday, Jan. 13. Dr. 
R. T. Arnold spoke of opportunities in 
chemistry, in a ta;lk on "Chemistry and 
Chemists." A discussion was held on 
possible plans for another high school 
lecture series. A few ideas about E
day were also kicked around. 

lEE-IRE 
Mr. Robert Bevensee, 'Log editor in 

1952-53 and currently tfnployed with 
the Sperry Gyroscope Company in New 
Y o:r.k, wm speak on '~Survey of Some 
Recent Innovations in Klystrons and 
Travelling Wave Tubes" Wednesday 
evening, February 9. 

This year's membership goal of one 
hundred has nearly been attained, our 
latest membership figure being 97. 
Some members have already started 
preparation of papers for the AlEE 
Student Paper Contest to be held 
Spring Quarter. Details of a Mystery 
Black Box Contest will be announced 
soon. A prize will be awarded to the 
EE student who determines the elec
trical circuit elements contained in the 
box. 

KOH.ai-NOOR 
ADAPTO.aCLUTCH 

LEAD HOlDERS 
All degrees and diame

ters of lead. 

e Technical Books and 
Supplies 

e Study Outlines 

e Thesis Supplies 

at 

315 14th Ave. S.E. 
and 

Harvard and Washington Ave. 

AI iE 
Robert E. Hagen, chief metallurgist 

of the Oliver Mining Company, will 
speak to the Metallurgical Science 
Club at 2: 30 P.M., Friday, January 21 
on the subject "Recent Developments 
in Taconite Processing." The club will 
meet jointly with the School of Mines 
Society. 

ASME 
The School of Mines Society, work

ing with the Metallurgical Science 
Club, has an interesting program for 
Mines students this winter. Three 
speakers have been lined up and three 
social events are in the making. 

On January 10, the Minnesota sec
tion of the AIM·E held its annual meet
ing at the Hotel Duluth, in Duluth. 
Seven Mines Society members at
tended. 

Student members of the ASME at
tended a dinner meeting January 5 
with the Minnesota !Section of the 
ASME, the ASRE, and the ASHVE. 
Mr. Arthur Moody of the Trane Co. 
spoke on "Part-load Performance of 
Centrifugal Compressor Refrigeration 
Machines." 

The first regular winter quarter meet
ing, on January 13, featured Mr. John 
Hill, engineering relations manager of 
Minneapolis Honeywell. Mr. Hill 
spoke on "The Young Engineer in In
dustry." 

February 16 there will be a joint 
meeting with the Minnesota Society of 
Work-Study Students. Dean Spilhaus 
will be our guest speaker. 

I eS 
The fair sex has invaded the IAeS; 

three girl Aeros are on the club roster, 
Secretary Tom Ernst reports. Can any 
other IT organization top this? Tom 
also says that the membership is now 
the largest in 10 years-70 members. 
The group would like to make it 100, 
so to those Aeros who haven't joined 
yet, it's still not too late. 

Dr. Rudolph Hermann, of the Aero 
E. faculty, spoke Jan. 11 on the V-2 
rocket, which he worked on during 
World War II. 



A not her page for 

How to beat shock loads 
in a big dragline 

Imagine the shock loads put on this big dragline's 
intermediate swing shaft when the cab, the boom 
and an 8-yard load of dirt being swung through the 
air are suddenly stopped and the direction reversed! 
Engineers solved this problem by specifying 
Timken® tapered roller bearings. Timken bearings 
not only take radial and thrust loads in any combi
nation, they also assure long, trouble-free operation. 

---------------------------------------------------------

hy Tl KEN® bearings have 
high load capaci 

This cross section of a Timken tapered roller bearing 
illustrates one reason why Timken bearings do such a good 
job under heavy load conditions. Notice that there is full 
line contact between the rollers and races. It's this full line 
contact that distributes the load over a wider area, gives 
Timken bearings their extra load-carrying capacity. 

---------------------------------------------------------

I 
TRADE·MARK REG. U. S. PAT. OFF. 

TAPERED ROLLER BEARINGS 

ant to learn more about 
bearings or iob opportunities? 
Some of the engineering problems you'll face after 
graduation will involve bearing ap
plications. For help in learning more 
about bearings, wdte for the 270-
page General Information Manual 
on Timken bearings. And for infor
mation about the excellent job op
portunities at the Timken Company, 
write for a copy of "This Is Timken". 
The Timken Roller Bearing Com
pany, Canton 6, _Ohio. 

NOT JUST A BALL 0 NOT JUST A ROLLER a:::> THE TIMKEN TAPERED ROLLER a:::> 

BEARING TAKES RADIAL ~ AND THRUST -@l- LOADS OR ANY COMBINATION 
' 41 



SPLINE NUT 

CliNCH NUT 
1200° F. HIGH-TEMP. NUT 

FLOATING ANCHOR NUT 

II • I 

dia. from 1/16" to 1/2'# 

Rollpins are slotted, tubular steel, pressed-fit pins 
with chamfered ends. They drive easily into holes 
drilled to normal tolerances, compressing as driven. 
Extra assembly steps like hole reaming or peening 
are eliminated. Rollpins lock in place, yet are read .. 
ily removed with a punch and may be reused. 

Every major aircraft now being assembled relies on the 
vibration-proof holding power of ELASTIC STOP nuts. 
Only ESNA manufactures a complete line of all types 
and sizes of self-locking nuts. 

Cut assembly costs by using Rollpins as set 
screws, positioning dowels, clevis or hinge pins .. 
Specify them in place of straight~ serrated, tapered 
or cottet type pins. 
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ELASTIC STOP NUT CORPORATION 
OF A ERICA 

!Ehmstie Stop Nut Corporation of America 
Dept. N34-152, 233@ VauxhaU Road, Union, N.J. 

Please send me the following free fastening information: 

0 Elastic Stop Nut Bulletin 
0 Rollpin Bulletin 
0 AN-ESNA Conversion Chart 

0 Here is a drawing of our 
product. What fastener would 
you suggest? 

Name _______________ Title·-------

Firm'-----------------------
Street ______________________ _ 

City _____________ _...one_State, _____ _ 

I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

-----------------------------~ 



Carl Vrooman, icing tunnel group 
head, studies hot-air cyclic de-icing 
test on wing section of C-130 
transport. The tunnel has a 
temperature range of -40° F. to 
+ 150° F. and maximum air speed 
of more than 270 mph. 

e icing tunnel 
speeds ther odyna ics 

research at Lockheed 
Designed to meet a constantly increasing volume of thermo

dynamics work, Lockheed's new icing research tunnel now 

provides year 'round testing in meteorological environments 

normally found only in flight. It is the first icing research 

tunnel in private industry. 

Lockheed thermodynamics scientists were formerly limited to 

testing time available at installations such as Mt. Washington. 

Now they are able to study in greater detail problems such as: 

thermal anti-icing; cyclic de-icing; various methods of ice 

removal; distribution of ice; rate of temperature changes in 

aircraft components; thermodynamic correlation between lab

oratory and flight testing; and development and calibration of 

special instrumentation. 

reer Opportunities at lockheed 
Increasing research and development work on nuclear energy, turbo· 
prop and jet transports, radar search planes, supersonic aircraft and 
a number of classified pr@jects offers engineers outstanding 
opportunity for creative work. 

This is true not only for men in thermodynamics but for Aero
dynamicists and Aerodynamics Engineers, Structures Research 
Engineers, Airborne Antenna Designers, Flight Test Analysis 
Engineers, Physicists in fields of optics and acoustics, Mathema
ticians, and almost every other type of engineer. 

You are invited to write for the brochure, "Your Future is Now" 
which describes life and work at Lockheed. Address E. W. Des 
Lauriers. 

10 c K HEED AIRCRAFT CORPORATION 

BURBANK CAliFORNIA 

C. H. Fish, design engineer assigned to the tunnel. 
measures impingement limits of ice on C-130 wing 
section. The tunnel has refrigeration capacity of 
100 tons, provides icing conditions of 0 to 4 grams 
per cubic meter, droplet sizes from 5 to 1000 microns. 

Thermodynamicist Ed Dean monitors main control 
panel in picture at left. Temperature, air speed, 
water flow rate, air pressure and other variables 
can be regulated independently. 

B.l. Messinger, department head, analyzes test 
results with Thermodynamics Engineer E. F. Versaw, 
right, and Thermodynamicist Tom Sedgwick, left. 
The report was in their hands only two days after it 
was decided to conduct the test. 
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MORTON R .. BERGER, 

CASE INSTITUTE 1951, 

e "Worthington was my choice," Mr. Berger says, "be
cause of the excellent training and the unusual experiences 
that are possible with a manufacturer having a worldwide 
reputation, and worldwide distribution. Then, when a 
company has seventeen divisions, including air condition
ing, refrigeration, turbines, Diesel engines, compressors 
and pumps of all kinds, construction machinery, and 
power transmission equipment, a graduate engineer's 
chances for getting into his chosen field are even better. 

"Supporting these divisions are research, engineering, 
production, purchasing, and sales, domestic and export. 
The real opportunity, however, is in Worthington itself. 
This is a company that is growing, just as it has for more 
than a century. It is always looking for new, related 
products and good men to engineer, produce, and sell 

"I e 
rt i t 
f r 
rt itie 

!I 

i t r ti I 
tr '' 

them-at home and abroad. 
"I began my career with Worthington's training pro

gram in the Research and Development Laboratory, where 
full-scale equipment is designed, tested and improved. 
This experience gave me an understanding of the tremen~ 
dous part the company plays in the everyday life of mil
lions of people. Within fourteen months I was sent to 
Mexico to inspect the facilities of our distributors there. 

"The opportunities for first-hand laboratory experience, 
sales training and contact, travel and field trips, among 
many others, make Worthington a first-rate company for 
the young engineer with a desire to learn and progress in 
his work.'' 

When you're thinking of a good job, think h~h-think 
Worthington. 

fOR ADDITIONAL INfORMATION, see your College Placement 
Bureau, or write to the Personnel and Training Department, Wor
thington Corporation, Harrison, N.J. 

THE SIGN OF VALUE AROUND THE WORLD 

I 



Will delta on molybdenum 
and the "moly" derivatives 
utilized in chemh:cds, agriculture 
and various phases of industry 
help your thesis projed? If so, let 
us know your field of particular 
intere.st ... write: Climax 
.Molybdenum Company, 500 Fifth 
Av.enue, New York 36, N.Y. 

I 
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PRESS 

The Editor's 

FTER you've looked through this issue, compare 
it with the December Log. You will immediately 
notice several changes; that it is much thinner 

(12 pages), that there is no color inside, and that there 
are fewer pictures. This cut-back is a result of the tight 
budget on which we operate. We blew our wad in 
December and now we have to take it easy for a while 
to recoup our losses. 

HE Tech Commission is working on a little scheme of 
their's, namely a dance (Tech Whirl) so everyone 

can get together and strut their finest. It will be a fine 
affair so. plan to be there-February 26 at the Commo
dore Hotel in St. Paul. As more information abovt this 
shindig filters into this office, I'll pass the word along 
to you. 

E now have exactly one student-written article 
and four more issues to go. I offered the two $50 

awards to help stimulate your writing-bone, but I'm sad 
to say that it hasn't helped. As i~ now stands, the bulk 
(if not all) of the articles in the future will be reprinted 
from the student magazines of other colleges. I don't 
like doing this because I'm ashamed to write to asmall
er college and admit that there is no one at the Univer
sity of Minnesota willing to write for our magazine. 

I N some of the tonier magazines a section, called er
rata, is inserted to rectify the boo-boos they pull. In 

this mag we refer to all goofs as such. In the last two 
issues we have been very lax in giving credit where 
credit is due. I will now try to rectify these omissions. 

The November frontispiece was obtained from Gen
eral Electric. The article entitled "Friction" was written 
by a staff member of 1last year, Bob Goodin. 

The December frontispiece was obtained from the 
Standard Oil Company. The article "Air Conditioning" 
was written by an IT student for English 86 four years 
ago, but we never did find out his name. This shows 
how hard up we are for articles. 

Before I'm through confessing all, I wish to apologize 
for the atrocious equations in the article called ''Theory 
of Relativity" in the last issue. We found out too late 
that the printers don't have a very good selection of 
mathematical symbols, so we had to let it go as it stood. 
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F the many press-releases that have come into the 
office during vacation, two from the American So

ciety of Mechanical Engineers have caught my interest. 
In the past several months, many prominent people 
have been stressing the growth of Russia's technological 
strength and criticizing the lack of concern in our coun
try. The latest blast was· made by John R. Dunning, the 
Dean of Engineering at Columbia Univers.ity. He stated, 
"Russia makes scientific technology the basis for run
ning the country. We must achieve the same emphasis, 
by improving the training of our technicians all the way 
along the line, from our secondary schools through our 
industrial installations. The Russians began by emulat
ing the United States, and continued to grow in engi
neering strength to the point where they threaten to 
surpass the United States." 

A plug for our industrial psychology course was made 
by Theodore F. Hatch, professor of Industrial Health 
Engineering at the University of Pittsburgh. I remember 
that back in the days when I took Psy. 155, we spent 
some time learning that it's a good idea to put knobs 
and handles on a machine where the operator can reach 
them. Here's what Professor Hatch has to say about it, 
"Ergonomics-or human engineering-is the study of 
man at work. This comparatively new science draws 
upon a variety of basic biological and biophysics studies 
to define man's reaction to stresses at work and to deter
mine how he can cope with these stresses. The modern 
worker does not merely grow physically tired, but may 
also experience more complex psychophysiological fa
tigue of an indirect and unrecognized form. 

Because the modern worker usually makes only a 
small part of the finished product the individual fre
quently loses the feeling of accomplishment that the 
hand craftsman used to enjoy. To develop a. greater 
feeling of accomplishment and to avoid monotony and 
repetitive work, individual operators have to perform 
more complex functions involving simultaneous opera
tions for the production of a completed object or equiva
lent finished article." 

"I believe that engineering-and especially design 
engineers-should participate to a greater extent in the 
research studies of ergonomics and their practical appli
cations." 



Westbound Rio Grande freight in Ruby Canyon of Colorado River. 

Th 
because 

ht rolls away an hour soon 
otogr. ry cuts yard o i?e. ing 

The Denver and Rio Grande Western 
Railroad microfilms its waybills in 
minutes, cuts running schedules, 
saves costs in train idling time. 

You don't find a Rio Grande freight idling at the 
terminal while waybills are copied by hand. In
stead, Recordak Microfilming copies them. Then 
they're put aboard and the train is off in just 
about one-fifth the time it used to take, thus sav
ing hours of valuable crew and train time. Then 
the wheel reports are made up from the films and 
teletyped ahead. 

Railroading is but one of over a hundred types of 
businesses now saving money, time and space with 

microfilming. It is one of the fast growing and widely 
used ways photography ·works for industry. 

Small businesses and large are finding that photog
raphy helps in simplifying routine procedures, in 
product design, in personnel relations. It improves 
production, save5 time and cuts costs. 

Graduates in the physical sciences and in engi
neering find photography an increasingly valuable 
tool in their new occupations. Its expanding use has 
also created many challenging opportunities at 
Kodak, especially in the development of large-scale 
chemical processes and the design of complex pre
cision mechanical-electronic equipment. Whether 
you are a recent graduate or a qualified returning 
service man, if you are interested in these opportuni
ties, write to Business & Technical Personnel Dept., 
Eastman Kodak Company, Rochester 4, N.Y. 

Eastman Kodak Company, Rochester 4, N.Y. 

r 



CHARLES SNYDER, R.P .I., (center) adjusting 5250 triple-unit d·c: 
mill motor for use in a steel mill. 

' II 

Like these young men pictured here, hundreds of scien
tists, engineers, chemists, physicists and other college 
graduates are ~~getting ahead" fast at General Electric .... 
and they are working on projects with the assurance that 
their contributions are meaningful and important. 

They are moving up rapidly because at General Electric 
a world of opportunity awaits the college man of today-a 
world limited only by his own ability and interest. The 
variety of General Electric products and the diversity of 
the Company's operations provide virtually unlimited 
fields of opportunity and corresponding rewards, both 
materially and in terms of personal satisfaction to young 
men who begin aG-E career. 

New developments-in silicones, electronics, semi-con
ductors, gas turbines, atomic power, and others-spring
ing from G-E research and engineering, are creating 

Engineers RICHARD RENK, IOWA STATE, (left) and ALLEN FRINK, 
CATHOliC liNIV., make last-minute check on 1600-hp diesel-electric 
switcher before it is moved to test track. 

II 

exciting new opportunities, and are giving college gradu
ates the chance of finding satisfying, rewarding work. 

And by placing prime importance on the development of 
talent and skill, developed through G-E training pro
grams and broadened through rotational job programs, 
and by providing incentives for creative minds, General 
Electric is hurrying young men into success in an in
dustry that is devoted to serving all men through the 
ever-increasing and ever-widening uses for electricity, 
man's greatest servant. 

If you are interested in building a career with General Elec
tric see your college placement director for the date of the 
next visit of the General Electric representative on your cam
pus. Meanwhile, for further information on opportunities with 
General Electric write to College Editor, Dept. 2-123, Gen

eral Electric Company, Schenectady 5, New York. 

Test engineers E. K. VON fANGE, ll. Of 
NEB., (left) and R. E. LOVE, ll. Of TEXAS, 
work on stacker and stapler built by them for 
homework project. 

Physicist ROGER DIEWES, BROOKLYN POLY., 
working with scintillation counter in G.IE. 's 
Engineering laboratory. 

ANTHONY TERZANO, PRATT INSTITUTIE, 
checks connections on direct-current rectifier 
which charges 7,500,000-volt impulse genera
tor in G.E. 's new High-voltage laboratory. 

GENERAL ELECTRIC 





Sanford W. Wilson, class of '48 

speaks from experience when he says 

''U~ teel offers a great combination
an interesting job'' opportunity, security and 

M R. WILSON was interviewed by U.S. Steel 
representatives in March of 1948. After 

receiving his B.S. in Chemical Engineering 
in June, he chose his U.S. Steel offer over 
several other job offers and began working 
at the huge Gary Works as a Foreman 
Relief Trainee. He gained experience in 
the Blast Furnace Department and in the 
front office learning the business end as 
well. In November of 1954 Mr. Wilson was 
made assistant to the superintendent of 
blast furnaces at Gary. His duties now in
clude developing data for control of pro
duction, quality of materials, costs, and 
making technical reports. In addition, he 
directs the activities of Technological Co
Ordinators and part of the training of 
management trainees. 

Mr. Wilson is naturally pleased with his 
progress at U.S. Steel and he feels that 
U.S. Steel offers qualified and ambitious 
engineers the very best in three important 

areas-opportunity, security and an inter
esting job. 

He says, "Opportunity is unlimited at 
U.S. Steel and openings for advancement 
are frequent." In addition, Mr. Wilson 
feels that U.S. Steel affords a secure future 
because of the basic nature of the steel in
dustry and the constant need for engineering 
talent. But most important, Mr. Wilson is 
deeply interested in his job because he 
knows he is really playing a vital role in a 
vital business. And he says, "The steel in
dustry has many facets and is constantly 

changing. Talk to anyone who has been in 
the steel industry for any time and he will 
tell you that steel has gotten into his blood." 

If you are interested in a challenging and 
rewarding career with United States Steel 
and feel that you can qualify, you can ob
tain further information from your college 
placement director. Or we will gladly send 
you our informative booklet, "Paths of 
Opportunity," upon request. Just write to 
United States Steel Corporation, Personnel 
Division, Room 1622, 525 William Penn 
Place, Pittsburgh 30, Pa. 

SIEIE THE UNITED STATES STIEIEl HOUR. It's a full-hour TV program 
presented every other week by United States Steel. Consult your local 
newspaper for time and station. 

E 
AMERICAN BRIDGE •• AMERICAN STEEl & WIRE and CYClONE FENCE •• COlUMBIA-GENEVA STEEl •• CONSOLIDATED WESTERN STEEl •• GERRARD STEEL STRAPPING •• NATIONAl TUBE 

Oil WEll SUPPLY •• TENNESSEE COAl & IRON •. UNITED STATES STEEl PRODUCTS •• UNITED STATES STEEL SUPPLY •• Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEL HOMES, INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT COMPANY 



1955-B-47 Stratojet assembly, Boeing Wichita Division 

Boeing offers engineers long-range careers 

Throughout its 38-year history, Boeing 
has consistently pioneered advanced new 
types of military and commercial aircraft, 
and new methods of production. This 
history of leadership has meant con
tinued growth for the company. It means 
continued opportunities for Boeing 
engineers to move ahead according to 
their ability in Research, Design and 
Production. 

Today Boeing is producing the jet 
age's outstanding bombers, the B-52 and 
the B-4 7. Other Boeing projects that 
mean continued growth and stability in
clude: America's first jet transport (the 
Boeing 707). Research in nuclear
powered and supersonic Right. And one 
of the nation's major guided missile pro
grams. These and other new-horizon 

projects are expanding at such a rate that 
Boeing now employs more engineers than 
even at the peak of World War II. 

The high inherent interest of these 
programs, together with the stimulation 
of expanding opportunities, add to the 
stability of careers at Boeing. One meas
ure of stability is given in this chart. 

r r r 
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It shows that 46% of Boeing engineers 
have been with the company for five 
or more years; 25% have been here 10 or 
more years, and 6% for 15 or more years. 
Another measure is the increasing pro-

portion of engineers to total employees. 
Fifteen years ago the figure was one to 
16. Today one out of each seven em
ployees is an engineer. 

Boeing promotes from within and holds 
regular merit reviews to assure individual 
recognition. Engineers are encouraged to 
take graduate studies while working and 
are reimbursed for all tuition expenses. 

Boeing has openings for virtually all 
types of engineers-electrical, civil, me
chanical, aeronautical and related fields, 
and for applied physicists and mathema- · 
ticians with advanced degrees. 

For further Boeing career information 

consult your Placement Office, or write: 

JOHN C. SANDERS, Staff Engineer - Personnel 
Boeing Airplane Company, Seattle 14, Wash. 

SEATTLE, WASHINGTON WICHITA, KANSAS 

1 
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INTO THE 

SUCCESS • FILLED 

WWORLD OF SYLVANIA 

There's little doubt about the fact that rubbing shoulders with success, early in your career., is 
one· of the best ways to assure your own long-range success. 

You'll find this especially true at Sylvania, where, in one company, so many of the positive factors 
essential to engineering achievement are combined in full measure: 

D&VIER.SITY- Sylvania's 9 divisions developing 
and manufacturing products ranging from tele
vision sets to fluorescent lamps, from electronic 
devices to fuel elements for nuclear reactors, pro
vide the breadth of experience to help direct you 
into the work you most prefer in our organization. 

GROWTH AND EXPANSION -.In the 
past 6 years alone, our sales have tripled, our 
-engineering staff has doubled to keep pace with 
the demand for Sylvania products. And, we are 

expanding our activities in the field of atomic 
energy and new areas of electronics. 

STAIIUIUTY- founded in 1901, Sylvania has 
grown into an organization of 45 plants and 11 
laboratories in 11 states. In addition to the develop
ment and manufacture of our own Sylvania con
sumer products, we are also privileged to provide 
elements and parts that are the heart of hundreds 
of industrial and consumer products of other manu
facturers, which adds to our characteristic stability. 

An aggressive, forward-looking company with all the drive and vigor of youth ... whose average 
executive age is only 45 ... Sylvania can provide the environment of success and encouragement 
that will help you build a highly satisfying professional future. 

For detailed information, see your College Placement Office, or send for our comprehensive bro
chure, "Today and Tomorrow with Sylvania~" hy writing to Supervisor of Technical Employment. 

Sylvania Electric Products Inc. 1740 Broadway, New York 19. N.Y. 

LIGHTING® RADIO@ ELECTRONICS • TELEVISION • ATOMIC ENERGY 



ow ... as In 1896 .. 

there's always room for ambition at Westinghouse 

George Westinghouse was the first recruiter of engineering 
college graduates ... first to realize that ambitious young 
men, with the vision, drive and spontaneous enthusiasm 
of youth were the backbone of American industry. 

Going further than recruiting, Westinghouse has led in 
developing programs for training and helping young 
engineers to reach their goals. Its famous Graduate 
Student Program first shows them the many opportunities 
open to them at Westinghouse, and then helps them take 
advantage of the one they choose. Its million-dollar Edu
cational Center is the most advanced in industry. 

Is it any wonder that much of the success ofWestinghouse 
has been due to engineers who came as graduate stu-

YOU CAN BE 

• Stl ous 

dents and later directed the Company's efforts. 
Here's an example of Westinghouse leadership. The 

young engineer at the right is looking at the land-based 
prototype for our country's first atomic submarine engine 
. .. designed and built by Westinghouse ... working with 
the Atomic Energy Commission and the U. S. Navy. 

There can be a great future for you at Westinghouse. For 
professional development, Westinghouse offers its Gradu
ate Study Program, available at 19 universities from coast 
to coast, and leading to Master's and Ph.D. degrees ... 
plus other programs tailored to fit your needs and desires. 

Yes, there's always room for ambitious men at West
inghouse ... and we help them reach their goals. G-10284 

Ask your Placement Officer about career oppor
tunities at Westinghouse, or write for these two 
booklets: Continued Education in Westinghouse 
(describing our Graduate Study Program) 
and Finding Your Place in Industry. 

Write: Mr. C. W. Mills, Regional Educational 
Co-ordinator, Westinghouse Electric Corpora
tion, Merchandise Mart Plaza, Chicago 54, Ill. 
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I 
ngineers Pioneer 

Power Plant evelopment 

W. S. "Gus"' Broffitt, who received his B.S. in Mechanical Engineering, 
U. of Kentucky in 1938, is now Section Head of the Installation liaison 
and Engineering group of the Allison Turbo-Jet Engineering. Shown here 
by a J33-A-37, he is holding an inner combustion liner that has been 
through the aluminum dipping process, a step which helps cut critical 
materials in this high speed, low cost ief engine, designed for 100% 
reliability. 

e The Allison jet powered USAF Be61 Martin Matador 

is the country's first operational ground-to-ground 

pilotless bomber. And, it's the first such missile to be 

sent overseas for duty. 

The B-61 engine-an Allison )33-A-37-is based 

on the proven Allison centrifugal flow engine. This 

engine has accumulated more than 2Y:z million hours 

of flight in such aircraft as the Lockheed F-80 Shooting 

Star, the T-33 Trainer, F-94 Night Fighter, and in the 

Grumman F9F Panthers and the Cougars! 

In 1950, Allison undertook the project of engineer

ing and developing a 5-hour, low-cost, expendable jet 

engine for the Glenn L. Martin Co. which was under 

contract with the Air Force. The missile assignment 

made it necessary for Allison to design a )3 3 model

incorporating reduced material, manufacturing and 

testing costs-and still maintain a 100% reliability. 

The concentrated efforts of Allison engineers result

ed in an 8 5% reduction of critical materials in missile 

engines in comparison with the similar centrifugal 

flow engines built for piloted aircraft. 

An aluminum dipping process, developed by Allison 

engineers-in cooperation with General Motors Re

search-helped materially in reduction of critical ma

terials. This process was used on inner combustion 

liners and permits using a low alloy steel in place of 

highly critical material. The aluminum dipping process 

affords corrosion protection, and still enables the liners 

to withstand high combustion temperatures. First to 

use aluminum dipping equipment on large parts, Alli

son now uses the process on turbine engines scheduled 

for piloted aircraft. 

The missile power plant project is another example 

of the variety of problems handled by Allison engi

neering. Because Allison is continually doing pioneer 

work in advanced engineering developments, we need 

more technically trained men, especially young grad

uate engineers. Want to know more about your engi

neering future at Allison? Write now for information: 

R. G. GREENWOOD, Engineering College Contact 

ALLISON DIVISION, General Motors Corporation 
Indianapolis 6, Indiana 



I c aim ers of ell 
You are looking at the units of a $2,000,000 ·Martin test
ing laboratory-part of a man-made hell of fire and 
water, shock and vibration, explosion and corrosion, 
designed to torture electronics equipment! 

For these vital components of today's aircraft, guided 
missiles and weapons systems must carry tremendous 
responsibilities. Consider, for example, the electronic 
system of the Martin B-61 ·Matador: 

Incredibly versatile, it comprises the entire brain and 
nervous system of America's first successful pilotless 
bomber. Yet this sensitive equipment must withstand 

the shock of many tons of thrust in the first second of 
take-off-violent changes in temperature and pressure 
-and ground conditions ranging from sand storms to 
arctic blizzards, desert dryness to tropical downpour. 

Today, Martin's facilities are among the finest in the 
world for design, production and proving in the field 
of avionics ... one of the rna jor developments of :Martin 
Systems Engineering which is now tailoring airpower 
to previously impossible requirements. 

You will hear more about Martin! 

BALTIMORE· MARYLAND 

7 



8 

GM Positions Now Available 
in These Fields: 

MECHANICAL ENGINEERING 

METALLURGICAL ENGINEERING 

ELECTRICAL ENGINEERING 

INDUSTRIAL ENGINEERING 

CHEMICAL ENGINEERING 

GENER L 

I 

••••••••••ooeeeeoeoooeoeoeooeoeooe 

Now more than ever, our nation needs engineers in 

top policy-making positions. 

That's what Alfred P. Sloan, Jr. recently told the 
American Institute of Consulting· Engineers. 

The Chairman of the Board of General Motors said, 
"We need the respect that the engineer has for basic 
facts. We need his analytical frame of mind. We 
need his imagination. We need his contact with inter
pretation and control of the physical forces. 

"Such is the type of discipline, as I see it, that is 
sure to contribute to a maximum degree of order 
and sense in our complicated economy - and pro
mote the best and most efficient use of our national 
resources, both human and material." 

Of course, these words- so typical of GM's entire 
outlook - foretell great things for engineers in the 
country at large. But even more, they explain why 
career opportunities for good men are so exceptional 
here at General Motors. 

We invite you to write for "The College Graduate 
and General l\1otors," a booklet that should 
encourage you to see the GM College Represeptative 
when he visits your campus. 

CORPORATI N 
Personnel Staff, Detroit 2, Michigan 



NEW MISSILE SYSTEMS 

RESEARCH LABORATORY 

The technology of guided missiles poses increasingly complex 

problems in virtually every field of science. 

To provide physicists and engineers with the most modern 

facilities for meeting those problems, Lockheed 

·Missile Systems Division has begun construction on a 

laboratory for advanced research-first step 

in a $10,000,000 research laboratory program. 

Scheduled for occupation in early fall of 1955, it will augment 

existing Missile Systems Division facilities. 

Individuals able to make significant contributions to the technology 

of guided missiles are invited to contact their placement officer or write us .. 

MISSILE SYSTEMS DIVISION 

research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION • VAN NUYS • CALIFORNIA 

9 





1 

HE U. S. S. Nautilus. the first atomic-powered sub
marine launched by the United States Navy, was 

built only after much experimental work had been done. 
This work was carried on by Westinghouse Electric 
Corporation at a test site "somewhere in the middle of 
Idaho," in. co-operation with the navy and the AEC's 
Argonne National Laboratory. 

1-Moving this four-ton door into the closed position 
is no easy task; it requires an electric motor to power the 
geared wheels. Measuring four feet square at its large 
end and seven feet through its center, the door, or plug, 
is one of six of equal size through which scientists may 
enter the "hot cell" at the atomic test site. 

PAGE 10: The first atomic submarine engine, a 
nuclear power plant, known as Mark I; it is a near
duplicate of Mark II which will drive the U. S. S. Nau
tilus. Both power plants were built under contract with 
the Atomic Energy Commission. The large sea tank is 
about 50 feet in diameter and 40 feet high. The hull 
passes through the tank so that the reactor compartment 
is located within the tank and completely submerged 
in water. The tank's capacity is about 385,000 gallons. 

11 



2-0ne of the most important "ingredients" which 
goes into the reactor is one of the most plentiful-water. 
However, the water must be chemically pure-purer 
even than ordinary distilled water. The water is used 
as the medium which transfers heat from the reactor to 
the boiler via the primary loop piping system. Ordinary 
drinking water may contain some 300 parts per million 
of impurities; distilled water{ five parts per million. The 
reactor is even purer. This extreme cleanliness is neces
sary to reduce corrosion caused by impurities and to 
prevent radioactivity in the primary loop from reaching 
too high a level. 

4 
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3-0ne of the most unique tools of the atomic age is 
the "hot cell." This one has concrete walls seven feet 
thick; it enables scientists to work on radioactive mate
rials and equipment without danger. Technicians here 
are preparing a component for installation in the Mark I 
power plant. The hot cell facilities are used for this 
purpose mainly because its ventilation system keeps the 
air in the room "hospital clean." If this component were 
radioactive, manipulators would take over. The cell is 
linked to a deep water pit by a connecting elevator, with 
the floor of the elevator becoming part of the floor of 
the cell when it is in the "up" position. 

5 

4-Ins~tle the hull of the "indoor submarine" located 
in the middle of an Idaho desert. This view of the first 
atomic engine, looking through the largest door of the 
main assembly building, shows the aft end of the hull 
and the large "sea tank" which surrounds the reactor 
compartment. 

5-This 2-million-gallon "Lake" in middle of a desert is 
used to cool the water heated by the atomic submarine 
engine. Designed to carry off heat which, in an ocean
going sub, would be dissipated at sea, the "lake" is 
actually a spray pond. Shown in the background is the 
steel and concrete building housing the atomic engine. 
The pond is equipped with 288 nozzles and can cool 
22,500 gallons of water a minute. The pond also pro
vides cooling water for steam condensers, for the water 
brake which absorbs power developed in the engine, 
and for other heat-producing equipment. 

13 
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6-Seven feet of concrete protection stand between 
this technician and the radioactive object he is dis
mantling by remote control. Using a general-purpose 
manipulator/ the technician is working on an object 
located inside the hot cell. He views his work with a 
specially-designed periscope. Inside the cell/ claw-like 
mechanical hands are duplicating his actions. 

7-The welding of such metals as zirconium was one 
of the major problems encountered by engineers in con
structing the nuclear power plant. Zirconium is well 
suited for use in the reactor because it does not absorb 
neutrons, as do other metals. But it absorbs oxygen and 
nitrogen if it is welded in open air. For this reason/ 
engineers use this specially-designed machine, which 
looks like an iron lung, but is actually a giant vacuum 
tank/ for the welding process. The operator, at the right/ 
controls both the position of the welding electrode and 
of the part to be welded.-Westinghouse Photos. 
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One of Western Electric's automatic produc
tion lines used in making the revolutionary 
new wire spring relay. 

t 

So great was the departure in design of the new Bell System 
wire spring relay as compared with conventional relays that 
it posed a major undertaking for development engineers at 
Western Electric, the manufacturing and supply unit of the 
Bell System. Indeed, it was an undertaking that called for 
new machines and new methods because none was available 
to do the job. 

Longer life, higher operating speed, lower power con
sumption, and lower manufacturing cost were some of the 
advantages promised by the new relay design. Engineers 
reasoned that a lower manufacturing cost could be achieved 
through greater precision in manufacture (which would cut 
adjustments) and through extensive use of automatic 
processes. 

One of the products of this reasoning is pictured at the 
top of this page. This battery of equipment, developed by 
Western Electric product engineers, constitutes one phase 
of wire spring relay manufacture, which automatically per
forms several separate operations. Its function begins after 
one of the fundamental elements of the new relay has been 
fabricated. This element, known as a "comb," consists of a 
multiplicity of small diameter wires in parallel array im
bedded for part of their length in molded phenol plastic. 

These molded elements, of which there are two types used 
in the new relay, are delivered to this line of machine units 
in magazines. By fully automatic means they are removed 
from the magazine, carried by a reciprocating conveyor 
through each of the several processes and, when completed, 
placed into another magazine to await further assembly. 

Between the first and final magazine the automatic bat
tery of equipment does the following operations: clips wire 
ends, attaches palladium contacts to wire ends by means of 
percussion welding, sizes contacts, forms terminal, tension 
bends wires, fluxes and tins terminals. 

Most remarkable of all is the fact that this is a precision 
operation throughout. For example, the small block con-

r How a revolutionary new design was 
translated into a prodv<:tion reality 
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1. SUPPLY MAGAZINE 7. SIZE CONTACTS 
2. CLIP WIRE ENDS 8. SCRATCH BRUSH TERMINALS 
3. CONTACT TAPE SUPPLY 9. FORM TERMINALS 
4. WELD CONTACTS 10. TENSION BEND 
5. CONTACT TAPE SUPPLY 11. FLUX & TIN TERMINALS 
6. DRIVE UNIT 12. FINISHED PARTS 

Single Wire Comb with Percussion Welded Contacts, 
Wire Spring Relay Designed by Bell Telephone laboratories 

One type of "comb" element is shown at top while a com
pleted wire spring relay is below. The small blocks of metal 
on the ends of the wires are cut from a composite tape dur
ing the automatic multiple percussion welding operation. 
"Contact conditions" are determined by the code of relay 
being manufactured and may vary greatly. 

tacts, which are percussion welded to the tips of wires of 
one type of "comb," must be located on the same plane 
across the twelve contact positions to within a tolerance 
of± .002". 

UNIT OF THE BELL SYSTEM 

Manufacturing plants in Chicago, Ill.; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and laureldale, Po.; Burlington, 
Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.; Haverhill and lawrence, Mass.; lincoln, Neb.; St. Paul and Duluth, Minn. 
Distributing Centers in 29 cities and Installation headquarters in 15 cities. Company headquarters, 195 Broadway, New York City. 
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PRE-PASTED WAllPAPER, such as that manufactured by The Birge Company, 
uses Hercules® CMC to provide a non-staining type paste with adequate slip, 
permitting ample time for aligning patterns. And to retain its strength when 
wet, pre-pasted wallpaper relies on Kymene® resin. 

200 MILLION COPIES of pocket-sized, paperbound books are sold in the nation 
every year. Hercules resins go into 'the overprint varnishes that brighten up 
their covers and encourage impulse sales. Other Hercules chemical materials 
are used to improve the quality of the paper and printing ink. 

Most businesses are helped today by Hercules' 
business ... the production of synthetic resins, 

cellulose products, chemical cotton, terpene 
chemicals, rosin and rosin derivatives, chlori
nated products, and many other chemical proc
essing materials-as well as explosives. Through 
close cooperative research with its customers, 
Hercules has helped improve the processing or 
performance of many products. 

BETTER DRIVING is in store for vacationists on highways and 
bridges protected during winter against ice or snow with 
Vinsol®, a Hercules-pioneered air-entraining agent in the 
cement. Also, Parlon ®.based paints find wide use for road 
and crosswalk markings, and other traffic safety devices. 

HERCULES POWDER. COMPANY 
Wilmington 99, Delaware 



On All Committees 

In 

s 
s LITTLE 

Now is the time to get the 

LIFE-LONG 

L 
BIT! 

Your tools of tomorrow should 
be your tools of today. When you graduate and start 
upon your own career you will find that the top 
engineers, architects and designers use CASTELL
either the famous wood pencil or LOCKTITE Holder 
with 9030 lead. 

CASTELL is smoother, stronger, lays down greater 
depth of graphite on the drawing. It is uniformly 
excellent in all 20 degrees, 8B to 1 OH. 

You study in a fine school, taught by outstanding 
professors. Does it make sense to work with inferior 
tools? Order CASTELL, world's standard of quality, 
from your College Store, stationer or art supply store. 

You're looking at a kilowatt-hour* of electricity in its 
raw state-coal. This lump of coal weighs only 12 
ounces. Not too long ago, the amount of coal required 
to produce a single kilowatt-hour of electricity was con
siderably larger and weighed 5 pounds. The difference 
between yesterday's 5 pounds and today's 12 ounces lies 
in improved steam technology, in better boilers-operat
ing at higher pressures and temperatures-to make the 
steam that spins the turbines to make electric power. 

gineers, continuing advances in the fields of metallurgy, 
combustion and design will make it possible to squeeze 
even more energy from a lump of coal. 
*A kilowatt-hour will give you the power for, among other things, 10 
solid hours of radio and recorded music, 14 hours of fan-cooling, 
better than 4V2 hours of refrigeration operation. 

Impressive as this progress appears, it represents only 
the current level of accomplishment in the quest for more 
and still more efficiency. Thanks to America's power en-

17 
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Reprinted from Georgia Tech 

Above-1936 model solar hot water heater. 
-Smithsonian Institution Photo. 

Right-Experimental solar silicon cell 
powered transistor transmitter.-Bell Labs 
Photo. 

LITERALLY inexhaustible 
source of power is known: 
the energy which comes ev-

ery day( year after year( from the 
sun. All that one needs to do is to 
find a really efficient and economical 
way to trap and harness this energy 
-neither a new idea nor an easy 
feat( for men have been trying since 
the time of Euclid (300 B.C.) to har
ness sunshine. 

The energy of the sun is atomic 
energy( but it is not generated in 
the same manner as the energy of a 
uranium or plutonium bomb. StilL 
the normal atomic bomb can be 
used to explain at least one of the 
principles. 

When an uranium or plutonium 
bomb explodes( the total mass of the 
smaller atoms resulting from the dis
ruption of the large and heavy uran
ium or plutonium atoms does not 
quite add up to the original mass. 
The missing portion( which is quite 
smalt appears as energy. Similarly, 
the helium which is the result of the 
explosion of the hydrogen bomb has 
a slightly smaller mass than the 
hydrogen before the explosion. 
Again the missing portion appears 
as energy. 

The sun operates along the lines 
of the hydrogen bomb. Deep in its 
interior, where the pressures are 



high and the temperatures enor
mous, hydrogen atoms are steadily 
being fused into helium bombs. Al
though this fusion has been going 
on for at least 3,500 million years, 
the sun still has a very abundant 
hydrogen supply. In fact, the sun 
still consists mostly of hydrogen; the 
best available estimate says that 
there are twelve times as many hy
drogen atoms in the sun as all other 
atoms taken together. This supply 
will last the sun for at least another 
12 million years, even though 564 
million tons of hydrogen are con
verted into 560 million tons of helium 
every second. In other words, 4 mil
lion tons of matter are destroyed 
every second to appear as light and 
other radiation of all kinds. 

Naturally this represents radiation 
over the whole globe of the sun. The 
earth receives only a tiny portion of 
the total. Being 92 million miles 
from the sun and just about 7,900 
miles in diameter, the earth inter
cepts very little indeed, not quite 
one two-thousandths of a millionth 
part of what the sun throws into 
space. 

However, this one two-thousandth 
of a millionth part of sunshine now 
provides us with three kinds of ener
gy: heat, electrical, and mechanical. 
An examination of the achievements 
in these three branches in the field 

This solar boiler, developed in 
1936, produced enough steam to 
operate a half-horsepower engine. 
-Smithsonian Institution Photo. 

.. ' 

of solar power provides us with an 
interesting resume of what man has 
accomplished in the past 2,000 years, 
and should furnish stimulus for fur
ther invention and endeavor along 
these same lines in the next few 
years to come, if not the next 2,000. 

Derivation of heat energy from 
sunshine is perhaps the simplest and 
most common method of utilizing 
solar energy. There are various de
vices for collecting the energy, but 
basically they are the same, consist
ing of a system of mirrors to trap 
the rays of sunshine, and a boiler 
containing the water or other liquid 
to be heated, upon which these 
trapped rays are focused. 

The solar water heaters which are, 
and have been, in daily use in Flori
da for many years furnish an ex
ample of a device of this type. The 
most prevalent model consists of a 
shallow trough of blackened metal 
which is covered as tightly as possi
ble with a glass pane. Inside this hot 
box there is a radiator-like coil of 
black metal pipes through which 
water is circulated. The hot water 
emerging from the device is then 
stored in an insulated container. 
If all parts are well protected 
against heat losses by heavy insula
tion, there will be hot water for 
household use any time, day or 
night. 

19 



Solar powered radio transmitter demonstrating one of the many 
applications of this unlimited power source.-Bell Labs Photo. 
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The problem of transforming sun
shine in to electrical energy has be
come the main field of endeavor for 
solar power enthusiasts in the last 
few years, and the result of their 
efforts is shown by the fact that this 
year alone there have been two 
revolutionary developments in this 
field: the selenium battery, devel
oped by Bell Laboratories, and the 
solar generator, developed by the 
Air Force. 

The Air Force generator uses cad
mium sulfide, which is processed 
into crystal form. A wafer-thin slab 
of the crystal, four feet by fifteen 
feet, when activated by sunlight 
would supply enough current to 
take care of a house. Exactly how 
and why this activation takes place 
is not explained by the Air Force. 
The crystal in the first model of the 
generator was about an eighth of 
an inch square and produced a third 
of a volt. 

The solar battery utilizes strips of 
silicon which are treated in such a 
way that, instead of a surplus of 
electrons, there will be a scarcity of 
them on the surface of each slice. 
This condition is brought about by 
purifying the slices until the rate of 
non-silicon atoms is one in ten mil
lion, adding impurities which creates 
a surplus of electrons, and then 
heating the silicon in a tube contain
ing a different kind of impurity. The 
two different impurities cause differ
ent parts of the silicon to react differ
ently when light strikes it; its surface 
becomes positive and its interior 
negative. Tiny wires are attached to 
the surface and to the interior, of 
each slice; and electricity is forced 
through these wires whenever the 
silicon is exposed to light. By con
necting many such slices together, 
50 watts of power per square yard of 
surface can be drawn from sunlight. 

There are other ways of convert
ing solar energy directly into electric 
current. Best known are the thermo
couple and photoelectric cell. A 
thermocouple is simply a wire loop, 
the two halves of the loop consisting 
of two different metals. If one of the 
two joints is heated and the other 
kept cool, a faint electric current will 
appear in the wire. The average 
efficiency of a thermocouple is 0.5 
per cent, but thermocouples have 
been designed consisting of lead 
sulfide and zinc antimonide, which 
achieved an efficiency of 5 per cent. 



However, to be useful, the efficiency 
should be at least 20 per cent. This 
statement introduces two questions 
which as yet are both unanswered. 
They are: Are such high-efficiency 
thermocouples possible? If they are, 
what will they cost? 

The thermocouple operates on 
heat, the photoelectric cell on light. 
A good photoelectric cell, producing 
current when exposed to light, has 
an efficiency of 0.5 per cent. An 
example of such a cell is the selen
ium cell in the solar battery. Such 
cells may convert as much as 12 per 
cent of light of some light waves 
into electricity, but their over-all 
efficiency compares with the thermo
couple. 

Harnessing sunshine to power an 
engine-obtaining mechanical pow
er, that is-is the oldest khown meth
od of utilizing solar power. The rays of 
the sun are trapped by a system of 
mirrors, or "collectors," and focused 
on a boiler, exactly as in the solar 
heaters, but in this case the water is 
heated until it turns to steam, then 
the steam is used to run a steam tur
bine. The over-all efficiency of such 
a machine is about 5 per cent-not 
enough to warrant building it unless 
the price of coal soars sky-high. 

To get the maximum of sunlight 
into the device, the tubular boiler 
and the line from its middle should 
form an inverted "T." All that needs 
to be done is to raise one end of 
the assembly so that the axis of the 
boiler points in the direction of the 
North Star. If it does that, the boiler 
is parallel to the axis of the earth; 
then it is necessary only to turn the 
mirror on its tilted axis at the rate of 
15 degrees of arc per hour and the 
sun will always shine into the mirror 
with a minimum of loss. 

Chemists have been searching for 
a suitable compound which will ab
sorb sunlight through photochemical 
reactions, store the energy, and then 
cal use. An example of a possible 
release it at will suitable for practi
useful photochemical reaction is the 
production of hydrogen and oxygen 
from water, using cerium salts as the 
absorbent to transfer the energy 
needed to make the water disso
ciate. The hydrogen and oxygen 
could be stored and later recom
bined to give back the stored energy. 

Although there is not in existence 
any really workable method of stor
ing electricity, in case of extreme 

need there would indeed be a way 
of storing and shipping the energy 
collected by a solar power plant. 
This method-workable but expen
sive-operates by converting the 
energy into a fuel that can be 
shipped, namely gasoline and simi
lar chemical fuels. To do this, three 
raw materials are needed, all of 
them inexhaustible. They are sun
shine, water, and carbon dioxide 
from the air. 

Making gasoline out of sunshine is 
a procedure requiring three major 
steps along with three basic raw 
materials. Step one would be the 
familiar one of converting sunshine 
into electric current by means of col
lectors, boilers and generators. Step 
two would be the use of the electric 
current for decomposing water into 
its two constituent elements, hydro
gen and oxygen. Step three would 
be the conversion of the hydrogen 
into hydro-carbons (gasoline is one 
of them), taking the carbon from the 
carbon dioxide of the air. Pure oxy
gen in large quantities might be 
trapped as a salable by-product. 
The only disadvantage to this is that 
the price of gasoline manufactured 
in such a way would be $3.00 per 
gallon; if shipped, still higher. 

All of the methods of harnessing 
sunlight discussed above are feasi
ble and have the common charac
teristic of being man-made. But, ac
cording to the agriculturist, we don't 
have to build solar collectors and 
to manufacture fuel. All we have to 
power stations and chemical plants 
do is to plant real plants and grow 
our own fuel. Not forests for fire
wood, because a forest grows too 
slowly. If we want to grow fuel, the 
best is corn or potatoes. Or, if soil 
and climate permit, sugar cane or 
sugar. beets. The fuel that can be 
derived from any and all of these 
crops is alcohol, a very fine liquid 
fuel; not quite so good as gasoline 
for existing engines, it is true, but 
better than anything else. 

As technology now stands, the 
agricultural expert is right: the best 
and simplest way of harnesing solar 
energy is by way of the living plant. 
If our fossil fuels gave out within the 
next decade, agricultural alcohol 
would have to save the day. But the 
fossil fuels will last for a century
and nobody can predict what may 
be invented in the meantime. 

(End) 

Telephoning on a sun beam.
Bell Labs Photo. 
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Fire could spell ruin for this huge liquefied gas storage 
tank . . . and, for everything else within range of 
its highly flammable contents! 

When exposed to fire, certain things are necessary. 
Heat transfer to storage tanks must be prevented to 
avoid buildup of rupturing pressure. A properly engi
neered Grinnell ProtectoSpray® System offers effec
tive cooling and avoidance of pressure build-up. 

Should escaping gases ignite, the Grinnell Protecto
Spray System again would function effectively. The 
wide, evenly distributed pattern of fine water droplets 
would permit safe, controlled burning of the gases. 
Also, the water spray, even without dependence on 
wind, would provide sustained air movement to hasten 
the dilution of escaped gas . . . at the same time 
providing additional inert vapor to speed the dilution 
process. 

In the event of a gas .leak, even if ignition doesn't 
occur, the leakage must be quickly stopped. By the 
creation of positive air turbulence, which dilutes 
escaped gas and helps make the mixture too lean to 
burn, a Grinnell ProtectoSpray System gives a margin 
of safety for personnel doing this work. 

There is a Grinnell Fire Protection System for every 
fire hazard. For further information, write: Grinnell 
Company, Inc., 260 West Exchange St., Providence, 
Rhode Island. 

I 
PROUC'nON AGABNS'!I' !EVERY liFBRIE HAZARD 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES. WITH GRINNELL 
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1. Unscramble phrase at top of page. 

2. Answer must be written on back of ticket stub and turned in at door. 

3. In case of duplicated answers winner will be determined by drawing. 

23 



I 

A. Nonn E. Muss 

24 

PANEL HEATING is the direct radiation of heat 
energy from the warm surface of the pa:nel to the 
body of the occupant. Although not the prime in

tent, some seating of the air will occur. In this way, 
the ambient air may be kept at a lower temperature 
with the same feeling of comfort for the occupants 
and the BTU output from the heat source somewhat 
less. Complete coverage of the enclosure is attained 
by proper location of the heated panel sections. A panel 
is generally defined as a flat plate, primary transfer 
source located in the enclosure to be heated and in 
sight ·of the occupants. 

The first method of panel construction to gain wide 
application was a coil of pipe in which hot water cir
culates. This coil was embedded in the panel struc
ture and the panel mounted in such a way in the 
area to be heated as to direct the radiant heat flow 
conveniently. 

The method of mounting the panels varies greatly 
with the cons.truction of the buildings and the type of 
heating job to be done. In small home applications 
when the walls are built up on ·wood joists, the pipe 
coils are wired to bar supports between the jois.ts, 
the pipe coils are wired to bar supports between the 
joists. The coils are backed with insulation of the 
depth a:nd quality to sufficiently minimize heat flow in 
the wrong direction. The room side is finished with 
plaster or wall board. The practice in finishing the 
side towards the heated space has not yet been stand
ardized and generally is a· compromise between thermal 
capacity requirements. and actual well temperatures. 

The thermal capacity governs the response of the sys
tem to load changes and is of prime importance in 
installations where heating will be intermittent. In 
private homes the popular idea is to "turn down the 
heat" at night; if the heating panels are of construc
tion that has a high thermal capacity, the time lag be
fore full heat in the morning would . cause some dis,... 
comfort. This would be true of a great many business 
buildings where the hours of occupancy comprise only 
a part of the 24 hours. However, in hospitals., hotels, 
churches, etc., where heating is regular over the entire 
day or held at a high value for widely spaced intervals 
rapid response is not important. 

On the other hand, the covering on the coils should 
not be such as to make the panel surface temperature 
too high. This is particularly important in floor instal- . 
lations where the high temperatures cause discomfort to 
the feet of the occupants .. 

There has. been some use of high-temperature hot 
water in the coils of panel systems. It has not become 
popular and is not likely to become so, although it has 
some very definite advantages. The high surface tem
perature possible with high-temperature water increases 
the capacity of the panel considerably. This makes pos
sible the use of s.maller and cheaper panels. Also, the 
respons.e to load changes is much more rapid as the 
heat-up period and the cooling time are reduced. 

However, the disadvantages more than offs.et these. 
The higher temperatures frequently cause cracking or 
disfiguring of the panel surface, nonuniformities in 
heating effect result from smaller and more widely 
spaced panels, and positioning and installation of pa:n .. 
els becomes more difficult and, in some cases, im
practical. 



Hot air panels at present are being developed for 
low-cost home heating systems. They can be installed 
to use the same heating equipment that is now used in 
conventional warm air convection systems. Much bet
ter control than with the hot-water, embedded-pipes 
system is possible. 

There are two distinct types of hot air panels in use 
today. One type uses the hot air as a working fluid, 
similar to the water in the hot water system. The air 
passes across the back of the panel and, after giving up 
ites energy to the panel, returns to the source of heat. 
The other type passes the air over the back of the 
panel and then discharges it into the space to be heated. 

Construction of the first type of panel is not difficult 
and is relatively inexpensive when compared to the 
other types of radiant panels. Because of the low ther
mal capacity of the panel, the response to load changes 
is rapid, thereby making control much more effective. 

The big disadvantage to this system is the large 
volume required. About twice as much air flow as in 
the conventional hot air convection systems is needed. 
This is because the air returns to the furnace at a 
higher temperature than in a convection system and the 
heat carrying capacity of the air is greatly reduced. 
This, of course, requires larger fans and ducts to carry 
the circulating air. 

The second type of hot air panels has the obvious 
advantage of using more of the heat stored in each 
pound of air circulated. The air is permitted to cool to 
room temperature before returning to the furnace and 
the volume of air is no greater than for a conventional 
convection system. These installations are not true 
radiant panel systems, however, because the radiant 
energy emitted to the space to be heated is a very 
small fraction of the total. They are, in reality, con
vection systems with warm walls thrown in. 

At the present time, the use of large electrically 
heated radiant panels, is limited to areas where electric 
power can compare favorably on a BTU cost basis 
with other energy sources. The electricically energized 
panels in use today are plaster boarding with resistance 
wire affixed to the back side. The wires are backed with 
metal foil to help insulate against flow in the wrong 
direction. 

The use of low temperature permanent electric panels 
has not become very widespread. Portable high
temperature units have been used a great deal, how
ever, for spot heating and as auxiliary units in certain 
applications. A great many small glow-type electric 
heaters are used in s,ecuring comfort without the need 
of raising the general air temperature. Other high
temperature panels find a great field of application in 
large industrial working spaces where it may be im
practical to keep the ambient air heated to a high 
enough temperature for working comfort. 

These high temperature panels generally emit more 
than 1000 BTU per hour per square foot. Because 
of the high temperature, the distribution problem is 
important and the panels mus,t be located so that the 
occupant will not be subjected to radiation of uncom
fortable high intensity. Unlike that of low-temperature 
panels, design for these units is governed primarily by 
the geometrical relationship between the panel and the 
subject to be heated. 

Radiant panel heating has many advantages over the 
conventional convection heating now in use. The most 
important advantage is the possibility of reduced cost 
in maintaining comfortable conditions in an occupied 
space. Radiant heating is a recent innovation which has 
not reached a highly developed stage as yet. However, 
despite this fact, panel heating systems have been in
stalled that provide savings up to 15 per cent over 
conventional systems. 

One of the main reasons for this saving is that with 
direct radiation the ambient air temperature can be 
maintained at as much as 10 degrees less than that 
needed for convection systems and still keep the same 
degree of comfort within the heated s,pace. It is obvious 
that less energy will be r·equired to raise the tempera
ture of ventilation air to 60F than to raise the same 
amount of air to 70F. In cases where air changes 
are many and frequent, the saving from reduced venti
lation load alone can amount to a great deal. 

A typical home unit electric 
panel heating installation. 

Another economic advantage for panel heating over 
standard convection systems is the decrease in the floor
to-ceiling temperature gradient. In conventional sys
tems, design is based on 1 degree temperature rise for 
each foot of elevation. If a room is to be maintained 
at 70F at a 3-foot height, the ceiling temperature 
would be 77F. With radiant panels, the temperature 
gradient is of a insignificant value and the ceiling tem
perature would not differ appreciably from the 3-foot 
level. Obviously, the transmission loss with 77F air 
would be considerably higher than the loss with 60F 
air. Applying the same argument to high-ceilinged 
structures, such as churches, auditoriums, and factory 
workrooms, the advantage becomes more marked. 

There are still other economic advantages to panel 
heating if it is used in conjunction with other installa
tions. One such combination is the use of the panels in 
a summer cooing system. The fact that the energized 
medium is used at a lower temperature for heating 
necessitates heat transfer units of larger area in the 
panel system. This makes it possible to operate a cool-
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ing unit at a higher fluid temperature than with the 
materially smaller standard convection units. 

The cost of mechanical refrigeration increases rapid
ly as the temperature of the evaporator is reduced and 
since the cooling medium can be used in a panel unit at 
a considerably higher figure the cost of power for cool
ing can be reduced. The first cost of installation for a 
year-around system would be higher than the conven
tional units now in use, but the opportunity for saving 
on power costs throughout the twelve months would 
make a definite saving in the long run. 

Two other combination installations, of little im
portance now, but of interest when considering future 
developments are thermal storage and reverse-cycle re
frigeration. These can be operated much more efficient
ly in combination with panel heating than is possible 
with convention system. The increase in efficiency 
stems from the lower operating temperatures of the 
energized medium used in panel heating. 

For example, if water is used as a storage fluid, the 
maximum temperature possible under atmospheric pres
sure is 212F. With the convection systems, the tem
perature of the working fluid is in the neighborhood of 
160F. Therefore, the heat storage possible in the water 
is 212- 160 or 52 BTU for each pound of water. In the 
case of panel system, the operating temperature of the 
fluid is around 125F. Here the storage would be 212-
125 or 87 BTU per pound of water. 

For a storage unit with a capacity of 100,000 BTU, 
the convection system needs 1,925 pounds of working 
fluid, while the panel system has the same capacity with 
only 1,150 pounds. With the same volume of storage, 
the panel system has a 67 per cent greater capacity. 
With the possibility that large amounts of electrical 
energy may become available at attractive off-peak 
rates, thermal storage systems may find increasing 
favor. 

In the case of the heat pump (reversed-cycle refrig
eration), the efficiency of the unit depends upon the dif
ferences in operating temperatures; here, as in the 
thermal storage case, efficiencies increased because of 
the lower working temperatures of the heating fluid. 

In addition to the economic advantages, there are 
considerations that make panel heating more desirable. 
The average person has become so accustomed to the 
~ight of radiators, convectors, and other heating equip
ment that he is unaware of them. But if a person should 
actually make a point of looking at these ever-present 
objects, he must agree that they are, in most cases,, un
sightly, wasteful of space, or both. 

The lower air temperature possible with radiant 
panel heating appear to be an advantage, also. Most· 
people will agree that the cooler the air for the same 
feeling of warmth, the greater is the feeling of comfort. 
For example, a person doing light work, thereby emit
ting more BTU than someone at rest, will be more 
alert and feel better than a person at rest in a room 
where the air temperature is higher. This is especially 
true when the occupant is required to do mental work, 
since the cooler air is helpful in preventing the feeling 
of drowsiness often experienced in an ordinary environ
ment with air sufficiently warm to provide comfort. 
The lower air temperature also provides a higher rela-

, tive humidity for the same absolute humidity. This also 
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increases the feeling of comfort. by alleviating the dry
ing effect experienced in air of low relative humidity. 

Another effect of panel heating, well liked by many, 
is the ability to maintain a warmer floor. Regardless of 
whether the heating panels are on the floor, walls, or 
ceiling, the floor temperature is usually found to be 
higher than for convection s,ystems. This helps correct 
the feeling of floor drafts that causes considerable dis
comfort to some people. 

panel control 

Panel heating today is in an early stage of develop
ment and has some disadvantages that cause difficulty. 
One such disadvantage is the complexity of control. 
Control difficulties stem from the fact that there is not 
a unique fixed inside air temperature in a panel-heated 
enclosure that corresponds to maximum comfort con
ditions. The change in inside air temperature with a 
change in outside temperature is not the same for all 
structures and installation. 

Some control element that integrates the effect of 
the radiant panels with the influence of the air tempera
ure or a means of controlling the inside air temperature 
as a function of outside air temperature, in accordance 
with some functional relationship, determined experi
mentally, for the structure must be found'. At any rate, 
it has been found quite frequently that comfort condi
tions with panel heating are unsatisfactory with air 
temperature controlled at a fixed value. 

Another disadvantage, and a serious one, is the in
ability of the panel systems to reflect load changes 
rapidly. Because many panel installation heat up great 
masses of structure, their thermal capacity is large. 
This is the direct cause of sluggishness of control. In 
most pres.ent installations, the heat energy is supplied 
to the bulk of the panel ; the surface acts as an area of 
the departure of the heat. Therefore, the most efficient 
panels are those that have just enough mass to permit 
the even dissipation of the heat from the surface, com
bined with the lowest thermal capacity. With the trend 
in this regard towards panels of very low thermal 
capacity and the insulation of them from the large 
structure masses, load responses in the future could 
become better than in present convection units. 

The lact of ventilation is a drawback ·Of panel heating 
since it does not provide for bringing in outside air. 
This is'' unimportant in residential installations as nor
mal infiltration provides sufficient ventilaton, but in the 
large building installations, these systems must be com
bined with some means of mechanical ventilation. 

It has long been noted that the process of heating the 
ambient air for comfort in an enclosure occupied by 
humans is extremely wastefuL In Ol'\dinary heating 
systems, where the air is heated to maintain comfort
able conditions, 20 to 40 thousand BTU per hour per 
occupant is required. Whe.n· it is considered that the 
normal necessary amount of heat energy a person must 
receive for comfort is in the neighborhood of 400 to 500 
BTU per hour, it is obvious that the heating of the 
ambient air is an extraordinarily inefficient process. 
For this reason, radiant panel heating has become of in
creasing interest in the recent years. 

(end) 



FROM COWmmPATHS TO CLOYERLEAFSctee 

The narrow, twisting, rut-ridden roads of yesteryear 
are being replaced by new multi-lane, high-speed 
highways. Crossroads have been bridged and clover
leafed ... hills have been leveled ... curves lengthened. 

These changes have happened in the half century 
since the advent of the automobile. For more and 
better cars and trucks demand faster, safer roads 
and turnpikes. 

SPACE FOR SPEED CD •• 

The traffic that flows over , America's three-million 
mile network of roads represents the very life stream 
of our progress. Now here else in the world do people 
travel so far and so freely ... nor do so many trucks 
deliver such a wide and plentiful supply of merchan
dise so fast and to so many places. 

AMERICA WORKS LIKE THAT ••• 

Here in America we have men who dare to dream and 
build for future needs ... machines to move moun ... 
tains ... materials to make roads ... and an all-seeing, 
all-hearing, and reporting Inter-Communications 
System that acquaints every branch of science and 
engineering . . . every technical skill . . . with the 
needs and the accomplishments of every other field 
of endeavor. 

THE AMERICAN INTER ... COM SYSTEM ••• 

Complete communication is the function, the unique 

contribution of the American business press • . . a 
great group of specially edited magazines devoted to 
the specialized work areas of men who want to 
manage better, research better, sell better, buy better. 

COMMUNICATION IS OUR BUSINESS CD •• 

Many of the textbooks in which you are now study
ing the fundamentals of your specialty bear the 
McGraw-Hill imprint. For McGraw-Hill is the 
world's largest publisher of scientific and technical 
works. 

After you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill's many business magazines 
will provide current information that will help you 
in your job. 

c I 
PUBLISHING COMPANY, INC. 

330 WIEST 42nd STREET 
NEW YORK 36, N. V. 
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This is the kind of problem that constantly chal
lenges IBM engineers. 

It challenges their knowledge, their skill, and 
their ingenuity. It challenges them to "throw 
away the book" and, starting from scratch, come 
up with solutions that are unorthodox-both in 
concept and execution. 

In this stimulating atmosphere, the young engi
neer quickly discovers that fresh new ideas are 
not only in demand, but ar~ given the chance to 
pay off in practical application. 

No doubt about it: The man with imagination, 
versatility, and enthusiasm can look torward to a 
bright and viJ:tually unlimited future- at IBM I 

M.E. 1s, E.E/s, and Engineering Physicists! 
Whatever interests you most-research, develop.:. 
ment, product design, or manufacturing- IBM 
offers you a challenging and rewarding career! 

For a picture of IBM's Engineering Laboratories 
in action, ask your placement officer for the new 
32-page booklet, "Opportunities Unlimited." Or 
write Mr. W M. Hoyt, Engineering Recruitment 
Office, IBM, 590 Madison Ave., NewYork22,N.Y. 

TRADE-MARK 

INTERNATIONAl BUSINESS 
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A year ago he was knee-deep in textbooks, 
plugging for his B.S. Tonight he's on his 
way to Vancouver, or Miami, or Portland, · 
Maine. Tomorrow he'll help an Alcoa cus
tomer make a faster ship, a stronger shovel, 
a lighter highway trailer. 

In Alcoa laboratories, plants and sales 
offices from coast-to-coast, ambitious young 
Sales Development Engineers are helping 
to make aluminum more useful, in more 
ways, to more people. We need more men 
just like them to help us meet ever-growing 
demands for Alcoa Aluminum ... Alcoa 
"know-how". 

Maybe you are already thinking about · 
trading your textbooks for a position in 
production supervision, industrial research 
or sales engineering. Tell us about it, give 
us an idea of your background in Chemical, 
Electrical, Mechanical, Metallurgical or 
Industrial Engineering. 

Good men go places fast with Alcoa, in 
their daily associations with leaders in the 
aluminum industry. Right now it may be 
quicker than you think from a seat in the 
classroom to your career with Alcoa. Why 
not find out? 

Your Placement Director will be glad to 
make an appointment for you with our 
Personnel Representative. Or just send us 
an application, yourself. 

ALUMINUM CoMPANY OF AMERICA, 1825 
Alcoa Building, Pittsburgh 19, Penna. 

ALUMINUM COMPANY OIF AMERICA 

ALCOA ON TV brings the world to your armchair with "SEE IT NOW" featuring Edward R. Murrow. Tuesday evenings on most CBS-TV stations. 
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A S T U 0 Y of N I G 0 l LET 

c y p a n 

I S l A N D 

n n g 

This photographic study of Nicollet Island's 
slum conditions was an exercise for City Plan
ning. This little known advanced course at
tempts to give the student an appreciation of 
the interplay of economics, sociology, archi
tecture, and political science in our urban plan
ning. The study was done to show existing 
conditions with an eye to the potentials of re
habilitation of one of the earliest settled areas 
in Minneapolis. 
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PITTSBURGH PLATE HAS MANY IRONS IN THE FIRE 

..... maybe you should have a grip on one of them I 

Although Pittsburgh Plate Glass Company is the best 
known name in glass, it is also one of the nation's leading 
producers of paints and brushes, of alkalies and related 
chemicals, of plastics and fiber glass. 

These multi-industry operations offer the college grad
uate many and varied types of careers in manufacturing, 
research, marketing, sales and administration. 

PPG's record is one of continual growth throughout 
its more than 70 year history. Its operations are nation-

wide and in many foreign countries. Progressive policies 
assure unlimited opportunities for alert men who are 
looking ahead to more than ••just a job." 

PPG is seeking good men with college training. If you 
think you'd like to try your ••grip" on one of the many 
PPG "irons," you're invited to write today for more 
information. Just address: Pittsburgh Plate Glass Company, 
General Personnel Director, One Gateway Center, Pitts
burgh 22, Pennsylvania. 

PAINTS • GLASS • CHEMICALS • BIHJSHES • PLASTICS • FIBER GLASS 
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To help develop STA-CLEAN for STANDARD Furnace Oil, the testing apparatus 
shown here was constructed. Running an experiment on the improved oil 
is Dr. Jack A. Williams, a chemist at Standard Oil's Whiting laboratories. 

L 
Scientists in Standard Oil laboratories work with 

the stimulating knowledge that practical and val

uable results will be obtained from their discoveries. 

A recent achievement of Standard Oil scientists is 

now benefiting hundreds of thousands of STANDARD 

Furnace Oil users throughout the Midwest. 

In 1952 our research people undertook the prob

lem of finding a method to eliminate oil burner fail

ure or inefficiency arising from clogged filters and 

burner nozzles. 

After months of painstaking laboratory work and 

many more months of thorough field testing through-

I LE 
out an entire heating season, Standard Oil scientists 

perfected a new, efficient additive-STA-CLEAN. 

Blended into our furnace oil, the new additive acts 

as a detergent, sludge inhibitor and rust stopper

all in one. STA-CLEAN assures clean oil filters and 

nozzles-a dramatic contribution to efficient and 
economical heating. 

The development of this remarkable new additive 

is further proof of the progress possible when scien

tists are given time and equipment to explore and 

develop thoroughly their ideas. Young scientists 

find such an atmosphere inspiring. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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LAY IS a stift plastic earth, composed mainly of 
aluminous slicates, formed through the ages by 

erosion and decomposition of rocks. It is found, in some 
form or other, practically everywhere. It is as indis
pensable to modern living today as it was to the ancient 
Greeks many centuries ago. 

No one knows exactly when sewer pipe made from 
clay was first manufactured and used. Recently, Hom
er Thompson, Professor of Archaeology of the American 
School of Clasical Studies at Athen, Greece, uncovered 
a clay pipe line which was installed in the early Fifth 
Century, B.C., in ancient Athens. The clay pipe line was 
discovered during excavations of the ruins of an agora, 
a public square about 25 acres in size, just below the 
famous Acropolis. 

Greek plumbers 2500 years ago did an excellent job 
of designing the pipe. A modified bell and spigot was 
used, which is similar to the house connection pipe used 
today. Engineers who examined the pipe after it was 
excavated said it was in good enough shape to be put 
back into use. 

Clay pipe manufacturers proudly boast of the an
tiquity of their product, but at the same time they are 
proud of their place in the parade of modern produc
tion techniques and developments. They point to such 
innovations as continuous tunnel kilns, electrically con
trolled grinding and mixing machines, automatic form
ing and trimming, palletizing and fork-truck handling. 

By David Skylar 

Today, the annual volume output of the industry is ap
proximately 2,000,000 tons. In the past five years the 
industry's capacity has expanded by more than 50 per 
cent to meet the demand from municipalities, indus
tries, and other users of clay pipe. 

Vitrified clay pipe first made by machine in this 
country in 1854. An estimated billion feet of clay pipe 
have been used in this country alone in the last forty 
years. 

Raw clay must have certain qualities to be ideal for 
pipe making. It should be coarse-grained and uniform, 
and free from an excess of organic material and free 
metals. It should have a long firing range, meaning that 
heat can be applied to the pipe for a long time period 
to soften the clay grains ot a fusing point without ac
tually melting the gains. When deposits of clay with 
these qualifications are obtained, pipe manufacturers 
employ modern mining and earth moving machinery to 
get the raw material to the plants for processing into 
clay pipe. 

At a typical clay pipe plant the clay is pulverized 
and mixed with water to form a uniform doughy mass. 
This is pressed through a die and shaped into pipe un
der tremendous pressures. The pipe is formed under 
a vacuum which draws all air from the clay as the 
pressure is applied. Elimination of air bubbles results 
in greater strength, truer dimensions, decreased absorp
tion, and elimination of flaking. 



The 'green" or unburned pipe is dried in temperature
controlled rooms through which hot air is blown for 
four to seven days. This must be done to "set" the pipe 
before it can be "burned" and vitrified at high tempera
tures. 

From the drying rooms, the pipe goes to big oven
like kilns, where it is burned (raised to a temperature 
of 2,000F.). This burning is known as vitrification, and 
fuses the clay grains into a hard, impervious pipe which 
resists the penetration of any foreign substances. 

Two main types of kilns are used by clay-pipe pro
ducers-the "beehive" and the "tunnel." 

The beehive kiln is so called because of the remark
able resemblance to an old-fashioned behive. It is a 
round-roofed structure 30 to 40 ft. in diameter, and 16 
ft. from floor level 'to the roof peak. 

Tunnel kilns look just like the name implies. The pipe, 
after it comes from the drying rom, is piled on cars 
about 12 ft. long. These cars move through the kiln on 
tracks. 

Heat in tunnel kilns is maintained at a constant tem
perature and may be supplied by oil, gas, or coal. 
Heat is applied directly with flames from the burners 
playing on the pipe itself. Slow heating and cooling of 
the pipe is accomplished by moving the pipe load from 
the tunnel entrance, through a central fire zone, and 
on out to the tunnel exit. 

After the clay pipe is vitrified and before it is stored 

Greek plumbers 2500 years ago really knew their business. 
This clay pipe line was recently uncovered during excavations of 
the city of Agora, near the famous Acropolis in Greece. 

(above) The huge excavation required for this sewer is clearly 
shown from this view from the top of the cut. The form work for 
the concrete is still in place. In front of this is exposed pipe with 
reinforcing in place ready for forms and concrete. 



Ab·ove-Over 2200 feet of 8 to 12 inch vitrified clay pipe ducts are 
used in this installation to draw acid fumes from laboratories. 

Left-Pulverized and mixed with water into a uniform doughy 
mass, clay is die-pressed into pipe shape under tremendous pres
sure with either steam or hydraulic presses. 

or shipped, each length is expertly and carefully in
spected. 

Research activities carried on by the clay pipe indus
try are conducted in their own laboratory in Los An
geles under the direction of Dr. Harvey House, research 
chemist. In the years that Dr. House has been super
vising research, he has assembled facilities and equip
ment without duplicates anywhere, and all specifically 
designed to study vitrified clay pipe and kindred prod
ucts. Much of this equipment Dr. House designed him
self to meet testing requirements. 

For sewage and drainage work, certain piping has 
inherent advantageous characteristics. Research de
termines what these are. For example, in non-pressure 
installations such as building sewers, vitrified clay pipe 
is permanent and resistant to chemical action of all 
products of sewage decomposition, alkaline or acid 
ground water, and to disintegration by chemicals and 
spent waste. 

To substantiate findings of the research laboratory, 
tests were made at various universities on sections of 
vitrified clay pipe immersed in sulfuric acid. In Chicago, 
where additional testing was forwarded, acetic, hy
drochloric, and nitric acids were used and in none of 
these tests was the vitrified clay pipe affected. 

Because of these outstanding characteristics, engi
neers are teaching an old product new tricks. For ex
ample, the new Health Sciences Building at the Uni
versity of Washington, which has been called by medi
cal authorities the finest of its kind in the world, con
tains a unique system of vitrified clay pipe for venting 

chemical fumes from the medical and dental labora
tories. In various phases of their study and research, 
students and researchers find it necessary to cook hy
drochloric and nitric acids and other substances which 
emit powerful fumes. This is especially true of their 
work with radioactive isotopes. Hoods catch the fumes 
in the laboratories and direct them into clay pipe ducts. 
Acid-proof fans pull fumes up to the roof and disperse 
them harmlessly into the upper air. Vitrified clay pipe, 
chosen for these ducts, is completely immune to the 
disintegrating action of acids and other chmeicals. 

Another outstanding clay pipe installation was made 
by the Village of Monsanto, Illinois. Though a village, 
Monsanto is no sleepy country settlement. It contains 
some of America's heaviest industries-and hence it 
puts unusual demands on its sewers. Most recent proj
ect at Monsanto is a twin industrial sewer which will 
serve the following companies: American Zinc, Darling 
Fertilizer, Lewin-Mathes, Monsanto Chemicat Midwest 
Rubber Reclaiming, and Socony-Vacuum. 

In specifying pipe, the engineers realized that the line 
would be carrying weak acids and other chemical 
wastes. Hence, they chose vitrified clay pipe, which is 
proof against chemical attack. 

There was a complicating factor, however. Clay pipe 
is made no larger than 36 inches in diameter, and the 
volume of wastes to be carried here required more 
capacity than this. Yet, rather than consider other pipe 
materials which are available in larger sizes, the engi
neers preferred to use multiple clay pipe lines. 

(End) 



The Torrin t n Needle ear~n 

is designed for high radial loads 

The many lineal inches of contact 

provided by the larger number of 

small diameter rollers give the 

Torrington Needle Bearing an 

unusually high load rating. In 

fact, a Needle Bearing has greater 

radial capacity in relation to its 

outside diameter than any other 

type of anti-friction bearing. 

Precision Manufacture 
and Unique Design 

The exceptional load capacity of 

the Needle Bearing is the result 

of proper selection of steels, pre

cision workmanship to close tol

erances, and the application of 

modern anti-friction principles. 

The one-piece shell, which 

serves as the outer raceway and 

retains the rollers, is accurately 

drawn from, carefully selected 

strip steel. After forming, it is 

carburized and hardened. There 

is no further grinding or other 

Illustrates the fact that for a given housing 
bore size, a larger and, therefore, stiffer 
shaft can be used with Needle Bearings than 
with a roller or ball bearing. 

CAPACITY CAPACITY CAPACITY 

~1700 ~ 1250 1400 " : ... ··~ / v .. o ·~V, .oo ·o/ 
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Shows the greater number of lines of con
tact in the load zone of a Needle Bearing 
compared with a ball or roller bearing. 

operation that might destroy the 

wear-resistant raceway surfaces. 

The full complement of thru

hardened, precision-ground 

rollers is retained by the turned

in lips of the one-piece shell. 

The small cross section of the 

Needle Bearing allows a large 

shaft which permits a rigid design 

with minimum shaft deflection, a 

factor of utmost importance to 

good bearing design. 

THE TORRINGTON COMPANY 
Torrington, Conn. South Bend 21, Ind. 

District Offices end Distributors in Principal Cities of United States end Canada 
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Next question: During a dis<;::ussion in my high school 
English class, the question of choosing colleges was 
brought up. One bright girl contributed her bit: "Well," 
she said, "first you've got to decide whether you want 
to go to a coeducational school or an educational one!" 

Breathe on this space 
for one minute 

If it turns brown, 
BRUSH YOUR TEETH. 

Ruth: "How do you know he was drunk?" 
Doris: "Well. he shook the clothes-tree and then 

started to feel around for some apples." 

The scene is a train compartment in Romania. The 
characters: A Russian officer, a Romanian, an old lady 
and an attractive girl. 

The train enters a tunnel. The passengers hear first a 
kiss, then a vigorous slap. 

The old lady thinks: "What a good girl she is, such 
good manners, such fine moral character!" 

The girl thinks: "Isn't it odd that the Russian tried to 
kiss the old lady and not me." 

The Russian thinks: "That Romanian is a smart fel
low! He steals a kiss and I get slapped!" 

The Romanian thinks: "Am I a smart fellow! I kiss 
the back of my hand, hit a Russian officer, and get away 
with it." 

No matter how low the dollar may faU, it will never fall 
as low as some people stoop to get it. 

Briggs: "] just saw two cops chase a holdup man through 
a drug store.'' 

Higgs: "Did they catch him?" 
Briggs: ''No. He stepped on a set of scales and got a weigh." 

It was a tense moment in the colonel's life. What with 
Russia getting more uppity each day, the mock ma
neuvers they were on might turn into the real thing any 
moment. When their field radio was silenced almost 
ominously, he was certain that something was up. 
Nervously he and his staff paced up and down on a 
small hill near their command post. Finally a small 
scout plane zoomed high overhead, and from it came 
a carrier pigeon. 

Powerful field glasses followed every flap of the 
pigeon's wings till it fluttered into a nearby coop, and 
the colonel raced over to get the message. He opened it 
with trembling hands, read it, cursed, and threw it on 
the ground, then walked off with his face a bright pur
ple. A young staff lieutenant waited until he was out 
of sight, then picked up the message. It said, "I have 
been sent down for being naughty in my cage." 

Son: "Daddy. why does the :rooster 
crow so early in the morning?" 

Father: "Because he • s too scared 
to open his mouth after the old hen 
wakes up." 

"Now," said the professor cheerfully, "please pass 
all your test papers to the side of the room and kindly 
insert a carbon sheet under each paper so I can cor
rect all the errors at once. 

A backwoodsman mountaineer one day found a mirror 
which a tourist had lost. "Well, if it ain't my old dad," he 
said as he looked in the mirror. ((] never knew he had his 
pitcher took." He took the mirror home, stole into his 
house and hid it in the attic, but his actions did not escape 
his suspicious wife. That night while he slept she slipped 
up to the attic and found the mirror. ((Mmmmm,'' she said, 
looking into it, ((so that's the old hag he's been chasin'!" 

Our Glamour Gal for this month is Vivian Peterson. Vivian is a sophomore in SLA and is 

majoring in elementary education. As for sports, she likes to swim and watch football. 

Vivian is an out-of-towner, hailing from Kingston and resides at Sanford Hall while here 

at the ''U". 
Photo by Norv P&'Z'ier 
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the helicopter was thought to be a ••stunt" machine 
- amazing and amusing, and not particularly im
portant. Events in Korea changed that idea- fast! 
This fledgling among aircraft performed "impos
sible" military assignments, spectacularly successful 
missions of mercy .. Helicopters came into their own. 

Now in demand for hundreds 
of jobs, today's most versatile 
flying machine is the product 
of ceaseless testing, highest
calibre engineering, work and 
imagination. 

You might find - in Sikorsky Aircraft's 
research departments, drafting rooms, 
engineering laboratories - a lifetime op
portunity in this young, growing and most 
interesting field of aviation. Consult your 
College Placement Office concerning ar
rangements for a personal interview. 

In 1939, the VS-300 with Igor 
Sikorsky at the controls made 
the first practical helicopter 
flight in the United States. 
Hundreds of later Sikorsky's 
were delivered for service in 
World War II. 

Future Sikorsky's will be built 
by tomorrow's engineers. Per
haps you belong at Sikorsky 
where your skill and ability 
will be continually challenged. 

Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn~ 
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KHK Kappa Eta Kappa, electrical engineering 
fraternity, is proud to announce the member
ship of ten new actives. Formal initiation cere

monies were held after a banquet at Worwa's Restaurant 
on January 10. The men are: 

George DuFour 

Donald Hoffman 

Edward Johnson 

Dick Lillienthal 

Russel McNaughton 

Edward Melin 

LeRoy Prohofsky 

Dick Sparks 

Buzz Stivers 

Bill Swanson 

The ranks were also swelled by the return of Ed Finne
gan, back from a tour with Uncle Sam. 

KHK elected new officers January 17, and as the dust of 
battle settled they found: 

Bill McRoden, president 

Wayne Mayer, vice president 

Dick Lilli en thai, treasurer 

Dale Linder, secretary 

Saturday, January 29, Kappa Eta Kappa, with the other 
professional engineering fraternities, held the annual Poly
Tech Dance at the Interlachen Country Club. 

Five EE students were pledged to KHK on January 31, 
associating themselves with EE's, not only technically, but 
in a professional and social manner. The five are: 

Dean Goranson 

John Gilson 

Leon Lease 

Gil Whitson 

Don Kilimann 

The big event of winter quarter will be KHK's Founders' 
Day Banquet at the Dyckman Hotel. The Regional Director 
of the F.B.I. will be the main speaker. Approximately 100 
alumni and active members will attend. 

The lbasement of the house at 531 Walnut St. S.E. has 
just been redecorated, including new tile on the floor, and 
all EE students are invited to look it over. 

A Pocket Slide Rule is a constant bosom companion. 

PLASTIC P 
As Don Herold says "This is an age of portabil

ity. 'Take it with you' is the slogan of the day. 
You slide rule users are behind the times if you 
aren't carrying a concentrated boiled-down slide 
rule with you 24 hours a day. 

"You ought to see the little pocket editions K&E 
is making. Pick the one that will do the jobs you 
need it for whenever its bigger ten inch brother 
isn't around." 

Come on in and let us show these K&E Pocket 
Slide Rules. They're the finest that are made. 

CKET SLIDE RULES 

University Bookstores 
University of Minnesota 

t:Un. c OH4f 
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This instrument, known as the mi
cromanometer, is capable of meas
uring velocity pressures down to 
one-one hundred thousandths of an 
inch. 

E E 
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By Chuck Aronson 

AVE you ever noticed that cigarette smoke comes 
from the cigarette in straight strands until it reaches 
a certain point and that it then diffuses and mixes 

into the air? 
With this idea in mind, Ernst R. C. Eckert, professor of 

mechanical engineering; and two assistants, Thomas Irvine, 
instructor in mechanical engineering, and Roger Eichhorn, 
graduate student and research fellow, and a staff of under
graduate students, started a research project to study the 
flow of air through triangular ducts. Their purpose is to 
study these ducts with the idea of cooling them to withstanrl 
external heat. 



Up to this point, they have found that the type of flow 
in which the smoke mixes with the air is more efficient at 
cooling an object than the straight flow closer to the cigar
ette. To distinguish the two types, the straight flow is known 
as laminar while the mixed flow is called turbulent. 

The main result of the study thus far has been the dis
covery that these two flows exist together within a triangular 
duct. This fact is proved through the injection of smoke 
into the tduct by a specially . constructed network of gla~s 
tubes. When the smoke is injected at the widest portion of 
the triangle, it shows characteristics of turbulent flow. How
ever, when it is injected at the narrowest point, the smoke 
indicates laminar flow. 

What does all this mean to us? It i~ simply that for future 
development in the areas of rockets and nuclear power plants, 
we must find ways for cooling these objects to keep them 
from disintegrating. "For example, says Dr. Eckert, "if we 
have rockets that can travel five times the speed of sound 
at the present time, and we are to increase that speed to 25 
times, this can be done without increasing the size of the 
power plant if the flow over the rocket can be made laminar 
rather than turbulent. Therefore we are studying these two 
flows in the hope that a better understanding might allow 
us to control them." 

In the case of the nuclear power plant, it is necessary to 
cool the heating unit. Replacing coal and oil, as the original 
energy, with uranium or plutonium will melt the heating 
unit unless it is adequately cooled. Therefore, we must apply 
the turbulent flow principle (which mixes and diffuses the 
air) to cool such a system. 

Why is it necessary to use a triangular duct rather than 
a circular one~ Frequently in engineering, space limitations 
force the designer to build objects in odd shapes and sizes. 
It might be impossible to fill a given space with circular ducts 
but simple to fill it with triangular ducts. A similar situation 
exists in a car's radiator, where a series of metal strips bent 
in triangular shape are used to cool the water. 

One of the problems in cooling a triangular duct is to 
determine the velocity at each point of a cross-section of 
the duct. It is also necessary to know the points where the 
velocity is lowest, for "hot spots" will occur at these places. 

A commercial manometer was first used for this purpose 
by Dr. Eckert and his staff. However, they were able to 
detect velocity pressure only down to one-one thousandth 
of an inch of water with it. This was not small enough, so 
Roger Eichhorn set out to devise a better instrument. When 
he was ,finished, a micromanometer, which looked much dif
ferent than its commercial counterpart, but could measure 
velocity pressures down to one-one hundred-thousandth of 
an inch resulted: 

The micromanometer is so delicate that it can record the 
wind created by a person walking within the room, or vibra
tions coming from other parts of the Mechanical Engineer
ing Building. To eliminate this defect, the micromanometer 
was placed on a board resting on two inflated inner tubes. 
This entire apparatus rests on a table. Suspended from the 
underside of the board, between the inner tubes and the 
ta;ble, is a pot containing 100 pounds of lead pellets covered 
by a layer of oil. This absorbs all extraneous vibrations. 

The actual vcl?city measuring is done by inserting a 
hollow metal tube mto the transparent duct at different posi
tions. A hypodermic needle is used as the velocity detecter. 
This hollow ~eedle allows the pressure from the moving air 
to be transmitted to the recording device. This is the same 

The triangular duct in which laminar and turbu
lent flow is generated. The pressure detecting appar
atus is shown in the foreground. 

type of pressure that a person feels when he places his arm 
out of the window of a moving vehicle, and then tries to 
push his arm forward. The faster the car moves the more 
pressure on his arm. ' 

Turnin~ to another aspect of the heat transfer process 
( t~ansportmg heat from one place to another by a moving 
flmd or gas), Dr. Eckert points out that he and his staff are 
not building rockets or nuclear power plants in their labo
ratory in order to test their findings. "We are considering 
one small aspect of the whole problem. If in the future 
someone wishes to construct a nuclear power plant, we will 
be able to help that person in building his cooling system." 

.The work is being done as a government research project, 
w~th the money for the project being provided by the Wright 
Air Development Command. There were no limitations as 
to who could work on the project, so Dr. Eckert included a 
group of undergraduate students on his staff. In return for 
the work done by these students, the government is paying 
them a small portion of their college expenses. Also, the 
student gets a chance to work on a project of interest to him. 
Speaking from the Mechanical Engineering Department's 
angle, Mr .. Irvine says that the research projects generally 
help to bmld up the department's facilities and personnel 
which in turn aids the students. ' 

There are many other phases of the trianrrular duct to be 
studied before the work will be completed. 

0 

Another phase 
of study, how long air in a triangular duct takes to settle 
down to a definite pattern after the air has been forced into 
the duct, is presently being carried out. 

A view of the entire experimental set-up. The com
mercial manometer is standing to the left. 
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for America's young 
engineers with capacity for 
continuing achievements in 

radio and electronics 

Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower ... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
•.. a great development unit of 
the world-wide, American-owned 
Internaticmal Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 
America . . • opportunity to be 
associated with leaders in the 
electronic field ... to work with 
the finest facilities ... to win rec
ognition ... to achieve advance
ment commensurate with 
capacity. 

Learn more about this noted 
Tower of Opportunity ... its long
range program and generous em
ployee benefits. See your Place
ment Officer today for further in
formation about FTL. 

IDNTIERIESTBNG 
ASSIGNMENTS IN-

Radio Communication Systems 
Electron Tubes 

Microwave Components 
Electronic Countermeasures 

Air Navigation Systems 
Missile Guidance 

Transistors and other 
' Semiconductor Devices 

Rectifiers " Computers • Antennas 
Telephone and 

Wire Transmission Systems 

TelecommnnicatiotJ 
mtories 

A Division of International 
Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N.J. 

T HIS is one of the poorest examples of the (haw) so-called science of (ptui) forestry 
yet to leave those St. ·Paul barns. However, to demonstrate the combined MIGHT 

of the INSTITUTE OF TECHNOLOGY, we intend to develop a real tree out of virtually 
nothing. 

The AERO's are inventing a wind tunnel which will provide the most growth stimula
ting wind conditions possible. 

The EE's are providing a super long-short Roentgen ray stimulant to really speed up 
its growth. 

The GWIL's and ARCHITECT's are working on a flexible pot so as to allow the roots 
to expand infinitely. 

The ME's have perfected a four bar, crank-and-silver mechanism to mold the tree 
into symmetry. 

The MINES fellows are shaving small slivers off the sacred Blarney Stone which, when 
mixed with a formula being prepared by the CHEMISTS, will make the tree a true-blue 
Irish Pine, with the blessings of St. Pat. 

The CHEM E's have devised an elaborate pumping system to supply this formula to 
the ever-growing roots. 

The PHYSICISTS have smashed an isotope of Technitium, called Pineium, to honor 
the occasion. ' 

With all these new developments, the MATH boys have calculated, by means of their 
new "equation of growth," that the tree will burst its present pot in exactly 20.924 
hours, 40.679 minutes, 5.2164 seconds. 

B 
ENERAL 
KBI Dl 

Gold lettering - Stamping 
Tooling 

Medical 

Chemical 

WE BIND 
Theses 

Pamphlets 

Magazines Text-Books 

Law Reviews 

COVERS - ALBUMS - SCRAPBOOKS 
Made to your specifications 

BlNDING 

F. 0. ERICKSON, 
BOOKBINDER 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. GE. 5765 

MINNEAPOLIS 
BLUE PRINTING CO .. 

523 Second Avenue South 
Minneapolis. Minn. 

MAin 5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KEUFFEl & ESSER CO. 



To be a successful engineer, 
above all you must 

know how to cut cosh> 

SIMP DESIGN CHANGE 
TO STEEL C S COST 
FROM $1®15 TO 31¢ 

BEFORE any product design is 
accepted, the manufacturer asks, 

.. Can it be built for less money?" U n
less your designs pass this test they 
are likely to be rejected. 

Knowing how to use welded steel 
gives you the advantage in develop
ing any product for lowest cost man
ufacture. That's because steel is three 
times stronger than gray iron, two 
and one half times as rigid, and costs 
only a third as much per pound. 
Therefore, where stiffness or rigidity 
is a factor in a design, less than half 
:the material is necessary. 

Here, for example, is how one rea 
sourceful engineer put these qualities 
·to work: 

fig. 1. Traditional Con• 
stnu::tion. Machine foot· 

lever, 10 inches long, 
weighs 6 pounds. Cost 
with broached keyway 

is .$1.15. 

fig. 2. Simple Steel Desigr& 
Costs 41% Less. Can be 

built by the shop with 
only saw and shears. 
Weighs 2. 7 pounds. 
Costs 68c complete 

with keyway. 

fig. 3. Saves 58% Cost 
by forming lever arm and 

pad as integral piece from 
10 gauge metal. Weighs 

2.5 pounds. 
Costs 54t. 

fig. 4. Saves 73%, Elimi
nates Broadaing. Hub with 

integral key is produced 
by stacking stampings 

in assembly. Arm is 
10 gauge, brake 

formed and welded 
to hub. Cost is 

only 31¢. Weighs 
2.2 pounds. 

Back up your engineering tratmng 
with latest information on welded 
steel construction. Bulletins and hand
books are available to engineering 
students by writing 

THE liNCOlN ElECTRIC COMPANY 
Cleveland 17, Ohio 

tHE WOilU.D'S LARGEST MANUFACTURER Of 
ARC WIELDING IEQUBPMIENT 

Engineer: "This new book on 
health says that bathing alone won't 
keep you healthy." 

Coed: "Well, I don't care what it 
says, I'm going to keep right on 
bathing alone." 

She took my hand in sheltered nooks~ 
She took my candy and my books~ 
She took that lustrous wrap of fur, 
She took those gloves I bought for her~ 
She took my words of love and care, 
She took my flowers~ rich and rare~ 
She took my soft~ beseeching smile~ 
She took my time for quite a while~ 
She took my kisses~ maid so shy
She took~ I must confess~ my eye, 
She took whatever I could buy, 
And then she took another guy. 

For years the two sexes have been 
racing for supremacy. Now they 
have just settled down to neck and 
neck. 

I was dancing one night with a lady 
fair, 

When I heard something rip, and I 
heard something tear. 

So I looked at the lady, and I knew 
at a glance, 

she 
was 

rapidly 
losing 

her 
desire 

to 
dance. 

There was a young man from France, 
Who waited ten years for the chance. 

He muffed it. 

Prof. Buck looked toward the next 
green, waggled his driver confident
ly and declared, "That's good for 
one long drive and a putt." He gave 
his club a mightly swing, blasted up 
about two inches of sod, and man
aged to get the ball about three feet 
from the tee. 

The caddy stepped forward, hand
ed him the putter, and suggested, 
"Now for one helluva putt." 

Cannibal: We've just captured a 
college professor. 

Chief: Good, I was hoping for a 
bologna sandwich. 

applied to the design, development 
and application of 

AUTOMATIC RADAR DATA 

PROCESSING, TRANSMISSION 

AND CORRELATION IN 

LARGE GROUND NETWORKS 

ENGINEERS 

& 

PHYSICISTS 

Digital computers similar to the successful 
Hughes airborne fire control computers 
are being applied by the Ground Systems 
Department to the information processing 
and computing functions of large ground 
radar weapons control systems. 

The application of digital and transistor 
techniques to the problems oflarge ground 
radar networks has created new positions 
at all levels in the Ground Systems Depart
ment. Engineers and physicists with experi
ence in the fields listed, or with exceptional 
ability, are invited to consider joining us. 

fields include 

TRANSISTOR CIRCUITS 

DIGITAL COMPUTING NETS 

MAGNETIC DRUM AND CORE MEMORY 

LOGICAL DESIGN 

PROGRAMMING 

VERY HIGH POWER MODULATORS 

AND TRANSMITTERS 

INPUT AND OUTPUT DEVICES 

SPECIAL DISPLAYS 

MICROWAVE CIRCUITS 

Culver City, Los Angeles County, California 

Relocation of applicant must not cause 
disruption of an urgent military project. 
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NLY IRC MAKES SO MA Y 

JAN AND IL TYPE RESISTORS 

• v • another reason why engineers prefer IRC Resistors 

56 different IRC resistors is today's figure-all equiva
lent to JAN or MIL specifications. Manufacturers of 
military equipment who must meet these specifications 
depend on IRC for all their resistor requirements. 
Offering the widest line of resistors in the industry-
138 different types in all-IRC is the logical source of 
JAN and MIL type units. 

INTERNATIONAL 
RESISTANCE COoo 
401 N. Broad St., PhUa. 8, Pa. 

~~~Sat- -'1/\1\r In Canada: International Resistance Co., Toronto, Licensee 



''Dress'' Pruett 
wants to know: 

hat type 
oftrai 9 

1 

ro amd es 

thav ? 
e u 0 

DRESSLAR M. PRUETT expects to receive his B.S. in Industrial Engi
neering this summer from Oklahoma Agricultural and Mechanical Col
lege at Stillwater, Okla. He is president of the local student branch of 
A.I.I.E. Naturally, he is interested in selecting the best job opportunity 
for a successful career based on his technical training. 

Don Miller answers: 

DONALD C. MILLER received his B.S. in Chemi
cal Engineering from Ohio State University in June 
1937. During the following month he started work 
with the Organic Chemicals Department of Du Pont 
at Deepwater Point, N.J. Since then he has received 
and given many kinds of technical training. Today 
Don Miller is a general superintendent at DuPont's 
Chambers Works-well qualified to answer questions 
about training programs for college men. 

NOW AVAILABLE for student ASME 
chapters and other college groups, a 16-mm. 
sound-color movie-"Mechanical Engineer
ing at DuPont." For further information 
write to E. I. duPont de Nemours & Co. 
(Inc.), 2521 Nemours Bldg., Wilmington 98, 
Delaware. 

BETTER THINGS FOR BIETTER I.IVING ••• THROUGH CHEMISTRY 

WATCH "cAVALCADE OF AMERICA" ON TELEVISION 

Training has many facets in a big firm like Du Pont, Dress, 
and a great deal of thought has been given to make it truly 
effective. We look upon training as a very important factor 
in a man's career. We think that the best way to train a col
lege graduate is to give him a maximum of on-the-job re
sponsibility in a minimum length of time. That's the general 
guiding policy at DuPont, Dress. 

Of course, each department varies this general policy to 
suit its special needs. A new man being trained for produc
tion supervision may first spend a year or so in laboratory 
or plant development work. Or he may spend his training 
period as a plant operator. Thus a man obtains firsthand 
knowledge of his process, and establishes a bond of mutual 
:respect with the men he'll be working with on his first major 
assignment. 

A young man interested in sales is often first assigned to a 
plant or laboratory dealing with the products he will later 
sell; or he may join a group of trainees to learn selling tech
niques :right from the start. 

An engineer, chemist, or other technical graduate is usual
ly chosen for a specific job within his major field of study. 
Such a man brings specialized knowledge and skill to his 
job, and he is encouraged to put them to use promptly. But 
at Du Pont his experiences on the job are supplemented 
with lectures, conferences and discussion groups. In a very 
:real sense, new technical employees continue training in 
their specialties after joining the Company. 

To sum it all up, Dress, Du Pont's training program is 
individualized to provide a new man with specific oppor
tunities to learn from contacts with more experienced men. 
The prime objective of Du Pont training is always kept 
clearly in mind-to develop men for future advancement 
and effectiveness in the organization. 
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Above-Jewelry with sparkle! Brightest thing in 
jewelry this winter are the necklace and earrings 
modeled here by Cleveland's Louise Baker. Sparkle 
is provided by tiny lamps which, because of the 
lamps' resistance to heat, are expected to find wide 
application on hot appliances, such as toasters and 
irons, to indicate whether they are turned off or on. 
Instead of conventional bases, the lamps have two 
rig.id pins which plug into electrical sockets. 

E 

E EE I 

Below-Construction details of the lamp are shown 
here. It is less than half an inch in diameter, and 
under an inch long, including the two rigid pins by 
which it will be connected to an electrical cir
cuit.-G.E. Photos. 



David Sarnoff watches a dem
onstration of the electronic light 
amplifier which he lists as one of 
the major developments of 1954. 

Now under development. this 
light amplifier will have impor
tant applications in television, 
radar, X-rays, and other fields. In 
television, for example, tech
niques used in the light amplifier 
will eventually make it possible 
to see a TV picture in black-and
white or in color on a thin, flat 
screen that can be framed and 
hung on the wall like a picture.
RCA Photo. 

WANTED: 

Used miltimenter [sic ( ! ) l 
George Cham pine 
Room 9411 Centennial 

FOR SALE: 

80 selenium rectifiers, 24v, 
0.1 amp (use in series or 
parallel for other voltages or 
currents) . 1 Oc each. New 
meters, Weston 0-8 vac, 
Triplett 0-20 microamp. 
Magnetic recording cart
ridge, Astatic M-41-8. 
Chuck Roth, EM 1672. 

IT STUDENTS: You, 
too, can reach more than 
2000 prospects by bringing 
your ad to the 'Loa office, 2 
ME. It costs you nothing; 
this is a service of the 'Loa 
to the students of IT! 

«-VILA II vlle88 u ~ 

A Key to K & E Leadership 
Thorough knowledge and care of minutest det~ii 
were essential to the designing of the sturdy, ac
curate Paragon® Drafting Machine. Draftsmen 
prefer the Paragon, because it is time-saving, 
work-sparing, reliable, easy to operate, and be
cause they don't have to treat it with kid gloves. 
Thoroughness is one of the keys to K&E leader· 
ship in drafting, reproduction, surveying and 
optical tooling equipment and materials, in slide 
rules and measuring tapes. 

KEUFFEL & ESSER COm 
New York Hoboken, N. J. 
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ENGINEERS NEEDED 
ON NEW GRUMMAN 

50 

SUPERSONIC 

Grumman, one of the most 
stable aircraft companies in 
the industry, needs engineers 
to work on the supersonic 
Tiger and new Cougar II. 
With Grumman, your home 
will be Long Island, the 
playground of New York. 
If you are an experienced 
aircraft engineer, or a recent 
engineering graduate, send 
your resume to Engineering 
Personnel Dept. Interviews 
at Employment Office. 

NEEDED NOW: 
Wing and Fuselage Designers 
Hydraulic Engineers 
Stress Analysts 
Flight Test Engineers 
Vibration & Flutter Engineers 
Aero & Thermodynamicists 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
BETHPAGE o lONG ISlAND • NEW YORK 

Grandmother was a diabetic pa
tient. and rather given to cheating 
on her strict diet. After one violation 
she was sent to the hospital, where 
the only available room was in the 
maternity ward. Granddaughter was 
just outside the door when some vis
itors went past. "What are you doing 
here, little girl?" 'Tm visiting grand
mother." "Your grandmother! What's 
she doing in here?" "Oh," said the 
little girl brightly "she's been cheat
ing again!" 

A professor( whose theories were 
always open to doubt, but who 
nonetheless found many and dev
ious ways of proving them( was lec
turing on insects at a university. 

'On my right hand/' he said to 
his students "I have a flea. I now 
order him to jump over to my left 
hand. As you see; the flea obeys me. 
Now/' he continued( "I remove the 
legs of the flea and order it to jump. 
You note that it doesnrt jump. There
fore( we have scientific proof that a 
flea whose legs are removed be
comes dea£. 11 

'0u.r favorite Racing Form is a 
good looking girl late for work. 

Ted: "Professor( isn't this the exam 
you gave last semester?" 

Murphy: "Yes, but it's all right. 
I've changed the answers this year. rr 

"What color dress are you. wear
ing to the dance?" 

"Brown, I guess. We're supposed 
to wear something to match our 
date's hair." 

"I don't think I'll go." 

A certain engineering student sent a 
sample of home-made beer to the 
Chern. Dept. to be analyzed. A few 
days la:ter he received a report. 

((Dear Sir: Your horse has diabetes.~' 

Then there was the country girl 
who. while milking a cow, saw a 
boy coming up the road. She called 
to her father. 

"Oh, father, there is a boy coming 
up the road." 

Her father promptly replied, "Go 
in the house." 

She called back. "But father, he is 
a college man." 

"Take the cow with you/' yelled 
the man. 

Doctor to lovely young thing: 
"Frankly. Miss Felly, I don't know of 
any vitamins for your particular type 
of low resistance." 

Sailor: "Waiterr bring me some to
mato juice for a pickup." 

Waiter: "Y esr sir; and what will 
you have for yourself?" 

My sliderule is my shepherd. 
I shall not want. 

Me maketh me to set down to the 
third place; and leadeth me to 
interpolate to the fourth. 

He restoreth my average; and 
leadeth me along the paths of 
correct answers for his name's 
sake. 

Yea, though I walk through the val
ley of the shadow of pop quizzes, 
I will fear no professor; for my 
slide rule is with me. 

His log scales and trig scales they 
comfort me. 

Thou preparest an answer for me in 
the presence of my professors, thou 
anointest my paper with right an
swers and my brain relaxeS-

Surely quality and accuracy shall 
follow me all the days of my life 
and I shall dwell in the house of 
K & E forever. 

KQH .. I .. NOOR 
ADAPTO--CLUTCH 
LEAD HOLDERS 

All degrees and diame

ters of lead .. 

• Technical Books and 
Supplies 

• Study Outlines 

e Thesis Supplies 

at 

I 
315 14th Ave. S.E. 

and 

's 
Harvard and Washington Ave. 



HONEYWELL 

OFFERS 

CHALLENGES 

UNLIMITED 

THE challenges and problems for the 
engineer in the automatic control 

field are unique in their variety and in 
the insight provided into all of the 
industries of today' s modern world. 

The development and manufacture 
of tiny transistors for electronic control 
. . . the design and construction of 
giant control valves for oil refineries 
... the challenge of finding fish with 
underwater sonar ... of providing auto
matic flight for supersonic jets . . . 
temperature controls for today's modern 
home . . . for atomic piles . . . 

These are a few of the fields in which 
Honeywell's several divisions are en
gaged, providing automatic controls 
for industry and the home. 

These controls are made possible by 
the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 

With nine separate divisions located 
throughout the United States and with 
factories in Canada, England and 
Europe, Honeywell offers unlimited 
opportunities in a variety of challeng
ing fields. Based on diversification and 
balance between normal industry and 
defense activities, Honeywell will con
tinue to grow and expand because 
automatic control is so important to 
the world's progress. And automatic 
control is Honeywell's business. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. 
In addition to full time engineering 
and research employment we offer a 
Cooperative Work Study program, a 
Summer Student Work Study program 
and Graduate Fellowships. If you are 
interested in a career in a vital, varied 
and diversified industry, send the cou
pon for more information. 

Divisions: Appliance, Aeronautical, Commercial, Heating Controls, Industrial, 
Marine, Micro Switch, Ordnanc~, Valve. 

eeeeoeeooeooeoeoeeeeoeeoeeeeoeooeoeeeoo 
0 G • • 0 • 

: MINNEAPOLIS-HONEYWELL : 

: REGULATOR Co. : 
0 G 
: Personnel Dept., Minneapolis S,Minn. : 
• • G 0 

: Gentlemen: Please send me your : 
i booklet, "Emphasis on Research", i 
: which tells more about engineering : 
! opportunities at Honeywell. i 
• • 0 G 

• • : PJame____________________________ : 
0 G 
G G 
G G 
G G 
: Address_ _____ ------------ ____ ---- : 
e o 
G G 
• • 
: City------------------------------ : 
0 • 
e e 
G G 
: Zone ____________ State______________ : 
0 • 
G 0 
e e 
C G 
• •••••••••••••••••••••••••••••••••••••• 
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ARCONI WROILIC::iHT? 

Of course
1 

it was years before Mr. Marconi's wireless 
developed into radio as we know it. Then such wonders 
as the give-away program, the comedy show and the 
soap opera blossomed full-blown. 
True wonders/ too, have sprung from Mr. Marconi's "new 
departure" of 1897. And New Departure ball bearings 
have played a vital role . . . in electronic brains for 
business ... in automation for industry ... in radar for 
defense. In fact, New Departure was a pioneer in devel
oping methods that could turn out ball bearings of 
ultra-high precision in the mass quantities needed for 
today's electronic marvels. 
Such leadership is one of many reasons why engineers 
look to New Departure for the finest in ball bearings! 

NEW DEPARTURE" IHVISION OF GENERAL MOTORS" BRISTOL, CONN. 

CE & I ION 

The amazing Skysweeper - which sights, tracks and shoots 
down air targets with fantastic accuracy - depends on New 
Departure instrument ball bearings for its internal accuracy. 

NE 

ROLLS LIKE A BALL 



Another page for 

How to machine with high 
precision at high speeds 

This lathe is designed to machine the races of 
bearings from 4" to 8" in diameter. And it must 
deliver high precision at speeds and feeds as 
fast as carbide tools can handle. To keep the 
spindle rigid under heavy combination loads, 
it's mounted on Timken® tapered roller bearings. 

---------------------------------------------------------

I 

How Tl KEN® bearings maintain 
spindle rigidi 

Because Timken bearings take radial and thrust loads in any 
combination, they hold spindles in rigid alignment, insure 
precision. And full line contact between the rollers and races 
of Timken bearings provides extra load-carrying capacity, 
prevents breakdowns. 

ant to learn more about 
bearings or iob opportunities? 
Many of the engineering problems you'll face after 
graduation will involve bearing applications. For 

TRADE-MARK REG. U. S. PAT. OFF. 

help in learning more about bear
ings write for the 270-page Gen
eral Information Manual on Timken 
bearings. And for information 
about the excellent job opportuni
ties at the Timken Company, write 
for a copy of "This Is Timken". 
The Timken Roller Bearing Com
pany, Canton 6, Ohio. 

TAPERED ROllER BEARINGS 

NOT JUST A BALL 0 NOT JUST A ROLLER a:::J THE TIMKEN TAPERED ROLLER (]:::) 
BEARING TAKES RADIAL ~ AND THRUST --()- LOADS OR ANY COMBINATION 
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One hundred five students have now 
joined the AlEE-IRE Student Branch 
to top the goal of 100 members for the 
year 1954-55. 

On January 25, Mr. Shankle of 
'"' estinghouse Electric Corp. spoke on 
"Trends in Electrical Equipment" at a 
joint meeting with the Minnesota Sec
tion AlEE. 

Through the courtesy of the Tape
scripts Committee of the PGA-IRE, 
two tapescripts, "Magnetic Recording" 
and "Method for Time or Frequency 
Compression - Expansion of Speech" 
were presented at a group meeting on 
February 1. We expected to present 
more tapescripts early in the spring 
quarter. 

At the February 9 meeting, Mr. 
Robert Bevensee. '52-'53 editor of the 
'LoG and now with the Sperry Gyro
scope Co., spoke on "Survey of Some 
Recent Innovations in Klystrons and 
Traveling Wave Tubes." 

On February 15, the joint meeting of 
the AlEE, IRE, and Student Branch 
featured an ERA panel on computers. 

A/ME 
Thursday, February 17, AIME held 

a coffee hour in the Women's Lounge 
in Coffman Union. The coffee hour 
featured a talk by Mr. Donald E. 
Hornbeck of the Ethyl Corporation. 
Mr. Hornbeck showed a short movie 
on Automobile Engine Performance 
and enlarged on the subject with a few 
remarks after the movie on the use of 
additives in automobile engine fuel. 

Next Thursday, February 24, AJM,E 
is invited to Mr. Robert Longyear's 
home for a party. Mr. Longyear is 
president of the E. J. Longyear Com
pany, diamond drill manufacturers and 
consulting engineers. The Longyear 
party is a annual event much antici
pated and appreciated by AIME mem
bers. 
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Compiled by William Ccn:des 

AS E 
On Monday, Jan. 3, twelve members 

of the student chapter attended the 
meeting of the Northwest Section of 
ASCE. It was the purpose of the meet
ing to acquaint members with the new 
laboratories in Experimental Engineer
ing. Dinner was prepared by faculty 
members by heating TV dinners in the 
soil drying ovens (One member com
mented that .he thought his was pre
pared in the sludge drying ovens!). 
"Flo" was on hand to dispense the cof
fee and ice cream with a word of cau
tion, "Hold them this way, so you 
won't spill them." 

The first meeting of winter quarter 
was held on January 5 in the Union. 
Professor Ralph Rapson; head of the 
Architecture Department, presented an 
illustrated talk on modern trends in 
architecture. His talk was taken from 
his observations and experiences ob
tained from recent trips to Europe and 
Scandinavia. He showed pictures of 
contemporary architecture in France 
and thin-shelled construction of rein
forced concrete in England and the 
United States. 

K. L. Bergstrahl, of the Minnesota 
Highway Department, spoke to a large 
group on January 19. He discussed job 
opportunities for graduating CEs and 
explained the policies of the Highway 
Department. The suf.!gestions he gave 
for seeking employment and making 
jo:b adjustments were consider.ed valu
able, regardless of the place of work. 

On February 2, Professor George 
Schroepfer, head of the Sanitarv En
gineering Department, presented an in
teresting talk on his trip to South 
America and on engineering problems 
he had encountered in his engineering 
practice. The tour of South America 
was spiced with pictures of sewage 
disposal plants and Aztec ruins. The 
modern reinforced concrete buildings in 
Rio de Janeiro appeared rather spind
ly by our standards. Many opportuni
ties for civil engineers were evident 
throughout South America. 

The next meeting date is February 
16 when Dr. Shepherd will talk on his 
recent trip to Europe and of his experi
ences with engineering construction. 

ASME 
Plans are being formed for our Re

gional Spring Conference on April 22-
23. We need men to work on such 
things as: housing arrangements for 
approxima,tely 50 delegates, inspection 
trips to local industries, arrangements 
for the paper contest, banquet. etc. 
Here is a chance to get some valuable 
experience. Job interviewers are always 
happy to hear about these kind of acti
vities when they talk to a student. Sign 
up in Room 13 M.E. For details see 
Anil Chatterjee, Room 9 M.E. or Bob 
Harold in the ASME office. 

Coming events include the follow
ing: 

Eeb. 16- Joint meeting with the 
Minnesota Society of Work-Studv Stu
dents featuring Dean Spilhaus as speak
er. 

March 2-(This is not confirmed 
yet!) We hope to have a speaker from 
Caterpillar Tractor Co. in Peoria on 
the subject "The Place and Function 
of the Design Engineer in Industry." 
If we secure the speaker it will be a 
joint meeting with the IAES and the 
MSWSS. 

March 22-23-Regional Spring Con
ference- Eleven schools presenting 
technical papers. There will be 5 prizes 
for 11 delegates. We are still looking 
for entrants to represent Minnesota
come into the office if you are inter
ested and pick up a copy of the paper 
grading sheet. 

April 6-Mr. Everett S. Lee, Editor 
of the General Electric Review~ speak
ing on the subject "What is New in 
Science and Engineering." This will 
be a joint meeting with the AlEE-IRE. 

Other organizations are welcome to 
come to our meetings when the topic 
is of general interest if they will pay 
their share of the refreshment cost and 
if they let us know in advance so we 
can plan for them. 
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Bill Lyon, chairman of the Aero 

Dance Committee, says the annual 
dance will be held at the Northwood 
Country Club on Sat., Feb. 26. The 
danae will be informal and tickets are 
only $2.00 per couple. This price in
cludes refreshments. All Aero students 
are invited. 

The Saint Louis, Mo., Section of the 
IAeS has invited the students of the 
U. of Minn. Section to participate in 
its annual student paper competition. 
The paper must apply to some phase of 
aviation and should be from 1,000 to 
3,000 words. Fifteen colleges will par
ticipate in the competition. The prizes 
will be: 

First prize-$100 
Second prize-$75 
Third prize-$50 

This contest isn't as hard as you 
might think, Aeros. Just write up that 
pet idea of yours and bring it in. You 
can get all the details of the contest in 
room 111 Aero E. 

SA 
In t!his past month, the Student 

Chapter of SAM inaugurated its Pace 
Rating training program. Two mem
bers of the chapter gave a presenta
tion to the Minnesota Society of In
dustrial Engineers on the night of .Jan. 
27. Other local industries have also 
subscribed for this service for presenta
tion in the near future. 

Mr. Everet Taft, oresident of the 
Minneapolis Federation of Honeywell 
Engineers addressed the group on "Col
lective Bargaining for the Engineer" on 
Feb. 10. An open discussion of the re
cent movement among engineers for 
collective bargaining procedures fol
lowed. A talk on the subject of "A 
Guaranteed Annual Wage" is sched
uled for March 4. 

A recent policy change by the Na
tional Committee on Student Relations 
lowered the annual membership to 
$3.50. Bulk mailing of the society ma
gazine "Advanced Management" was 
inaugurated this month. Members are 
urged to pick up their copies of the 
magazine in the society office, Room 
13 M.E. 

I I 
• • 

£-Day General Chairman, 

I • 
See Him at the Continuation Center 

ings that flapped 

KP-IIS lleoring 

were strictly 

/or the birds ............... 

A generation ago, about everyone thought that airplane wings 
should be rigid to be safe. Not so today. Designers of today's high 
speed planes have found that safety hinged on wing deflection. 

To insure unrestricted control systems on wings that bend, 
Fafnir developed a standard series of Self-Aligning Torque 
Tube Type Ball Bearings which provide friction-free movement, 
reduce cost and weight. By keeping in step with aircraft progress, 
Fafnir continues to lead in the production of aircraft bearings. 
The Fafnir Bearing Company, New Britain, Conn. 

I 
BALL BEARINGS 

MOST COMPLIETE LINE IN AMERICA 
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OOR AD 
8 Each month, business and professional journals emanating from the 
Bruce plant are read by more than one and one-quarter million people. 
Included are medical publications with international circulation, 
fraternal, educational and trade publications with national and regional 
coverage. 

Bruce Business Publications devoted to the distributive industries have 
served the Twin City market and northwest territory for more than half 
a century. These trade magazines are being used by hundreds of local 
firms and national distributors who seek an economical and effective 
means to reach merchants in this great market. 

Because Bruce Business Publications are edited regionally, they enjoy 
an acceptance and readership which make the advertising they carry un
usually influential. 

If your market is in this great Upper Mid-West area, then a Bruce 
publication can give you penetrating coverage ... coverage at the "sales
action" level. 

Northwestern Druggist: Hardware Trade: American feed and Grain: 
Established 1892 
Published monthly 

Established 1890 
Published monthly 

Established 1916 
Published monthly 

Reaches 6,000 druggists serving 
the needs of northwest people 
with quality merchandise and a 
reliable prescription source. 

Reaches 1 0,700 retailers and 
wholesalers of hardware, home 
and farm appliances and 
sporting goods in sixteen states. 

Reaches 10,000 feed mixers 
and dealers nationally, with 
particular impact in thirteen 
"Feedland" states, where 
80% of the nation's feed is 
grown and processed. 

Northern Automotive Journal: 
Established 1891 
Published monthly 
Reaches 14,000 dealers, garage owners, 
jobbers and manufacturers serving the 
automotive trade. 

Commercial Bulletin 
and Apparel Merchant: 

Established 1858 
Published monthly 
Reaches 51500 retailers of wearing 
apparel[ dry goods, footwear and allied 
lines in the seven northwest states. 

These, with more than fifty other journals in the professional, business and educational 
fields, are printed and mailed from the Bruce plant, which has specialized in this type of 
publication service for nearly fifty years. 

I I 
LETTER PRESS AND OFFSET REPRODUCTION 

MINNEAPOLIS OFFICE 
312 National Building- Tel. MAin 6951 

SAINT PAUL PLANT AND OFFICE 
2642 University Avenue- Tel. NEstor 2641 

A MODERN, COMPl.ETEI. Y EQUIPPED PRINTING PLANT 

' • 

• 
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increas 

4!1 1ncreas 

$ 1ncreas 

0 1ncreas 

nd saw life 10 times 

rivet set life 30 times 

strength of universal ioints 100% 

die life 10 times 

These
AND 56 OTHER 

OF ALLOY S 
SE HISTORIES 
EL USAGE 

ARE YOURS IN 
"ALLOY S ELS PAY OFF" 

"Alloy Steels Pay Off" is an excellent reference 

now available to metallurgical and engineering 

students. This book contains over 200 pages 

of documented information concerning the use 

of alloy steels in industry. It presents 

numerous engineering problems and the 

way alloy steels pay off in diversified fields, 

ranging from the production of anchor chain 

and bridges to mining and farm machinery. 

Send for your free copy. 

Will data on molybdenum and its derivatives utilized in chemicals, 
agriculture, and various phases of industry help your thesis project? 
If so, let us know your field of particular interest ... write: Climax 
Molybdenum Company, 500 Fifth Avenue, New York 36. N. Y. 
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SUDRNG DOWN THIE WAYS at Groton, Conn., goes the USS Nautilus, 
newest and fastest member of our underseas fleet. During welding, 
Worthington heavy-duty turning rolls rotated the hull sections. 

Ho the orld' s first ato ic sub as elded 
Welding the hull of the USS Nautilus, world's first 

atomic submarine, presented a tough problem. 
Submerged-arc automatic welding seemed to be ideal 

for the job. Question was-could you rotate the hull 
sections of the Nautilus to take advantage of this fast, 
high-quality welding method? 

Worthington's answer to General Dynamics Corpo
ration's Electric Boat Division, builder of the N au til us, 
was the largest turning roll ever built. 

The result? Welding of the Nautilus hull was accom
plished in record-breaking time - and cost less than 
originally estimated. Unchanged, the Worthington roll 

set-up is also being used in the construction of the 
nation's second atomic sub, the USS Sea Wolf. 

Turning rolls for submarines aren't all that Worth
ington makes. The long list of Worthington-designed, 
Worthington-built equipment includes air conditioning 
units, construction machinery, compressors, Diesel en
gines, steam power equipment and, of course, pumps 
of all kinds. For the complete story of how you can fit 
into the Worthington picture, write F. F. Thompson, 
Manager, Personnel and Training, Worthington Cor
poration, Harrison, New Jersey. You may be glad 
you did. 

See the Worthington representative when he visits your campus 
See the Worthington 
Corporation exhibit in 
New York City. A lively, 
informative display of 
product developments 
for industry, business and 
the home. Park Avenue 
and 40th Street. 

When you're thinking of a good job-think high-think Worthington 
AIR CONDITIONING AND REFRIGERATION • COMPRESSORS • CONSTRUCTION EQUIPMENT • ENGINES • DEAERATORS • INDUSTRIAL MIXERS 

LIQUID METERS • MECHANICAL POWER TRANSMISSION • PUMPS • STEAM CONDENSERS • STEAM-JET EJECTORS • STEAM TURBINES • WELDING POSITIONIERS 
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!Electronics Research Engineer Irving Alne records radiation. 
antenna patterns on Lockheed's Radar Range. 
Twenty-two foot plastic tower in background 
minimizes ground reflections, approximates free space. 
Pattern integrator, high gain amplifier, square root 
amplifier and logarithmic amplifier shown in picture 
are of Lockheed design . . .. . .. . .. ...... ...... 
0 .... ...... ...... 

0 0 0 ..... 
0 •• 

0 • 0 

Research Engineer Russell Lowe measures dynamic 
strain applied by Lockheed's 500,000 lb. 
Force Fatigue Machine on test specimen of 
integrally-stiffened Super Constellation skin.. 
The Fatigue Machine gives Structures 
Department engineers a significant advantage 
in simulating effect of flight loads on a 
structure. Among other Lockheed structures 
facilities are the only shimmy tower in 
private industry and largest drop test 
tower in the nation. 

0 •• .. . . ... ... 

. .. 

.. . . 
• c; "; 

Cf II e 0 ... 
0 •• . . .. . . . . . . 

Jim Hong, Aerodynamics Division head, discusses results 
of high speed wind tunnel research on drag of 
straight and delta wing plan forms with Richard 
Heppe, Aerodynamics Department head (standing), 
and Aerodynamicist Ronald Richmond (seated 
right). In addition to its own tunnel, Lockheed is 
one of the principal shareholders in the Southern 
California Cooperative Wind Tunnel. It is now being 
modified for operation at supersonic Mach numbers . 

. . . 
0 •• . . . . . . . . . 

0 0 • 

0 •• . . . . . .. . . . 
• 0 • 

C. H. Fish, design engineer assigned 
to Lockheed's Icing Research 
Tunnel, measures impingement 
limits of ice on C-130 wing section. 
The tunnel has a temperature 
range of -40°F. to + 150°F. and 
maximum speed of more than 
270 mph. It is the only icing 
research tunnel in private industry. 

.. . . .. . " 

dvan~ed facilities speed . .. 

Lockhee~:· engineering progress 
.. .. .. .. 

Lockheed 

Lockheed's unmatched research and production facilities help make 
possible diversified activities in virtually all phases of aviation, 
military and commercial. 

They enable engineers to test advanced ideas which would remain 
only a conversation topic in firms lacking Lockheed's facilities. 
They help give designers full rein to their imagination. They make 
better planes - and better careers. 

Engineering students interested in more information on Lockheed's 
advanced facilities are invited to write E. W. DesLauriers, 
Lockheed Student Information Service, Burbank, California. 

AIRCRAFT CORPORATION 

BURBANK California 

..... 
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The Editor's 

RISE, Engineers' Week is February 20-26. The 
following is from a letter from the White House. 

On the occasion of National Engineers' Week 
I am happy to send greetings to the members 
of the engineering profession, who have made 
such a tremendous contribution to our country. 

The engineer's practical applications of science 
have done much to make our American stand
ard of living the highest the world has ever 
known. He has helped promote our national 
welfare and security and the health, comfort, 
and prosperity of our citizens. In this techno
logical age the nation's need for his services is 
constantly expanding. His responsibilities be
come greater every day, and in spite of man
power shortages, the engineering profession is 
achieving success in meeting the challenge. 

Through the National Society of Professional 
Engineers I extend to all American engineers 
my congratulations and best wishes. I hope 
that the program carried on during National 
Engineers' Week in I 955 will serve to increase 
our citizens' knowledge and appreciation of 
their debt to this great profession. 

Sincerely, 
DWIGHT D. EISENHOWER 

I N the evening of January 25, the familiar specter 
of MASS APATHY crept into the E-Day meeting 

and began strangling the life out of this years festiv
ities. E-Day needs manpower (or better yet, woman
powerL not because the work is so hard or tedious, but 
because it will take the load off of the boys who are 
interested in putting on an extravaganza we can be 
proud of. 

So if you can find a little time you could devote to 
"OUR" day come into Room 2 ME and we'll put you in 
touch with the committee of your choice. 

ECENTL Y there has been some mention made of the 
awards we plan to give to the authors of the two 

best articles this year. Since some confusion seems to 
exist, I will repeat the offer. A $50 check will be given to 
each author of the two best student written articles this 
year. The articles may either be factual or humorous as 
long as they are interesting. Reader interest will be the 
sole criterion for judging. Any articles to appear in the 
Log this year must be in my hands by April 15. The win
ners will be announced in the May Technolog. 
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HIS month's mail brought in a discussion of the 
engineering college education and its relation 

with industry. George S. Odiorne, head of the Man
agement Services Section at Rutgers University, stated 
the following. 

Engineering college graduates who try to 
isolate the engineering profession from both 
science and business are damaging the profes
sion. 

Unfortunately, it is from these men that the 
greatest pressure comes for the isolation of 
engineering from both science and business. 
Confident that the engineering curriculum is a 
thing of enduring and beautiful perfection, they 
atribute to the engineering graduate alone that 
set of mental habits called the "engineering 
mind"-a tool so versatile and unique that it 
confers a virtual monopoly over logical proc
esses to its possessor. 

But when the young engineer tries to fit into 
the operation of a laboratory or factory, he 
finds adjustment difficult and he must begin a 
proces of ''unlearning.'' 

Idea by idea, he must clear his mind of 
"pure" engineering in order to make way for 
such mundane considerations as cost, market
ability, consumer foibles, company folklore, 
union contracts, and the personality quirks of 
the chief engineer-in short, all the finely 
tooled and delicately adjusted machinery that 
keeps society going. Often his work may con
sist of a "project" in which he wi1l have to 
communicate intelligently with other techni
cians, suppliers, customers, lawyers, advertis
ers, and other laymen. When he is incompe
tent to handle these relationships, his efficiency 
suffers and all too often his training has given 
him little help. 

The solution lies in broadening the engin
er's education to include the humanities, arts, 
and social sciences. Numerous engineering 
schools have turned their efforts in this direc
tion, by associating with colleges, and the en
gineering graduate receives two degrees at the 
end of five years-a Bachelor of both the Arts 
and Sciences. 



Alemite sets up scale models of their 
service station equipment on the customer's own floor plan-photographs them

and portrays the new custom-built station ready for adion 

SALESMEN don't just pull lube racks, grease pumps 
and other service station equipment out of a sam

ple case. They're far too big-far too bulky. Besides, 
final location and arrangement count heavily in how 
well they are going to work out. 

The Alemite Division of Stewart-Warner solves the 
problem with photography. Prospects see new service 
station equipmentvirtuallyright in their own premises. 

It works this way. The salesman sends in a rough 
sketch of the space available, with windows and 
columns marked. Experts fit exact replicas of racks, 
lifts, and other equipment to the plan, then put the 
camera to work. The customer pictures his new sta
tion- modern, efficient, handsome- and the sale is 
well on its way. It's an idea for any company with 

bulky products to sell. Photography is a great sales
man for any business, large or small. And it's very 
much more. It works in all kinds of ways to save time, 
cut costs, reduce error and improve production. 

Graduates in the physical sciences and in engi
neering find photography an increasingly valuable 
tool in their new occupations. Its expanding use 
has also created many challenging opportunities at 
Kodak, especially in the development of large-scale 
chemical processes and the design of complex pre
cision mechanical- electronic equipment. Whether 
you are a recent graduate or a qualified returning 
service man, if you are interested in these opportuni
ties, write to Business & Technical Personnel Dept., 
Eastman Kodak Company, Rochester 4, N.Y. 

Eastman Kodak Company, Rochester 4, N.Y. 



JOHN B .. NOLTE, Purdue University, asks: 

('('What G.E.'s 

Manufacturin 

Trainin am?'" 

The Manufacturing Training Program at General Electric 
is a program of basic training for manufacturing leader
ship, including planned rotational work assignments and 
related classroom study for outstanding young men who 
are interested in a career in manufacturing. It was or
ganized to meet the increased demand for effective manu
facturing leadership and technical ~~know how," in line 
with the expansion and development of the Company's 
operations by developing trained men to fill future key 
positions in the organization. 

Who is eligible for this program? 

In general, the Program is open to college graduates with 
degrees in engineering and science, and a limited number 
of business administration and liberal arts graduates. We 
are looking for outstanding young men with sound 
educational backgrounds, well-balanced personalities, 
demonstrated thinking abilities, and having the potential 
to develop toward top level responsibility in key assign
ments. 

How long is the program? 

The normal length of the Program is three years. How
ever, some individuals may be able to complete their 
training in a shorter period because of previous knowl
edge or experience in manufacturing work. 

What type of work assignments are made? 

Work assignments are provided in all phases of manu
facturing and related functions so that each man will 
acquire knowledge of manufacturing engineering, in
cluding manufacturing methods and techniques, shop 
operation, production control, personnel administration, 
labor relations, engineering activities, sales and manu
facturing co-ordination, and general business administra
tion. 

In addition to job assignments, classroom courses 

E 

cover such subjects as Company organization, manufac
turing operations, labor and personnel relations, business 
administration, law and relationships between manu
facturing and other functions of the business. Progress 
on the job and in classroom work is carefully observed 
and revie,ved periodically with each man to assist him 
in his career. 

What happens after training is completed? 

After completing the training program, graduates are 
placed in operating departments and divisions throughout 
the Company in positions where leadership and initiative 
are needed. All placements are made in relation to the 
aptitudes, abilities, and interests of the graduates. 

At General Electric, manufacturing operations involve 
the administration and supervision of activities of more 
than 100,000 men and women in more than 100 plants, 
who are involved in the making of some 200,000 different 
products. 

The wide scope of these activities, the great variety of 
products, and the diversity of manufacturing activities 
offer limitless opportunities and exciting challenges to 
college graduates today. 

Manufacturing training is a foundation for leadership
and an opportunity to build a satisfying, rewarding 
career in one of America's most important industries. 

If you are a graduate engineer, or a graduate with definite 

technical inclinations that include an interest in the career possibili

ties in manufacturing, see your college placement director for 

the date of the next visit of the General Electric representative 

on your campus. Meanwhile, for further information on oppor

tunities with General Electric write to College Editor, Dept. 2-123, 

General Electric Company, Schenectady 5, New York. 
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Robert L. Land, Jr., Class of '51, 

speaks from experience when he says, 

u4ts® teel offers thorough training @ 4t ® 

exposes the graduate engineer to many 
interesting phases of the steel industry 

ROBERT L. LAND, JR., graduated with a 
B.S. in Chemical Engineering in Febru

ary 1951. He had previously been inter
viewed by U.S. Steel college recruitment 
representatives and had been offered a job. 
He began working in the Coke Plant at the 
Gary, Indiana Works of U.S. Steel immedi
ately after graduation. 

After extensive training and several pro
motions, Bob was made General Heater 
Foreman on November 1, 1954. This ex
ceedingly important job makes him re
sponsible for the proper heating and the 
quality of all coke produced at the Gary 
Works-the second largest coke plant in 
the world-with 16 batteries of coke ovens 
producing 15,000 tons daily. He has a crew 
o£ 60 and 8 foremen working under him. 

Bob feels that U.S. Steel really gets the 
young graduate engineer off to a good start 

with a well-planned and complete training 
program. He says, "U.S. Steel offers the 
graduate engineer an excellent chance to 
work in a number of different fields." 

This enables the graduate who has not 
decided on his exact field to look around 
the big steel industry from within and to 
find the type of work that suits him best. 
After a man is given the chance to really 
find himself and has been adequately 
trained, "U.S. Steel offers security and an 
unlimited possibility of advancement pro-

viding the engineer shows initiative and 
the willingness to work." 

If you are interested in a challenging 
and rewarding career with United States 
Steel and feel that you can qualify, you 
can obtain further information from your 
college placement director. Or we will 
gladly send you our informative booklet, 
"Paths of Opportunity," upon request. Just 
write to United States Steel Corporation, 
Personnel Division, Room 1622, 525 Wil
liam Penn Place, Pittsburgh 30, Pa. 

SEE THE UNITED STATES STEEl HOUR. It's a full-hour TV program 
presented every other week by United States Steel. Consult your local 
newspaper for time and station. 

E EEL 
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1955-Solving complex engineering problems with Boeing computer 

The best research facilities are behind Boeing engineers 

The Boeing-designed electronic comput
ers shown above solve in seconds prob
lems that once required weeks-typical 
of the advanced "tools" that help Boeing 
engineers stay at the head of their field. 

Boeing engineers en joy such other ad
vantages as the world's fastest, most 
versatile privately owned wind tunnel, 
and the new Flight Test Center-the 
largest installation of its kind in the coun
try. This new Boeing Center includes 
the latest electronic data reduction equip
ment, instrumentation laboratories, and 
a chamber that simulates altitudes up to 
100,000 feet. Structural and metallurgi
cal research at Boeing deals with the heat 
and strain problems of supersonic flight. 
Boeing electrical and electronics labora
tories are engaged in the development of 

automatic control systems for both 
manned and pilotless aircraft. Other 
facilities include hydraulic, mechanical, 
radiation, acoustics, and rocket and ram
jet power laboratories. 

Out of this exceptional research back
ground engineers have developed such 
trend-setting aircraft as America's first jet 
transport, and the jet age's outstanding 
bombers, the B-4 7 and B-52. Research 
means growth-and career progress. To
day Boeing employs more engineers than 
even at the peak of World War II. As 
the chart shows, 46% of them have been 
here 5 or more years; 25% for 10, and 
6% for 15. 

Boeing promotes from within and 
holds regular merit reviews to assure 
individual recognition. Engineers are 

r r r 50" 

encouraged to take graduate studies 
while working and are reimbursed for all 
tuition expense. 

There are openings at Boeing for 
virtually all types of engineers-elec
trical, civil, mechanical, aeronautical 
and related fields, as well as for applied 
physicists and mathematicians with 
advanced degrees. 

for further Boeing career information 
consult your Placement Office, or write: 

JOHN C. SANDERS, Staff Engineer- Personnel 
Boeing Airplane Company, Seattle 14, Wash. 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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It's handsome, hefty and helpful-and you can probably borrow a 
copy at your school library or placement office . 

Just ask for "Job Opportunities in General Motors." 

You'll find page after page of down-to-earth information about 
General Motors, the way we operate, the kind of young engineers 
we seek, and why so many of them enjoy rewarding careers with us. 

Each GM division describes its products, the locations of its plants, 
the opportunities that are open, and the training programs offered 
to college graduates. 

It's 136 pages, 8%" x ll", in color. In fact, it's the next best 
thing to actually paying us a personal visit-and we have a strong 
suspicion you'll want to find out more about careers with GM after 
reading this handbook. 

If so, we suggest you arrange an interview with our GM College 
Representative, or write us directly. 

GM POSITIONS NOW AVAILABLE EN THESE FIELDS: 

ACCOUNTING • FINANCE • SALES • PRODUCTION SUPERVISION 

MECHANICAL ENGINEERING • ELECTRICAL ENGINEERING 

METALLURGICAL ENGINEERING • INDUSTRIAL ENGINEERING 

CHEMICAL ENGINEERING 

ENERAL T R 
Personnel Staff, Detroit 2, Michigan 



Supplying vital components and parts that are the 
"heart" of hundreds of industrial and consumer 
products of other manufacturers ... that's Sylvania's 
"heart" business. 

It's an extra stability factor that safeguards your 
long-range career ·plans! 

When you combine this fact with the company's 
leading position as a manufacturer of such Sylvania 
consumer products as: television sets, radios, fluo
rescent, incandescent and photoflash lamps, you 
can readily see that Sylvania is a company with 
exceptional diversity. That's why Sylvania can offer 
you the security you need for professional success. 

In the brief 53 years since its founding, Sylvania's 
dedication to young, aggressive management (the 
average top executive age is only 45), has meant 
expansion into an organization of 45 plants, 12 

Sylvania Electric Products Inc. 

I 

I 

I 

laboratories in 11 states, with over 24,000 
employees. 

To keep pace with the demand for Sylvania's prod
ucts, our engineering staff has more than doubled 
in the past 6 years. 1954 saw the addition of 2 new 
laboratories, the completion of a new television 
manufacturing plant, a TV picture tube plant, and 
the start of a new incandescent lamp plant. 

Diversity ... stability ... growth - these are the 
foundations that make Sylvania an excellent place 
to build your career in engineering. 

For detailed information on Sylvania's program for 
graduating engineers, see your College Placement 
Office. Or send for our comprehensive booklet, 
"Today and Tomorrow With Sylvania" by writing 
to Supervisor of Technical Employment. 

I 
1140 Broadway, New York 19, N.Y. 

LIGHTING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY 
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NEW MISSILE SYSTEMS 

RESEARCH LABORATORY 

RISES AT LOCKHEED 

Scheduled for occupation this fall, Lockheed's 

new Missile Systems Research Laboratory is 

now well along in construction. First step in a 

$10,000,000 research laboratory program, it is 

especially designed to provide the most modern 

facilities for meeting the complex problems 

of missile systems research and development. 

Scientists and engineers able to contribute 

importantly to the technology of guided 

missiles are invited to write. 

MISSILE SYSTEMS DIVISION 

research and engineering staff 

Dr. E. H. Krause, Research Laboratory 
head (left), examines blueprints of the 
new laboratory with E. R. Quesada, 
Missile Systems Division vice president 
and general manager (center), and 
W. M. Hawkins, chief engineer, during 
ground-breaking ceremonies. 

LOCKHEED AIRCRAFT CORPORATION • VAN NUYS e CALIFORNIA 



Whether you're in engineering, sci-

ence, commerce or liberal arts, the 

DOW sales organization may offer 

just the future you're looking for 

hat bout 
Your opportunities for advancement are excellent because 
Dow is growing-continually building new plants, develop
ing new production operations-adding new products, 
opening new markets. 

Dow fits you for the job with a comprehensive training 
course which explains company organization, policy, 
finance. research, production, technical service and sales 
methods. 

You'll find that Dow is a friendly company. You'll discover 
that promotions are usually from within, from Dow's own 
staff. Seldom is an outsider considered for a top job at Dow. 
Moreover, you'll find a highly developed spirit of coopera
tion between men and departments. 

At Dow, your future can he more secure because of Dow's 
diversification of products serving many different markets 

our Future? 
-a real advantage if business slows-and certain to 
multiply opportunities as business expands. Also at Dow 
-group insurance, pension plans and employee stock 
purchase plans have been a tradition. 

If you or any of your friends majoring in other fields of 
study who have had pre-engineering or one year or more 
of college chemistry are interested in finding out more 
about a future at DOW, write to Dow's Technical Employ
ment Department today. 

Dow's Booklet, "Opportunities with The Dow 
Chemical Company," especially written for 
those about to enter the chemical profession, is 
available free, upon request. Write THE DOW 
CHEMiCAL COMPANY, Technical Employ
ment, Midland, Michigan, or Freeport, Texas. 

you can depend on DOW CHEMICALS 
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The film spool we're talking about is- one used in the 
processing of movie film. The material for this spool has 
to be light in weight, strong and easily machined. Since 
it is always in contact with film and photo solutions, it 
must also be chemically-resistant and-most important
lnot fog the film by chemical contamination. 

This isn't an easy assignment for any material, but 
Synthane fills the bill. 

~~------------------------, 
I SYHTHAHE CORPORATION, 13 River Road, Oaks, P4Jo I 
I I 
I Please rush me more information about Synthane laminated I 
I ~~ I 
I I 
I Name I 
I I 
1 Title 1 
I I I Company 1 
I Address I 
I I 
I City Zone ___ State I l _________________________ J 

Whenever you want parts requiring many properties, 
consider how Synthane' s combined benefits may help you 
improve your product. 

Synthane produces finished parts from many different 
grades of Synthane laminated sheets, rods, tubes and 
molded-laminated and molded-macerated parts. Service 
and quality characterize Synthane fabrication. 

We can handle the whole iob for you from your print 
to the finished part-eliminating your tooling-up, reject 
and machining problems-and producing parts of ex
cellent quality at a saving of your time and money. 

For more information about Synthane grades, properties 
and fabrication facilities, send in the coupon. 

SYNTHANE CORPORATION • OAKS, PENNSYLVANIA 



A MESSAGE TO 

COLLEGE ENGINEERING 

STUDENTS 

from Donald C. Burnham, Vice-President 
Manufacturing, 

Westinghouse Electric Corporation 
Purdue University, 1936 

To· the young engineer with a creative mind 
America is on the threshold of the automation era. 

New automatic machines with their electronic brains are 
opening the way to a tremendous industrial development in 
which machines will largely replace man's routine brainwork 
and handwork. . 

' Westinghouse., is· taking a leading part in developing equip
ment for the automatic factory. At our new Columbus, Ohio 
plant, refrigerators move along 27 miles of automatic conveyors, 
with many parts being installed by automatic assembling 
machines ... refrigerator controls are automatically calibrated ... 
automatictestingdevicesmaintainqualitycontrol. .. and the crat
ed refrigerator is automatically conveyed to warehouse storage. 

rou CAN se SURE. . . IF 1r~ 

~sti house 

At Westinghouse, young engineers like you are playing an 
increasingly important role in such new developments for all 
kinds of industry. Here, there is plenty of room for your creative 
talents to expand- in designing new products . . . and in 
developing new improvements for existing products. It's a 
fascinating job that offers you real opportunities fG·r growth. 

And at Westinghouse, we recognize individual ambition as well 
as technical ability. There will always be a place for the young 
engineer who wants to forge ahead. For professional develop
ment you can do graduate work toward Master's a:pd Ph.D. 
degrees in 19 universities. You will be treated as an individual and 
Westinghouse will do all in its power to help you reach your goal. 

' G-10282 

Ask your Placement Officer about career 
opportunities at Westinghouse, or write 
for these two booklets: Continued Educa
tion in Westinghouse.(describing our Grad
uate Study Program) and, Finding Your 
Place~n Industry. 

To get these booklets, write: Mr. C. W. 
Mills, Regional Educational Co-ordina
tor, Westinghouse Electric Corporation, 
Merchandise Mart Plaza, Chicago 54, Ill. 
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The Corporal is a highly accurate surface-to
surface long-range guided missile. It uses 
liquid propellant and is ground-controlled. 
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Space Travel: I 

I t ff! 

By Harry Croome 

Reprinted from the Aztec Engineer 

VEN as late as today, many people think of the rocket, 
at least as regards its space flight possibilities, as a 
wild fanciful dream found only in the comic books 

and science fiction literature. Even in the face of tre
mendous technological strides in the field of rockets, many 
of us haven't realized the potential of the rocket as a space 
vehicle. 

It is now four hundred years since Copernicus dethroned 
the earth from the center of creation. Shattering though 
r·epercussions of that fall were in the fields of science and 
philosophy, they scarcely touched the ordinary man. To 
him this planet is still the whole of the universe: he knows 
that other worlds exist, but the knowledge does not affect 
his life and therefore has little real meaning to him. 

All this will be changed before the Twentieth Century 
draws to its end. Into a few decades may be compressed 
more profound alterations in our world picture than 
occurred during the whole of the Renaissance and the age 
of discovery that followed. To our grandchildren the moon 
may become what the Americas were four hundred years 
ago-a world of unknown danger, promise, and opportunity. 

Development of the space station is as inevitable as the 
rising sun; man has already poked his nose into space and 
he is not likely to pull it back. On September 14, 1944, 
a German V-2 rocket, launched from a small island in the 
Baltic, soared to a peak altitude of 109 miles. Two years 
later, on December 17, 1946, another V-2, fired at the 
Army Ordnance's White Sands Proving Ground, New 
Mexico, reached a height of 114 miles-more than five times 
the highest altitude ever attained by a meteorological 
sounding balloon. And on February 24, 1949, a "two-stage" 
rocket (a small rocket called the WAC-Corporal, fired from 
the nose of a V -2 acting as c,arrier or "first stage") soared 
to a height of 250 miles-r9:ughly the distance between New 
York and Washington, D. C., but straight up! 

These projectiles utilize the same principle of propulsion 
as the jet airplane. It is based on Isaac Newton's Third Law 
of Motion, which can be stated this way: For every action 
there must be a reaction of equal force, but in the opposite 
direction. A good example is the firing of a bullet from a 
rifle. When you pull the trigger and the bullet speeds out 
of the barrel, there is a recoil which slams the rifle butt 
back against your shoulder. 

What causes this reaction? The answer is a simple one: 
the exploding powder exerts an equal pressure in all direc-



tions. The pressure force against the rear end of the bullet 
hurls it out of the barrel. But an equal force acts against 
the breech of the rifle, and it is this recoil which we feel 
against out shoulder. 

To elaborate a little further, imagine a machine gun 
mounted on a light rail vehicle. If we begin firing the 
weapon parallel to the tracks, the recoil of the steady 
stream of bullets will set our vehicle rolling along the 
rails in a path opposite to the firing direction. As each 
bullet leaves the barrel, the rail car will be accelerated by 
a definite amount. If we disregard the friction, the speed of 
the vehicle will steadily increase until the ammunition is 
expended. Incredible as this may appear, if the rail car 
is light enough and carries enough ammunition, its speed 
should eventually be greater than the speed of the bullets 
leaving the barrel of the gun. For the bullets leaving the 
muzzle of the machine gun are moving at a fixed speed 
whereas the vehicle on the tracks is constantly increasing 
in speed. It is easy to see that this method of propulsion 
does not need air to function. In fact, if there were no air 
present, the speed of both the bullets and the vehicle would 
be much greater. 

It is this principle which governs a rocket's operation. 
The body of the rocket is like the barrel of the machine 
gun; the gas molecules spurting from the rocket's tail arc 
the bullets. And the power of the rocket is measured not 
in horsepower, but in pounds or tons of recoil called 
"thrust." 

Rockets are reaction-propelled bodies which carry all the 
oxygen needed for combustion along with them on their 
flight. In contrast, jet engines carry only fuel and rely 
on the surrounding atmosphere for oxygen to support com
bustion. Jet engines must remain in the atmosphere. 
Rockets travel best in the absence of an atmosphere; they 
are the only propulsion means yet developed which may 
ultimately solve the problem of the "space ship." 

Rockets a:r;e to be classified according to the fuel type, 
and by their usage. 

A. Type of fuel. 
1. Powder. Black, smokeless, cordite. 
2. Liquid. Alcohol, gasoline, etc. 

B. Usage 
l. Display and signaling. Sky-rockets. 
2. Life saving. Breeches buoy line carrier. 
3. War rockets. 
4. Thrust augmenter (rocket assist). 
5. Rocket aircraft. 
6. Meteorological exploration. 
7. Possible future "space" rockets. 

There have been several ill-considered attempts to employ 
rockets for purposes foreign to the nature of the rocket. 
Thus rocket-propelled automobiles are a dismal failure be
cause the operating conditions do not permit the efficiency 
approaching that of the internal combustion engine. Rockets 
are high-speed affairs. For them, 50, 100 or 200 mph is a 
snail's pace. Until speeds are attained exceeding those of 
our fastest airplanes, rockets will remain comparatively in
efficient. 

Rockets are suitable for the creation of high velocities 
without recoil on the launching apparatus. This property 
gives them peculiar military significance. Heavy projectiles, 
in rocket form, may be readily fired from small boats, air
craft, and by infantrymen, whereas the same projectile shot 

German V -2 rocket on the way! This 
World War II secret weapon, which 
panicked London and is now obsolete, 
was formerly used as an upper air re
search vehicle at White Sands Proving 
Ground. 
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The N ike, surface-to-air anti-aircraft missile. 
being installed in the defense network about 
strategic United States areas. This supersonic 
rocket guided missile was first tested and fired 
at the White Sands Proving Ground. 

as from artillery, would be accompanied by such a recoil 
that neither man, boat, nor aircraft could stand up to it. 
So in World War II small landing craft used in amphibious 
attacks were packed with fire power equivalent, it was said, 
to the guns of a cruiser by mounting on them multiple war 
rocket launchers. Two man teams delivered the wallop of 
a heavy piece of anti-tank ordnance with the "ibazooka," a 
short range high-velocity rocket of 3Yz lb. weight with high 
explosive war head. Comparatively small warplanes carried 
several rockets mounted on launching rails usually attached 
below the wing. iThis gave them the offensive power nearly 
equivalent to the mounting of cannon in airplanes-a war
time project that was never completely successful. But port
ability and simplicity of launching the missile are the 
rocket's chief advantages. In long range aiming accuracy, 
and efficiency of use of the propellant, artillery is greatly 
superior. · 

The subsonic velocities of modern aircraft are too low for 
efficient rocket propulsion, although rocket planes had some 
wartime development. The limited duration of flight became 
a handicap, but the short bursts of exceptionally high speed 
had a tactical use in interceptor aircraft. While the rocket 
has been principally the child of warfare, scientists, explor
ers, astronomers, engineers, and other venturesome souls 
look with interest on what next may come of it, for the 
rocket is good principally as a vehicle to navigate empty 
space. Here it will find the biggest field of all. 

Powder rockets are probably the oldest form of jet pro
pulsion. Records seem to place the first use of .rockets by 
the Chinese in the 13th Century. They reappear after pe
riods of dormancy, for the rocket idea, once discovered, has 
never been completely abandoned. It first appeared as a 
weapon, then as a pyrotechnic display. In the 19th Century 
the British Colonel William Congreve brought the rocket 
to a high state of development, and Congreve's rockets and 
ideas dominated the field until comparatively recently. These 
rockets were used as an alternative to artillery, but the 
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latter arm developed so rapidly that rockets were com
pletely outclassed in World War I, when they were but 
seldom used. Development of the rocket to secure its pe
culiar and special advantages rather than in competition 
with highly developed artillery, was an outstanding feature 
of World War II, where rocket usage, as well as the rockets 
themselves, soared to new heights. 

No rocket is simpler in construction than the skyrocket. 
Powder is closely packed in a cardboard tube, leaving a 
clear cone-Eke space in the center to serve as a combustion 
chamber. A common gunpowder formula is charcoal (C) 
15%, sulfur (S) 10%, and saltpeter (KN03 ) 75o/o. It is 
desirable to slow down the rate of combustion a little in 
rockets by using less of the oxidizing substance in the mix
ture. A typical rocket powder is KN03 (56 parts), C (32 
parts),· and S (12 parts). A day nozzle is formed inside the 
rocket tube in order to form and guide the jet. When the 
powder is ignited, by means of a fuse, combustion gases 
form quickly at a pressure in the central chamber and are 
violently expelled, carrying along bits of burning carbon. As 
the powder burns, the com!bustion chamber volume increases 
and the rate of combustion also. The powder is quickly 
consumed, but the acceleration produced is quite high. A 
rocket weighing initially 2 lbs., charged with 0.7 lb. of 
powder, would produce an average thrust of 11 lbs. if it 
burned uniformly and had a jet velocity of 1500 feet per 
second. This can give the 2 lib. rocket an acceleration of 
5.5 G. 

The ideal maximum combustion jet velocities of gun
powder are low compared with other fuels. Also the ratio 
of realized to theoretical jet velocity is lower than with 
liquid fuels because considerable amounts of fuel are thrown 
out of the rocket in the form of fiery sparks (caribon) . This, 
along with the better control over rate of combustion 
afforded by liquid fuels, gives the latter a decided advan
tage and indicates superiority of the liquid fuel rocket for 
long-distance rocket shots. 

Liquid fuel rockets have been built to use gasoline or 
alcohol as fuels and liquid oxygen as the oxidizing agent. 
Aniline, nitric acid, hydrogen peroxide also have had some 
use. These liquids are held in separate supply tanks from 
whence they flow in proper proportions into a combustion 
chamber. If the mixing is adequate, the fuel is almost 
immediately oxidized, giving up its heat of combustion to 

Honest John. in its launcher. The Army's 
first surface-to-surface unguided rocket used 
as a long-range artillery weapon, it is capable 
of close support of tactical operations. 



the products which thereupon attain a high pressure and 
temperature. Fig. 1 illustrates the principle of the liquid 
fuel "motor." Rocket history of the past two or three dec
ades is in large part a record of the trials and tribulations of 
experimenters seeking to perfect a successful liquid fuel 
rocket motor. Always fighting weight, these pioneers had 
to overcome problems of the melting and erosion of com
bustion chambers, proportioning of fuels, fuel feeds, handling 
methods suitable for liquid oxygen, the stabilization of flight 
paths, and a host of others. Liquid fuel rockets are still in 
the experimental stage. In the United States, Dr. Roibert 
Goddard led the way in this research with a succession of 
liquid fuel rockets of progressively better designs, his work 
extending over nearly two decades, 1920 to 1940. 

A diagram of the liquid fuel rocket patterned after some 
of the early experimental rockets is shown in Fig. 1. A 
combustion chamber forms the head of the rocket. Into 
this chamber are injected liquid oxygen and gasoline at as 
steady a rate as possible. Initially ignition is secured from 
an electrical igniter, after which combustion maintains itself 
until the fuel or oxygen supply is exhausted. The rate of 
fuel feed and the tank capacity determine the magnitude of 
thrust and duration of the powered ascent. Combustion 
produces high temperature products. The opening through 
which these may seek release from the combustion chamber 
will be made sufficiently small so that the products of com
bustion must build up a considerable fluid pressure before 
they flow out through the nozzle as rapidly as they are 
formed. This expansion to atmospheric pressure produces 
a jet of high velocity which will, however, fail by a large 
margin of attaining ideal maximum jet velocity. The rea
sons for failure are: 

1. The oxygen and fuel are not injected in the ideally 
correct proportions, or else they are not sufficiently mixed 
before or during combustion. 

2. Combustion is not completed before the gas enters the 
nozzle because of the 

(a.) Time factor, i.e., small chamber and high rate of 
combustion. 

(b.) Dissociation factor, i.e., incomplete combustion within 
the chamber because of the thermal equilibrium of 
a percentage of fuel and oxygen possible at elevated 
temperatures. 

3. Expansion ratio is not great enough to lower the 

internal energy of the exit gases to the initial state. 
The rocket in Fig. 1 is poorly shaped for high-velocity 

flight. It represents a type in use when the possibility of 
successful liquid fuel rocket flight of any sort was in doubt. 
The trailing tanks and fins gave it a skyrocket-type of 
stability. For several reasons, rear end position of the 
motor is preferable, particularly in high-speed flight. The 
necessary rocket contents, fuel, controls, etc., can be located 
in a long, sleek, cylindrical case, sharply pointed at the 
nose to help penetrate the air at sonic speeds. Stability in 
flight has been secured by the use of stabilizing fins and 
gyro-operated control vanes. Examination of the German 
liquid fuel rocket (V -2) will convey some idea of the 
progress that :already has been made in this field. 

Unquestionably, the most spectacular military application 
of the rocket principle was the German V -2 (formerly 
known as the A-4), which first began to rain down upon 
England in the late summer of 1944. The V-2 is a true 
rocket, powered by a jet from a combustion chamber to 

Figure 1. Depicted is an early type 
liquid fuel rocket which was propelled 
by gasoline and liquid oxygen. The fuel 
is electrically ignited at the head of 
the rocket. This rocket was poorly 
shaped for high velocity flight. 

Figure 2. A V -2 rocket mounted on 
its firing stand is viewed as a cut-away 
section. Revealed within, is its fundamen
tal construction. The V -2 is an advanced 
liquid fuel rocket. 
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which oxygen and alcohol are carried in fuel tanks, located 
amidships, which contain about 7,500 lb of alcohol and 
11,000 lib of oxygen. A turbine, located just behind the 
oxygen tank, is driven by superheated steam produced by 
mixing hydrogen peroxide with calcium permanganate. !This 
tuflbine drives the pumps that force the liquid oxygen and 
the alcohol into the combustion chamber. 

Electric ignition, remotely controlled from the launching 
platform, starts the combustion and the alcohol-oxygen 
mixture subsequently continues to burn violently. The 
products of this combustion flow from the orifice at the rear 
as an extremely high-speed jet of terrifically hot gas. The 
initial thrust is approximately 26 tons, and the path of 
the projectile as it leaves the launching platform is almost 
vertical. Gyroscopic devices, located just behind the war
head, operate the control surfaces and cause the rocket to 
curve from the vertical towards the target. The range of 
rocket is controlled by presetting an automatic fuel cutoff. 
By controlling the length of time during which the fue1 
burns, the height of the trajectory can be determined. Thus, 
the range is calculated in much the same manner as that of 
any projectile following a parabolic path through resist
ance-less space. 

Aided with the thrust of a rocket, the B-61 Martin 
Matador, Army pilotless bomber, leaves its launching 
platform spewing smoke and flame. 

V-2, because of its tremendous starting thrust, reaches a 
speed of about 3,000 mph and, accordingly, passes through 
the earth's atmosphere and into virtually empty space in the 
few seconds that elapse before the fuel is exhausted. Since 
the rocket is pointing upward at about 45 degrees when 
the fuel is cut off, it continues along its parabolic trajectory, 
achieving a maximum altitude of approximately 68 miles. 
Then, under the influence of gravity, it rushes towards the 
earth at a speed that may exceed 1 mile per second. It 
traverses its entire course (some 200 ground miles) in ap
proximately 5 minutes. As the .rocket descends through 
the atmosphere from its maximum elevation, it is slowed 
down to about 2,000 mph by the resistance of the air. At 
the same time it is heated in much the same manner as a 
meteoriate that enters the earth's atmosphere. Observers 
who have survived the arriva·l of V-2 in their immediate 
vicinity have noted that it appears to glow a dull red. 

From a purely engineering standpoint, the V-2s mark a 
very important stage in rocket development. The V-2 

demonstrated that liquid-fuel rockets can be successfully 
used to give considerably better specific thrust than solid
propellant rockets. From a military standpoint, the V -2 
suffered from the shortcoming that will always characterize 
high-performance rockets. It is necessary to expend a 12-
ton vehicle in order to deliver one ton of payload at the 
target. This seems to be the price it is necessary to pay for 
the advantages of the rocket power plant. 

How far short of the goal of achieving the velocities 
necessary for 'Space travel did the V -2 come? It will be 
remembered from a study of physics that if an object is 
projected out into space with a speed of 7 miles per second, 
or 25,000 mph, d.t will travel out beyond the influence of the 
earth's gravitational field. The V -2, with its velocity of 
4,000 mph, achieved about 16% of the required speed. 

The velocity of the rocket exhaust cannot be arbitrarily 
selected by the designer. It is more strictly a characteristic 
of the propellants used, being determined to a large extent 
by the molecular weight, the temperature, and the specific 
heats of the combustion products. Other factors affect the 
exhaust velocity so little that it is possible to state the ex
haust velocity of a given rocket with reasonable accuracy 
solely from a knowledge of the propellants used. 

A table of the exhaust velocities of some of the best
known rocket propellant combinations is given below. 

Propellants 
Nitric acid and aniline ........................... . 
Gasoline and liquid oxygen ................. . 
Alcohol and liquid oxygen ..................... . 
Hydrogen and liquid oxygen ................. . 
Hydrazine and liquid fluorine ............... . 
Liquid hydrogen and liquid oxygen ..... . 
Liquid hydrogen and liquid ozone ....... . 

ft/sec 
7,300 
8,070 
8,100 
8,800 
9,740 

12,000 
13,150 

n1ijhr 
4,980 
5,500 
5,520 
6,000 
6,630 
8,180 
8,970 

It is seen that liquid hydrogen-liquid oxygen and liquid 
hydrogen-liquid ozone have quite high exhaust velocities. 
The fact, however, that liquid hydrogen has a low density, 
a low boiling point, and a low heat of vaporization makes 
pumping, piping, and storing extremely difficult. The high 
diffusivity of hydrogen makes sealing almost impossible. 
This combined with the fact that hydrogen and oxygen are 
violently explosive in mixtures anywhere from 2 to 98 per 
cent, makes them a dangerous combination, to say the least. 
The liquid ozone combination is even worse because liquid 
ozone occasionally detonates spontaneously. In order to 
overcome these difficulties, hydrogen-oxygen and hydrogen
ozone rockets will have to be unusually complex in their de
sign, with a resultant penahy in structural weight. 

To avoid such drawbacks, alcohol and liquid oxygen were 
used in the V-2. ·Even though these propellants have less 
exhaust velocity than liquid hydrogen-liquid oxygen, this is 
at least partially offset by the lower structural weight ratios 
possible. 

All rocket men predict that the application of the step 
principle will quickly lead to astonishing performances. 

The next two items on the list, the space rocket and 
the moon messenger, appear to he within grasp. Beyond 
the moon messenger there is the spaceship. The space 
rocket with an apogee (highest point of trajectory) of 
several earth radii from the surface is still clearly in the 
present-day fuel class. So is the moon messenger, but the 
space ship is not. 

{end) 
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Space Travel: II 

Reprinted from the Northwestern Engineer 

HE purpose of this article is to consolidate some of 
the engineering problems and their possible solutions 
in the field of space flight. The material presented 

here has been thoroughly developed and scrutinized by spe
cialists in the field. That the problem has been solved on 
paper is a challenge to the engineering profession. The task 
then is to use these basic facts to create a useful product. 

Our first step in space flight will be the design of an 
unmanned rocket. It will be fired into space and become an 
artificial satellite of our planet. The rocket will function 
as a mechanical observer to record information about con
ditions beyond our atmosphere. The present possibility of 
building a robot informant now gives us the opportunity 
to gain the knowledge that must precede any man-made 
attempt to leave earth. It is this aspect of space flight that 
we wish to discuss in engineering terms. All of the proposed 
solutions are, of course, based on present information, but 
in a field where advancement is rapid, information quickly 
becomes obsolete. The use of atomic fuels and other new 
ideas offer many interesting possibilities. However, this 
article will discuss some of the specific problems that will 
be encountered in the design and development of an arti
ficial satellite based on what is now known. 

Before we discuss the specific, let's look at the general 
problem. A satellite is a small body that revolves around a 
planet. Our moon is a satellite and operates under definite 
mechanical laws. The satellite, in order to maintain its 
orbit, must be in dynamic equilibrium. In the case of the 
moon, the centrifugal force caused by its rotation around 
the earth and the gravitational force between the two bodies 
are balanced. The artificial satellite follows the same me
chanical laws, that is, a force balance. 

If F is the force exerted by the earth on the ·~atellite, m 
is the mass of the satellite, r the distance between the earth 
and the satellite, and w is the angular velocity of the satellite 
around the earth, the force balance is 

F mrw'!.. 
From the simple balance shown above, it can be seen that 

an artificial satellite could be established at any radius. 
Once the radius in determined a velocity is dicta ted by the 
equilibrium conditions. Our problem then is to move an 
object into space and establish a definite velocity at a cor
responding distance from the earth. We can thus create a 
permanent satellite. 
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The means of moving the missile into space will be a 
rocket engine. The rocket engine will be required to supply 
the work necessary to raise the mass of the rocket. The 
earth's gravitational field has an· intensity which is inversely 
proportional to the square of the distance from the center of 
the earth. From an energy balance we can compute that a 
peak velocity of 25,000 miles per hour is necessary for an 
object to escape the gravitational field. Any velocity less 
than this will aHow the olbject to move a certain distance 
and then the object must fall back to earth. An analogy of a 
smooth-walled pit is helpful at this point. Imagine the 
gravitational field as a pit with the earth at the bottom. At 
a velocity of 25,000 miles per hour we may just slide over 
the top of the wall. At any lower velocity we will fall back 
into the pit unless we have also acquired sufficient angular 
velocity to create a centrifugal force which will balance the 
force of gravity. If a rocket were a!ble to reach a speed of 
20,000 miles per hour, and. such an angular velocity, it 
would remain at some fixed distance from the earth and 
start to circle the earth. This fact will be used to establish 
the rocket as a satellite. 

In determining the optimum path of ascent for the rocket 
the subject of synergy com~s into play. Synergy is the prob
lem of determining the most economical path of rocket 
ascent. Factors to he considered are maximum acceleration, 
nonvertical ascE;nt, and use of the earth's rotation to best 
advantage. The latter of these may be satisfied by firing 
the rocket into the east. The actual path will be a compro
mise of the others and the aerodynamic factors in the lower 
atmosphere. 

With the basic scientific data and some rocket essentials 
let's look at some of the specific engineering problems. 
Although this discussion tends to segregate the major engi
neering functions to help clarify the overall problem, it must 
be remembered that the final design must be an integrated 
effort by versatile engineers. 

As most engineering topics rely on a basic mathematical 
theory, let's begin the discussion of the rocket with the dif
ferential equation that describes its movement: 

MdVs.. + VedM::=O 
By integration this becomes: 

M'!. 
]::=--·= eVr/Ve 
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I 
By William W. Norton and Peter J. Leahy 

The quantity on the left is the most important mechanical 
consideration of rocket design. It is called the mass ratio, .J~ 
and is equal to the mass of the rocket with fuel divided by 
the mass of the rocket without fuel. It defines in short 
numerical form the efficiency of the structural design. It and 
the exhaust velocity of the emitted gases, Ve, determine the 
final velocity of the rocket, VD and ultimately the success or 
failure of the satellite project. A very interesting and 
often misunderstood aspect of the mass ratio is the case 
where V!: is equal to Ve. In this case the mass ratio is equal 
toe, the base of natural logarithms (2.718), and the rocket 
is traveling at the same velocity as the exhaust gases. It is 
possible to have mass ratios much higher than this value 
and consequently the rocket is capable of traveling much 
faster than the exhaust gases. Without the preceding mathe
matical proof, this statement might appear illogical. 

For example, with a mass ratio of 7.4 the rocket will 
attain a velocity twice the exhaust velocity. With the 
present rocket fuels we can obtain an exhaust velocity of 
about 5,000 miles per hour under ideal conditions. With 
single stage rockets the maximum rocket velocity,. therefore, 
that we could obtain would be about 10,000 miles per hour. 
Even this velocity is rather high since a mass ratio of 7.4 
is difficult to achieve. Unless better fuels, giving higher 
exhaust velocities, are obtained, it appears that we cannot 
exceed the 10,000 miles per hour limitation with a single 
stage rocket. 

One factor remains, however. What happens when two 
or more rockets are put in tandem? Th~ mass ratio of a 

Fig. 1, A typical path of synergic ascent. 

composite rocket is the arithmetic mean of the individual 
mass ratios raised to a power equal to the number of stages. 
For example if a 3-stage rocket were to have individual 
mass ratios of 5, the mass ratio of the entire 3-stage rocket 
would be 5:3 or 125. The velocities would simply be the 
sum of the individual velocities. In a rocket of mass ratio 5 
the velocity of the rocket is 1.6 times the velocity of the 

exhaust gases. A 3-stage rocket would therefore have a 
velocity 4.8 times that of the exhaust gases. In the case 
of an exhaust velocity of 5,000 miles per hour the final 
velocity of the rocket is 22,000 miles per hour. This is a 
theoretical value and at the present time inefficiencies and 
air friction reduce this figure to about 70 per cent of 
maximum or 15,400 miles per hour. 

The mechanical problem is centered in the design of 
rockets of higher mass ratios. If the mass ratio could be 
raised to 6 or better, or the number of stages increased, 
the overall mass ratio could be improved. It can be seen 
that the mass ratio could be improved by a reduction in 
overall weight, and this leads us to the problem of structural 
design. Again we must make a compromise; the rocket must 
be as light as possible, but not at the sacrifice of strength. 
AI though there will be large static and dynamic stresses 
placed on members, careful structural design will permit the 
use of low safety factors therefore eliminating considerable 
material. 

It is generally accepted that the instrument (final stage) 
rocket will be made of three distinct sections. As in the 
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V-2, the foremost compartment will house the recording 
and control, instruments, and the telemetering devices. The 
V-2 used a three-eighths inch cast steel assembly, with 
access points, for this compartment. The second section 
contains the fuel and oxidant tanks and their pumps. The 
last section or tail assembly houses the engine. Both the 
second and third sections must be of heavy construction to 
withstand the high stresses created by accelera'tion. Steels 
appear to be the most suitable materials for structural 
purposes although they are denser than aluminum or 
magnesium. The latter two materials must be discounted 
because of the possibility of their ignition due to the 
intense frictional heat in the lower atmosphere. 

As an example, the empty shell of the V-2 weighed a half 
ton. When the tanks, pumps, equipment, and fuel, plus 
the 28 tons of thrust this rocket delivers, are considered, 
the reader will appreciate the need for accurate structural 
design. 

Other metallurgical problems will be encountered in the 
construction of the tanks. They must stand up under 
extreme pressures and temperatures as well as shock and 
the corrosive action of some fuels. Better materials and 
nozzles are also needed. 

The rocket engine will he of the liquid fuel, bipropellant 
type. It might be well to look at the problem of pumping 
fuel to the engine before we actually discuss fuels. The V -2, 
for example, carried 19,000 pounds of reactants. They were 
burned at the rate of 275 pounds per second. A turbine 
pump was used, driven by superheated steam generated by 
the catalytic decomposition of concentrated hydrogen perox
ide by permanganate. The pumps must not only deliver large 
volumes of propellants hut must also maintain a high back 
pressure to prevent ignited mixtures from going back through 
the fuel lines to the tanks. ~. 

fuel requirements 

The qualifications for a good fuel are many. It must be 
stable, easy to transport, nontoxic and noncorrosive. Among 
the more common propellants are ethyl akohol, liquid 
oxygen, nitric acid, hydrazine, and aniline. A 75 per cent 
;vater solution of ethyl alcohol in combination with oxygen 
1s an excellent fuel, but combustion must be started with 
an igniter. Hydrazine and aniline are spontaneously oxi
dized by fuming nitric acid but the acid is highly corro
sive and all three fuels are toxic. There is no perfect fuel 
at present. 

The velocity and thrust of the combustion gases are de
pendent upon nozzle design, the heat evolved per pound of 
propellants, the rate of consumption of the propellants, and 
product of the time rate of mass flow through the exit and 
the exit velocity. 

The thermal efficiency of the engine is a function of com
bustion temperatures. Thermal efficiencies of 50 per cent 
have occurred at 5000°F but engine burnout is rapid. 
Overall efficiency varies linearly with velocity. It is defined 
as the ratio of the work done on the rocket to the heat 
energy of the propellants. 

The first and most important electrical consideration will 
be the generation of electric power, in particular, after the 
rocket has found its orbital path. This problem is similar to 
that of generation of power on earth. First we must have 
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some thermodynamic process and second a mechanical 
means of converting this heat energy to electrical energy. 
Since the rocket will be operating in space the only source 
of power, excluding the rocket engines themselves, is solar 
energy. One of the proposed methods of generating power 
involves a collecting m·irror to focus the solar energy on a 
mercury turbine that drives a generator. While simple in 
schematic form the actual system is quite involved. Two 
major considerations will be important in the design. The 
mirror must be oriented by heat sensitive devices and the 
proper corrections made in the mirror's position as the 
rocket circles the earth. Since the rocket may be eclipsed 
part of the time a storage system must be provided. The 
second consideration is the design of generators capable of 
operating in the vacuum of space. 

purpose 

The primary purpose of the artificial satellite is to send 
instruments into space. It is only logical that one of the 
most important aspects of the rocket is the means of record
ing the data obtained from these instruments. Since the 
location of the rocket dictates complete radio control and 
instrumentation, let's look into the methods used. The 
basic approach in the transmission of information is to 
modulate a radio frequency carrier with the information. 
In most cases of commercial radio only one piece of data 
is transmitted at a time. While for most cases this is satis
factory, the number of instruments that must report simul
taneously would require 20 or 30 separate transmitters. A 
system called telemetering is a convenient way of trans
mitting mul>tiple sets of data. The modulating wave itself 
is modulated by other pieces of information and the com
plex wave of many signals superimposed is used to modulate 
the radio frequency carrier. At the receiver the separate 
signals are filtered out and fed into automatic recording 
devices. The frequencies employed will probably lie in the 
range of 100 to 200 megacycles where the ionosphere will 
not be a barrier and a compromise between tube and cosmic 
noise is reached. 

Another and important need for information will be in 
control of the rocket. The movement of the rocket into the 
orbital path is a complex mathematical problem that in
volves the use of :modern analog computers. Since the 
present state of the art does not allow us to place the com
puter on the rocket we must telemeter the information con
cerning such thi~gs as acceleration and fuel consumption to 
the computer. The results must be transmitted from the 
computer to the rocket where servo controls will perform 
the necessary functions. 

The large number of electronic components used in the 
devices described leads to a very serious problem. Reliabil
ity is the measure of the consistency of properties of a 
component over a given period of time. Precision electronic 
components are highly reliable when considered by them
selves. When they are in a complex circuit, however, the 
inaccuracies are multiplied and the circuit is at best no 
better than the worst component. 

The problems of this initial step in space flight are many 
but the plan for their solution is clear. It is now up to 
ingenuity and patience to make this ancient dream come 
true. 

(end) 
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JOIN THE TEAM THAT BUILDS THE F-100 
North American's new F-100 SuRer Sabre is the supersonic result of engineering minds 
designing where opportunity is unlimited. The same opportunity exists for you ... because 
North American knows your future is important to aviation's future ... that your talent 
and training are vitally needed to help design tomorrow's aircraft. 

North American needs men with vision and a thorough technical background 
to help create and shape the new ideas which will build the advanced aircraft and 
aircraft components needed to assure America's future in the air. 

Engineers at North American also find opportunities in the expanded programs in atomic 
energy, rocket engines, advanced electro-mechanical equipment and guided missiles. When 
the time comes for you to enter the engineering profession, consider the well-paid careers 
at North American. Write for information concerning your future in the aircraft industry. 

Contact: Your college placement office or write: Employment Director, 

5701 West Imperial Highway 12214 South Lakewood Blvd. North American Aviation, Inc .. 
Los Angeles, Calif. Downey, Calif. Columbus 16, Ohio 

ENGINEERING AHEAD FOR A BETTER TOMORROW 

H I I I ' I 
19 



20 

The thrills you've known in sports -
the racy, heady feeling of knowing what if s like to win -

are close kin to the excitement of working with a company 
which competes with its own achievements. 

For Sikorsky's are winners-
engineered by men who never lose the thrill of winning. 

Yet "winning" and breaking records are only by-products 
in Sikorsky's never-ending quest of perfection. 

Today the research departments, drafting rooms, engineering laboratories 
are busy fitting this most versatile of aircraft 

to ever more demanding military and peacetime uses. 

Many engineering skills and abilities are needed. 
Perhaps yours. If you are interested in an industry which has only 

scratched the surface of its potentials, then Sikorsky may be for you. Promising 
engineers find ar good beginning - a winning future - at Sikorsky. 

Consult your College Placement Office concerning arrangements 
for a personal interview. 
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Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn. 



r----------------------------------------------------------------------------------
1 
I 

I 

i A Campus-to-Career Case History 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 

lim O'Hara (left) works out a problem with a member of his crew 

His territory: 

I 
James O'Hara, Stevens Institute of Technology 
(M.E. '51), is an installation foreman for the New 
York Telephone Company. His present assignment 
is two city blocks between 45th and 47th Streets in 
the middle of Manhattan. 

"It doesn't measure very big horizontally," Jim 
says. "But vertically it makes up a lot of telephone 
husiness-7500 telephones to he exact. My eight
man crew does everything from installing a single 
telephone to working on complete dial intercom sys
tems for some of the nation's biggest businesses. 

"I've got to know about each of these jobs that 
my men do. My training with the telephone com
pany took me through the installation, repair and 
testing of the various types of telephone equipment 
and service for which I am responsible. I even 
had a chance to do a little experimenting of my 
own and developed a new way of preventing oil 
seepage on automatic switching equipment. I 
understand it's being written up for use throughout 
the Bell System. 

"That's what I like about telephone work. Even 
two city blocks are full of opportunity." 

You "II find that most other college men with the tele
phone company are just as enthusiastic about their 
jobs. If you'd be interested in a similar opportunity 
with a Bell System telephone company-or with Sandia 
Corporation, Western Electric or Bell Telephone Lab
oratories, see your Placement Officer for full details. 

BELL TELEPHONE 

SYSTEM 
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Space Travel: Ill 

By Wayne Arens 

ITHIN the near future, the peoples of the earth 
may observe a new and unfamiliar object in the 
heavens. Moving rapidly from horizon to horizon, 

it may initially appear to some as merely a new and improved 
jet airplane, while to the more imaginative element of hu
manity, it might be mistaken for one of the much publicized 
flying saucers. However, every twelve hours this object will 
reappear, and with the passing of time will become as 
commonplace in the heavens as the moon and S'tars. For 
this object will be a man-made satellite, the establishment of 
which will represent the dawning of a new era for mankind. 
Destined to encircle the earth every two hours in an orbital 
path 1,075 miles above sea level, such a manned station in 
space will serve only as the "springboard" . to a serious in
vestigation of the hidden secrets enshrouding the universe. 

Viewed from a national aspect, such a station in space 
could very well represent the most instrumental force imag
inable to mankind. Equipped with powerful telescopic cam
eras and radarscopes, the station could be used to "pinpoint" 
any point on the surface of the earth with extreme accuracy. 
At once it seems apparent that any nation in control of the 
satellite station could exercise indomitable influence over the 
other nations of the world. The station in the hands of a 
peaceful na,tion might very well entail the greatest hope for 
peace yet known to mankind. However, if controHed by a 
belligerent nation, the station could be employed as an un
imaginable tool of destruction. Radar-controlled missiles 
armed with atomic warheads, could be launched from th~ 
satellite with devastating accuracy to any target on the 
surface of the earth. In addi,tion, it would be next to im
possible to intercept such missiles due to their enormous 
speeds and small size. Obviously, any nation to first build 
such a space station can prevent other nations from doing 
the same. 

Let us consider some of the technical aspects regarding 
the accomplishment of such a gigantic project. In the first 
place, such a satellite cannot be constructed until man is 
able to develop a ship capable of attaining sufficient velocity 
to reach the orbit. The maximum calculated speed needed 
for this is over lH,OOO mph. The only practical method to 
attain such an enormous speed appears to be through rocket 
propulsion. 

The design of such a three-stage rockets seen by Dr. 
Wemher von Braun, Technical Director of the Guided 
Missile Development Group ·at Redstone Arsenal, is illus
trated in .Fig. 1. As designed, the rocket will have a 65 
foot diameter base, will srtand 265 feet tall, and will have an 
overall weight of 7000 tons. It will have three power 
plants which will be driven by a combination of hydrazine 
and nitric acid fed into the rocket motors by means of turbo
pumps. 

Since ]t appears probable that a rocket ship having the 
required velocity to reach the satellite orbit could now be 
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built, it might be interesting to consider the problem of 
actually sending a rocket into this precise orbit and keeping 
it there. It is noted that contrary to popular notion, the 
rocket ship will not travel "straight up" all of the way to 
the orbit. If pointed straight up the rocket would simply 
climb to a certain altitude and then fall back to earth 
without entering any orbita:l path. Instead, the rocket will 
be tilted, when it reaches a certain height a;bove the ground, 
by s.wivel-mounted rocket motors of the first stage. Due to 
the precise timing which will evidently be required through
out the flight, the rocket will be equipped with an automatic 
gyropilot to control all timing and maneuvers. 

Assume that Dr. von Braun's rocket of Fig. 1 is to be sent 
into the 1,075 mile orbit. Powered by the 51 rocket motors 
of the ·first s·tage yielding a combined thrust of 14,000 tons, 
the rocket will reach an altitude of 24.9 miles in 84 seconds. 
At this point, the first stage will cease operating and the 
motors of the second stage will begin operation. The first 
section drops off and i'S parachuted back to earth where 
it may be recovered. Thus losing 75 per cent of its 
weight, the rocket will be powered :by the 34 motors of 
the second stage which will operate for 124 seconds with 
a total thrust of 1, 7 50 tons. At a 40 mile altitude, 332 miles 
from the launching point and traveling at a speed of 14,364 
miles per hour, the second stage will drop off and likewise 
parachute back to earth. The 5 rocket motors of the third 
stage, which carries the crew and equipment, will then take 
over with a combined thrust of 220 tons. Just 84 seconds 
after the loss of the second stage, the motors of the third 
stage win lbe cut off with the rocket traveling at a speed of 
18,468 mph and at an altitude of 63.3 miles. 

It is at this point that the rocket will enter "free flight., 
As a result of the enormous velocity, the rocket will follow 
a trajectory which might be compared with that of a 
"coasting rifle shell." Under the calculated conditions pre
viously stipulated, the apex of this trajectory wil·l be reached 
at the precise altitude of 1,075 miles above sea level at a 
point half-way around the earth from the power cutoff 
point. 

Although this is the desired orbit, one other factor must 
be considered. Due to the earth's gravitational pull, the 
velocity of the rocket wiH have been reduced to 14,770 mph. 
Since this is insufficient to keep the rocket ·in the orbit, the 
rocket's velocity must be increased to the required orbital 
velocity at the precise moment it enters the o11bit. To ac
complish this, the rocket motors will be turned on for some 
15 seconds. This will increase the velocity of the rocket to 
15,800 mph which is the necessary speed for permanently 
remaining in the orbit. 

Being of gigantic proportions, the space station will re
quire several cargo loads to enable its complete construction. 
Hence, at this point in the project, the several manned 
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Fig. 1-The design of a three stage rocket as seen by the technical director of the Guided Missile Develop-. 
ment Group at Redstone Arsenal. Dr. Wernher von Braun. As designed, the rocket will have a 65 foot 
diameter base, will stand 265 feet high. and will have an overall weight of 7000 tons. 
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cargo rocketships will be launched and timed to arrive at 
the same point in the orbit at desired intervals. Each of 
these rocket trips will entail a cos.t for propellants alone of 
more than half a million dollars. Evidently, the weight and 
shipping space limitations will be quite important in decid
ing the final specifications of the space station. 

Let us look at the probable design of the station as shown 
in Fig. 2. Upon final construction, the station will be in 
the shape of a wheel consisting of some 20 sections (each of 
which provides independent compartmentation) made of a 
flexible plastic fabric. For convenience and to save shipping 

~Antenna 

.r----- Landing berth 
Trough-like mirror 

::::::===~l::::i 

View ports 

Side view Temperature regulators 

Top view 

Fig. 2-Probable design of a space station 

space, these sections will be carried to the orbit in a col
lapsed condition where they will be sealed together and 
inflated like a balloon to nearly atmospheric pressure. The 
pressure will give the structure rigidity and will also provide 
a breathable atmosphere for the crew. 

To overcome the lack of gravity, a small rocket motor 
attached to the station will rotate it slowly around its hub. 
Hence, a kind of pseudo-gravity by means of centrifugal 
force will he created for the men inside. This centrifugal 
force will evidently force everything out from the hub so 
that the floor of the station will be the inside wall of the 
station's outer rim. 

Another feature of the space station involves the source 
of power for operation of the various equipment. The power 
plant will probably consist of a condensing trough-like mirror 
of polished sheet metal and a boiler. The mirror will be set 
so as to always point to the sun; hence, it will focus the 
sun's rays on a steel pipe filled with mercury. The resulting 
mercury vapor will then he used to drive a turbo-genera tor 
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which will produce some 500 kilowatts of electricity. The 
practicality of thus utilizing the solar energy of the sun exists 
as a result of there being no clouds in space. 

Once reaching the satellite orbit man is faced with the 
eventual problem of his safe return .to earth. Unlike the 
ascent, which was automatically time controlled, the de
scent will be controlled by a human pilot. To leave the 
orbit and swing back into a trajectory towards earth, the 
pilot will simply reduce the speed a specified amount by 
means of a "short rocket burst." Upon approaching the 
upper layers of the atmosphere, the pilot will turn the ship 
so that it will enter nose first. As shown in Fig. 1, the 
rocketship will be designed with wings and control surfaces 
to prevent its soaring out of the atmosphere back to the 
station's orbit. At a point 15 miles above the ear,th, due to 
the air resistance, the speed of the rocket will decrease to 
that of sound. From this point it will spiral down to the 
ground and land as an ordinary airplane. 

Once man ventures into space, he will be confronted with 
a multitude of problems. There will be neither atmospheric 
pressure nor oxygen for breathing. There will be exposure 
to dangerous radiation of ultraviolet and cosmic rays, not 
to mention the presence of meteors which could tear holes 
into the rocketships or space station permitting the precious 
air to escape. There will also be the question of whether 
or not man can survive the tremendous stress of acceleration 
( 8 times that of gravity) during the ascent and whether or 
not the organs of the body can adjust to the complete lack 
of weight in space. 

Considerable study and e~perimentation has been and is 
being conducted toward a solution to these and many more 
of the problems which endanger man's invasion of space. 
Prevjous to the launching of the first manned rocketship into 
space, small three-stage rockets will be sent to the desired 
orbit to send back information by the very same electronic 
method used with current rockets. Then animals will be 
sent into space and studies made of the effects on them. 
With such data, scientists ~and engineers can plan for man's 
ultimate survival in space. 

In conclusion, it must be agreed that the establishment 
of a satellite where men can live and work beyond the 
earth's atmosphere will represent a project of gigantic 
proportions. However any serious scientist certainly believes 
that the successful completion of such a project will soon 
be possible in view of our present scientific knowledge. The 
primary factors required are time and money. The time 
required if such a project were undertaken on a full scale 
immediately would probably be about 10 to 15 years. As 
for the cost of the project, conserva,tive estimates approxi
mately 4 billion dollars have been made. It might be noted 
that this is approximately twice that of the atomic bomb 
projeot. However, when one considers the fact that the 
United States government spent over 50 billion dollars in 
the first 8 months of the Korean War for rearmament pur
poses, an expense of 4 billion dollars for the production 
of an instrument which could have such an enormous in
fluence on world peace seems neglible. 

When such a project is undertaken in full proportions (if 
not already) and a man-made space satelli:te is established, 
time can only tell. That it someday will become a reality 
seems inevitable, however, in view of man's never ending 
quest for further power and knowledge. 
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VERY DAY could be wash day somewhere on 
the railroads if a revolutionary new theory un

covered by GE proves economically feasible. 
The theory points to washing rails-with a detergent 

possibly-to help eliminate one of the railroads' oldest 
and most expensive problems-slipping of locomotive 
wheels. The cause of a problem as old as railroads 
themselves has finally been isolated and several pos
sible remedies are now being studied. 

The theory holds that slipping is caused by an ex
tremely thin, practically invisible layer of oil, approx
imately one molecule thick, which spreads itself over 
the running band of a rail at the onset of rain or when 
there is dew. Despite its thinness, this "monomolecular 
layer" can withstand pressures so high (up to 75,000 
pounds per square inch) that locomotive wheel loads 
ordinarily used will not break through it. 

At many places on railroad track, accumulations of 
journal oil can be observed outside the wear band. 
When the rails become moist or damp, the oil spreads 
over the rail, pushing the water off. The result is a thin 
film of oil which causes slipping and often stalls crack 
trains traveling on grades. 

Journal oil, used in the bearings of freight cars, con
tains some percentage of animal oils which spread 
rapidly over a polished surface in the presence of a 
small amount of water. Oxidized mineral oils seem to 
exhibit the same characteristics as animal oils or fish 
oils and also spread over a polished surface in the pres
ence of moisture. 

One drop of oil in the presence of moisture has the 
ability to cover a surface of five square meters. If tracks 
were not interrupted by rail joints, this one drop would 
spread along the polished running part of the rail ( ¥s 
inch wide) to form a slippery film for a distance of two 
miles. 

If the source from which the film spreads is removed, 
the presence of moisture will no longer cause slipping. 
Most people have experienced the oil-spreading phe
nomenon in driving a car on an oil-dripped highway on 
a rainy day. When the rain first starts, the road is ex
tremely slick. But after the rain has been falling for a 
while, it isn't nearly as slippery. The steady rain has 
washed away most of the oil film. 

Since the earliest experience with railroads, it has 
been known that rails which looked perfectly satisfac
tory would, with the introduction of moisture, lose 
adhesion. Even before the turn of the century it was 
observed, that if rain continued, adhesion would be 
restored, but no satisfactory explanation of this was 
offered. 

Cleaning methods now under investigation, in adi
tion to water, include detergents, solvents, open flame, 
and ultraviolet light. If a suitable cleansing agent is 
found, much of the sand currently used on locomotives 
to improve traction on wet days can be eliminated, with 
the added benefit of a reduction in the drag of the 
train. 

25 



''NEW' DEPARTURES'' IN SCIENCE & I 

26 
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A REEK 

!From the drawing boards at New Departure have come many of the 
world's ball bearing advancements. Such leadership is one reason 
why engineers everywhere specify New Departure ball bearings. 

If Euclid had! lived 2,300 years longer, he would have made 
Tau Bete. That's why he's pictured here wearing the 
Tau Beta Pi key. 

After all, every engineer owes Euclid a big debt. At New 
Departure, for example, we work with circles and spheres. 
Without Euclid, we might still be getting started. 

As it is, though, New Departure has gone further with spheres 
and circles in relation to moving parts than anyone else in 
the world. from this knowledge have come such advances 
as the Sealed-for-Life and the double-row angular-contact 
ball bearings. And it's advances like these that make New 
Departure the world leader in ball bearings. 

NEW DEPARTURE • DIVISION OF GENERAl MOTORS • BRISTOl, CONN. 

P~RTURE 

NOTHING ROLLS LIKE A BALL 
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As a major step In its pace-setting program of 

advance planning, The Glenn L. Martin Company 

has expanded its operations into the field of 

nuclear power. 

This means that a top team of scientists, physi-

cists and engineers is being integrated under the 

JVIartin method to carry on a planned, long-range 

program in this tremendous new science. 

There are exceptional opportunities for creative 

engineers. 

BALTIMORE· MARYLAND 
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Joe Mensch 

Ye Ed 
MINNESOTA TECHNOLOG 

2 ME 

Dear Mr. Editor: 
Concerning the recent article on the history of the slide 

rule: 
As a way to pass the time of day, it is only commendable. 

As a history of the slide rule, it is -er-only condemn
able. And on three counts, too ... 

( 1) The author has laboriously compiled the information, 
only to misinterpret most of it. 

(2) The author has included information that only tends 
to confuse the issue and might so move young engineers that 
they be deterred from their purpose. 

(3) AND THERE WASN'T ONE WORD ABOUT 
ROUND SLIDE RULES. And you can't hardly get them 
no more. Just the other day, when I was in the Engineering 
told the clerk she was from the Daily) and said could she 
Bookstore, a young co-ed came in (causing a small riot), 
see "one of these darling round slide rules to do an article 
on?" The clerk, not very tactful, said, "We don't have any 
of those, but here are some nice circular ones you might 
like to see." Times are tough all over. 

Perhaps I should qualify my accusations. A week ago 
a friend of mine and I wandered into the James Ford Bell 
Room by mistake. The zoo-keeper there espied us, and 
mistook my companion for some associate professor studying 
here from South Africa or some place; I don't remember his 
name. He hurried him to a private reading room with an 
original copy of the Iliad) transcribed in goats' blood by a 
Persian monk. Thinking me his valet, Herr Direktor took 
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I 
me to a small ante-room and gave me a large volume, 
reserved for such purposes, to pacify me. 

After wading through several pages of m:onosyllabic en
deavor marked. Preface) by some unknown author, E. Bung
starter by name, I discovered the work to be a collection of 
letters by Albert Einstein's dog. From back in the old days, 
of course. He (the dog) was a Great Dane, named Zeke, 
which was short for Abraham. The dog ev~dently had made 
a study of the history of the slide rule, compiled from in
formation he had dug up while scrounging around the city 
dump at Berne. He wrote this history in a series of letters 
(the collection) to his girl friend in Vienna, a dachshund 
named Dorothy. Zeke was also the inventor of the D 
scale. He kept· track of the number of letters he wrote her 
by marking them on a small stick. However, he made too 
big a mark for the fir·st letter (in love, you know) , and 
consequently the marks kept getting closer and closer to
gether in order to get them all on the stick. By the time 
Zeke, not a dog of foresight, got to 10, he didn't have any 
more stick. 

Not that it mattered, anyhow, because by then Dorothy 
had given him up. History is not clear why, and Zeke 
was heart-broken and didn't know. Some historians and a 
marriage counselor say it was because her father was a 
Swede moved to Vienna (more sausage there) and 
wouldn't let her marry a Dane. A smaller (lbut more 
vehement) group says it was because the thought of raising 
(and Zeke always talked in such large numbers, too) a 
litter of puppies that had the proportions of a dachshund 
and the height of a Great Dane was just too much for her. 

I suppose he'd want to name one of them AbTaham, too, 
and she just couldn't bear it. 

Well, that's where my info comes from-The Life of a 
Dog) by Zeke-in-the-House-of-®instein. 

The author made a fine start in searching the old ship 
beside Khufu's Pyramid. When the famous Italian ex
plorer Heinrich von Oglethorpe arrived there in 1894, he 
asked what kind of writing it was on the walls. When his 
guide told him it was Sanscrit, he is said to have remarked, 
"Humph! If they had scrit it in something besides sand it 
would be easier to read." 



The author made reference to Slab 42 of the manuscript 
where it says something a!bout Ali Bendover making the 
first log tables as soon as the first shipment of logs arrived, 
and concluded that this was the beginning of the slide rule. 
How na1ve can an engineer get??? If he had !been man 
enough to read on to Slab 47, he would have found that 
Ali did actually make the tables: 

A political uproar was caused today when Ali 
Bendover, prominent log table manufacturer, intro
duced a new invention: A log table with one adjust
able leg. Thi<S leg is split, with a center rail that 
can be raised or lowered, and held in place with a 
marlinspike. He said in a press release that the 
change had been necessary because the palace floors 
were uneven and the tables would "jostle." The 
governor charged later that Bendover employed care
less carpenters who could not even get four legs on a 
table even. The matter has been referred to SIAIB 
(Scholars Acting for Bureaucracy) and is expected to 
be settled early next week. The price on the new table 
is, incidentally, two slaves girls higher, the current 
market price on imported marlinspikes. 

This was the beginning of the slide rule, although no
body realized it for the fuss. Euclid, a man of modern 
taste, bought one of the tables from a curio shop about 250 
years later. Since his mother kept changing her furniture, 
she had him put a different mark on the adjustable leg to 
fit every room in the house. After his death, his maid was 
caught figuring the grocery bill on the leg, but the signifi
cance of this escaped everyone but .A!braham-in-the-House
of-Einstein 190 centuries later. 

Ah-now! We come to the fateful passage telling the 
life story of Rudolph Pi. Or at least we thought it was 
Rudolph Pi. A remarkable biography. When one comes to 
pertinent facts, however, the author has misconstrued 
horribly. Rudolph's real name was Rudolph Johannes 
Snout, although this is relatively unimportant. He was nick
named Rudolph the Red-Nosed Schnappsy after a par
ticularly illustrious binge, and the name stuck. However, he 
was best known as Rudolph of Pie, because he loved eating 
it so well between binges. True, he ran raving from the 
Black Forest shouting "3.1416," but it was merely because 

the government had stopped his unemployment compensa
tion and that was all the pie he had left. He had spent his 
entire pension check on another barrel of schnapps. 

Rudolph did, however,~ invent the round slide rule, or 
circular slide rule, as promoters have glorified it. He had 
been fooling for several years with a sundial he had made 
from the head of a barrel, but he had only one nail, and 
the marker was always loose. Around the top .it said in blue 
print, "J. J. Gottwield & Sons. Makers of Fine Schnapps 
Since 1887. Patent No. 24910726." By dialing the correct 
numbers with the sundial marker, he could call the New 
Brunswick Stock Exchange collect. Unfortunately, this 
great work was lost in the Great Downtreading of the 
Masses in 1407. 

The history of the round slide rule is resumed about 10:27 
A.M.~ Tuesday, Nov. 14, A.D. 1947. A young aspirant in the 
Institute of Technology had just received 2 yellow slips in 
his P.O. box and was shuffiing his way across campus to the 
School of Lost Ambition. He was mournfully twisting his 
cheap flexible plastic slide rule around his finger and finally 
let it fall to the pavement of 17th Street. Some minutes 
later, a more fortunate young man picked it up and (he 
was hard up) put the curled thing on for a bracelet. He 
found out 6 weeks later it was a slide rule and that he could 
make the slide go in a continuous circular path. This pleased 
him greatly, because he always was losing the slide out of 
the one he had. The round slide rule had come to stay! ! 

Bits of information about this interesting device leak out 
occasionally, although one seldom sees an authentic speci
men. I had the occasion about two weeks ago. A fellow 
student expounded for several minutes on the circular slide 
rule's virtues, and finally brought out the cherished piece. 
I examined it briefly, unimpressed, and finally asked its 
proud owner where the C scale was. He searched for about 
a minute and a half, and finally said, "Well, I know it's 
gotta be here someplace, but say, here are the fraction con
versions." 

The author of "Your Pal and Mine" has done a sort of 
noteworthy job. But we cannot give all the credit to 
Mortician Percy Scroit for developing the slide rule in 
1908, although he did add the Coffin or C scale, when we 
consider that in 1867, Albraham-in-the-House-of-Einstein 
made a slide rule accurate to 6 significant figures. The 
model had to be discontinued, however, because it was so 
long that it took him 2 hours and 45 minutes to run from 
one end to the other at a full lope. (He forgot the problem 
by then.) His D (for Dorothy) scale, however, lives on 
forever. 

Respectively yours, 
(Signed) Charley Nelson 
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1Gt- lEARN BY DOING-Each year thousands of boys and girls learn how to become better farmers and better citizens through 
4-H Awards Programs, such as the EntomologyProgram sponsored by Hercules. Top awards are college scholarships. Hercules' 
interest in improved farming methods stems from its development of agricultural chemicals, notably toxaphene for insecticides. 

Most businesses are helped today by Hercules' business ... the 
production of synthetic resins, cellulose products, chemical cot
ton, terpene chemicals, rosin and rosin derivatives, chlorinated 
products, and many other chemical processing materials-as well 
as explosives. Through close cooperative research with its cus
tomers, Hercules has helped improve the processing or perform
ance of many industrial and consumer products. 

STANDARD MODElS and plastic-bodied 
sports cars alike rely on nitrocellulose 
lacquers for durability and beauty. In 
the manufacture of these polyester lam
inates, such as this car door, Hercules 
hydroperoxides act as the catalyst in 
their polymerization. • 

• WHITER, BRIGHTER ClOTHES-Hercules® CMC is a 
key ingredient in detergents ... suspends soil, prevents 
its redeposition on clothes. This excellent property of 
suspension enables Hercules CMC to serve in a variety of 
consumer and industrial products. 

HERCULES POWDER. COMPANY 

Wilmington 99, Delaware. Sales Offices in Principal Cities. 



The Torrington Needle Bearing 
proper housing design is essential to proper performance 

The Torrington Needle Bearing 

offers many design and opera

tional advantages for a great 

variety of products and equip

ment. For example, a Needle 

Bearing has greater rated radial 

load capacity in relation to its 

outside diameter than any other 

type of anti-friction bearing. It is 

extremely light in weight. And it 

is easy to install and lubricate. 

Housing Maintains 
Bearing Roundness 

The housing is an essential part 

of the Needle Bearing assembly. 

Care should be taken to provide 

a straight, round housing bore to 

the recommended tolerances. 

The thin, surface-hardened 

outer shell of the Needle Bearing 

acts as the outer race surface as 

well as a retainer for the rolls. 

This shell assumes the shape of 

the housing into which it is 

pressed. Consequently, the hous

ing bore should be round, and the 

housing so designed that it will 

carry the radial load imposed on 

the bearing without distortion. 

Housing Material 
Determines Bore Size 

The specified housing bore dim en

sions for any given material 

should be maintained in order to 

give the proper running clearance 

Needle Bearings require simple 
housings. If the housing bores are 
held to proper size, accurate oper
ation and high radial capacity are 
assured. 

~;\, 

between the needle rollers and 

the shaft, and to assure sufficient 

press fit to locate the bearing 

firmly. 

When designing housings of 

materials that are soft or of low 

tensile strength, allowance should 

be made for the plastic flow of the 

material when the bearing is 

HYDRAULIC PUMP 

pressed into place. Bore dimen

sions in such cases should be less 

than standard. Needle Bearings 

can be pressed directly into phe

nolic or rubber compounds, al

though metal inserts are recom

mended. 

The new Needle Bearing cata

log will be sent on request. 

THE TORR.INGTON COMPANY 
Torrington, Conn. • South Bend 21, Ind. 

District Offices and Distributors in Principal Cities of United States and Canada 

NEIEDLIE • SPHERICAl. ROLLER • 1' APERED ROU.ER • STRAIGHT ROllER • BALL • NEEDLE ROU.ERS 
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If an enemy struck, there would be no time to make riveters of housewives, 

no time to build over 12,000 fighters as Grumman did Hellcats during 

World War II. Your government believes we must always have the 

airpower to defend us and to strike back instantly. To design and 

build these weapons now and over the next few decades, Grumman 

will need engineers like yourself. 

Grumman, 25 years old this year, offers you many advantages. 

So does long Island as a place to live and play. 

To get the facts, write for your copy of: 

Engineering For Production. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage • Long Island • New York 

Designers and builders of the supersonic Tiger, 

transonic Cougar jet fighter, S2F sub-killer, Albatross 

amphibian, metal boats, and Aerobi/t truck bodies. 

Engineering Department 
Grumman Aircraft Engineering Corporation 
Bethpage, Long Island, New York 

Name ___________________________________________ __ 

University· ___________ Grad. Year·-----------------

Street·---------------------------------------

City ____________ $tate ______________ _ 
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• Each month, business and professional journals emanating from the 
Bruce plant are read by more than one and one-quarter million people. 
Included are medical publications with international circulation, 
fraternal, educational and trade publications with national and regional 
coverage. 

Bruce Business Publications devoted to the distributive industries have 
served the Twin City market and northwest territory for more than half 
a century. These trade magazines are being used by hundreds of local 
firms and national distributors who seek an economical and effective 
means to reach merchants in this great market. 

Because Bruce Business Publications are edited regionally, they enjoy 
an acceptance and readership which make the advertising they carry un
usually influential. 

If your market is in this great Upper Mid-West area, then a Bruce 
publication can give you penetrating coverage ... coverage at the "sales
action" level. 

Northwestern Druggist: 
Established .1892 
Published monthly 
Reaches 6,000 druggists serving 
the needs of northwest people 
with quality merchandise and a 
reliable prescription source. 

Hardware Trade: 
Established 1890 
Published monthly 
Reaches 1 0,700 retailers and! 
wholesalers of hardware, home 
and farm appliances and 
sporting goods in sixteen states. 

American feed and Grain: 

Established 1916 
Published monthly 
Reaches 10,000 feed mixers 
and dealers nationally, with 
particular impact in thirteen 
"Feedland" states, where 
80% of the nation's cf,eed is 
grown and processed: 

Northern Automotive Journal: Commercial Bulletin 
Established 1891 
Published monthly 
Reaches 14,000 dealers, garage owners, 
jobbers and manufacturers serving the 
automotive trade. 

and Apparel Merchant: 
Established 1858 
Published monthJy 
Reaches 5,500 retailers of wearing 
apparel, dry goods, footwear and allied 
lines in the seven northwest states. 

These, with more than fifty other journals in the professionat business and educational 
fields, are printed and mailed from the Bruce plant, which has specialized in this type of 
publication service for nearly fifty years. 

I I 
LETTER PRESS AND OFFSET REPRODUCTION 

MINNEAPOLIS OFFICE 
312 National Building -Tel. MAin 6951 

SAINT PAUL PLANT AND OffiCE 
2642 University Avenue- Tel. NEstor 2641 

A MODERN, COMP!.ETEL Y EQUIPPED PRINTING PLANT 
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Farm ... fresh to you . .. 
How a remarkable plastic helps bring fresher food to your table 

A WONDERFULLY useful plastic called polyethylene~ is 
now giving a new kind of protection to food that is on 
its way to your kitchen. 

WHEN FOOD IS PACKED in thin, strong bags of 
polyethylene, it is able to "breathe," and yet not dry 
out. Because polyethylene has this peculiar advantage, 
apples, carrots, and other fruits and vegetables-as well 
as poultry and meat products-can reach your table 
more nearly farm-fresh than ever. 

POLYETHYLENE IS ONLY ONE of a number of plas
tics produced by the people of Union Carbide to help 
bring foods to you in prime condition. Some of these 
plastics coat cardboard for milk cartons and frozen 
food packages, while others line the tins for canned 
foods and beverages. 

SCIENCE 11 SETS A GOOD TABLE 11 These and other 
materials produced by U CC help protect food while 
growing, in storage, during preparation, when pack
aged for your use, and when stored in your pantry or 
refrigerator. This protection helps provide a more 
healthful diet for all Americans. 

STUDENTS AND STUDENT ADVISERS: Learn more about career 

opportunities with Union Carbide in ALLOYS, CARBONS, CHEMICALS, 

CASES, and PLASTICS. Write for booklet A-2. 

*Pronounced pol'y-eth'i-len 

u ION CARBIDE 
AND CARBON CORPORATION 
30 EAST 42ND STREET [(!!I NEW YORK 17, N.Y. 

In Canada: UNION CARBIDE CANADA LIMITED 

UCC's Trade-marked Products include ---------------
BAKELITE, VINYLITE, and KRENE Plastics Dynel Textile Fihers PYROFAX Gas AcHESON Electrodes LINDE Oxygen 

NATIONAL Carbons 
PREST-O-LITE Acetylene 

EVEREADY Flashlights and Batteries UNION Carbide LINDE Silicones PRESTONE Anti-Freeze 
SYNTHETIC ORGANIC CHEMICALS ELECTROMET Alloys and Metals HAYNES STELLITE Alloys 
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HAT is Engineer's Day? If you know all about 
E-Day, you're wasting your time reading this article. 
However, if you are not quite sure just what E-Day 

offers, come on along and see. 
E-Day proper, which occurs, on ,May 6 and 7, is preceded 

by the Black Book Dance, on April 22. Tradition has it 
that the BBD (try that one fast) was created to enable en
gineers to obtain dates for the subsequent E-Day activities. 
This is not true. Actually Phtui Mhrstxlvk, a Midd1eMiddle 
Slobbovian, accompanied by his daughter, Phfft, came to 
Minnesota in the early 1800s. It seems that Slobbovia's 
only tree (a Siberian pine which escaped during the Russian 
Revolution) had developed a severe case of halitosis. Phtui 
wa'S commission by the Slobbovian Government to capture 
a forester from Minnesota to cure the tree. However, Phfft 
became, much to Phtui's chagrin, very attracted to Paul 
Bunion, a forester, who agreed to cure the tree. 

Phtui, relying on his good sense and levelheadedness, 
realized that Phfft was making a drastic mistake and, in an 
effort to prove it, invited any and all engineers to a dance 
so that Phfft could meet some real men. As word spread 
across the countryside that real men (not foresters) were 
corning to the dance, all the local lovelies flocked to the 
occasion. The dance wa'S such a tremendous success that 
it was incorporated into E-Day and has been a part of it 
ever since. Incidentally, the dance achieved its purpose 
in that Phfft, in comparing foresters and real men, lost all 
her amour for Paul Bunion. Bunion promptly dropped dead 
of a broken heart. Phtui and Phfft returned to Middle 
Middle Slobbovia and to their dear old pine tree. On 
reaching home they found that the tree had eaten some of 
its chlorophyll needles and had cured its halitosi'S. Phfft 
promptly fell in love with the tree, they were married and 
now have five boys and twenty-three Clorets. 

The Black Book Dance, since it has been taken over by 
the Engineers, has grown to such a size that the capacity 
o.f. both the Main Ballroom and the .cafeteria is required to 
accommodate the throngs which attend. 
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But now to the main part of E-Day. Immediately follow
ing rsecond hour the Dean says nobody will have to go to 
school no more ... until Monday. This is a particularly 
good thing because precisely at this time the Parade (forest
rss permitting) will arrive on campus. Now this is no ordi
nary parade, like you can see anytime at an Aquatennial or 
Winter Carnival or the like. To be sure, it contains a lot 
of beautiful girl'S (and they're the best kind), but any further 
resemblance to the aforementioned parades is purely co
accidental. Members of the various professional fraternities 
and societies design and build floats which tie in engineering 
principles and a very high-level brand of humor(?). Fol
lowing the Parade comes the Knighting ceremony. All 'Senior 
engineers are knighted by St. Pat, kiss the Blarney Stone, 
and watch St. Pat kiss the E-Day queen. Incidentally, it 
is at this time that the announcement of who is the queen 
is made. A bonus offer included in the knighting is a cer
tificate entitling the bearer to a properly dispensed beverage 
of his choice at Mannings Cafe Exceptionale. For those 
who can keep from· rushing right off to take advantage of 
Eddie's generosity, there is the Luncheon in the Union 
Main Ballroom. It seems in the deep dark ages, enemies of 
those in the Engineering School would slip a 1Michael in the 
lunch of the E-Day queen, thereby preventing her from 
taking part in the remainder of the E-Day activities. This 
practice caused no end of hilarity on a certain campus in 
a certain city, but what is E-Day without a queen? It was 
a happy occasion when all the engineers volunteered to 
have lunch with the queen, thereby protecting·her from the 
subversion of the enemy forces. This year again Queen 
Colleen will depend on you for this protection. As an added 
attraction, a speaker will be present who will say funny 
things. The reason for this is to make everybody laugh so 
hard that they will be unable to eat dessert. The committee 
gets the left-over food. After the Luncheon, its off to the 
games. Friday afternoon is reserved for play. Field Day 
offers golf, bowling, softball, tennis, underwater archery, 
and many more recrational activities for the athletic en-



.gineer. The winners of these various contests will receive 
trophies, medals, and/ or some very useful prizes, such as: 
chenille hockey pucks, unpleated accordions, and silver 
plated shotguns (you can't hardly get them no more). 

Friday evening is double-double feature night at E.Day. 
On tap are the Industrial Exhibits and Open House show. 
Engineers will find the Industrial Exhibits (these are owned 
and operated by industrial firms from all over the country) 
both entertaining and enlightening. The Institute of Tech
nology will make its contribution by operating all the labora
tories. You will want to see this part of E-Day, for here 
is your only chance to witness engineering in a lighter vein. 
The E.Es will operate a robot tank, a scientific love meter 
will be available to measure the amourosity of the more 
romantically inclined engineers, and many many other cock
eyed ideas win grace the engineering buildings. This part 
of E-Day is designed to interest and enlighten non-engineers 
.also. So bring your friends, relatives and anybody else, so we 
.can have lots of fun. For those who want to see this show 
again or for some rea'Son doesn't see it Friday night, Sat
urday morning will offer a repeat. 

The other half of this double-double feature is the E-Day 
Revue. Many secret sessions have been and will be held 
in deep, dark places (taverns to you) in which the material 
for a great show is being assembled. Although the content 
of this show is a closely guarded secret, we have tbeen in
formed that in the interest of Art, the committee is taking 
two of the more recent movies which, though each a box
office success, were definitely on the commercial side and 
adding just the touch which is needed to make them great 
works of art. You will want to be present at the premier of 

:SUPER 
SMOOTH 

Courtesy of Westinghouse 

ALTHOUGH the multi-billion dollar electrical in
dustry is based on the movement of electrons 

through metals, there are many, large gaping voids in 
the understanding of the mechanism of that passage. 
One of the problems on which research scientists are 
vigorously working is how conduction electro·ns. (i.e., 
outer orbital electrons that can be freed to make am
peres) absorb energy from impinging light, and how 
much. The end product of such research, still in its early 
stages, is data for curves from which a theory can be 
drawn. These results, even these early ones, are of 
unquestioned value-but not exciting to the average 
engineer. However, some of the problems and the num· 
hers dealt with in pursuing this data engender high re
spect for the investigators. 

For example, metal specimens must be polished to a 
degree that make the surface of even a high-grade tele
scope mirror look like an array of hills and valleys. 
The highest "hill" allowed on the surface is about five 
Angstroms high or 0.00000002 inch. A wavelength of 
green light is 1000 times greater. 

Such super-smooth surfaces are achieved by electro
polishing. This is a relatively old technique by which 
individual projecting atoms are gently removed. Varia
tions in surface can be reduced almost to the distance 
between individual atoms. 

(end} 

these great masterpieces. The main ballroom of the Union 
will provide the setting for this drama on Friday night. 

Moving into Saturday, of course, there is the Open House 
which was previously mentioned, we have probably the most 
ignored source of hirarity and all-around fun on this cam
pus, the Picnic. Sa'turday afternoon is the time. The place 
still unpicked, will be one of the city parks. Free food, 
chariot races, a chance to spike your favorite in'Structor 
while sliding into second base, girls, greased pig contest, 
and we could go on for hours . . . ALL FREE! This is 
one of the most relaxing (intellectually speaking) events on 
the agenda. 

This should prepare you for the big event-the E-Day 
Brawl. Now let us clear up a few misconceptions about 
this affair. It is semi-formal. :Some of you came last year 
wearing only one shoe. Years ago, you would have correct; 
however, in the modern sense of the term, semi-formal 
means the girl goes formal and the real man doe'S not . 
Choose now, with or without shoes, but be consistent. Fi
nancially speaking, this is a very excellent offer. Look at 
what you get for only $2.50: a wedding, wedding ring, 
marriage certificate, celebration dance, and an annulment 
at 2:00 the following morning. The dance is from 9:00 to 
1:00. 

That's the story, now rush right over to you calendar and 
circle these three dates, April 22, May 6 and 7. That's your 
time to howl, so let's make this E-Day the biggest, bestest, 
and damnedest ever. If you want fun, participate in E-Day; 
if you want more fun, also take an active part in planning 
E-Day. It's the greatest! 

(end) 



VIBRATION machine with a test-load capacity 
of 20,000 pounds has been constructed at the 
Boulder (Colorado) laboratories of the National 

Bureau of Standards. The machine was built at the 
request of the Air Force to study the behavior of heavy 
apparatus during air and rail shipment. The vibration 
table can produce double amplitudes ranging from 
0.020 to 0.065 inch at frequencies up to 60 cycles per 
second. 

Millions of dollars are spent annually to repair or 
replace apparatus that has been damaged or ruined in 
normal air or rail shipment. Small, lightweight equip
ment can usually be packaged in well-padded crates to 
protect it from damaging shocks and vibrations during 
transit. However, it is generally much more difficult to 
protect large, heavy equipment in this fashion. As a 
result, many larger pieces of apparatus are shipped with 
no vibration protection at all or with inadequate, built
in shock mounts. The vibration tester makes. it possible 
to study the behavior of a wide variety of methods used 
in packaging, shock-mounting, and protecting heavy 
shipments. 

Several types of electrodynamic systems were consid
ered in designing the vibration machine. It was finally 
concluded that a m.echanical vibration-generator would 
be most practical and reliable, in view of the large force 
output required and the moderate frequency range. The 
type of vibration generator chosen uses the inertia re
action of unbalanced counter-rotating shafts to produce 
simple harmonic motion. The force produced from such 
a system varies as the square of the driving frequency; 
the displacement am.plitude remains .nearly constant. 

The machine has two vibration generators, each of 
which can given the folowing unbalance: 50-pound
inches, 180-pound-inches, and 250-pound-inches. The 
two mechanisms. with the same unbalance can be 
coupled together and driven as a unit, or the mechan
isms may be driven separately are required by the test 
procedure. The mechanisms, which weigh approximately 
500 pounds each, are powered by a 10 hp DC motor with 
variable speed control. 
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The vibration generators can be mounted on top 
of the table for vertical motion, or on the end for 
horizontal motion. Testing along the third axis is ac
complished by rotating the equipment under test 90 
in the horizontal plane with the shaker mechanism ad
justed for horizontal motion of the table. The table is 
12 feet long and 6 feet wide, weighs approximately 
11,000 pounds, and is mounted ·on four coil springs 
which give the system a natural frequency of 4 cycles 
per second. Equipment to be tested can be suspended 
from the underside of the table. 

Several tests were performed, prior to using the 
machine, to determine the characteristics of the over-all 
system and the type of motion produced by the table. 
In one test, a 6800-pound concrete block was suspended 
from the table, and two 180-pound-inch m.echanisms 
were coupled together and mounted so as to produce 
horizontal and vertical components of the motion. Data 
taken up to 41 cps showed that a maximum horizontal 
acceleration of 4 G was reached, and that the unwanted 
component of vertical acceleration did not exceed 0.17 G. 

In another test, the concrete block was removed, and 
the shaker mechanisms were attached so as to produce 
vertical motion of the table. Accelerometers were ori
ented along the length of the table to measure the varia
tion and magnitude of the vertical acceleration produced. 
The maximum variation in recorded acceleration along 
the length of the table was 0.35 G. At the highest fre
quency used in this test-45 cps-the acceleration read
ing was 6.5 G. (Maximum. accelerations of 6 G with a 
3200-pound test object have been recorded.) With two 
50-pound-inch mechanisms, the machine has been run 
to 60 cycles per second. No local resonance of the table 
or the supporting structures was found within the test 
frequency range. 

This facility is expected to aid materially in the im
provement of heavy duty shock mounting, and in the 
improvement of apparatus design to eliminate failure 
due to vibration. By proper use of data obtained with 
the machine, the costly and time consuming problem 
of repair or replacing equipment damaged during ship
ment and service should be minimized. 



HONEYWELl 

OFFERS 

DIVERSIFIED 

OPPORTUNITIES 

THE opportunities for engineers in 
the automatic control field are 

unique in their variety and in the in
sight provided into all of the industries 
of today's modern world. 

The development and manufacture 
of tiny transistors for electronic control 
. . . the design and manufacture of 
quality electronic photo flash units 
. . . the challenge of finding fish with 
underwater sonar ... of providing auto
matic flight for supersonic jets . . . 
temperature controls for today' s modern 
home ... for atomic piles ... 

These are a few of the fields in which 
Honeywell's several divisions are en
gaged, providing automatic controls 
for industry and the home. 

These controls are made possible by 
the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 

With twelve separate divisions 
located throughout the United States 
and with factories in Canada, England 
and Europe, Honeywell offers un
limited opportunities in a variety of 
challenging fields. Based on diversi
fication and balance between normal 
industry and defense activities, Honey
well will continue to grow and expand 
because automatic control and instru
mentation are so important to the 
world's progress. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. 
In addition to full time engineering 
and research employment we offer a 
Cooperative Work Study program, a 
Summer Student Work Study program 
and Graduate Fellowships. If you are 
interested in a career in a vital, varied 
and diversified industry, send the cou
pon for more information. 

Division: Appliance, Aeronautical, Commercial, Doelcam, Heating Controls, Heiland, 
Industrial, Marine, Micro Switch, Ordnance, Transistor, Valve. 
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: MINNEAPOLIS- HONEYWELL : • • 
: REGULATOR Co. : 
• • : Personnel Dept., Minneapolis 8, Minn. : 
0 0 

: Gentlemen: Please send me your : 
• 0 
: booklet, "Emphasis on Research", : 
: which tells more about engineering : 
• 0 
: opportunities at HoneywelL : 
• • • • • • : !Vame ____________________________ : 
0 • 

• • • • • • : Address-------------------------- : 
• • • 0 
0 0 : cay______________________________ : 
0 • 
• 0 
0 • 
o e 
: Zone------·· State__________________ : 
0 • 
• 0 
• 0 
ooooeoooooooeooooooooooooooeeoooeooeooo 
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Cuhrispy, Cuhrunchy-I used to 
eat Wheaties for breakfast every 
morning. I'd split open the top of the 
package with a bread knife, sprinkle 
a quantity of the cereal in an or
dinary oatmeal dish, pour in just 
enough cream, and coat the mix
ture with some plain white sugar. It 
wasn't so bad when grasping the 
edge of the bed to pull myself out 
mornings I'd tear it to bits under me. 
I didn't mind particularly when the 
steering wheel of my car crumpled 
under my hands and we turned 
over three times into the ditch. I 
thought it was a go"o"d joke when I 
banged the door of my fraternity 
house and it fell to the ground. But 
when I tried to kiss the only girl I 
ever loved and broke her neck, I 
went back to Grapenuts. 

A wealthy farmer decided to go to 
church one Sunday. After the service. 
he approached the jJreacher with much 
enthusiasm. ((Reverend, that was a 
damned good sermon you gave, damned 
good.'' 

Reverend: ''I'm satisfied that you 
liked it, but I wish you wouldn't use 
those terms in expressing yourself." 

Farmer: "I can't help it) Reverend, 
I still think it was a damned good ser
mon and I was so im.fJressed that I put 
a hundred dollar bill in the collection 
basket." 

Reverend: ay he hell you didr' 

"Give me a match, Bill." 
uH ere it is." 
"Well, can you beat that? I've for

gotten my cigarettes.'' 
"Stoo bad)· gimme back my match." 

Sign on a bulletin board at a Vet
eran's Airport, Bloomington, Indiana: 

NOTICE-Absolutely no flying over 
nudist camp located eight miles SSW 
on a true course 190 degrees. 

Hair-trigger thinking is the mark 
of the smart executive. One such 
was the man who had his pretty 
secretary in his lap when his wife 
burst into the office. He held up his 
hand. "Take a memo, Miss Smith. 
'Personnel Manager: Shortages or 
no shortages, how long do you think 
I can run my office with a lack of 
chairs'?" 

A timid customer in a restaurant 
squirmed and fidgeted something 
awful. Finally he beckoned the wait
ress and, looking very embarrassed, 
he asked, "Could you tell me where 
the smoking room is?" 

"Oh." the waitress replied, "you 
can smoke right here at the table." 

Prof.: "Are you cheating on this 
examination?" 

Student: "No, sir, I was only tell
ing him that his nose was dripping 
on my paper." 

Anyone who thinks he is indispens
able should stick his finger in a bowl 
of water and notice the hole it makes 
when he pulls it out. 

M.E.: "Why did you take up the 
piano?" 

E.E.: "My glass of beer kept slid
ing off the violin." 

J ES 

Carefully disguised, Bulganin 
went into a Moscow saloon and 
struck up a conversation with a Rus
sian worker. After a few drinks, he 
casually asked the worker how he 
really felt about Premier Bulganin. 
The worker looked around the room 
fearfully, then beckoned his drinking 
partner to follow him out of the sa
lon and down the street. When they 
were out of sight and earshot of 
eavesdroppers, the worker looked 
around once more to be sure no one 
was listening, then whispered softly 
into Bulganin's ear, ''I'm in favor 
of him." 

Hey, Dad, I'm home from school 
again. 

What the devil did you do this 
time? 

Graduated. 

A young engineer took his gir 1 to 
the open air opera one beautiful 
warm evening. During the first act 
he found it necesary to excuse him
self. He asked the usher where the 
men's room might be. 

"Turn left and walk down to the 
big oak tree, and there it is." 

The young engineer did as he was 
told and in due time returned to his 
seat. 

"Is the second act over yet?" he 
asked the girl. 

"You ought to know," she replied, 
"you were in it." 

Tony: I don't like all these flies. 
Joanie: You pick out the ones you 

do like, and I'll kill the rest. 
----------------------------------------------

The month of March brings us Jean Rosener as our glamour girl. Jean is a sports-loving 
girl and particularly likes to golf and bow I. She is a member of Delta Zeta and is a 
senior in the College of Education. 
Photo by Norv Pervier 
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Successful Engineers 
must know how to cut costs 

ELDED EEL 
DESIGNS AL YS 
LO ER COSTS 
By knowing how to use welded steel 
in modern product designs, you can 
lower manufacturing costs up to 50%. 
Here is how: 
Material Cost is less-It's a fact .•• 
steel is three times ,stronger than 
iron, two and a half times as rigid. 
Where strength alone is needed, one
third the metal is necessary. When 
rigidity is important, less than half the 
material is required. But steel costs 
only one-third as much per pound. 
Steel is more easily placed where it 
can carry more load per pound of 
metal. As a result, ultimate savings 
with steel are limited only by the 
resourcefulness of the designer. 
Manufacture is Simpler-Fewer man· 
hours ... simpler, less costly produc
u:ion tools are needed to manufacture 
products from steel. By proper de
sign, many operations needed for 
machining castings can be eliminated 
entirely. Assembly operations can 
be simplified ... finishing and clean
ing manhours reduced substantially. 

Products designed in steel have a 
modern appearance to improve sell
ing appeal while reducing costs on 
an average of 50% according to field 
.reports. 

Welded Design Saves 50% 011 motor gear 
housing. Original cast constmctiotz weighed 
175% more • .. requh·ed 90% mm·e machining. 

Cost Down 57% 011machi11e 
stand by change to welded 
steel. Also elimi11ales jo1·· 
mer milling a11d drilling 
on jot·mer castings. 

DESIGN AIDS AVAILABLE 
Back up your engineering training with 
latest information on low cost welded 
steel construction. Free bulletins and 
handbooks are available to engineering 
students by writing ... 

THE liNCOLN ELECTRIC COMPANY 
CI.EVEI.A.ND 17, OHIO 
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LEAD HOLDERS 
All degrees and diame
ters of lead. 

• Technical Books and 
Supplies 

• Study Outlines 

• Thesis Supplies 

at 

PE I 
315 14th Ave. S.E. 

and 

's 
Harvard and Washington Ave. 
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Donald C. Pote asks: 

What bearing 
oul my eld 

of trae ® 

have In 
e 

ents 0 y ass1 
atD ont? 

DONALD C. POTIE will receive his B.S. degree in Mechanical 
Engineering from Princeton University this June. He's been 
quite active in interclub athletics-football, basketball and 
baseball-and served a term as Club Athletic Director. He's 
also found time to work on «The Princeton Engineer" as Asso
ciate Editor. Right now, Don is making thorough plans for his 
employment after graduation. 

''Chuck'' Noren answers: 

CHARLES Ho NOREN received his B.S. in Min
ing Engineering from the University of North 
Dakota before he entered the U. S. Air Force. 
Later he returned to school for an M.S. from the 
Missouri School of Mines, received in 1948. Dur
ing the course of his DuPont employment, Chuck 
Noren has had a wide variety of job assign
ments. At present he is engaged in a fundamen
tal research project concerned with commercial 
explosives at Du Pont's Eastern Laboratory in 
Gibbstown, N.J. 

NOW A V AILABLIE for student ASME 
chapters and other college groups, a 16-mm. 
sound-color movie-"Mechanical Engineer
ing at Du Pont." For further information 
write to E. I. du Pont de Nemours & Co. 
(Inc.), 2521 Nemours Bldg., Wilmington 98, 
Delaware. 

BETTER THINGS IFOR BIETTIER I.IVING ••• THROUGH CHEMISTRY 

WATCH"CAVALCADE OF AMERICA'' ON TELEVISION 

The answer to that is easy, Don, if you mean initial assign
ments. Generally speaking, a graduate's first assignment is 
influenced by his previous training and his expressed interest 
in a particular type of work. Whenever possible, Du Pont 
assigns a man to the type of work he is trained for and wants 
-he'll do better in any field if he's highly interested. For 
example, my master's thesis was on the use of explosives, 
and my first DuPont assignment was a study of the effi
ciency of explosives. 

But experience on the job really constitutes new training. 
You learn about other branches of science and engineering
you broaden your horizons through daily contacts with 
men having other skills. The result is that arbitrary divi
sions between technical branches gradually dissolve, and 
you become ready for new assignments and new :responsi
bilities-even outside your original field. In my own case, I 
developed quite a bit of skill in mechanical and civil engi
neering techniques when I was called upon to supervise the 
ttshooting" of an experimental tunnel for the evaluation of 
new explosives-even though my original training was in 
mining engineering. 

Of course, specialization in a definite field may be con
tinued if the man specifically wants it and reveals a talent 
for it. The best opportunities for that are in research and 
development. Naturally, the value of this kind of work is 
also recognized at Du Pont. 

So, no matter what your initial assignment may be, Don, 
Du Pont is anxious to bring out your best. A good rule to 
remember is this. A graduate's first assignment is often nec
essarily based on his field of training and his degree, but his 
subsequent progress at Du Pont is always based on his dem
onstrated ability. 
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Engineers Break 
Turbine Engine 

round for ew 
Facilities Test 

E. B. NEWILL, Georgia Tech, '15, now Gen

eral Manager, Allison Division and Vice 

President of General Motors Corporation, 

breaks ground on another addition to our 

turbine engine test facilities.* 

Allison Jet engine designers soon will have even 
larger and improved test facilities to use in developing 
turbo-jet engines. 

Performance requirements for future military and 
commercial aircraft make necessary the development 
of new turbo-jet engines far more complex and power
ful than present types. New and specially-designed test 
equipment is required to accurately determine per-

* left to right-Dimitrius Gerdan, Chief Engineer, Turbo-Jets, 
U. of Michigan, 1932, BS in Mechanical Engineering and Industrial 
Engineering; T. W. Meeder, Chief Test Engineer, U. of Michigan, 
1932, MS in Aeronautical Engineering; R. E. Settle, Assistant Director 
of Engineering, Purdue University and Indiana Central College, BS 
in Mathematics; Paul Hunt, representing Huber, Hunt & Nichols, Inc., 
contractor; E. B. Newill, Georgia Institute of Technology, degrees in 
Mechanical and Electrical Engineering; Harold H. Dice, U. of Illinois, 
1929, BS Business Administration; Col. S. A. Dallas, USAF Plant 
Representative; R. M. Hazen, U. of North Dakota, U. of Michigan, 
1922, BS in Mechanical Engineering and attended graduate school, 
U. of Minnesota, majoring in Metallurgy. 
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formance of the principal engine components-com
pressors, turbines, and combustors-before the com
plete engine is tested. 

For instance, capacity for 7 5,000 horsepower is be
ing established to pump air at the rate of 300 pounds 
per second. This air must be compressed and heated 
to 1000 degrees, or cooled to a minus 67 degrees, en
abling Allison to test combustors at simulated altitudes 
up to 65,000 feet. 

With our expanding and long-range engineering 
program, we need additional young engineers. Alli
son, a leader in the design, development and produc
tion of turbo-jet and turbo-prop engines, NOW offers 
young graduate engineers unusual opportunities for 
progress where future development is unlimited. 

Write for information: 

R. G. GREENWOOD, Engineering College Contact 

ALLISON DIVISION, General Motors Corporation 
Indianapolis 6, Indiana 



This analogue computer, a pioneer in this age of "think
ing machines", was developed by Standard Oil scientists. 

e'W 

olves 

lectronic '' n ineer'' 

ou rc4efinery ro lern 

THE MEN who design modern oil refineries 
need specific information about temperature 
distributions in different parts of pressure 
vessels. Such information, essential to safety 
and efficient operation, is often extremely 
difficult to obtain by conventional mathemat
ical methods. 

Scientists at Standard Oil's Whiting lab
oratories recently developed and built an 
electrical analogue capable of simulating spe
~ific conditions within a refinery unit still in 

the design stage. Using this device, they could 
determine in advance the temperature dis
tribution in the joint between two pressure 
vessels having a common head. Thus they 
were able to duplicate in 20 seconds the heat 
stress picture within the unit during an 8 hour 
start-up to shut-down period. 

Creative scientific thinking made possible 
this constructive achievement by engineers 
who have chosen to build their careers at 
Standard Oil. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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By Deane Manbeck 

TWO OF THE "A-" engineering professions have 
unlimited possibilities in a relatively new area. 
Through co-operation and mutual study of the 

problems and possibilities of crop spraying with heli
copters, the "A-" engineers, agricultural and aeronauti
cal, will find many opportunities to further their own 
professions and improve the art of farming. 

The present and future factors of crop spraying with 
helicopters that must be clearly understood by these 
engineers are (1) special equipment, (2) spraying con
ditions, and (3) helicopter operation. 

The helicopter must have attached spray equipment 
that is lightweight, to increase the useful load ; effi
ciently operated, to minimize the operating costs; and 
easily maintained, to minimize the repair time and 
costs. Booms and attached nozzles, a pressure pump, 
and a tank for the liquid constitute the equipment 
usually used. 

For example, one company uses steel tubes, which 
extend 17 ft. straight out on each side of the helicopter, 
for spray booms. Horizontal and vertical steelwork hold 
the spray booms rigidly and securely in their proper 
position. 

Another company uses 11-ft. booms with fittings so 
that the booms can fold back against the side of the 
helicopter. This folding feature increases the ground 
maneuverability and ease of storage. 

Each spray boom. has 24 nozzles pointing downward 
at equal intervals along its entire length. The spray 
reaches the nozzles through an inlet at the center of 
each boom. This path provides for more uniformly dis
tributed pressure along the length of the boom. Each 
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nozzle delivers liquid under ideal conditions: in a cone 
of spray. The cones of adjacent nozzles meet, just above 
the top of the crop ; in this way the helicopter covers 
all the area along its path. 

One problem is nozzle drippage, caused by sediment 
in the liquid when the spray ingredients are not mixed 
thoroughly. This sediment clogs the nozzles and the 
resulting irregularity of the spray application creates a 
serious hazard to adjacent crops. Also the spraying 
results look shoddy. The addition of a strainers and a 
venturi back-suction device to the spray equipment, 
however, helps solve this problem. 

P. M. VanBemmel, a Dutch experimenter, uses the 
engine of the helicopter to drive a high-pressure pump 
to pump the fluid to the spray boom. Before a flight, 
the pilot sets the high-pressure pump for the desired 
rate; then during flight, he starts and stops the spray
ing by pressing and releasing a push-button on the con
trol stick. 

As with propeller-type planes, certain ground equip
ment is necessary to successfully spray crops by heli
copter. The British Imperial Spray Co. used the fol
lowing equipment for their ground operations in the 
Sudan: two supply tankers, small mobile electric gen
erator, block and tackle, and a set of shear legs. In any 
locality, the main ground operation problems are the 
availability of water to mix the chemicals with and 
suitable landing space. 

Although it is necessary to refuel a helicopter only 
about once an hour, it it necessary to refill the chemi
cal tanks several times during this time ; the useful load 



of present-day helicopters is rather light : 800 to 1000 
lb. The average refilling time, however, is about 1 Yz 
minutes and one acre requires only from 2 to 5 gallons 
of liquid. Thus a helicopter can spray from 40 to 60 
acres per operating hour to a tractor's 5 to 8 acres per 
hour. In some operations, the pilots have averaged as 
high as 50 minutes of actual spraying time per hour. 

One of the main advantages of using helicopters, in
stead of propeller planes, for crop spraying is the psy
chological impact that the proximity of the helicopter 
has on the farmer. Because the helicopter can land 
right at the scene of the operation for reloading, the 
farmer is able to discuss and direct the progress of the 
spraying operation with the pilot. He can warn the 
pilot of unfavorable conditions and instruct him to 
change the rate of application very easily. When the 
spray is mixed on the farmer's land, instead of an air
port miles away, the farmer knows that he can closely 
supervise the mixing and loading operations. 

Another important part of the ground operation is 
the flagman. He stands in the end of a swath and holds 

(Right) A defoliated and picked cotton field, com
pletely harvested without the aid of human hands. 

(Belew) The extreme maneuverability of the heli
copter enables the pilot to spray an even dose of 
chemicals right up to the edge of a field, powerline, 
or other obstacle before turning for the next swath. 
Also, the helicopter is best suited for following con
tour planting. 

a flag above his head so that the helicopter pilot has a 
target at which to aim. After each run the flagmen 
move a swath width along the field and guide the pilot 
along his next run. The usual width of a swath is from 
60 to 100 ft, depending on the height of the helicopter 
above the crop and the nature of the crop. 

The second factor to consider in crop spraying with 
helicopters is the :spraying conditions. The velocity of 
the wind is very important in crop spraying, not only 
from the standpoint of uncontrolled spreading of the 
spray, but also from. the standpoint of safety. Most 
pilots cease spraying if the wind speed is over 12 to 
15 mph, so that the swath width is not too erratic and 
expensive chemicals wasted. If no adjacent crop or 
valuable trees are present, however, operations can be 
continued at wind speeds up to 25 mph. The direction 
of application with regard to the direction of wind is not 
very important, but preferably it should be cross-wind. 

Crops soaked with rain or heavy dew must be par
tially dried before application of the chemical because 
it tends to roll off with the rain droplets. This loss is a 
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A typical helicopter spraying job: spraying a weed-choked irrigation ditch in New England. Bell Aircraft Photos. 

waste of the chemical and results in inadequate spraying 
of the crop. 

The size of the field is no handicap to the helicopter. 
Fields sprayed in California have ranged in acreage from 
1 to 600 acres. The efficiency of operation and the cost, 
however, are directly proportional to the size of the 
field. 

Obstacles around the field, such as trees andjor poles 
and wires, do not halt the operation of the helicopter, 
but they do increase the operating time because of the 
time required to go around them. It is preferable to 
turn inside obstacles instead of to climb and descend 
over them. 

Spray patterns, rates of application, and loading re
quirements in relation to type of crop, weather condi
tions, and method of operation are a few of the un
answered questions concerning spraying conditions. 

The operation of the helicopter itself is a major factor 
in this problem of crop spraying. Many hours of re
search and design have gone into improving the ease 
of operation, but as. Mr. J. E. Harper states in American 
Helicopter, "flying by helicopter is more tiring than 
any other flying." He probably bases this statement on 
the constant and accurate flying required by the heli
copter pilot. The pilot must : 
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1. Be conscious of wind conditions: direction of 
wind, effect on aircraft during and after chang
ing of direction, downdraft and turbulence 
due to obstacles. 

2. Keep a mental note of the loading during oper
ation. 

3. Appreciate how much power one is develop
and keeping in reserve. 

Sunrise to sunset operation is pos.sible, however, if the 
machine is serviced every evening. 

Most pilots maintain a precise wheel height above 
the crop of between 0 to 5 ft, with the average about 
2 to 3 ft, depending on the type of crop. They must 
also accurately follow the terrain at a uniform speed, 
which also depends on the type of crop and the climatic 
conditions. The speed over field crops is 20-25 mph 
and over tall crops. that need undersurface spraying, 12-
20 mph. 

One of the greatest advantages of the helicopter is its 
ability to do undersurface spraying. The slipstream of 
the helicopter's rotor accomplishes this; undersurface 
spraying by acting like a bell of air moving vertically 
downward at 15-30 mph. This air curls outwards and 
upwards when it strikes the ground, covering the un
derside of the leaves. This ability to do undersurface 
spraying and the unique maneuverability of the heli
copter make the future application of helicopters in crop 
spraying very bright. 

At least three helicopters have been designed specifi
cally for agricultural and industrial uses the Kaman 
K-190, the Doman, and the Jensen Model 21. They are 
all striving in their design to give ease and rapidity of 
control, eliminate any sign of stick-shake, reduce vi
bration effects to a minimum, and to give maximum pay
load with minimum cost. 

At present, most helicopter production goes to the 
defense effort and very little to private enterprise. With 
improvement in the design of helicopters and more 
exhaustive research into the most beneficial application 
rates and methods, however, we will see more and more 
whirly birds spraying the crops of the world. 

(end) 



tornic lo e irclin ... will become a reality during your 
engineering career. 
When that day comes, you may be certain 
our engineers will have played a major 
role in developing the nuclear engines 

that will make such flights possible. 
Solving tough problems like this has 
made Pratt & Whitney Aircraft the 
world's foremost designer and 

builder of aircraft engines. This 
is the reason why it is first-choice of so 
many forward-looking technical graduates. 

PRATT & WHITNEY AIRCRAFT 
DIVISION Of UNITED AIRCRAFT CORPORATION 

EAST HARTFORD 8, CONNECTICUT 
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ives you the c ance to'' lossorn out'' 
Your job with Pittsburgh Plate Glass can be in one of many 
fields because of the company's diversified operations. 

As well as being the leading name in glass, it is also a 
prominent producer of paint, plastics, chemicals, brushes, 
and fiber glass. 

In any one of "PPG's" several divisions you will find a 
challenge and an opportunity. A challenge to you to help 
create and prodl!Ce new and better products. An oppor
tunity to have your training and talents recognized and 
rewarded. 

In addition, Pittsburgh Plate Glass offers unusual security 
and strength by virtue of being, as a whole, one of the 
nation's leading "blue-chip" industries. 

Pittsburgh Plate Glass gives you the chance to blossom 
out. It believes in stimulating constructive thinking and 
action. It wants its men to do the type of work for which they 
are best suited, in which they are happiest, and in which they 
can advance to bigger and more responsible jobs in the 
PPG organization. 

With an impressive record of sound growth and an even 
greater potential ahead, Pittsburgh Plate Glass offers many 
opportunities in varied fields. Good men are needed. If 
you would like to learn more about these opportunities, 
write today to Pittsburgh Plate Glass Company, General 
Personnel Director, One Gateway Center, Pittsburgh 22, 
Pennsylvania. 

PAINTS • GLASS • CHEMICALS • BRUSHES • PLASTICS • fiBER GLASS 

319 PLANTS, MERCHANDISING IBRANCHIES, AND SAlLIES OIFFICIES LOCATIED UN 250 CBTDIES 
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In our time, Man has won round after round in a contest 
against the elements that started thousands of years ago. 

The most recent scientific victory is something new in 
Radar-an electronic "Weather Eye" developed by RCA. 

In airplanes, this supersensitive instrument peers miles 
ahead. It gives advance warning of weather disturbances. The 
signals on its radar screen point the way to a safe course 
around storm areas, or even through them. 

The leadership in electronic research that made the 
"Weather Eye" possible is inherent in all RCA products and 
services. And at the David Sarnoff Research Center of RCA, 
Princeton, N. J., scientists are continually at work to extend 
the frontiers of "Electronics for Living." 
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New RCA Weather Map
ping Radar weighs under 
125 pounds, takes little 
space in a plane. 

For information regarding design and 
development engineering positions on 
such projects as "Weather Eye" Radar 
and military electronic equipment-write 
to Mr. Robert Haklisch, Manager College 
Relations, Radio Corporation of America, 
Camden 2, N. J. 

RADIO CORPORATION OF AMERICA 
ELECTRONICS FOR LIVING 
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APX Alpha Rho Chi, architec
tural fraternity, held its an
nual Gay-Nineties Bowery 

Party february 26 at the chapter 
house. Costumes appropriate to the 
theme of the party were worn by all. 
Present were twenty active members 
and their dates, and fifteen alumni 

couples. 

MINNEAPOLIS 
BLUE PRINTING CO. 

523 Second Avenue South 

Minneapolis. Minn. 

MAin 5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KEUFFEL & ESSER 

A Pocket Slide Rule is a constant bosom companion. 

Gold lettering - Stamping 
Tooling 

WE BIND 
Medical Theses 

Chemical Pamphlets 

Magazines Text-Books 

law Reviews 

COVERS - ALBUMS • SCRAPBOOKS 
Made to your specifications 

BINDING 

F. 0. ERICKSON, 
BOOKBINDER 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. GE. 5765 

PLASTIC P CKET SLIDE RULES 
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As Don says "This is an age of portabil-
ity. 'Take it with you' is the slogan of the day. 
You slide rule users are behind the times if you 
aren't carrying a concentrated boiled-down slide 
rule with you 24 hours a day. 

uYou ought to see the little pocket editions K&E 
is making. Pick the one that will do the jobs you 
need it for whenever its bigger ten inch brother 
isn't around." 

Come on in and let us show these K&E Pocket 
Slide Rules. They're the finest_ that are made. 

University Bookstores 
University of Minnesota 

t'dn CHAfinee~~,lnr; B 



wm data on molybdenum 
and the "moly" derivatives 
utilized in diiemic:als, agriculture 
and various phases of industry 
help your thesis proiect? If so, let 
us know your field of particular 
interest ..• write: Climax 
Molybdenum Company, 500 fifth 
Avenue, New York 36, N. Y. 
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E.E. or 

PHYSICS 

GRADUATES 

with experience in 

RADAR or 

ELECTRONICS 

or those desiring to enter 
these areas . .. 

Since 1948 Hughes Research and Develop
ment Laboratories have been engaged in 
an expanding program for design, devel
opment and manufacture of highly com
plex radar fire control systems for fighter 
and interceptor aircraft. This requires 
Hughes technical advisors in the field to 
serve companies and military agencies em
ploying the equipment. 

As one of these field engineers you will 
become familiar with the entire systems in
volved, including the most advanced elec
tronic computers. "\Vith this advantage you 
will be ideally situated to broaden your 
experience and learning more quickly for 
future application to advanced electronics 
activity in either the military or the com
mercial field. 

Positions are available in the continental 
United States for married and single men 
under 3 5 years of age. Overseas assign
ments are open to single men only. 

Hughes-equipped 
Convair F-102 
all-weather 
interceptor. 

The time was never 
more opportune than now 
for becoming associated 
with the field of 
advanced elcctl'onics. 
Because of military 
emphasis this 
is the most rapidly 
growing alld promising 
sphere of endeauor 
for the young electrical 
engineer or physicist. 

SCffiNTIFIC AND 

ENGINEERING STAFF 

HUGHES 
RESEARCH AND 

DEVELOPMENT 

LABORA.TORIES 

Culver City, 

Los Angeles County, 

California 

Relocation of applicant must 
not cause disruption of 
an urgent military project. 

They tell me you can do square 
roots in your head; what is the square 
root of 70? 

Eight something. 

"Jack and Jill fell down the hill. 
A stunt that's mighty risky; 
If water made them act that way, 
I think I'll stick to whiskey." 

BARGAIN DAY 

A young marine lieutenant was 
sending out a night patrol, and to 
encourage the group he said, "Men, 
I'll give you a dollar for every Ger
man prisoner you bring in." 

The patrol returned in the early 
hours of the morning with the excep
tion of one member, Abe Mehofsky. 
He showed up a week later leading 
a column of a thousand prisoners. 
The lieutenant rushed up to him and 
roared, "Where in tarnation have 
you been, Private Mehofsky? And, 
where did you get all those prison
ers?" 

"It was a terrible battle," replied 
Abe, 'but I finally got them from the 
Russians for a nickel a hundred." 

If it's funny enough to telL it's 
been told; if it hasn't been told it's 
too clean; and if it's dirty enough to 
interest an engineer, the editor gets 
kicked out of school. 

Mama: "Let's buy Junior a bi
cycle." 

Papa: "Do you think it will im
prove his behavior?" 

Mama: "No, but it will spread his 
meanness over a wide area." 

The words, "In God We Trust" 
were put on pennies for the guid
ance of those who use coins as sub
stitutes for fuses. 

Top Sergeant (addressing recruits): 
"This afternoon the I st Lieutenant is 
going to give you a talk on Keats. I'll 
bet none of you dumb cluks even knowJ 
what a keat is.~~ 

The Scotchman who emigrated to 
New York was sitting on a pier in 
New Jersey when a diver came to 
the surface, removed his headgear, 
and lighted a cigarette. 

"Hoot, mon/' said the Scot, "why 
did nae one tell me about this? I'd 
have waded over maself." 
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How to make a boring iob go faster 

With teeth cut into it, this gear blank becomes 
an engine part. One manufacturer thought 
these blanks were costing him too much to 
make. The center hole had to be bored out of 
solid bar stock. It took one hour to make 29 
blanks. A lot of steel was wasted in the proc
ess. He took his problem to Timken Company 
metallurgists. After study, they recommended 
a change in production methods together 
with the use ofTimken® seamless steel tubing. 

ow Tl KE ® seamless tubing helped 
quadruple production 

Because the hole's already there in Timken 
seamless tubing, it doesn't have to be bored 
out. No steel is wasted. Finish boring is now 
the manufacturer's first step. He can turn out 
120 to 130 gear blanks per hour with a 50% 
cut in machining costs. This is another one 
of the hundreds of problems that have been 
solved by Timken fine alloy steel. 

ant to learn more about steel 
or iob opportunities? 

Some of the engineering problems 
you'll face after graduation will 
involve steel applications. For help 
in learning more about steel, write 
for your free copy of "The Story 
of Timken Alloy Steel Quality". 

And for more information about 
the excellent job opportunities at 
the Timken Company, send for a 
copy of "This Is Timken". Ad
dress: The Timken Roller Bearing 
Company, Canton 6, Ohio. 

Fine Alloy 

SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOl STEELS AND SEAMLESS TUBING 
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for America's young 
engineers with capacity for 
continuing achievements in 

radio and electronics 

Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower ... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
... a gr@at development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 
America . . . opportunity to be 
associated with leaders in the 
electronic field ... to work with 
the finest facilities ... to win rec
ognition ... to achieve advance
ment commensurate with 
capacity. 

Learn more about this noted 
Tower of Opportunity ... its long
range program and generous em
ployee benefits. See your Place
ment Officer today for further in
formation about FTL. 

BN'D'ERIESTING 
ASSIGNMENTS DN-

Radio Communication Systems 
Electron Tubes 

Microwave Components 
Electronic Countermeasures 

Air Navigation Systems 
Missile Guidance 

Transistors and other 
Semiconductor Devices 

Rectifiers • Computers • Antennas 
Telephone and 

Wire Transmission Systems 

A Division of lnterncationaS 
Telephone and Telegraph Corporation 
500WashingtonAvenue, Nutley, N.J. 
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Compiled by William Cordes 

lEE-IRE 
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A panel discussion on computers was 
featured at a meeting held jointly with 
the Minnesota sections of the AlEE 
and I"&E on February 15. Computer 
components, computer circuitary, and 
applications of computers in business 
and industry were discussed lby a group 
of engineers from Engineering Research 
Associates. The IRE Student Award 
was also pres en ted to Erland Persson 
at this meeting. 

A Black Box Contest was held from 
February 14 to 26. The box contained 
a somewhat unusual four-terminal net
work; EE students competing for the 
$5.000 prize attempted to determine 
its contents by making appropriate 
(and also inappropriate) electrical 
measurements. 

Plans for spring quarter, currently 

being formulated, include an inspection 
trip on the second afternoon of the 
quarter, Tuesday, March 29. Mr. Ev
erett S. Lee, editor of the General 
Electric Review~ will speak on "What 
Is New in Science and Engineering" at 
a meeting to he held jointly with the 
ASME on April 6. 

At the February 15 meeting pic
tures were taken of vhe society com
mittees and the membership for pub
lication in the Agricultural En.[{ineering 
Student .T ournal this spring and also 
to illustrate the Student Branch Farm 
Equipment Institute report. A sound 
film on the training program of the 
Hawaiian Sugar Planters Association 
was shown after the !business meeting. 

The first meeting for the spring quar
ter is planned for March 29. 

(end) 

KEUFFEL a ESSER CO. 
New York Hoboken, Nl. J. 

Chicago • St.louis • Detroit 
San francisco • los Angeles • Montreal 

A Key to K a E Leadership 
Diversity of alphabets, numerals, symbols, 
designs, trademarks available from stock 
or made to your special order, is almost 
unlimited with Leroy® Lettering Equip
ment. You can have practically anything 
you want. Yet, unlike freehand, the work 
will always be neat and uniform. Diversity 
of products for engineers' and draftsmen's 
·needs is one of the keys to K&E leadership 
in drafting, reproduction, surveying and 
optical tooling equipment and materials, 
in slide rules and measuring tapes. 



Base for supporting refinery tower, provided 
with Grinnell Spring Hangers for flexible 
support. 

Grinnell Spring Hangers on large vessel 
of catalytic cracking unit in oil refinery. 

To support I ds 
that won1t stand still 

Rl 
SPRI 

There are many industrial installa
tions where heavy loads must be 
firmly, but flexibly, supported to 
keep them under control. Thermal 
expansion and contraction, of 
course, can move ponderous ob
jects many inches. Shock and vibra
tion, too, can make rigid support of 
heavy loads hazardous, due to pos
sible serious trouble at terminals. 

G Maximum variation in supporting force 
per 112" of deflection is 10 '12% of rated 
capacity - in aU sizes. 

• Precompression * assures operation of 
spring within its proper working range, 
as well as saving valuable erection "time. 
Reduced over-all height saves space. 

• Solid steel casing protects spring from 
damage and weather. Guides assure 

I EE E 
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For installations such as these, 
more and more engineers are turn
ing to flexible supports by Grinnell. 
Grinnell Variable Spring Hangers 
are pre-engineered to minimize 
changes in supporting force over 
total range of movement. Here are 
the important features that let these 
units turn in a star performance 
in a supporting role: 

continuous alignment and concentric 
loading of spring. 

• 18 sizes available from stock - load 
ranges from 53 lbs. to 12,000 lbs. 

• Easy selection of proper sizes from 
simple capacity table. 

• Installation is simplified by integral 
load scale and travel indicators. 

•Precompression is a patented feature. 

AMERICA'S #1 SUPPLIER OF 
PIPE HANGERS AND SUPPORTS 

Induced draft duct and blower in power 
station. Operates at about 500°F, Sup
ported by Grinnell Spring Hangers. 

Grinnell Company, Inc., Providence, Rhode Island • Coast-to-Coast Network of Branch Warehouses and Distributors 

pipe and tube fittings welding fittings engineered pipe hangers and supports Thermolier unit heaters valves 
Grinnell-Saunders diaphragm valves • pipe • prefabricated piping • plumbing and heating specialties " water works supplies 
industrial supplies Grinnell automatic sprinkler fire protection systems Amco air conditioning systems 

ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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By Robert J. Neveaux 

Photos from Ajax Electrothermic Corp. 

ANY years ago when alternating current was first 
discovered and transformers devised, a phenomenon 
known as eddy currents was observed. These cur

rents caused excessive heating in the windings of the trans
formers, engineers went to great lengths to eliminate them. 
Now, however, scientists have found a new and extensive use 
for these eddy currents. 

Two new processes, called dielectric and induction heat
ing, respectively, have been discovered. The term dielectric 
heating is used because the heating is applied to dielectric 
materials, those which do not conduct electricity. Induc
tion heating, on the other hand, is heat applied to metallic 
objects or conductors of electricity. 

The dielectric heating process requires a source of radio 
fn~quency energy, and a means of transferring this energy 
to the object being heated. An electronic generator supplies 
the energy to a pair of metal plates between which the work 
is placed. The source of energy produces an electric field 
that reverses direction, between the plates, many thousands 
of times a second. The molecules of the piece placed in this 
r::tpidly changing field are pulled back and forth so fast that 
that friction occurs, producing heat in the object. The 
rapid change of molecules can be thought of as eddy cur
rents. This basic principle has been expanded to meet the 
requirements of a variety of industries. 

Medicine uses dielectric heating for the therapeutic value 
of heat on sore and 2ching muscles. The patient becomes 
the object in the chJ.nging field, and his molecules oscillating 
hack and forth produce relieving heat without burning the 
skin. During the last war, when penicillin was needed so 
urgently on the battle field, a dielectric heating system was 
developed to concentrate the drug in 30 minutes instead of 
the usual 24 hours. 

Another application of dielectric heating is defrosting 
frozen foods. Large quantities of frozen food can be de
frosted in a few minutes, instead of the previously-required 
hours. 

In the cooking of foods, dielectric heating has again shown 
its speedy operation. The electronic hot dog or hamburger 

A typical small generator-operated induction melting furnace for making precision castings. Furnaces of this type are built 
for melting charges of a few ounces up to five tons or even greater. They may be used for either ferrous of non-ferrous melting 

simply by change of lining. 



cooks in a few seconds after a coin drops into the vending 
machine. Bread can be baked in seconds without any crust, 
and roasts cook thoroughly in minutes. However, the ap
pearance of these last two products is a drawback. The 
public will have to be educated to realize that even though 
there is no crust on the bread or browned surface on the 
roast, they are really thoroughly cooked. 

The basic advantages of dielectric heating arc: a more 
uniform heat throughout the object, and the application of 
this heat at an exceptionally high rate. In manufacturing 
processes, these advantages tend to increase output and pre
vent rejections. The variety of dielectric materials which can 
be used in this process is extensive. A better quality product 
results from the uniform heating, and because of instant heat 
application there is no need to wait for ovens to reach a 
certain temperature. 

The main disadvantage is that dielectric heating is not 
cheap. The radio frequency power cost may run as high 
as six or seven cents a kilowatt, which is a luxury as far as 
industrial users are concerned. Along with the high cost of 
power is the initial cost of installation. With its many power
ful tubes and associated parts, the radio frequency generator 
is a costly item. While the generator costs more than other 
forms of equipment, the uniform temperature rise and fast 
rate of heating provide gaim to offset the initial installation 
costs. 

The principles of induction heating are similar to those 
of dielectric heating. A source of radio frequency energy is 
used, but instead of the two metal plates, a coil of wire 
applies the energy; the objects to be heated are conductors 
of electricity instead of dielectrics. The coil of wire is placed 
around the metal to he heated; as the radio frequency energy 
is applied to the coil, a current is induced in the metal, inside 
the coil and flows around the surface of the metal. The 

resistance of the metal to this current flow causes immediate 
heating of the metal. 

Another way to express this heating action is by Ohm's 
law; PR is the heating loss in the metal. The more radio 
frequency energy applied to the coil, the greater ahe the eddy 
currents induced, and the more heat developed. From this 
induced current the process gets its name. The use of this 
process in industrial applications where metals are heated is 
increasing year after year. 

The widest usc of induction heating in industry is in the 
localized hardening of metal parts requiring long-wearing 
surfaces. Gears, camshafts, bearing races, and cutting tools 
are examples of this. Any portion of a piece of work can 
be given any specified hardness desired, without affecting 
the rest of the part. Because heating time and quenching 
may be automatically controlled, there is less chance for 
human error. The shape of the heating coils easily may be 
changed to fit the part to be heated, making induction hard
ening ideal for small-lot production. 

Brazing and soldering operations arc performed quickly 
and accurately with induction heating. In ordinary brazing, 
1-he quality of the joint is entirely dependent on the skill of 
the operator. With induction heating, however, this variable 
is removed and each joint receives the same temperature over 
the same area. The time of the operation is greatly reduced. 

Soldering is now made a high-speed process with induction 
heating. In radio work where quartz crystals arc installed. 
the use of gas soldering causes excessive heat and cracking 
of the crystals. With induction heating, the heat is produced 
only where it is needed and so fast that the danger of crystal 
cracking is removed. 

In the tube-making industry, especially cathode-ray tubes, 
induction heating is used to fuse the metal contact to the 
coating inside the glass envelope. Gas was formerly used, 

This 17 lb_ capacity induction furnace and its converter power supply can be found in 
almost any metallurgical laboratory throughout the world and is responsible for substan
tially all of the new alloys since the early '20s. With this equipment, a 17 b. charge of steel 
can be melted in a little over one-half hour. 
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but this set up strains in the glass; many breakages resulted. 
Induction heating does away with this danger and performs 
the operation in one-half the time. 

The toothpaste tube that had paste coming out of both 
ends has been eliminated by induction heating. The inner 
surfaces of the end of the tube are now coated with a plastic 
material and then inserted in the induction heating coil. The 
heat induced seals the end better than any method devised 
so far. 

The advantages of induction heating are many and vary 
with each industry. The basic advantages are an increase 
in production, close quality control, and the prevention of 
scale formation on the work. The localized heating reduces 
operating costs and allows unskilled workers to operate highly 
complex machines. Induction heating machines reduce the 
chance for human error and hence the spoilage of parts. All 
this tends to make induction heating the mcst practical 
means of applying heat to metals. 

The disadvantages of induction heating are mostly eco
nomic, rather than productive. If a process can be done by 
induction heating, then doing it that way is the most pro
ductive and efficient method, but not necessarily the cheap
induction heating in increased output and efficiency are 
est. As in the case of dielectric heating, the initial cost of 
the equipment is the big factor. The savings obtained from 
usually, however, enough to pay for an induction heating 
unit in a short time. Induction heating works on virtually 
all metals, and only the size limitation is a disadvantage. 
Where large pieces are to be heated, the cost of power for 
induction heating is excessive, and standard ovens or fur
naces would be more practical. An example of this is in the 
large manufacturing plants where ingots of steel of from 
eight to ten feet in diameter are heated cherry-red in furnaces 
before forming. To do this by induction heating would be 
too expensive. For small work of under four feet in diameter, 
however, induction heating cannot be excelled. 

Typical of the larger induction furnaces is this one ton 
furnace melting tool steel. Such a furnace, powered at 
600 Kw. and 1000 cycles, will melt a ton of steel each 
hour. 

A seven-heater assembly to heat bar stock for forging 
into automotive and tractor parts. The assembly con
sumes 15010 Kw. All seven heaters in each assembly 
may be set up to heat the same load and timed se
quentially to feed heated billets to a press at a very 
rapid rate or each of the seven heaters may be adapt
ed for a different load giving the maximum flexibility. 
By changing heaters on any assembly, which is a 
relatively easy job and which can be done in less 
time than it takes to change the dies on the press, the 
equipment may be used to heat any of a hundred or 
more different sizes and diameters or lengths of stock 
for forging applications. 
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says A. J. MESTIER 
Massachusetts Institute of Technology Sc. B.-1943 

and now Manager, Syracuse District Office 

"I WAS LOOKING for an engineering job, 
but I wasn't very sure just what phase 

of this broad field would interest me most. 
I didn't know whether I wanted straight 
engineering, sales engineering, production 
or some other branch of industrial engi
neering. 

"Allis-Chalmers Graduate Training 
Course gave me a means of working at 
various jobs-seeing what I liked best
and at the same time obtaining a tremen
dous amount of information about many 
industries in a very short time." 

Experiernce Typical 

"My experience is typical in many ways. 
I started the Graduate Training Course in 
1946, after three years in the Army. My 
first request was to go to the Texrope 
V-belt drive department. From there I 
went to the Blower and Compressor de
partment; then the Steam Turbine depart
ment. By the time the course was completed 
in 1948, my mind was made up and I knew 
I wanted sales work. I was then assigned 
to the New York District Office and in 
1950 was made manager of the Syracuse 
District. The important thing to note is 
that all Allis-Chalmers GTC's follow this 
same program of picking the departments 
in which they want to work. 

"Best of all, students have a wide choice, 
for A-C builds machines for every basic 
industry, such as: steam and hydraulic 
turbine generators, transformers, pumps, 
motors and other equipment for electric 
power; rotary kilns, crushers, grinders, 
coolers, screens and other machinery for 

mining, ore processing, cement and rock 
processing. Then there is flour milling 
machinery, electronic equipment and 
many others." 

A Growirng Comparny 

"In addition, new developments and the 
continuing growth of the company offer 
almost endless opportunities for young 
engineers. 

"From my experience on the Graduate 
Training Course, I believe it is one of the 
best conducted in the industry and permits 
a young engineer to become familiar with 
a tremendous variety of equipment-both 
electrical and mechanical-which will 
serve him in good stead in his future pro
fession." 

I 

Ball Mm grinds ore for large copper producer. 
Same type of equipment from Allis-Chalmers 
pulverizes much of nation's cement. 

Texrope is an Allis-Chalmers trademark. 

I -Taking surge voltage distribution tests on power 
transformer in A-C shops with miniature surge For information call the Allis-Chalmers District Office in your locality or write to 

generator and cathode-ray oscilloscope. Allis-Chalmers Manufacturing Company, Milwaukee 1, Wisconsin 
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"POWER OFF!" Test operations are directed from this central control room, where 
special measuring instruments greatly speed up the collection of pump performance 
data. That's one way Worthington products are made more reliable by using ..• 

orld's ost versatile hydraulic proving ground 

COMPRIEHIIENSIVIE tESTS are run on a Worthington centrifugal 
refrigeration unit (lower left) now in service as one of the Ara
bian American Oil Company's central air conditioning units in 
Dhahran, Saudi Arabia. 

When you make pumping equipment that has to stand up and 
deliver year after year anywhere in the world, you've got to be sure 
it will perform as specified. 

That's why we built one of the world's largest hydraulic test 
stands at our plant in Harrison, New Jersey. Here, over a half
acre "lake," we can check the performance of anything from a 
fractional horsepower unit to pumps handling over 100,000 gallons 
a minute. When you realize there are thousands of sizes and types 
of centrifugal pumps alone, you get an idea of the versatility we 
had to build into our proving-ground. 

Naturally, our new test equipment is a big help to our research 
engineers, as well as our customers. Now they get performance 
data on products quickly and accurately. Using it, we can save 
months, even years, in developing new Worthington fluid and air
handling devices- equipment for which this company has been 
famous for over a century. For the complete story of how you can 
fit into the Worthington picture, write F. F. Thompson, Mgr., 
Personnel & Training, Worthington Corporation, Harrison, N. J. 

See the Worthington representative when he visits your campus 
See the Worthington 
Corporation exhibit in 
New York City. A lively, 
informative display of 
product developments 
for industry, business and 
the home. Park Avenue 
and 40th Street. 

When you're thinking of a good job-think high- think Worthington 
AIR CONDITIONING AND REFRIGERATION • COMPRESSORS • CONSTRUCTION EQUIPMENT • ENGINES • DEAERATORS • INDUSTRIAL MIXERS 

LIQUID METERS • MECHANICAL POWER TRANSMISSION • PUMPS • STEAM CONDENSERS • STEAM-JET EJECTORS • STEAM TURBINES • WELDING POSITIONER§ 
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!Electronics Research Engineer Irving .lllne records radiation 
antenna patteru..> on Lockheed's Radar Range. 
Twenty-two foot plastic tov1er in background 
minimizes ground reflections, approximates free space. 
Pattern integrator, high gain amplifier, square root 
amplifier and logarithmic amplifier shown in picture 
are of Lockheed design . 

• • 0 ... . .. .. .. . .. .. . . ...... .. . . 
• .. 0 ... . . . ... ... 

Research Engineer Russell Lowe measures dynamic 
strain applied by Lockheed's 500,000 lb. 
Force Fatigue Machine on test specimen of 
integrally-stiffened Super Constellation skin. 
The Fatigue Machine gives Structures 
Department engineers a significant advantage 
in simulating effect of flight loads on a 
structure. Among other Lockheed structures 
facilities are the only shimmy tower in 
private industry and largest drop test 
tower in the nation. 

. . . ... ... 

. . 

. . . .. ' 
~ ~ • 0 •• ... . . . . . . 

0 •• 

Jim Ho!lg, l'crl'1l'"ilmics llivision head, discusses results 
of high speed wind tunnel research on drag of 
straight and delta wing plan forms with Richard 
Heppe, Aerodynamics Department head (standing), 
and Aerodynamicist Ronald Richmond (seated 
right). In addition to its own tunnel, Lockheed is 
one of the principal shareholders in the Southern 
California Cooperative Wind Tunnel. It is now being 
modified for operation at supersonic Mach numbers . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

C. H. Fish, design engineer assigned 
to Lockheed's Icing Research 
Tunnel, measures impingement 
limits of ice on C-130 wing section. 
The tunnel has a temperature 
range of -40°F. to +150°F. and 
maximum speed of more than 
270 mph. It is the only icing 
research tunnel in private industry. 

. . . 

dvan~ed facilities speed 
Lockhee~: engineering progress 

. . 

Lockheed 

Lockheed's ammatc:1ed research and production facilities help make 
possible diversified activities in virtually all phases of aviation, 
military and commercial. 

They enable engineers to test advanced ideas which would remain 
only a conversation topic in firms lacking Lockheed's facilities. 
They help give designers full rein to their imagination. They make 
better planes - and better careers. 

Engineering students interested in more information on Lockheed's 
advanced facilities are invited to write E. W. DesLauriers, 
Lockheed Student Information Service, Burbank, California. 

AIRCRAFT CORPORATION 

BURBANK California 

. . . 
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The Editor's 

INCE E-Day is creeping steadily closer, I invited 
Bob Wahlstedt (Chairman of E-Day) to bring 

forth some information concerning this year's festiv
ities. A few days later I received the following 
letter. 

Dear ................................ , 

You will be pleased to know that E-Day, 
1955, will be known as the year of peaceful co
existence with the lawyers in particular. Pos
sibly the effect will reach over into the realm 
of the foresters also. The two Norway Pines, 
which were presented to the Engineering 
School by the foresters, are only the first of a 
series of positive moves toward a peaceful set
tlement of the long standing feud. 

However, it seems that with the truce on 
this front, an outbreak of a civil war within the 
Engineering School itself is inevitable. The 
point of separation concerns the kissing of the 
queen candidates at the knighting ceremony. 
A recent poll of the engineers brought out the 
point that the majority liked to kiss the queen 
candidates, but that the feeling is not mutual. 
It should be noted, however, that this does not 
mean that the engineers are not considered 
desirable by these queens, but that the quality 
of the shaves (or the complete lack thereof) 
leaves the relative roughness of the average 
engineers face so high that the tender skin of 
our royalty cannot stand up under the abra
sion. Thus it stands that in 1955, E-Day will be 
without osculation. 1955 will also mark the 
return to the parody-type revue of two years 
ago. Since scheduling difficulties have made it 
again impossible to use Northrup Auditorium, 
the show is being written to utilize the facil
ities of the Union Ballroom to full advantage. 

After a three-year stay at the St. Paul Hotel, 
the Brawl, complete with the marriage cere
mony, will step across the street into the Lowry, 
you will be pleasantly surprised on May 7th. 
Much more lounge space is available than at 

... 
• • f 

the St. Paul Hotel. Incidently, the Nicollet Hotel 
Garden Room was originally reserved for this 
affair, but the Jackson Day Dinner of the Demo
cratic Party is evidently a much more lucrative 
affair (in the opinion of the Nicollet manage
ment) so that they felt justified in cancelling the 
contract. 

I wish I could say that 1955 will be the first 
year that beer is allowed at the picnic, but 
unfortunately I can't make such a promise! 

And there you are, 

Bob W ahlstedt 

As our textbooks like to say, "it is obvious" that Bob 
(and his commitees) have been industriously engaged 
in preparing the way for OUR day; and it should be 
just as obvious that a few spare hours spent by you 
in helping Bob would come a long way in making this 
year's E-Day the best ever. 

T registration for spring quarter, a fact was brought 
out rather forcefully to me; I'm wondering if you 

had a similar experience. It is with regard to the one
year program made out at the beginning of the year
it appears to me that courses that would fit nicely into 
a person's program, and that the person wanted to take 
but did not have too, are being skipped because the 
course was not originally scheduled on the one-year 
program. 

As far as I am concerned, it is too much work to go 
out of the registration room, make up a new one-year 
program, and then find my advisor to sign it. I would 
rather not take the course. 

Although the intention of the one-year program is 
admirable, in that it is to keep one from being confused 
in a maze of courses, it may be doing some harm by 
preventing registration for some elective course. 

I would like to hear from you on this subject. If inter
est is shown, and an improvement is suggested, I will 
endeavor to bring it to the attention of the powers that 
be. 



Richmond Station of the Philadelphia Electric Co. 

Weeks of work shrink to days as 

photo raphy wei hs mountains of coal 
Aero Service Corporation takes stereo pictures 

of the coal piles at a utility's 10 storage sites-reports 
the fuel reserves on a single inventory date at 

25% lower cost than with other methods 

It used to take a surveying crew weeks to measure and 
figure the contents of the Philadelphia Electric Co.'s big 
coal piles. Now a camera and an airplane work together 
to cut the time to days. Overlapping pictures are taken 
from the air. Then with stereo plotting equipment the 
volume of the heap is calculated. 

Streamlining the inventory job is a natural for pho
tography. It's being used to count metal rods, automotive 
parts, telephone calls as well as tons of coal. But pho
tography works for business in many other ways as well 
-saving time, reducing error, cutting costs, improving 
production. 

Graduates in the physical sciences and in engineering 
find photography an increasingly valuable tool in their 
new occupations. Its expanding use has also created 
many challenging opportunities at Kodak, especially in 
the development of large-scale chemical processes and 
the design of complex precision mechanical-electronic 
equipment. vVhether you are a recent graduate or a qual
ified returning service man, if you are interested in these 
opportunities, write to Business & Technical Personnel 
Dept., Eastman Kodak Company, Rochester 4, N.Y. 

Aero Service Corporation takes its stereo photographs and 
translates them into a contour map of 1-foot 

intervals. Each 1-foot stratum of the coal pile 
can then be measured with a planimeter 

and its volume computed. 

Eastman Kodak Company, Rochester 4, N.Y. 



h t ill you add to 
jet en ine pro re s? 

New, dramatic advances being made at lege program of practical engineering 
General Electric's aircraft gas turbine assignments. In this program, as in his 
operations bring into clear focus the ultimate career, the engineer chooses 
vital role recent college engineering the field and location-from the entire 
graduates play throughout the com- range of G-E activities including plas
pany. Typifying such responsibility are tics, large electrical apparatus, elec
R. W. Bradshaw, ME, Lehigh, '48, re- tronics,jet propulsion, automation com
sponsible for design of development ponents and atomic power. 
engine controls and accessories, and Working with world-renowned G-E 
B. C. Hope, EE, UCLA, '49, supervisor engineers, you-like Bradshaw and 
of test programs for development of Hope-can make important contribu
aerodynamic and mechanical compo- tions early in your engineering career. 
nents. For full details on the G-E career suited 

In every field from electrical, me- to your talents and interests, see your 
chanica!, metallurgical and aeronauti- college placement director, or write 
cal engineering to physics and chemis- General Electric Company, Engineer
try, young men like these broaden their ing Personnel Section, Schenectady 5, 
technical background in GE's after-col- New York. 

~gress Is Our Most lmporfanf Prot/vel 

GENERAl ELECTRIC 





John F. Holt, class of '47 

9peaks from experience when he says ''Expanding research 

and product development at U. . teel mean 
more opportunities for qualified engineers" 

SINCE 1952, John F. Holt has been 
Assistant Superintendent of the Coke 

and Coal Chemicals Department at 
United States Steel's new Fairless 
Works in Morrisville, Pa. He started 
working at U.S. Steel-as a trainee-in 
1947. That's a lot of progress in just five 
years. For in his present position, John 
is responsible for both the quality and 
the quantity of all coal chemicals pro
duced at the Fairless Works - about 
3,500,000 gallons of light oils per year. 
190 hourly employees and 25 super
visory personnel report to him. 

But John's case of rapid advance
ment is not unusual. U.S. Steel has 
always placed great emphasis upon its 
management training programs and 
has provided the kind of training that 
enables ambitious young engineers to 

take over responsible positions within a 
comparatively short time. 

As one example, John feels that the 
opportunities in his own department 
are very promising at this time. He 
says, "Many important new concepts of 
modernization and expansion in such 
fields as the carbonization of coal and 
synthetic products are coming up every 
day pointing the way to extensive fu
ture developments. Well-trained engi
neers will be in a position to lead the 

way into these new areas of industry." 
If you are interested in a challenging 

and rewarding career with United 
States Steel and feel that you can qual
ify, you can obtain further information 
from your college placement director. 
Or we will gladly send you our in
formative booklet, "Paths of Opportun
ity," upon request. Just write to United 
States Steel Corporation, Personnel 
Division, Room 1622, 525 William Penn 
Place, Pittsburgh 30, Pa. 

SEE THE UNITED STATES STEEL HOUR. It's a full-hour TV program 
presented every other week by United States Steel. Consult your local 
newspaper for time and station. 

E EEL 
AMERICAN BRIDGE •• AMERICAN STEEL & WIRE and CYCLONE FENCE .• COLUMBIA-GENEVA STEEL •• CONSOLIDATED WESTERN STEEl •• GERRARD STEEL STRAPPING •• NATIONAl TUBE 

OIL WELL SUPPLY •• TENNESSEE COAl & IRON •• UNITED STATES STEEl PRODUCTS •. UNITED STATES STEEL SUPPLY •• Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEL HOMES, INC. • UNION SUPPlY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAl ATLAS CEMENT COMPANY 



Ever Study 

E I L E 
Probably not. As far as we know, there isn't such a term. 
Even so, the terrain of a manufacturing plant may have 
a vital effect on the design and location of its engineer
ing equipment. 

It certainly did in the case of our Belle, West Virginia, 
plant, which is just across the road from a flat-topped 
hill, 750 feet high. 

Perhaps you'd like to match wits with Du Pont engi
neers, for we feel that this problem was interesting
and its solution ingenious. 

Briefly, the situation was this: Carbon dioxide was to 
be removed from a mixture of gases by bringing them 
into contact with water in «scrubbers" operating at 450 
psi (gauge). The inlet gases contained about 25% C02 
by volume. Because of its greater solubility, most of the 
C02 would leave the scrubbers dissolved in the water. 

It was necessary to reduce the pressure of this water 
to atmospheric and recover the dissolved carbon dioxide, 
since C02 was needed for use in a chemical synthesis. 
The degasified water then had to be pumped back into 
the pressure scrubbers, to repeat the scrubbing cycle. 

Still like to match wits? How would you design an 

I E I 
economical closed system for this scrubbing water? After 
you've thought out your solution, you might like to 
compare it with the one given below. 

Du Pont engineers made use of the precipitous .ter
rain in this way: pressure on the water leaving the 
scrubbers was sufficient to force it up to the top of the 
hill for C02 recovery. The returning water thereby pro
vided a pressure of approximately 325 psi (750 feet of 
head) at the base of the hill. This gift of pressure on the 
suction side of the water pumps resulted in considerable 
energy saving. 

Do unusual problems such as this one challenge you 
and stir your enthusiasm? If they do, we think you'll be 
interested in technical work with the DuPont Company. 

Watch "Cavalcade of America" on television 

E. B. du Pont de Nemours & Company (Bnc:.) 
SETTlER THINGS fOR BIETTER liVING ••• THROUGH CHEMISTRY 
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They're having a 

It's not much more than a hop, skip 
and jump to Commencement. And 
engineering seniors are getting together 
for long talks on what they're going to 
d~ after graduation. 

Frankly, we wish we could be present 
at such sessions. We'd register a few 
enthusiastic opinions of our own-on 
the subject of career opportunities at 
General Motors. 

For a starter, we'd point out that young 
engineers have an admirable chance to 
follow their natural bent in a company 
like GM-which manufactures products 
ranging from cars and locomotives and 
earth-movers all the way to household 
electrical appliances. 

On top of that, GM's extensive decen
tralization into 121 plants gives our 
young engineers an unusually fine 
opportunity to work in locations of 
their choice. Besides, this policy pro-

I 

I 

vides the chance to learn and win recog
nition while working with a close-knit 
engineering team. 

And for the record, we'd like to make 
mention of GM's incomparable · re
sources and facilities. While each of 
GM's 35 manufacturing divisions has 
its own, they can all draw on vast 
central research facilities. 

But most important, remember that 
GM thrives on engineering achieve
ments - constantly seeks ·to produce 
more and better things for more people. 
Hence, there's a really stimulating 
creative climate that's ideal for men 
with enthusiasm and imagination. 

So if you'd like to toss your mortar
board in the ring, why not ask your 
Placement Office to arrange an inter
view with our College Representative. 
Meanwhile, write us for the informative 
booklet, "The College Graduate and 
General Motors." 

GM Positions Now Available in These Fields: 

MECHANICAL ENGINEERING 

ELECTRICAL ENGINEERING 

METALLURGICAL ENGINEERING 

INDUSTRIAL ENGINEERING 

CHEMICAL ENGINEERING 

GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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Allison En · neers Pioneer Turbo-Prop Development 

YC-130 

YC-131C 

William J.layne received his B.S. in Aeronautical Engineering from Purdue 
University in 1950. Before ioining the Allison engineering staff, he served 
as a captain in the Air Force 1942-46 and 1951-53. Bill, now a flight Test 
Engineer, is shown taking gas turbine compressor readings from the equipe 
ment used to start turbo-prop engines at the Allison Test facility in 
Indianapolis. 

LLISON is out in front, leading all U. S. aircraft 
engine manufacturers with more turbo-prop flight 
experience than has been accumulated by all of the 
nation's other engine manufacturers combined. 

That's because Allison-working closely with the 
military-was a pioneer in the design, development 
and production of both engines and propellers for 
turbo-prop aircraft. First flight with an Allison 
turbo-prop engine was made in a Boeing B-1 7G at 
Indianapolis in 1949. Today, eight different types 
of military aircraft-including the VTO's-are mak
ing history with the Allison Turbo-Prop. 

The Allison Turbo-Liner, shown above, was 
America's first turbine-powered, commercial-type 
transport. This flying test bed, which is a Convair 
240 converted to Allison Turbo-Prop engines and 
Aeroproducts propellers, was the forerunner of 
modern military transports such as the Lockheed 
C-130 and the Convair YC-131C. After its first 
:flight in 1950, the Turbo-Liner was used primarily 
as an engineering :flight test aircraft, checking out 
problems for military application. More recently, 

the Turbo-Liner has been used on demonstration 
:flights to show the many advantages of a turbo-prop 
powered transport. To date, the Turbo-Liner has 
made nearly 700 :flights and has accumulated nearly 
500 hours of flight time. 

Now available for commercial application, Alli
son Turbo-Prop engines and their matching Aero
products propellers today are setting new standards 
for transport aircraft in speed, load-carrying ability, 
and economical operations. 

Looking ahead, with our extensive development 
and expansion program, we need more engineers 
to carry on in a field where you'll find unlimited 
opportunity. We have immediate openings for the 
well-qualified, technically-trained, young graduate 
who is interested in starting his engineering career 
with a recognized leader in the industry. Allison 
representatives are interviewing prospective June 
graduates now. Write for further information: R. G. 
Greenwood, Engineering College Contact, Allison 
Division of General Motors, Indianapolis 6, 
Indiana. 

DIVISION, GENERAL MOT.ORS CORPORATION, Indianapolis, Ind. 

Design, development and production-high power TURBINE ENGINES, PROPEllERS and ACTUATORS for modern 
aircraft •.• heavy duty TORQMATIC DRIVES for Ordnance and Commercial vehicles ... DIESEL lOCOMOTIVE 
PARTS ••• PRECISION BEARINGS for gasoline and Diesel engines and special application. 



NLY IRC MAKES S MANY 

IAN AND IL TYPE RESIST RS 

... another reason why engineers prefer IRC Resistors 

56 different IRC resistors is today's figure-all equiva
lent to JAN or MIL specifications. Manufacturers of 
military equipment who must meet these specifications 
depend on IRC for all their resistor requirements. 
Offering the widest line of resistors in the industry-
138 different types in all-IRC is the logical source of 
JAN and MIL type units. 

INTERNATIONAL 
RESISTANCE CO. 
401 N. Broad St., PhiBa. 8. Pa. 

~ ile, ~ S,.. ..A,/\1\r In Canada: International Resistance Co., Toronto, Licensee 
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"CHEMICAL COBBLERS" -Hercules material~ 
help the shoe industry in many ways in 
their annual manufacture of more than 
500,000,000 pairs of shoes. Hercules® ni
trocellulose, ethyl cellulose, and resins go 
into adhesives, coatings, and stiffening 
compounds. Other Hercules products im
prove the processing of insoles, soles, and 
heels, give: hulk and shine to polishes, help 
treat leather, appear in molded plastie 
heels, and in box toes, laces, and tips. 

A CAREER MORE THAN A JOB is the philosophy behind Hercules' personnel policies. To 
assist employees in their efforts to attain security for themselves and their families, 
Hercules' personnel program includes a liberal vacation plan, a disability benefit plan, 
accident and sickness insurance, a hospital-surgical plan, group life insurance, and other 
benefits. A comprehensive personnel program is only one of several good reasons why 
many turn to Hercules for positions with a future. 

HERCULES POWDER. COMPANY 
963 Market St., rv·ilmington 99, Delaware. Sales Offices in Principal Cities 

SYNTHIETDC RIESINS, CIELI.ULOSIE PRODUCTS, CHEMICAL COTTON, TERPENE 

CHEMICALS, ROSIN AND ROSIN DERIV A TIVIES, CHLORINATED PRODUCTS, 
!EXPLOSIVES, AND OTHER CHEMICAL PROCESSING MATERIALS 

TODAY'S PHONOGRAPH RECORDS are truly plas
tic compositions. Hercules Vinsol® resin, a low 
cost thermoplastic, serves as a modifier for film 
forming resins, such as Hercules® ethyl cellu
lose, in many formulations. Either product may 
also he used, independently, in conjunction 
with other materials. 



1954-Roll-out of America's first jet transport, the Boeing 707 

Progress is a Boeing-career hallmark 

From the earliest days of aviation, Boeing 
engineers have produced an impressive 
number of trend-creating "firsts" -includ
ing the 707, America's first jet transport, 
shown above. 

Boeing's 38-year history of Research, 
Design and Production progress has con
tinuously opened up new career oppor
tunities for engineers. Today Boeing 
employs more engineers than even at the 
peak of World War II. 

At Boeing you'd work with engineers 
who developed: The world's first all
metal, 3-mile-a-minute commercial trans
port. The first pressurized airliner. The 
first effective four-engine bomber (the 
B-1 7). Today' s fastest operational 
bomber (the six-jet B-47). The even 
more advanced B-52 eight-jet global 

bomber, and the 707, America's first jet 
transport. Boeing engineers continue to 
design "years ahead," doing research on 
nuclear-powered aircraft. They are also 
developing a new Air Force defense 
weapons system, based on the Boeing 
F-99 Bomarc pilotless interceptor. These 
long-range programs project Boeing prog
ress far into the future. 

One measure of the satisfaction of 
Boeing careers is given in the chart 
below. It shows that 46% of Boeing 
engineers have been with the company 

50% 

for five or more years; 25% for 10 or 
more years, and 6% for 15 or more years~ 

Here are other advantages: Boeing 
promotes from within and holds regu
lar merit reviews to assure individual 
recognition. Engineers are encouraged 
to take graduate studies while working 
and are reimbursed for all tuition 
expense. 

Of technical graduates at Boeing, 28% 
hold Mechanical Engineering degrees" 
24% Electrical, 19% Aeronautical, and 
9% Civil. The remainder is comprised of 
other engineering graduates, physicists 
and mathematicians. 

For further Boeing career information 
consult your Placement Office, or write: 

JOHN C. SANDERS, Staff Engineer- PersonneH 
Boeing Airplane Company, Seattle 14, Wash. 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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The On-Scene Audience ... 

I I 

D RIVING along University Avenue in 1945, one did 
not see a television station just as he crossed the 
boundary line separating the Twin Cities. In that 

year, television was yet a thing of the future; at least one 
year was to pass before KSTP was to erect its new station 
and two years before there was to be any television trans
missiOns. 

Now, only nine years later, the single-studio station of 
1946 has grown to include, among other things, three new 
studios, the smallest of which is nearly twice the size of the 
original floating studio. To preserve its record of advance
ment, KSTP is currently installing the host of electronic 
devices needed to televise and transmit color. Those who 
should happen to have color receiving sets may enjoy color 
films as early as midsummer. 

The achievements of the station in the past nine years 
did not just happen; they are to be attributed to the success
ful management and combined efforts of the men working 
there. 

A television station can hardly be compared to a radio 
station that might have a single audition studio, several 
announcing studios, a news preparing room, a record library, 
and one control room. In addition to the entrance lounge, 
KSTP-TV's station has two control rooms, four studios, a 
photographic laboratory, a record library, a camera mainte
nance room, a prop and furniture storage room, a projector 
room, a room for making and developing movie films, 

By Tom B. Sadler 

transmitter rooms, and a cafeteria. (Here, too, one will find 
KSTP-Radio's station with its separate studios and control 
booths.) 

To telecast a live show, a television station needs to 
assume the atmosphere of a movie producing house. This, 
of course, calls for the assemblage of script writers, pro
ducers, directors, light men, prop men, and make-up 
assistants, in addition to the camera men and the many 
technical men in the control booths. To televise a news
cast, no fewer persons are needed, since here the need for 
news writers arises, and then, too, nearly all newscasts have 
either moving or still pictures that accompany the story 
being told by the commentator. Since any pictures to be 
shown must be taken and developed the same day the news 
story breaks, one can understand that some efficient work 
must be taking place; this, in fact, is the case. 

One wandering through the station for the first time 
marvels at the fact that from out of all the congestion of 
such a mixed array of electronic devices, flood lamps, 
cameras, and a hos't of other things (mostly men) could 
come anything save chaos. Seemingly hundreds of persons 
occupy the station during its busiest hours. :S1ome might be 
seen carrying step ladders, others floor lamps; some ride 
the three-~wheeled TV camera'S reminding one of his tri
cycle days. Some hold microphones, some sing, some direct, 
some just talk. But each person has his place and his time. 
Just as the ants in an ant hill operate only with perfect 

Control room overlooking studio. The director sits at the left watching the monitors directly in 
front of him. At the right is the audio director. 



The studio where live shows are telecast. On the ceiling are the numerous tracks supporting the 
flood lamps and microphones. At the extreme left is the control booth window. 

organization and co-ordination, so does a TV station. The 
work is done properly, on time, and without discord. The 
outcome, then, is not chaos, but rather a perfectly harmo
nized shO\v that offers pleasant viewing to the many who are 
watching. 

The succe'Ss of the shows finally must be attributed to 
the co-operation between the heads of various departments 
and their assistants. An example of such a team is Bill 
Sadler, head of the engineering department, and his assi'St
ants, 'Willard Hartho and Fred Street. 

In the absence of Mr. Sadler, Mr. Hartho guided two 
of us through the station while giving us a thorough 
briefing of the operations and complications, as it were, of 
the station. We indeed are appreciative to Mr. Hartho for 
the pleasant experience. 

Seven technical men are needed to telecast a live 'Show 
and at least two non-technical men. (This includes only 
those who assist during the actual telecasting and not those 
who might have prepared the show physicaHy.) The 
producer sits in the control room with the audio man and 
the video man and decides which of the two or more 
pictures being taken by the cameras shall be sent out. This 
calls for an alert man, since many such decisions are to be 
made each minute. It often hap~ns that one camera may 
have to pass in front of another or perhaps one camera 
will be in the range of the other. Were it not for the 
producer in the control room throwing the right switches, 
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the viewing audience would surely see cameras on their 
screens occasionally. The man in the projector room must 
likewise be alert. He must have the stiH and moving 
pictures in place at the proper times. It is he, too, who 
places the advertisement cards and slides which are seen 
during intervals. To complete the crew, generally there 
are two floor directors who prompt and give immediate 
assistance on the floor whenever it is needed during a live 
show. 

Throughout the station one will see numerous small TV 
sets. These are technically known as monitors and are 
placed in front of the persons· actually being televised, as 
well a'S in front of the producer, the video man, the audio 
man, the projector man, and many others; monitors ·seem
ingly find their way to every nook and comer in this tele
vision station. This doubly assures the viewers of a 
qualitatively perfect picture. 

Quite admittedly, this article has not properly given 
justice to all who work in a television station; the men in 
the transmitter room and photographic ~laboratory and 
other areas are no less an integral part of the ultimate 
success of television as are the camera men or news com
mentators. Indeed, were it not for the many unsung heroes 
who daily put in their eight happy hour'S, there would be no 
television as we know it today. 

{end) 



Western Electric field engineers supervise installation 

of complex electronic equipment made for Armed Forces 

Marco Polo had nothing on Western Electric's 
field engineers. They travel the world to advise on 
use, installation and maintenance of the electronic 
equipment we produce for the Armed Forces ... 
like radar bombing systems, anti-aircraft fire con
trol systems, and the Nike guided missile control 
system. 

Western Electric is called upon to make these 
things because of its vast experience with highly 
complex electronic equipment as the manufactur
ing unit of the Bell System. It's a job that presents 
an unending challenge to our engineering staff. 

UNIT OF THE BEU. SYSTEM 

Western product and development engineers are respon
sible for turning out some 50,000 differeht items annually 
for the Bell System ..,... everything from tiny transistors to 
giant bays of electronic switching equipment. Shown is 
one stage of transistor manufacture. 
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XT WEEK, on April 19 in 
Coffman Memorial Union, the 
Engineers Club of Minne

apolis is again holding the Student 
Night Banquet. This students night 
dinner is an annual affair and goes 
back many years. The speakers are 
all top caliber men; for example Mr. 
Allen S. King, President of Northern 
States Power, spoke in 1954; in 1953 
the speaker was Mr. William N. Ca
rey, Executive Secretary of the Am
erican Society of Civil Engineers; and 
in 1952 the speaker was Mr. Conrad 
Cooper, Vice President of U. S. Steel. 
This year the speaker will be Dr. 
E. W. Engstrom, Executive Vice Pres
ident and Director of Radio Corpo
ration of America. Dr. Engstrom is in 
charge of research and engineering 
at RCA and his subject for the eve
ning will be "Industrial Research 
and a Profile of the Research Work
er." 

Dr. Engstrom, born in Minneapolis 
on August 25, 1901, received a 
Bachelor of Science degree in Elec
trical Engineering at the University 
of Minnesota in 1923. 

After his graduation, Dr. Engstrom 
worked for the General Electric 
Company and was assigned to radio 
engineering development work. His 
early responsibilities included work 
on high-power radio transmitters and 
the installation of transmitters. Lat
er he became responsible for a por
tion of the development of broad
cast-type receivers. When commer
cial activity was initiated in sound 
motion pictures, he was placed in 
charge of the engineering develop
ment and apparatus design in this 
field. 

When radio engineering and 
manufacturing were transferred to 
RCA in 1930, Dr. Engstrom continued 
in charge of sound motion picture 
apparatus, development, and design 
for RCA at Camden, New Jersey. He 
then took over the engineering of 
broadcast receivers and continued 
in this field until he began organiza
ation of a research department. Lat
er he was responsible for radio tube 
research and coordinated this with 
the apparatus and systems work. 

In 1942, when all the research ac
tivities of RCA were brought to
gether at Princeton, New Jersey, Dr. 
Engstrom became director of gen
eral research. On December 7, 1945, 
he was elected Vice President in 
Charge of Research of the RCA 
Laboratories Division; on Septem
ber 7, 1951, he was elected Vice 
President in Charge of RCA Labora
tories Division; and on June 4, 1954, 
he was elected to his present posi
tion. 



During World War II, Dr. Eng
strom was responsible for research 
in the fields of radar, radio, elec
tronics, and acoustics. He directed 
research scientists and engineers 
who made many important contri
butions to the achievement of vic
tory. 

The dinner is primarily designed 
to acquaint the senior engineering 
students with practicing engineers 
in the Twin Cities in an attempt to 
give them a little closer view of the 
engineering profession. All of the 
senior engineering students are in
vited to this banquet. There is no 
charge to them as the individual 
members of the Minneapolis Engi
neers Club stand the expense of the 
dinner. 

An attempt is made to arrange 
the seating so that the students and 
members of the club are intermixed, 
so that not only can the students 
talk with the members of the club, 
but so that the member can learn 
about the current engineering 
school and the attitudes of the en
gineering students. 

A glimpse of last year's crowd. 

Proving that anything the forest
ers do, the Engineers can do better 
is this visual progress report on "A 
Tree Grows in LT." As can be seen 
from the photograph, the addition 
of growth-stimulating hormones has 
caused the original, stumpy, friend
ship offering to grow into an En
gineer-sized tree. We defy th~ for
esters to break the bonds of love 
and understanding we have de
veloped by taking an orphan from 
the farm campus into the Engineer's 
domain, and creating a strong, 
sturdy Irish Pine that puts the 
foresters puny attempts, to shame. 
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oncrete Shell onstruction 

I 

A shell roof of the long barrel type on a reservoir near 
Sunderland, England. The cylinders are used singly. 

T HE ACCOMPLISHMENTS of man are usually 
measuredwith relation to the f~an;'ework in wh~ch 
he lives. The technology of bu1ld1ng construction 

has made great strides,; never before has there been an 
age offering such a variety of materials, tools, and skills. 

In this framework so conducive to new development, 
it is surprising that it has taken so many years to realize 

. the ~advantages of shell concrete and its use in building. 
Natural shells derive their strength from shape, not 

from thickness. All shells-whether smooth eggshells, 
corrugated scallop shells, or latticed radiolaria surfaces 
-distribute stresses through the material continuously 
in all directions. 

The walnut shell is one example, for it is eggshaped, 
corrugated, has stiffening ribs on the shell, and stiffen
ing diaphragms inside it. 

In America, building materials have always been in 
abundance, whereas in Europe there is a definite scarcity 
of material and resources. 

This shortage of material has resulted in European 
advancement in developing structures using the least 
amount of material necessary. Thin shell concrete 
structures were first developed in France and Germany 
in 191 0 and 1911. 

However, these were very conservative designs, and 
not until recent years have shells come into common 
use. 

Well designed concerete shells develop low stress.es, 
resulting in thin shells and a more economical use of 
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material. Stresses in concrete shells are due mainly to 
dead loads; consequently, ~a thicker shell adds more 
weight than safety, and causes additional stresses due 
to volume changes in the concrete from temperature, 
changes, shrinkage, and plastic flow. 

The stresses in the shells are transmitted in any di
rection in the plane of the shell, therefore much lower 
bending moments and thinner sections result. 

An example of the saving in material is the Cosmic 
Ray Pavilion in Mexico, by Felix Candela, which covers 
an area 33 ft by 64 ft with a concrete shell vault only 
%in. thick. 

Another advantage is that shells of concrete can be 
formed in any shape, so 1as not only to transmit stresses 
in the plane of the shell, but also to lend themselves to 
any architectural form or function. 

The essential purpose of structure is to transform 
external loads into internal stresses and to transmit 
these, distributed along the structural members, to con
venient locations. 

The simplest form of a skin structure is where two 
sloping planes intersect at a ridge line, having the 
bottom edges held against outward movement by sup
ports or tie rods. The vertical loading of the ridge beam 
is transmitted in the planes to the support. 

Roof structures consisting of thin membranes of rein
forced concrete, curved in one or more directions, are 
of recent origin, but their development has been rapid 
and they offer important possibilities for economical 
construction where the loading consists principally of 
distributed loads due to dead load, wind, and snow. 

Most shell roofs used are of single curvature, in the 
form of cylindrical barrels falling into two categories
long- and short-barrel types. In the short-barrel type, 
the span of the shell between arch ribs is small com
pared with the span of the supporting ribs. In the 
long-barrel type, the cylinder itself forms the supporting 
member between column lines. The length of the 
barrel is usually greater than its radius of curvature 
and chord width. These cylinders may be used singly 
or in series. 

Shell concrete lends itself extremely well to all types 
of skin space frame structures, from simple barrel and 
groin vaults to complicated paraboloids and dome
shaped structures, e.g., the saddle roof structure of 
Konrad W achs.man and the spherical triangular dome 
for the Massachusetts Institut~;?of Technology by Ero 
Iaarinen. 



I 
Warped concrete shells are the most recent develop

ment in shell concrete. 

The greatest number of examples are found in the 
works of architect Felix Candela and. his engineer 
partner H. Almada in Mexico. 

Warped shells are the only type of membrane struc
tures which are based on the ultimate strength of 
concrete rather than the working stress. This done by 
intuitive design with respect to the distribution of 
forces due to applied loading and checked by mathe
matical analysis and scale models. 

Many umbrella type roofs have been built in Mexico, 
with cantilevered spans of up to 36 ft and a thickness 
of only % in. not uncommon. 

Three houses done by Candela in Mexico for the 
newspaper "N ovedades" employ the warped shell to 
very functional and esthetic limits. 

The great variety of structural shapes of shell con
crete, makes possible excellent lighting for almost any 
building. Interior spaces can be lit by a variety of 
means f:rom any or all sides of the structure to glass 
slits or domes in the roof. For example: 

(1) Folded plate shells, arranged in a discontinuous 
z-shaped pattern, provide north-light clerestories for 
H. W. Moore Equipment building in Denver. 

(2) Prestressed shells used in the Zeiss-Opton optical 
plant 4;1t Oberkocken, Germany. 

Interior view of a drill hall, using the long barrel 
cylinders in series. 

By David E. Miller 

Glass is generally strong in compression but cannot 
withstand tension stress; it therefore cannot be used 
near the edges of shell structures unless special slippage 
joints are built into the shell. 

Since the coefficient of expansion of glass is only 
slightly lower than that of concrete, it is possible to 
make watertight bonds between the shell and glass. 
These bonds are actually strengthened with the shrink
age of concrete in curing. 

The only restrictions in the use of glass is that it 
must be able to take diagonal shearing stresses develop
ing from. plastic flow in the shell. In Europe translucent 
slabs have been built with more glass than concrete; 
this composite is known as classcrete. 

High speed construction in concrete is very common 
today. Such techniques as precasting, prestressing, and 
tilt-up construction indicate the trend toward mass pro
duction. 

Shell concrete construction is economical if the form 
work can be used repeatedly throughout the construc
tion process. The emphasis is therefore on design of 
forms rather than the design for minimum material. 

It is therefore desirable to keep formwork simple, 
reusable, and mobile. A typical mobile form is a timber 
traveler. These forms slide on runways or steel rails, 
are raised into position for pouring, lowered after the 
concrete has set-usually five to six days-and move 
on to the adjacent span. This requires only one set 
of forms, which can be used for the entire job. 

Steel reinforcing for concrete shells is essentially 
steel mesh, and is placed very rapidly into mats. Few 
steel rods are used, usually only in preventing edge 
cracking. 

Roof shell concrete structures are considered as 
monolithic structures, and the concrete is poured in on 
continuous operation. 

Some of the better examples of rapid constructure 
using movable formwork an-d new techniques in rein
forcing are: the warehouse at Bologna, Italy, by Pier 
Nervi, an East Los Angeles bakery by John J. Driskell, 
the U. S. Navy and Air Force Hangars in Virginia, and 
the Oklahoma Livestock Colosseum at Montgomery. 

The imaginative use of design and construction in 
the field of concrete is only beginning. With the po
tentialities of thin shell concrete structures of almost 
any form and expression, they may soon be built as 
economically and as commonly as convential structures. 

(end) 
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By Robert Gawboy 

LD ST. PAT sat on his empty beer keg and looked 
slowly around at the group of young, eager engineen 
who surrounded him. He pushed hi's battered green 

topper further back on his forehead and scratched his un
ruly white forelock. 

"So ye've come to me for advice," he addressed them. 
"Well, now by the good green beer that the dean nivver 
touches-ye'll have it." 

"Tell us, Pat," said one little freshman in the front row. 
"What can we do to better ourselves at this Universi'ty ?" 

"Should we take part in campus politics? Is it worth 
while?" asked a long, lean EE. 

Old Pat, the pa,tron saint of engineers, smiled, gave his 
beard a thoughtful tug, and then said, "I've been around 
here a long, long time and I've had a tough job trying to 
straighten my boys out before they have to face the world. 
Some people seem to think that students can't govern them
selves. If they don't govern themselves, it i·s harder to pre
pare them for the outside world where they will have to 
anyhow." 

"But Pat," explained a pipe smoking civil, "a very wise 
man has said that the present student government is the 
most cooperative of the student governments that the Uni
versity has done business with and at the head of this 
Student Cooperation Board is a Great Cooperator. Why 
is it then, that we have so little to say in anything important 
that concerns us?" 

Old Pat then replied, "Let me set you boys straight. 
Whether cooperation is good or not depends upon how 
much of it you do .... If the U. S. Congress cooperated 
with everything that the president wanted done, we would 
not need the U. S. Congres's at all. The U. S. Congress 
should represent the people of the U. S., not the U. S. 
President. Similarily, the Student Cooperation Board and 
the Great Cooperator should represent the students, not the 
administration. You may think that the example that I 
gave is preposterous, but as you know, there are govern
ments on this green earth right now, where perfect co
operation is expected and required from the people or their 
representatives. (Oops, I got so carried away I forgot my 
cussed accent, thought St. Pat.) 

The editor of the Stump, a student humor and hobby 
magazine, burst out with: "That right; the same thing 
applies to di'scussions. I have been to a retreat sponsored 
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by a very wise man where discussing two s.ides of a ques
tion on student cooperation was not even considered as a 
part of the program. Once, someone hrought the subject 
up and he was purged from a leadership camp." 

Pat aravely stated, "Such is often the fate of a person 
who tries to start something new in politics, even if it is 
an improvement. However, all is not lost," Pat continued. 
"If enough of you took an active interest in the situation, 
discussed it with your classmates, or even voted in campus 
elecetions ?" 

"Waal, Ah'll be hornswoggled," bellowed Cataar Zekia'l, 
a senior in Agricultural Engineering, "Thet's jest what Ah 
bin trying to tell you fellers for nigh unto five yars now." 

"Remember," said St. Pat, "you can always compromise 
between complete cooperation and an absolute democracy." 

One ME poked his buddy and whispered, "Sure, re
member that Hitler thought that Quisling was the most 
cooperative Norwegian he knew." 

At this point, Bromo Seltzer, a mixed up arts student, 
who thought that this was an SLA Board ·meeting, said, 
"But sir, this is not the time for students to assume more 
responsibility for their actions. We assumed enough re
sponsibility thirty years ago. We need more smooth talking, 
ve'lvet throated cooperators on our Student Cooperation 
Boards. We have an administration that loves to help 
students. If a student does have trouble accepting all the 
U's policies, they will gladly give him a Minnesota Multi
phasic and a hearing with a board of psychiatrists to find 
out what is wrong with him." 

An ME junior, Pegasus Griffin, jumped up on a soap box 
and yelled, "St. Pat! Are you advising us to cut off our 
communicating intellectually with the admini'Stra:tion? We 
can't do that! We would be lost without it! 

"What is 'Wrong with our present Student Cooperation 
Board? There is diversified opinion on it! Why, they have 
members that represent a cross section of all the Greek 
organizations on campus! How much more diversified can 
representation get? Why--'' At this the speaker col
lapsed and fell to the gravel in a sobbing, quivering mass. 
As he was carted to the health service, he was heard to 
mutter, "Please, Billy, give me a Multiphasic, I feel insecure! 
I ·left my fee statement home!" 

"Oh well," sighed St. Pat, "there is always someone who 
feels insecure when he has to assume more responsibility or 
at the suggestion of a change." 

(end) 



More jobs-through sctence 
From the earth, a1r, and water come new things for all of us-and new jobs 

THE ELEMENTS OF NATURE are a limitless frontier, a con
tinuing challenge to science. Out of them, scientists are 
developing new materials that benefit us all in many ways. 

A CHEMICAL A MONTH- The scientists of Union 
Carbide, for example, have introduced an average of 
(177e new chemical per month for over twenty-five years. 

Some of these have led to the growth of important 
industries, such as plastics and man-made textiles. This, 
in turn. has meant more opportunities, more jobs- in 
construction. manufacturing, engineering and sales, as 
well as in research. 

IN OTHER FIELDS, TOO, the people of Union Carbide 
have helped open new areas of benefit and opportunity. 
Their alloy metals make possible stainless and other fine 
stee1s; the oxygen they produce helps the sick and is 

essential to the metalworker; their carbon products serve 
the steelmakers and power your flashlight. 

PROGRESS THROUGH RESEARCH-Union Carbide has 
23 research and development laboratories constantly 
working in major fields of science to continue this record 
of product development-and more jobs through science. 

FREE: Learn how ALLOYS, CARBONS, GASES, CHEMICALS, 
and PLASTICS improve many things that you use. Ask for 
the l9S5 edition of "Products and Processes" booklet E-2. 

u 10 CARBIDE 
AND CARBON CORPORATION 

30 EAST 42ND STREET ~ NEW YORK 17, N.Y. 

In Canada: UNION CARBIDE CANADA LIMITED 

UCC's Trade-marked Products include --------------
SYNTHETIC ORGANIC CHEMICALS ELECTROMET Alloys and Metals HAYNES STELLITE Alloys Dynel Textile Fibers LINDE Oxygen 
EVEREADY Flashlights and Batteries PRESTON£ Anti-Freeze PYROFAX Gas UNION Carbide NATIONAL Carbons 
BAKFUTE, VINYLITE, and KRENE Plastics PREST-O-LITE Acetylene ACHESON Electrodes 
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AVE YOU heard of a photographic camera that 
takes pictures at a rate of 100 million frames per 
second? Although chances are that you have not, 

such cameras turn out to be extremely useful in research 
and industry. 

High speed photography is that field of photography 
where a series of pictures of some rapidly occurring 
phenomenon are taken, let us say, at a rate of 100 or more 
pictures per second. These pictures can be used to recon
struct the phenomenon. A single picture of such a series 
would represent what goes on at a specific instant of time. 
Examples of fast-occurring phenomena, to mention a few, 
where high speed photography has been used very success
fully, are: explosions, analysis of vibrations and shock, and 
what happens when a bullet hits an armor plate or enters 
into water. 

An owner of a regular camera can take pictures at a 
rate of a picture every 3 to 10 seconds, the film actually 
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By Ansis G. Sap:rasa 

being exposed to light for up to as short a period of time 
as 0.001 second (with a good camera like a Leica and 
taking action pictures). It takes several seconds to make 
a camera ready for taking another picture after one has 
been taken; the film has to be moved and the shutter spring 
wound. One can take a series of pictures with a German 
"Robot" camera as fast as he can press a button. These 
and all other cameras (including cameras for taking motion 
pictures) have several limitations so that they cannot be 
used in high speed photography. These limitations are 
shutter speed and the mechanism that moves the film. 
Probably there would not be sufficient light outdoors for 
high speed photography either (this last obstacle is, how
ever, not the fault of a camera). 

Shutter speeds for ordinary cameras do not go beyond 
0.001 second. But this means that if we were taking a 
picture of a low~flying jet airplane, we would not get a 
really sharp picture. Several types of high speed cameras, 

----8 

Unpolarized light 6. Isotropic liquid in glass container 

Polarizer 7: Plates 

Polarized light 8. Ground 

Input electrical pulse 9. Optical axis of the cell 

Output pulse generator 10. Output light pulses 

Fig. l. The Kerr Celt an electronic shutter for high speed photography. 
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I. Light source 4. Kerr cell shutter 

2. Path of light beam 5. Rotating mirror 

3. Object to be photographed 6. Strip of film 

Fig. 2. The rotating mirror camera, an electro-mechanical method of 
high speed photography. 

however, have mechanical shutters that are capable of 
speeds up to 0.0005 second. Evidently, if we want to go 
to speeds of 20,000 per second and higher, we must devise 
another type of shutter. The ideal shutter 'for high speed 
photography, using the effect of polarization of light, is 
the so-called Kerr cell (Fig. 1). The speed of it is such 
that a light beam can be chopped up in pieces 40 feet long 
(light travels at 186,000 miles per second). The Kerr cell 
shutter operates as follows : a light beam enters the polarizer 
which passes only that portion of the beam that is polarized 
in the y-direction. The container in which the two parallel 
plates are immersed contains an isotropic liquid. This liquid 
normally passes only the light polarized in the x-direction. 
When a strong electric field is applied to the plates, the 
plane of polarization of the liquid appears to rotate 90 
degrees and the liquid passes light polarized in the y-direc
tion only, instead of the x-direction. But the light passed by 
the polar-izer is polarized in they-direction also so that both 
the polarizer and the liquid pass light. The width of the 
voltage pulse applied to the plates determines the length 
of time for which the whole Kerr cell shutter passes light. 
The same kind of shutter can be constructed using a cur
rent pulse, but electronically a voltage pulse (rectangular) 
of 10,000 volts can he more easily produced than a rectangu
lar current pulse of several thousand amperes. 

To move the film faster it is sometimes fastened on a 
drum. This drum is rotated at high speed. For the highest 
speed cameras, however, the film is not moving at all. 
Instead the light beam that exposes the film is made to 
move (Fig. 2). Here the light beam, after passing through 
a shutter, hits a fast-rotating mirror from which it is 
reflected onto the film. Because of the rotation of the 
mirror, every time another light beam passes through the 
shutter, it will be reflected to a different spot on the film. 
This produces a series of pictures side by side, if the shutter 
timing is synchronized with the rotation of the mirror. 

Since the exposure of a film is roughly proportional to 
the product of light intensity and exposure time, even for 
very sensitive films, the ordinary light (inside or outdoors) 
intensity is not sufficient for a decent exposure at the short 
exposure times used in high speed photography. Therefore 
two types of light sources are widely used: spark and flash 
tube. Advantages of using the spark are the ease with 
which a short duration spark can be produced and the fact 

that a spark resembles a point-light source, which is of 
advantage optically. Higher light intensity than that of 
a spark can be obtained with a flash tube. Some electronic 
Hash units used in aerial photography by night make the 
pictures taken appear as though they were taken by broad 
daylight, even when they are taken from a plane flying 
several miles above ground. 

Both ·of these types of light sources require rather 
extensive electronic devices for their control. 

The drum camera basically is rather simple. It con
sists of a drum which is spun by the motor at constant 
speed. The drum and the room where the picture is taken 
must be clark. The film is wrapped around the outside of 
the drum and moves with it. When the series of pictures 
of the phenomenon is taken, all that has to: be clone is to 
fire the spark light source. The spark light source will 
provide a series of sparks, let us say, at 0.001 sec intervals. 
The direction of each spark is, let us say, 0.000001 sec. 
When the first spark occurs, light will also be reflected 
from the object to the photograph and, through the optical 
system, reach the film on the drum exposing it. The dura
tion of the spark relative to the motion of the drum is 
very short, which makes the drum appear stationary at 
the instant the spark occurs. The time interval during 
which there is no spark is about 1000 times the spark 
duration. Therefore, during this interval, the drum will 
have moved by about the width of a picture so that the next 
time the spark occurs another part of the film will be 
exposed. This goes on until all the film around the drum 
has been exposed. Electronic controls then turn the spark 
light source off and stop the motor. 

The rotating mirror camera ('Fig. 2) is used for higher 
speeds yet than the drum camera. The rotating mirror 
rotates at a very high speed, up to several thousand times 
per second. Let us assume that the whole phenomena to 
be photographed takes place in 0.000001 sec ( 1 micro
second). As a light source, a single spark can be used if 

Fig. 3. The drum camera, a relatively simple camera for high 
speed photography. 
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I. Camera housing 5. Optical system 

2. Strip of film 6. Object to be photographed 

3. Rotating drum 7. Spark light source 

4. Driving motor 
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(Above) A 5000 revolution-per-second turbine-driven rotating mirror. The mirror 
in the foreground is 15/16 in. by 11/4 n. 

(Below) The rotating mirror installed in the camera. (Photos courtesy Willard E. 
Buck.) 

its duration is over 1 microsecond. Pictures can be taken 
when (after having reached full speed) the mirror is in a 
position to retiect the light ray coming through the Kerr 
cell shutter on the film at point A. The spark must 
have been fired a fraction of a microsecond before the 
rel1ectecl ray reached point A. The period during which 
the shutter passes light is very small, so that the light ray 
will appear to be stationary when it hits the film. The next 
time the shutter passes light, the mirror vvill have rotated so 
that the reflected light ray will fall on the film the v,:idth 
of a picture apart from the first exposure. After the strip 
of film is exposed the shutter will pass no more light and 
the spark also will have died down. 

This kind of camera presents quite a synchronization 
problem, because the rotating mirror has to be in a position 
such that the reflected Eght ray will fall upon point A 
exactly when the phenomenon of interest starts tabng place. 
Also the shutter must be ·operated and the spark fired. 
Another problem is that of making the mirror rotate at 
high speeds. This can be done by mounting a mirror on 
the rotor of an ultra-centrifuge. 

The reader will probably realize that the number of pic
tures taken in series at one time with these high speed 
cameras is not very high, ranging from 10 to 1000. But 
experiment and research is being conducted all the time, 
using high speed cameras, making new discoveries, and 
finding new fields of applications for the cameras. 

(end) 
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H NEYWELL 

OFFERS 

DIVERSIFIED 

OPPORTUNITIES 

THE opportunities for engineers in 
the automatic control field are 

unique in their variety and in the in
sight provided into all of the industries 
of today's modern world. 

The development and manufacture 
of tiny transistors for electronic control 
... the design and manufacture of 
quality electronic photo .flash units 
... the challenge of finding fish with 
underwater sonar ... of providing auto
matic .flight for supersonic jets . . . 
tern perature controls for today' s modern 
home . . . for atomic piles . . . 

These are a few of the fields in which 
Honeywell's several divisions are en
gaged, providing automatic controls 
for industry and the home. 

These controls are made possible by 
the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 

With twelve separate divisions 
located throughout the United States 
and with factories in Canada, England 
and Europe, Honeywell offers un
limited opportunities in a variety of 
challenging fields. Based on diversi
fication and balance between normal 
industry and defense activities, Honey
well will continue to grow and expand 
because automatic control and instru
mentation are so important to the 
world's progress. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. 
In addition to full time engineering 
and research employment we offer a 
Cooperative Work Study program, a 
Summer Student Work Study program 
and Graduate Fellowships. If you are 
interested in a career in a vital, varied 
and diversified industry, send the cou
pon for more information. 

N N E A p 0 L I s II 

Division : Appliance, Aeronautical, Commercial, Doelcam, Heating Controls, Heiland, 
Industrial, Marine, Micro Switch, Ordnance, Transistor, Valve. 

eeeeeeeeeeeeeeeeeoeeeeeeeeoeeeeeeeeeeeo 
e e 
® ® 
e e 

: MINNEAPOLIS- HONEYWELL : o e 
: REGULATOR Co. : 
e e 
: Personnel Dept., Minneapolis 8, Minn. : 
e o 
: Gentlemen: Please send me your : 
: booklet, "Emphasis on Research", ! 
: which tells more about engineering : 
e e 
: opportunities at Honeywell. : 
e e 
® ® 
• 0 : ~ame ____________________________ : 
e e 
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e e 
: Address-------------------------- : 
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e e : cay______________________________ : 
e e 
e e 
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e e : Zone ________ State __________________ : 
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... 4,000,000 answers later 

A few figures tell the story. 

7 years of painstaking analysis, research and design 

by engineers from nearly every field of technology .. 

14,200 hours of experimental engine 

operation in test cells and in flight test. 

4 .. 000,000 individual, complex mathematical 

problerns solved by electronic computers. 

As a result, An'lerica now has the world's 

most powerful production aircraft engine 

- the J -57 turbojet. Careful engineering 

development like this has made 

Pratt & Whitney Aircraft the 

world's foremost designer and 

builder of aircraft engines. 

PRATT & WHITNEY 
AIRCRAFT 

DIVISION OF UNITED AIRCRAFT CORP. 

East Hartford 8., Connecticut 
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'' HE Gopher Progressive Party believes that student government on the 
campus of the University of Minnesota should work toward the goal of 

"community government.,/ This concept means recognition of the student 
as an equal and important person in the University community. Joint par
ticipation removes the master servant-approach to campus problems. The 
concept of "community governmenf' does not imply that students, faculty, 
and administrators must sacrifice their individuality/ nor does it imply 
complete uniformity of solutions to the common problems. The Gopher 
Progressive Party pledges itself to the "community governmenf' concept 
because through it students may gain further regulation of their own affairs 
and a more effective voice in the policies of the University." 

In order to· give IT students a larger voice in the affairs of their college I the 
GP Party endorses: 

1. A comprehensive student course evaluation in all colleges of the Uni
versity, including IT. The GP Party feels that student evaluation of courses 
would give the teacher a chance to materially improve his course. This 
would also enable students to have more of a voice in influencing the type 
of teaching that exists in the college. 

2. A "study break" before finals which would permit a student to more 
thoroughly review his course before taking final examinations. 

3. A review of the Institute of Technology registration program and pro
cedure. Every engineer is proud of the registration procedure which is used 
in the Institute. He will be the first to admit, however, that there are times 
when this system becomes an unyielding machine with no formal consider
ation for unusual individual cases. No immediate official system of appeal 
is available to the student confronted with a closed section has no chance 
to present his case formally, either by petition or by personal appeal. The 
basis of appeal as it now exists rests entirely on the individual's enrollment 
number. Supposedly, everyone has a chance for obtaining a low number/ 
but admittedly there are only a limited number of these available. Poten
tially/ this could develop into a very inconvenient situation. An individual 
in need of a low number might have to stand in line for extremely long 
periods of time to obtain it. We believe a situation of this sort could be 
kept to a minimum and complaints in general headed off before hard feel
ings are allowed a voice in their own registration and if a simple, formal
ized procedure for appeal is initiated. 
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AVE you heard this: "Sure, there's a lot of University policy that affects 
me, but so what? I don't seem to be in a position to do much about it. 

I could file for one of the campus governing boards, but if I get on, will they 
listen to me? I'm not representing anyone but myself and no one is apt to 
pay much attention to just one of the 19,000. There are a lot of engineers 
now who feel the same way I do, but the administration doesn't know that. 
I'm not sent to a governing board as their representative; I represent no one 
but myself." Outside of writing a letter to the Daily/ there is very little that 
you can do because there is no policy-making group on this campus that is 
solely responsible to the students. The picture of a group of deans and 
faculty members pouring over cartoons to judge their degree of obscenity 
is rather ridiculous. It would seem that students posses$ enough discretion 
to censor their own material. Censorship should be the sole responsibility 
of the editors of the publication and the IT students the magazine rep
resents. The plain fact of the matter is that University policy that affects 
students is determined by a small group of students who have their own 
ideas as to what a student should be and how he should behave. Realis
tically, then, students are not represented at all. The result of this type of 
administration over student organizations will have little to do with Univer
sity activities and will have little or no interest in University policy. Is this 
the way the administrators and Eddy Hall want it? Is this the way it should 
be? A group of engineers and other students who do not believe in this 
trend in student government have organized the Student Liberal Party. 
They feel that you as a student are concerned about what decisions your 
student boards make. They feel that your apathy has been like theirs and 
many of the things you say as gripes have a foundation and should be 
taken to and acted upon by the representatives you elect. The primary 
objective of the new party, then, is to provide an effective means of com
munication between the representatives and the represented. Chances are 
you'll find that a great many of your friends have ideas similar to those of 
the new party. You have a lot to gain; why not give them your support? 
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A WHIIUPOOI!. SPUUUS into the inlet of a model pump. This unique picture shows 
how air, a common cause of pumping trouble, was carried into the pump in .•• 

ft 
Some time ago, the report reached us that two 

Worthington vertical turbine pumps installed by one 
of our customers weren't working right. They deliv
ered plenty of water, but vibrated badly and burned 
out bearings. 

The customer asked us to find the trouble fast. 
After checking we knew the pumps were okay, so 
Worthington Research had to answer him. 

First thing we did was build a one-tenth scale 
model of the customer's installation. The photo 
shows what happened when we started pumping. 

A whirlpool immediately formed between the water 
surface and the pump inlet. Air, trapped in the whirl
pool and carried into the pump, was the villain in 
the case. 

ffl irl I 
The solution came with experimentation. A simple 

baffle arrangement in a side channel eliminated the 
whirlpool-and the trouble-making air. 

Chasing the gremlins from pump installations like 
this, boosting the efficiency of heat transfer in air 
conditioners, developing better seals for pumps and 
compressors- these are all in the day's work for 
Worthington's busy research engineers. At Worth
ington, research ranks right alongside engineering, 
production, and sales to develop better products for 
all industry. 

For the complete story of how you can fit into the 
Worthington picture, write F. F. Thompson, Mgr., 
Personnel & Training, Worthington Corporation, 
Harrison, New Jersey. 

See the Worthington representative when he visits your campus 
See the Worthington 
Corporation exhibit in 
New York City. A lively., 
informative display of 
product developments 
for industry, business and 
the home. Park Avenue 
and 40th Street. 

When you're thinking of a good job ....... think high ......... think Worthington 
AIR CONDITIONING AND REFRIGERATION • COMPRESSORS • CONSTRUCTION EQUIPMENT • ENGINES • DEAERATORS • INDUSTRIAl MIXERS 

UQUDD METIERS • MECHANICAl. POWER TRANSMISSION • PUMPS • STEAM CONDENSERS • S"f'EAM.JIET EJECTORS o STEAM TURIBDNES • WIEI.DHNG POSITIONERS 
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Superimposed over this man's head is the matrix (or heart) of RCA Electronic" Memory." See description below. 

ewv 
thou san 

a neti 
s of facts 

'' 
in 

aGecalls emory'' 
a fraction of a secon 

Each dot you see in the squares above 
is actually a magnetic "doughnut" 
so tiny that it barely slides over a 
needle point. Despite its size, how
ever, each "doughnut" stores away 
one bit of information for future ref
erence. And 10,000 of them fit on a 
framework smaller than the size of 
this page! 

Here are the cells of the RCA mag
netic "memory" that is the key ele
ment in virtually all high-speed elec
tronic computers. The greatest signif
icance of this "memory" is its ability 
·to deliver, in a few millionths of a sec-

ond, any information it holds. 
Almost instantly, an insurance 

company can process a claim. Just 
as fast, a manufacturer with inven
tories spread around the country can 
determine what products are making 
money-and where. 

With such "memories," electronic 
computers predict accurately the 
next day's weather for the nation, 
using data on atmospheric pressure, 
temperature, and wind velocity from 
every part of the United States. 

The leadership in electronics that 
created this man-made RCA "mem-

ory" is responsible for one achieve
ment after another in television, 
radio, radar and other RCA products. 

WHERE TO, MR. ENGINEER? 

RCA offers careers in research, 
development, design, and manu
facturing for engineers with 
Bachelor or advanced degrees in 
E.E., M.E. or Physics. For full 
information, write to: Mr. Robert 
Haklisch, Manager, College Re
lations, Radio Corporation of 
America, Camden 2, N.J. 

RADIO CORPORATION OF AMERICA 
ELECTRONICS FOR LIVING 
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If an enemy struck, there would be no time to make riveters of housewives, 

no time to build over 12,000 fighters as Grumman did Hellcats during 

World War II. Your government believes we must always have the 

airpower to defend us and to strike back instantly. To design and 

build these weapons now and over the next few decodes, Grumman 

will need engineers like yourself. 

Grumman, 25 years old this year, offers you many advantages. 

So does Long Island as a ploc:::e to live and play. 

To get the facts, write for your copy of: 

Engineering For Production. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage • long Island • New York 

Designers and builders of the supersonic Tiger, 

transonic Cougar jet fighter, S2F sub-killer, Albatross 

amphibian, metal boats, and Aerobilt truck bodies. 

Engineering Department 
Grumman Aircraft Engineering Corporation 
Bethpage, long Island, New York 

Name ___________________________________________ __ 

University· ____________ Grad. Year·------------------

Street·--------------------------------------------

CitY--------------State ______________ _ 
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SCIENTISTS at the Atomic Energy Commission's Han
ford, Washington, atomic products operation have taken 

to farm, field and stream. They keep sheep, grow beans, 
and catch fish, all in the interest of science. They fish the 
Columbia river to find what effects come from minute 
amounts of radioactivity remaining in water used to cool 
nuclear reactors at the Hanford plant. During long-term 
experiments they have found that activity levels in the 
water are so low they are not detrimental to river life or 
to man. 

iThe scientists use a special 30-foot boat for fishing oper
ations in the Columbia. Other fish and river life are 
gathered by men wading along shore. These scientific fisher
men range a 100-mile stretch of the river extending from 
the Priest Rapids to McNary dam. 

Much of the scientific fishing is directed toward areas 
alono- the river where sportsmen are apt to fish. About 
once

0 

a week a catch is made from the power boat with a 
special hose that sucks up samples of river lif<:. The 
aquatic laboratory at Hanford prooesses about e1ght to 
ten large fish a week and studies minnows and smaller 
river life. 

Even algae and plankton, lowest forms of river life, are 
studied by the scientists. Algae and insect life are dre~ged 
up from the river bottom. Insect larvae are taken mto 
the laboratory and protected until they develop into adult
hood, to help identify the species involved. 

In a "hof' zone of the laboratory, organisms are reared 
in varying concentra:tions of reactor effluent to determine 
.their uptake of radio-activity. In addition, conditions of 
flow and temperature in the Columbia river are simulated. 

Groups of salmon have been hatched in the laboratory, 
then marked by fin clippings befo.re being allowed to migrate 
to the Pacific ocean. After four years, the adult salmon 
will be restudied when they return to inland ponds to 
spawn. 

Sheep at the Hanford plant life in clean concrete build
ings, sleep on sawdust bedding, and are fed carefully bal
anced diets. They are separated into isolated groups so 
that effects of radio-active diet fed to individual animals 
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can be compared to those receiving less radioactive food 
and those receiving no such diet contamination. 

Extreme attention to the comfort and well-being of the 
sheep is designed to remove any doubt that other factors 
besides radioactivity are causing symptoms to appear in the 
sheep placed on high radioactive diets. 

To back up findings, blood samples are taken at regular 
intervals, so scientists can keep track of the red and white 
corpuscle counts, chemical constituents of the blood, and 
the numbers and kinds of bacteria present. 

Wool samples are studied to see if there is a change in 
the fiber length, strength and content. A Geiger-Muller 
tube is used to determine the amount of radioactive iodine 
in the body and where it is being stored. Basal metabolism 
tests are given to determine how the thyroid is functioning. 
A clinical record of each sheep is recorded in a card file. 

This work is directed toward providing information that 
will be valuable to engineers designing future atomic plants 
and that which will be useful to the livestock industry and 
the medical profession. 

In addition, it has provided conclusive proof that the 
radio-iodine coming out of Hanford stacks would have to 
be increased thousands of times in strength before animals 
or persons would be affected. 

The scientists grow beans under controlled conditions to 
determine the effects of radioactive materials on various 
parts of the plants. 

Under the controlled conditions set up, the beans are 
fed nutrient fluids in which radioactive isotopes have been 
placed. Light conditions, humidity and temperature are 
regulated well enough that the bean plants grow the same 
number of blossoms after 25 days; ten days later they all 
bear the same amount of fruit. 

From these studies, scientists are learning how much of 
the radioactive isotopes are taken up by the plants. Knowl
edge gained would be used to decide if decontamination is 
nec~ssary or practical should fields become contaminated in 
any area of the country. 

(end) 
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RESEARCH scientists of Socony-Vacuum Oil Com
pany, Inc., will soon put a high-speed elect1:1onic 

brain to work figuring out how to set the valves and fire 
the stills in an oil refinery to achieve most efficient operat
ing conditions. 

The machine that will do the figuring, called Mobilac, 
is an electronic digital computer now being installed in 
the Research and Development Laboratories at Paulsboro, 
N.J. 

Mobilac is believed to be the largest and fastest computer 
installed by any oil company. It replaces one which has 
been in service at the Paulsboro laboratories for several 
years. 

A twin of Mobilac, to be installed early next year, 
will be put to work solving problems relating to crude
oil exploration and production. 

The program for determining most efficient refinery 
operating conditions, one of the first undertaken in the 
oil industry, will be carried on in cooperation with the staff 
of the refinery at Paulsboro. 

To conduct the program, the laboratory scientists have 
constructed a mathematical model of the Paulsboro refinery, 
using numbers and formulae to represent processing units. 

The model consists essentially of a group of about 100 
equations which express mathematically the behavior of 
catalytic cracking, reforming, and other processing and 
blending units at the refinery. These equations are punched 
on cards, which are read by Mobilac and stored in its 
memory. 

Next, additional punch-cards containing data on crude 
oil characteristics, available charge stocks, motor gasoline 
specifications, product commitments, and other operat-

One type of electronic brain used 
by North American Aviation's Missile 
and Control Equipment operations is 
the REAC (Reeves Electronic An
alogue Computer) shown here. It is 
for the company's guided missile re
search and development program. 
Design problems in automatic navi
gation. armament and fire, and flight 
control systems are solved with such 
computers. which can conduct "flight 
tests" of vehicles without their leav
ing the ground. 

ing conditions and requirements are fed into the com
puter. Mobilac will then add, subtract, multiply, and 
divide these factors in the proper way and come up 
with answers in as little as 15 minutes. 

To do Mobilac's computations with hand calculators 
would require simultaneous operations of 250 to 300 of 
them. Mobilac can solve problems in algebra, calculus, 
or logic. It can add or subtract 500 ten-digit numbers 
a second, multiply 120 a second, and divide 85 a second. 
It has a memory good enough to remember more than 
4,000 ten-digit numbes. It can make choices or decisions 
based on the results of its calculations. 

According to William M. Holladay, director of ·the 
laboratories: 

"We expect Mobilac will open up many new avenues for 
petroleum research as well as new possibilities in the com
pany's production, manufacturing, and distribution opera
tions. 

"In the field of production, we plan to use it to develop 
improved methods of recovering crude oil and natural 
gas from underground reservoirs. 

"Among the other areas in which it has potential uses 
are refining process development, catalyst research, reactor 
design, crude-oil analysis, and gasoline blending. 

"For instance, in combination with a mass spectrometer 
(for identifying the molecular structure of hydrocarbons), 
the high-speed computer will enable us to make more rapid 
and much more detailed analyses of crude oil, lubricating 
oil stocks, and waxes than any presently used analytical 
tools. This in turn may make possible further improve
ments in the quality of lubricating oils and waxes." 

( trtd) 



''NEVV DEPARTURES'' IN SCI ION 
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LE NARDO IN I' 

Eoch time the wheels turned, a bean dropped to a container below the axle. 
Then leonardo counted the beans and multiplied by the wheel circumference 
to learn how far he'd walked. 

Even New Departure ball bearings couldn't do much for Leonardo's simple 
pedometer. But if leonardo were designing one of today's complex instru
ments, he'd call on New Departure for ball bearings. That's because New 
Departures bring about such advantages as low starting torque and even 
lower running friction, precise location of moving parts at all speeds, compact 
design,, long life with almost no upkeep. Besides, New Departure's research 
and manufacturing facilities are unmatched. 

No wonder engineers everywhere call on New Departure for the finest in 
instrument ball bearings. 

NEW DEPARTURE e DIVISION OF GENERAL MOTORS 4D BRISTOL CONNECTICUT 

NE P.A.RTURE 

NOTHING !!tOLLS LIKE A BALL 

PEDE TRIAN 

Automatic gram-centimeter torque tester measures starting 
torque characteristics of New Departure instrument ba II 
bearings. Like many of the ultra-precise devices used in bearing 
manufacture, this torque· tester was largely developed by 
New Depci'rture. · 



"IBM's a great place 
to work," says 
engineer now in 
his 8th year with 
the company 

c•Every year with IBM is 
more challenging than the 
last," says Max E. Femmer, 
Development Engineer at Poughkeepsie. "It was a tre
mendous satisfaction in 1952 to help develop IBM's 
outstanding 701 Electronic Computer. Today, our 
projects and our work are even more interesting. Both 
my wife and I think IBM is a wonderful company." 
Mr. Femmer is Technical Administmtor of the entire Elec
tronic Data Processing Machine Development Program. 

IBM Introduces 
12 New Products in Year 

The 12 new products introduced in the past 12 months 
dramatize IBM's continuing diversification. 

Ranging from the versatile "Cardatype"-a major 
step forward in the simplification of office work-to the 
gigantic NORC, the most powerful electronic digital 
computer ever built, IBM's products serve all indus
tries plus government and education. 

IBM building 5 new labs 
By early next year, 1500 members of IBM's engineer
ing staff will be working in five new buildings now 
under construction (two sketched above) . They will 
be built at Poughkeepsie, N.Y., and at Glendale, N.Y. 
overlooking the Endicott Valley. 

Ability is quickly recognized 
-and rewarded 

At IBM, lack of years is no handicap. Frequently, the 
soundest creative thinking comes from young minds. 
For example, average age of the engineering team 
that developed the 701, first of IBM's great electronic 
computers, was 28 years. 

E GINEERI STUDE TS 

WHAT A YOUNG ENGINEER 
SHOULD KNOW ABOUT IBM 

IBM is a company on the move! New ideas, new ex
pansion create exciting opportunities. 

8 IBM has a 41-year record of steady growth. Sales 
have doubled on an average of every 5 years during 
the past 25. 

8 IBM serves all industries, plus government and 
education-diversified, non-seasonal markets free of 
the fluctuations of war and peace . . . your best 
assurance of stability and growth. 

8 Salaries are excellent-with advancement based on 
merit. Benefits include company-paid hospitaliza
tion, life insurance and retirement plans. 

NEW IBM MACHINE AUTOMATICALLY 
TRANSMITS DATA 

OVER TELEPHONE CIRCUITS 
Instantaneous and accurate transmission of engineer .. 
ing and research data between widely separated 
computer centers is. now a reality, through 
development of the IBM Transceiver. Using 
telephone and telegraph networks, the 
Transceiver duplicates sets of 
punched cards at remote points
can be used to link 
plants or branches 
thousands of miles 
apart. 

FOR INFORMATION ON IBM CAREER 
OPPORTUNITIES 

Ask at your College Placement Office for a copy of IBM•s 
new booklet "Opportunities Unlimited" or write, giving 
details of your education and experience to: 

W. M. Hoyt, Dept. 334 
International Business Machines Corp. 

590 Madison Avenue, New York 22, N.Y. 
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1st Coed: "How do you manage to 
keep drinking the coffee at the Un-
. ?" Ion. 

2nd Coed: "I take a spoonful of 
Drano every week." 

Beginner at fishing: "Oh/ rve got 
a bite. What do I do?// 

Her husband: "Reel in your line.// 
Beginner: ''I've done that/ the fish 

is tight against the end of the pole. 
What do I do next?// 

Helpful husband: "Hold it/ rll 
climb up the rod and stab it.// 

First Drunk: as hay, know zohat timr 
it is r~ 

Second Drunk: "Yeah." 
First Drunk: "Thanks h.') 

Drunk in a telephone booth: 
"Number Hell!-I want my pea
nuts!'' 

A farm is a hunk of land on which 
if you get up early enough mornings 
and work late enough nights, you'll 
make a fortune-if you strike oil. 

A nurse noticed a mental patient 
with his ear close to the wall listening 
intently. Holding up a warning finger 
to be quiet, he beckoned the nurse clos
er and said, ((Listen here." The nurse 
listened for some time and then said, 
"I can't hear anything." "No," said 
the patient, <<and it's been like that all 
day.'' 

John Doe was fond of bread. The 
first night that he ate supper in the 
town's best restaurant he was 
served two slices. He asked for, and 
got more. The waitress took note of 
the fact/ and the next evening served 
him four slices. Again he asked for 
more. Every evening his serving 
was larger than the evening before. 
Finally, in desperation/ the waitress 
took a whole loaL cut it in two 
lengthwise/ put it on a meat platter/ 
and served it to Mr. Doe. 

"There//{ she said triumphantly/ 
"howls that for bread?// "It's fine 
bread//{ he replied/ "but why did 
you go back to two slices?// 

"How many cigars do you smoke 
a day?" 

"About ten." 
"What do they cost you?" 
"Twenty cents apiece." 
"My, that's two dollars a day. How 

long have you been smoking?" 
"Thirty years." 
"Two dollars a day for thirty years 

is a lot of money." 
"Yes. it is." 
"Do you see that office building on 

the corner?" 
"Yes." 
"If you never smoked in your life 

you might own that building." 
"Do you smoke?" 
"No. never did." 
"Do you own that building?" 
"No." 
"Well, I do." 

E 

Coroner: <<And what were your hus
band's last words?" 

Widow: <<He said: (I don't see how 
they can make any profit on this stuff 
at a dollar and a quarter a quart/'' 

An applicant for a job as house
maid was being interviewed by an 
employment agency. and she was 
asked what kind of family she would 
like to work for. 

"Any kind but highbrows," she an
swered. "The last couple like that I 
worked for argued all the time. It 
kept me running back and forth from 
the keyhole to the dictionary until I 
was worn to a frazzle." 

Imagine the newspaper boy's em
barrassment when he opened the 
wrong door in the depot waiting 
room and yelled: "Extra paper.'' 

A woman P'honed her bank to ar
ra:nge for the disposal of a thousand
dollar bond. 

<<Is the bond for redemption or con
version?" a clerk inquired. 

There was a long pause, then the 
woman asked: "Am I talking to t.he 
First National Bank or the First Baptist 
Church?'' 

I never kiss, I never neck. 
I never say hell, I never say heck. 
Tm always good,. Tm always nice. 
I P'lay no poker, I play no dice. 
I never drink, I never flirt. 
I never gossip or spread the dirt. 
I have no lines or funny tricks) 
but what the hell-
l'm only six. 

---·--··----·-------------------------------------------------

Peering through our transit, we found this young lass absorbing the warm 

Spring sunshine in front of Northrup. Upon further investigation we 

found she is an SLA sophomore, majoring in journalism and residing at 

the Gamma Phi Beta house. And, ooooh yes, her name is Pauline Bjerke. 
Photo by Norv Pervier 
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JOIN THE TEAM THAT BUILDS THE F-100 
North American's new F -1 00 SuRer Sabre is the supersonic result of engineering minds 
designing where opportunity is unlimited. The same opportunity exists for you ... because 
North American knows your future is important to aviation's future ... that your talent 
and training are vitally needed to help design tomorrow's aircraft. 

North American needs men with vision and a thorough technical background 
to help create and shape the new ideas which will build the advanced aircraft and 
aircraft components needed to assure America's future in the air. 

Engineers at North American also find opportunities in the expanded programs in atomic 
energy, rocket engines, advanced electro-mechanical equipment and guided missiles. When 
the time comes for you to enter the engineering profession, consider the well-paid careers 
at North American. Write for information concerning your future in the aircraft industry. 

Contact: Your college placement office or write: Employment Director, 

5701 West Imperial Highway 12214 South Lakewood Blvd. North American Aviation1 Inc .. 
Los Angeles, Calif. Downey, Calif. Columbus 16, Ohio 

ENGINEERING AHEAD FOR A BETTER TOMORROW 

I I I ' I 



Alcoa's new 
aluminum office 
building 
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... In 1888, the aluminum industry consisted of one company
located in an unimpressive little building on the east side of 
Pittsburgh. It was called The Pittsburgh Reduction Company. 
The men of this company had real engineering abilities and 
viewed the work to be done with an imagineering eye. But 
they were much more than that. They were pioneers ... 
leaders ... men of vision. 

A :ot has happened since 1888. The country ... the 
company ... and the industry have grown up. Ten new 
territories have become states, for one thing. The total 
industry now employs more than 1,000,000 people
and the little outfit on Smallman Street? Well, it's a lot 
bigger, too-and the name has been changed to Alcoa. 
ALUMINUM COMPANY OF AMERICA ... but it's still the 
leader-still the place for engineering "firsts". 

As you prepare to trade textbooks for a position in 
industry, consider the advantages of joining a 
dynamic company like Alcoa-for real job stability 
and pleasant working conditions-where good 
men move up fast through their association with 
the recognized leaders in the aluminum industry. 

We have fine positions for college graduate 
engineers-in our plants, sales offices and 
research laboratories from coast to coast. 
These are positions of responsibility in 
production supervision, plant and design 
engineering, industrial research or sales 
engineering. Right now it may be 
quicker than you think from a seat in 
the classroom to your career with 
Alcoa. Why not find out? 

Your Placement Director will be 
glad to make an appointment for 
you with our personnel represent
ative. Or just send us an applica
tion yourself. ALUMINUM 
CoMPANY oF AMERICA, 1825 
Alcoa Bldg., Pittsburgh 19, Pa. 

ALUMINUM COMPANY OF AM£RICA 
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Simple enough now, this vertical ascent was history-making in 1939. 

T E FIRST S CCESSF L ELIC PTER 

Just two years before Pearl Harbor, Igor Sikorsky 
took the controls of a weird-looking machine -
culmination of a dream of thirty years. Moments 
later it rose from the ground. Though the flight 
lasted only a few seconds, the VS-300 became the 
first practical helicopter in the United States. 

Less than six months after Pearl Harbor, the Air 
Force took delivery of the first military Sikorsky. 

Since then, rapid developments prove that the 
helicopter, most versatile of military aircraft, has 
tremendous commercial potentials. 

Helicopters of the future will be the product of 
tomorrow's engineers. Sikorsky is young and grow
ing. It offers life-time opportunities to young men 
who choose work where their skills and abilities will 
be constantly challenged. 

Perhaps you belong at Sikorsky- in the research 
departments, the drafting rooms, the engineering 
laboratorie~. 

You can remember the first successful helicopter 
-you may be the man to build tomorrow's! Learn 
more about employment opportunities at Sikorsky. 
Consult your College Placement Office concerning 
arrangements for a personal interview. 

I 

Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn .. 
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The Open House and Industrial Exhibits will be the biggest, and most tremendous 

ever held. All engineering buildings, including Mines, will be open for two gigantic 

days. So, before and after the E-Day Revue, bring the girl friend and, or parents, 

and show them what you do. 
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The essence of humor is corn; 
The main part of corn is the kernel,· 
A colonel stays a colonel if he's friends, with the general,· 
A general remains a general if he's known in the Pentagon; 
A Pentagon has five sides,· 
A page has four sides,· 
On some pages the writing runs out and a space filler zs 

needed,· 
This is a space filler . 

The day after finals, a disheveled EE walked into a 
psychiatrist's office, tore open a cigarette and stuffed the 
tobacco up his nose. 

ai see that you need some help," remarked the startled 
doctor. 

"T eah/' agreed the student, "do yo:u have a match?" 

E.E.: "How did you like the bridge party last night?" 
M.E.: "Fine, until the cops looked under the bridge." 

Judge: "Officer, what makes you think this man is 
drunk?" 

Officer: "Well, judge, I didn't bother him when he 
staggered down the street or when he fell flat on his 
face. but when he put a: nickel in the mailbox, looked up 
at the clock on the Methodist church and said, 'My 
God. I've lost 14 pounds,' I brought him in." 

M E: "What did you do with my 
shirt?" 

Wife: "I sent it to the laundry. 

Two English cockney broom vendors met on a Lon
don street and started to talk business at once. 

"'Ang it all," said one, "I don't see 'ow you can sell 
these 'ere bloomin' brooms for a shillin'. I steals the 
brush, an' I steals the wire, an' I steals the 'andles an' I 
can't sell'em for a shillin' an' make any money on 'em." 

And the other replied: "Why, I steals them ready 
made." 

The fog was thick and the chief officer of the tramp 
steamer was peering over the side of the bridge. Suddenly 
he saw a man leaning over a rail only a few yards away. 
"What on earth do you think you are doing? Don't you 
know that my ship has the right-of-way?" 

Out of the gloom came a sardonic voice. "This ain't no 
ship, captain. This is a lighthouse." 

A motorist was picked up unconscious after a smash and 
was being carried to a nearby filling station. Opening his 
eyes en route, he began to kick and struggle desperately to 
get away. Afterward he explained that the first thing he saw 
was a "Shell" sign, and "some damn fool was standing in 
front of the 'S' ." 

Prof.: "When the room settles down I'll begin my lecture." 
Student: aw hy don't yo1u go home and sleep it off?" 

Why?" 
M E: "Ye gods, woman! A vyhole 

semester of thermo was on the ~uffs." 

Ball Bearing 

The amount of sleep required by an 
engineer is about five minutes more. 

I spread it on thick, I spread it on thin. 
If you don't like my humor, try hand

ing some in. 

A man died and left $100 each to an 
Englishman) Irishman, and a Scots
man on condition that they each put 
$10 in his coffin. 

The Englishman dropped in his $10 
and the Irishman did likewise. Then 
along came the Scotsman, who put in 
the coffin a check for $30 and took 
out the $20. 

Said the small boy: "My maw and 
paw had an awful time getting mar
ried. Maw wouldn't marry paw 
when he was drunk and paw 
wouldn't marry maw when he was 
sober." 

He: (with hands over her eyes) If 
you can't guess who it 'is in three 
guesses I'm going to kiss you. 

She: Jack Frost; Davy Jones; Santa 
Olaus. 

Talk about a "quiz whiz" ... here's the ball 
bearing torque tester that's in a class by itself! 

By simplifying inspection, this Fafnir-developed, slow 
running ball bearing torque tester shrinks the chances of 
error. Unlike some torque testers which require scores of 
readings to produce similar information, the Fafnir Torque 
Tester requires only one revolution of the bearing outer 
ring to record such characteristics as running torque in 
Gram-centimeters, bearing defects (if any), where located 
(inner or outer ring), and the presence of dirt or exces
sive eccentricities. 

The development of a better means of measuring instru
ment bearing torque is but one of many Fafnir contribu
tions to the ball bearing industry. The Fafnir Bearing 
Company, New Britain, Conn. 

NOTICE 
A motion-sound . 
dramatizing hi IJ~cture 
the manutactu~h KJomts in 
Of fafnir Ball e a~d use 
available to Be~rmgs is 
classes wn engmeering 

• ' e for details. 

I BALL BEARINGS 
MOST COMPLETE UNE UN AMERICA 
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IN 1941, EDWARD E. CLARK WAS A JUN
IOR AERODYNAMICIST. SINCE 1951, HE 
HAS BEEN MANAGER OF THE AERODY
NAMICS DEPARTMENT. Opportunity awaits 
YOU during the next decade at Martin .. 

IN 1940, HERMAN PUSIN WAS A STRESS 
ANALYST. SINCE 1950, HE HAS BEEN 
MANAGER OF THE STRUCTURES DE
PARTMENT. Opportunity awaits YOU during 
the next decade at Martin. 

.. .. at Martin, where progress toward responsibility is con
sidered as important as development of specialized skills. 
You'll be assigned challenging work from the beginning
and encouraged to build your own career in an accelerated 
dual program for technical and administrative growth. At 
Martin, each engineer is an individual with a recognized 
personal goal. 



IN 1943, JAMES H. BENNETT, JR. WAS A 
JUNIOR ENGINEER. SINCE 1953, HE HAS 
BEEN MANAGER OF THE ELECTRO
MECHANICAL DEPARTMENT. Opportu
nity awaits YOU during the next decade at 
Martin. 

IN 1942, WELCOME W. BENDER WAS A 
VIBRATION ANALYST. SINCE 1952, HE 
HAS BEEN MANAGER OF THE ELEC .. 
TRONICS DEPARTMENT. Opportunity 
awaits YOU during the next decade at Martin. 

Current position vacancies in Engineering at 

The Glenn L. Martin Co. include the listings be
low. This year's candidates for AE, ME, EE and 
CE degrees are especially invited to apply. 

Aerodynamics Propulsion 

Airframes and Stn.udures Electronics 

Control Systems Mechanical Design 

Armament Thermodynamics 

Nudear Instrumentation 

Hydrodynamics Dynamics 

Servo Mechanisms Electrical 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'\VRITE 
AT ON~E 

to 

JOHN M .. HOLL YDA Y 

P.O .. BOX 988 

I BALTIMORE. MARYLAND 

I 
I 
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The high school lecture series is 
again being planned this year; mem
bers are wanted to help on the various 
phases of this project. 

A meeting will be held Thursday, 
April 14, in 115 Chemistry; E-Day ac
tivities will be discussed. After the busi
ness meeting and a talk by the speaker 
(not yet determined), refreshments 
will be served. 

AlEE-IRE 
The AlEE-IRE got off to an early 

start this quarter with an inspection 
trip to Setchell-Carlson, a television set 
manufacturer in New Brighton, on 
Tuesday, March 29. The twenty-five 
students who attended had a chance 

EE 
I E 
Compiled by William Cordes 

to observe every step in the manufac
ture of a television set, from fabricat
ing and wiring the chassis to building 
the cabinet. 

On Wednesday, April 6, Everett S. 
Lee, editor of the General Electric Re
view_, spoke on ''What is New in 
Science and Engineering" at a joint 
meeting with ASME. 

Other events scheduled for this 
month include the AlEE Student Pa
per Contest and a meeting featuring 
two tapescripts~"Phonograph Repro
duction" and "How Much Distortion 
Can You Hear?" 

AI E 
Mr. Virgil Frank, a 1936 graduate 

of the Minnesota School of Mines, 
presented slides and a talk emphasiz-

Now is the time to get the 
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Your tools of tomorrow should 
be your tools of today. When you graduate and start 
upon your own career you will find that the top 
engineers, architects and designers use CASTELL-
either the famous wood pencil or LocKTITE Holder 
with 9030 lead. 

CASTELL is smoother, stronger, lays down greater 
depth of graphite on the drawing. It is uniformly 
excellent in all 20 d~grees, 8B to 1 OH. 

You study in a fine school, taught by outstanding 
professors. Does it make sense to work with inferior 
tools? Order CASTELL, world's standard of quality, 
from your College Store, stationer or art supply store. 

ing overseas operations of the mineral 
industry on Wednesday, April 6. Mr. 
Frank's personal experiences, drawn 
from his long career as a mining en
gineer in Peru, Brazil, Nicaragua, the 
Philippines, and the United States, 
made the talk extremely interesting. In 
conjunction with ·Mr. Frank's talk, a 
discussion of summer jobs for students 
was held. The School of Mines facul
ty and senior students outlined the best 
ways to secure useful jabs and how to 
receive credit for the job as a Univer
sity course. 

Other events on the School of Mines' 
spring calendar are the annual Mines' 
Shindig, to be held Saturday, May 14, 
at the Northwood Country Club, and 
a big picnic and softball game with the 
Geology Club. The School of Mines 
is also planning on bringing home the 
E-Day softball tournament trophy this 
year. 

I 
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On Monday, April 4, student chap
ter members attended the Northwest 
Section meeting in the Union. Dr. 
Lorenz G. Straub, head of the Civil 
Engineering Department, presented an 
illustrated talk on "Planning a High 
Dam in the Nile River." This dam is 
a key structure in a multiple-purpose 
water resource development in Egypt 
costing nearly a billion dollars. 

The annual student-faculty smoker, 
one of the highlights of the year, was 
held April 14. Both the students and 
faculty presented skits, each one giving 
their own special view of classroom ac
tivities and student-faculty relations. 
Any differences were settled over a 
friendly game of hilliards, scrabble, or 
bridge. 

The next meeting will be held on 
April 20. Two films on dam construc
tion will be shown, one on the MeN ary 
Dam on the Columbia River and the 
other on the Garrison Dam on the Mis
souri. Both films were prepared by the 
U. S. Army Corps of Engineers, who 
supervised the construction of both 
projects. 

ASME 

April 6, at a joint meeting with the 
AlEE-IRE, Everett S. Lee, editor of 
the General Electric Review spoke on 
"What is New in Science and En
gineering." 

April 22-23 is the big event for 
ASME this year; at the Regional Stu
dent Conference, held here, ten con
testants from nearby technical schools 
will present technical papers. Men are 
still needed to help carry out the de
tails for the conference. 

E-Day is coming. The ASME soft
ball team will have to he formed soon 
and planning done for the ASME float. 

/AeS 

Pat Rygh, Aero Picnic chairman, has 
given the word that the picnic is ten-· 
tatively set for Saturday, May 21. Prof. 
Akerrnann has again ofTered his sum
mer home as the site. The Aeros who 
carne last year ( 100 of them) found 
this to be an ideal place for a celebra
tion. The affair will be stag or drag 
(preferably drag) and the main at
tractions will be eating, swimming, the 
traditional softball game, model plane 
flying, and rides in Prof. Crank's hy
drofoil boat-if he can be convinced 
to bring it. 

Mr. W. S. Bradfield will be the 
speaker at the first meeting of spring 
quarter on April 19. His topic will be 
the atmospheres of the planets of the 
solar system-slide illustrated. He will 
present what is known to date on the 
possibility of life on other planets. 

A talk on guided missiles by a Boe
ing engineer is scheduled for the sec
ond meeting. 

The final judging for the 
selection of "Miss Calcula
tion of 1955" was held Feb. 

16; when the dust had cleared, Miss 
La Vonne Pell was the winner. 

April 16 the Founder's Day Dinner
Dance will be held at the Dyckman 
Hotel. The speaker for the evening 
will be F. R. Kaeppel, President of 
Western Electric and a Triangle alum
nus from Minnesota. 

for America's young 
engineers with capacity for 
continuing achievements in 

radio and electronics 

Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower ... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
... a great development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 
America ... opportunity to be 
associated with leaders in the 
electronic field ... to work with 
the finest facilities ... to win rec
ognition ... to achieve advance
ment commensurate with 
capacity. 

Learn more about this noted 
Tower of Opportunity ... its long
range program and generous em
ployee benefits. See your Place
ment Officer today for further in
formation about FTL. 

INTERESTING 
ASSIGNMENTS IN-

Radio Communication Systems 
Electron Tubes 

Microwave Components 
Electronic Countermeasures 

Air Navigation Systems 
Missile Guidance 

Transistors and other 
Semiconductor Devices 

Rectifiers " Computers " Antennas 
Telephone and 

Wire Transmission Systems 

A Division of International 
Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N.J. 
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e Each month, business and professional journals emanating from the 
Bruce plant are read by more than one and one-quarter million people. 
Included are medical publications with jnternational circulation, 
fraternal, educational and trade publications with national and regional 
coverage. 

Bruce Business Publications devoted to the distributive industries have 
served the Twin City market and northwest territory for more than half 
a century. These trade magazines are being used by hundreds of local 
firms and national distributors who seek an economical and effective 
means to reach merchants in this great market. 

Because Bruce Business Publications are edited regionally, they enjoy 
an acceptance and readership which make the advertising they carry un
usually influential. 

If your market is in this great Upper Mid-West area, then a Bruce 
publication can give you penetrating coverage ... coverage at the "sales
action" level. 

Northwestern Druggist: Hardware Trade: American Feed and Grain: 
Establ.ished 1892 
Published monthly 

Established 1890 
Published monthly 

Established 1916 
Published monthly 

Reaches 6,000 druggists serving 
the needs of northwest people 
with quality merchandise and a 
reliable prescription source. 

Reaches 10,700 retailers and 
wholesalers of hardware, home 
and farm appliances and 
sporting goods in sixteen states. 

Reaches 1 0,000 feed mixers 
and dealers nationally, with · 
particular impact in thirteen 
"Feedland" states, where 
80o/o of the nation's feed is 
grown and processed. 

Northern Automotive Journal: 
Established 1891 
Published monthly 
Reaches 14,000 dealers, garage owners, 
jobbers and manufacturers serving the 
automotive trade. 

Commercial Bulletin 
and Apparel Merchant: 

Established 1858 
Published monthly 
Reaches 5,500 retailers of wearing 
apparel, dry goods, footwear and allied 
lines in the seven northwest states. 

These, with more than fifty other journals in the professional, business and educational 
fields, are printed and mailed from the Bruce plant, which has specialized in this type of 
publication service for nearly fifty years. 

I I 
LETTER PRESS AND OFFSET REPRODUCTION 

M~NNEAPOUS OFFICE 
312 National Building --Tel. MAin 6951 

SAINT PAUL PLANT AND OFFICE 
2642 University Avenue- Tel. NEstor 2641 

A MODERN, COMP!.ETEL Y EQUIPPED PRINTING PLANT 
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THE PETROLEUM INDUSTRY seeks constantly 

to extract the ultimate in valuable and useful 

products from every barrel of crude oil. And 

progress along this line in one area frequently 

brings with it advances in other related areas. 

For instance, improved catalytic reforming 

methods developed by Standard Oil have 

increased high octane gasoline yields. This 

improvement is accompanied by substantial 

increases in available by-product hydrogen, 

which can be combined with nitrogen from the 

I 
air to produce ammonia. Standard has there

fore completed plans to enter this important 

chemical manufacturing field. 

Anhydrous ammonia and nitrogen solutions 

are increasingly favored by midwestern farmers 

and fertilizer processors as sources of nitrogen. 

This nitrogenous soil enrichment raises crop 

yields and farm profits. 

Young scientists and engineers enjoy work

ing where such constructive projects are 

constantly discussed, planned, and developed. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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Steel is 2 to 3 times stronger 
than gray iron 

Steel is 2 '!h times as rigid as 
gray iron 

Steel costs a third as muclhl 
as gray iron 

So products properly dea 
signed in steel can be manu .. 
factured at savings up to 50% 

ES 
E 

T o be successful, a designer must 
first know how to develop 

products that are profitable to his 
company. To be profitable, these 
products must meet competition, 
yet be manufactured for low cost. 

By taking advantage of the bene
fits of welded steel construction, 
the alert design engineer has un
limited opportunities for develop
ing new product ideas. He can add 
improvements to present products, 
make them stronger, more service
able ... while actually reducing the 
cost of production, as in the ex
ample shown. 

HOW COST IS REDUCED 

Original cost $83.13 
... steel design cost 
$39.00. Welded steel ma
chine base is 50% stron!(
er ... yet weight is cut 
from 269 lbs. to 176 lbs. 

It will pay you to keep pace with 
the newest developments in steel 
design. Latest information is in Lin
coln Procedure Handbook of Arc 
Welded Design and Practice. Write. 

THE liNCOlN ELECTRIC COMPANY 
ClEVElAND 17, OHIO 

lHIE WORLD'S LARGIESl MANUFACTURER OF 

ARC WIELDING IEQUIIPMENT 
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A couple of newlyweds got into 
the elevator at their hotel. The op
erator, a cute gal. looked at the 
groom. 

"Hello, darling," she said. 
There was an icy silence until the 

couple got off. When they got to 
their room the bride exploded. 

"Who was that woman?" she de

manded. 
"Look. honey," said the groom. 

"don't get excited. I'm going to have 
enough trouble explaining you to 
her." 

Engineering Profs.: "Why aren't 

you taking notes?" 

Student: ''I don't have to. Tve got 

my fatherJs." 

Boy: 'Tve loved you more than 
you'll ever know." 

Girl: "How dare you take ad
vantage of me when I'm drunk?" 

Guest: "Hl hy does your dog keejJ 

watching me like that?'' 

Host: "I guess it's because )'Ou.'ve 

got the plate he usually eats from.'' 

Brown has a lovely baby girL 
The stork left her with a flutter; 

Brown named her "Oleomargarine," 
For he hadn't any but her. 

Stopping at the first house on his 
famous ride, Paul Revere cried, "Is 
your husband home?" 

"Yes," came the answer. 
"Then tell him to get dressed and 

come and help fight the British." 
At the second. third and fourth 

houses he repeated the conversation. 
As he rode by the fifth house he 
again repeated the cry. 

"No/' was the reply. 
"Woah." 

Wisdom: Knowing what to do. 
Skill: Knowing how .to do. 
Virtue: Not doing it. 

A small boy leading a donkey passed 

by an army camp. A couple of soldiers 

zoanted to have some fun with the lad. 
"HI hat are you. holding on to your 

brother so tight for sonny?" said one 

of them. 

"So he ·won't join the army/:- the 

youngster replied. 

Familiar Song? 
"Who ever told that guy he was a 

prof? He might know it, but he can't 
teach it. The trouble is that he is too 
far advanced. Every time he tries to 
explain something, he gets so far off 
the subject that no one understands 
anything about it. He oughta go 
back to the farm, or try teaching a 
more advanced course. 

"Yeah, I flunked it too." 

Prof.: "You certainly ask a lot of 
questions. r d like to know what 
would have happened if r d asked as 
many questions when I was a stu
dent." 

Stu.: "Maybe you'd have been 
able to answer some of mine.'' 

MINNEAPOLIS 
BLUE PRINTING CO. 

523 Second Avenue South 

Minneapolis. Minn. 

MAin 5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KEUFFEL & ESSER CO. 
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!Electronics Research Engineer Irving Alne records radiation 
antenna patterns on Lockheed's Radar Range. 
Twenty-two foot plastic tower in background 
minimizes ground reflections, approximates free space. 
Pattern integrator, high gain amplifier, square root 
amplifier and logarithmic amplifier shown in picture 
are of Lockheed design . 

. . . . . . ..... 
• "0 .... 

o <> e ... . . . ... . . . ... 

ltesearcll Engineer Russell Lowe measures dynamic 
strain applied by Lockheed's 500,000 lb. 
Force Fatigue Machine on test specimen of 
integrally-stiffened Super Constellation skin. 
The Fatigue Machine gives Structures 
Department engineers a significant advantage 
in simulating effect of flight loads on a 
structure. Among other Lockheed structures 
facilities are the only shimmy tower in 
private industry and largest drop test 
tower in the nation. 

•• 0 ... ... ... 

. 
0 

. . . ... 
.. 8 ••• 0 ... . . . . .. . . . . 

Jim Hong, Aerodynamics Division !lead, discusses results 
of high speed wind tunnel research on drag of 
straight and delta wing plan forms with Richard 
Heppe, Aerodynamics Department head (standing), 
and Aerodynamicist Ronald Richmond (seated 
right). In addition to its own tunnel, Lockheed is 
one of the principal shareholders in the Southern 
California Cooperative Wind Tunnel. It is now being 
modified for operation at supersonic Mach numbers . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

C. H. Fisll, design engineer assigned 
to Lockheed's Icing Research 
Tunnel, measures impingement 
limits of ice on C-130 wing section. 
The tunnel has a temperature 
range of -4o•F. to + 150°F. and 
maximum speed of more than 
270 mph. It is the only icing 
research tunnel in private industry. 

. . . 

dvanced facilities speed . 

Lockhee~:· engineering progress 

Loc he 

.. 
0 

.. .. 

lockheed's ammatched research and production facilities help make 
possible diversified activities in virtually all phases of aviation, 
military and commercial. 

They enable engineers to test advanced ideas which would remain 
only a conversation topic in firms lacking Lockheed's facilities. 
They help give designers full rein to their imagination. They make 
better planes - and better careers. 

Engineering students interested in more information on Lockheed's 
advanced facilities are invited to write E. W. DesLauriers, 
Lockheed Student Information Service, Burbank, California. 

AIRCRAFT CORPORATION 

BURBANK California 

9 • ••• 



There are no ''blind alleys" at Pittsburgh Plate 
When you join the Pittsburgh Plate Glass organization, 
your opportunities are highly unusual. 

You have the choice of aligning yourself with paint, 
brushes, chemicals, glass, plastics, or fiber glass. Each of 
these industries represents a widerange of products that are 
used in volume throughout the world. The divisions of 
PPG that produce them are much like sound, growing, 
vibrant companies in themselves ... the kind that offer far 
reaching opportunities. 

Each of these divisions has its full complement of per
sonnel from top management to its specialists in many 
fields ... from technical men in production, engineering, 

power, maintenance and transportation to a first class team 
in business management, marketing, development, sales, 
advertising and promotion. 

Your opportunities therefore can extend not in just one, 
but in several directions. There are no blind alleys at PPG. 

PPG wants good men in varied fields. It has much to 
offer you from the very beginning and all during the time 
you are building your future. 

If you would like to become part of the progressive PPG 
organization, write today for more information. Just address 
Pittsburgh Plate Glass Company, General Personnel Di
rector, One Gateway Center, Pittsburgh ·!,;22, Pennsylvania. 

PAINTS @ GLASS o CHEMICALS • BRUSHES e PLASTICS ~ fiBER GLASS 
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ow to car 35~ton loads in 
a rollmneck Ia e 

The engineers who designed this roll-neck 
lathe were faced with three problems. 1) 
To build a lathe that would cut finishing 
time as much as 75%; 2) To build a lathe 
that would give great accuracy and 3) To 
provide great load-carrying capacity as 
well. Their answer was this electronically~ 
controlled mill roll lathe. To carry the 3 5-
ton loads with a maximum runout of .0003 
and still do the job quickly, they specified 
Timken® tapered roller bearings. 

hy II KE ®bearings have 
high load capacl 

This cross-section of a Timken tapered roller bearing 
illustrates one reason why Timken bearings do such a 
good job under heavy load conditions. Notice that there 
is full line contact between the rollers and races. It's this 
full line contact that distributes the load over a wider 
area, gives Timken bearings their extra load- carrying 
capacity. 

ant to learn more about bearings 

TRADE-MARK REG. U, S. PAT. OFF. 

TAPERED ROllER BEARINGS 

or iob opportunities? 
Some of the engineering problems 
you'll face after graduation will 
involve bearing applications. 
For help in learning more about 
bearings, write for the 270-page 
General Information Manual on 

Timken bearings. And for infora 
mation about the excellent job 
opportunities at the Timken 
Company, write for a copy of"This 
Is Timken". The Timken Roller 
Bearing Company, Canton 6, 0. 

NOT JUST A BALL 0 NOT JUST A ROLLER a::> THE TIMKEN TA·PEREO ROLLER o 

BEARING TAKES RADIAl ~ AND THRUST -ID- LOADS OR ANY COMBINATION * 
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ENG I EERING WRITING 

I-Iere is an ideal way 

for the engineer or 

physicist with some 

aptitude for writing to 

enter the field of advanced 

electronics. In this 

relatively new and 

expanding area you can 

malce immediate and 

effective use of your 

academic training while 

acquirin,_~ additional 

experience. 

HUGHES 
RESEARCH .AND 

DEVELOPMENT 

LABORATORIES 

J lughes Research and Development 
Laboratories are engaged in a continu
ing program for design and manufac
ture of integrated radar and fire con
trol systems in military all-weather 
interceptor aircraft. Engineers who 
produce the maintenance and opera
tional handbooks for this equipment 
work directly with engineers and 
scientists engaged in developtnent of 
radar fire control systems, electronic 
computers, and other advanced elec
tronic systems and devices. 

Your effort in the field of engineer
i:1g writing through these publica
tions transmits information to other 
engineers and technical personnel on 
operation, maintenance and modifi
cation of Hughes equipment in the 
field. 

You will receive additional training 
in the Laboratories at full pay to be
come familiar with Hughes equip
ment. Seminars are conducted by 
publications specialists to orient new 
writers. After-hours graduate courses 
under Company sponsorship are 
available at nearby universities. 

SCIENTIFIC AND 

ENGINEERING STAFF 

Culver City, Los Attgeles County, California 

Photograph above: Engineer-writer John Burnett (left) 
works with engineers John H. Haughawout (right) and 
Donald King to compile handbook information. 

Definition: 
Nylons: Sheer today and gone tomor

row. 
Ginger ale: A drink that tastes like 

your foot feels when it's gone to sleep. 

Golddigger: A girl who breaks dates 

by going out with them. 
Akoholic rheumatism: Getting stiff 

in every joint. 
Home: Where you can scratch any 

place it itches. 
Mixed company: What you are in 

when you think of a story you can't tell. 

Fraternity pin: An 'increase in priv

ilege. 

"Pa, what is the interest of a kiss?" 
asked a sweet sixteen. 

"Well, really, I don't know. Why 
do you ask?" 

"Because George borrowed a kiss 
last night and said he would pay it 
back with interest after we were 
married." 

Drunk to friend: "What shall we 

drink to?" 

Friend: "To excess." 

KQH .. I .. NOOR 
ADAPTO LUTCH 
LEAD HOLDERS 

All degrees and diame
ters of lead. 

$ Technical Books and 
Supplies 

o Study Outlines 

o Thesis Supplies 

at 

I E'S 
315 14th Ave. S.E. 

and 
Harvard and Washington Ave. 



A Pocket Slide Rule is a constant bosom companion. 

PLASTIC P CKET SLIDE RULES 
As Don says "This is an age of portabil-

ity. 'Take it with you' is the slogan of the day. 
You slide rule users are behind the times if you 
aren't carrying a concentrated boiled-down slide 
rule with you 24 hours a day. 

"You ought to see the little pocket editions K&E 
is making. Pick the one that will do the jobs you 
need it for whenever its bigger ten inch brother 
isn't around." 

University Bookstores 
University of Minnesota 

A1t:U11- CH.~nee~J;in9 BudciiH-9 
Come on in and let us show these K&E Pocket 

Slide Rules. They're the finest that are made. 

Gold lettering ~ Stamping 
Tooling 

WE BIND 
Medical Theses 

Chemical Pamphlets 

Magazines Text-Books 

Law Reviews 

COVERS - ALBUMS - SCRAPBOOKS 
Made to your specifications 

BINDING 

Fe 0. ERICKSON, 
BOOKBINDER 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. GE. 5765 
KEUFFEL & ESSER COs 

New York Hoboken, N.J. 
Chicago s St. Louis s Detroit 

San Francisco • Los Angeles • Montreal 

A Key to K & E Leadership 
Graphs and charts to analyze and il~ustrate a!l 
endless variety of facts or trends are vttal to busi
ness men, manufacturers, engineers, architects, 
surveyors, mathematicians, scientists. K&E make 
a complete range of graph forms essential for 
these many differing needs. (Write Keuffel & 
Esser, Dept. 1254, Hoboken, N.J., for a free book
let .. Graph Sheets".) Completeness is one of .the 
keys to K&E leaders.hip in dr~fting, r~productlon, 
surveying and optical toolmg eq';!lpment and 
materials, in slide :rules and measunng tapes. 
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STORY TELLER u G 

Finding the origin of gages is as difficult as enumer
ating the types of service for which they are used. But 
all types of gages have one thing in common ... they 
tell a story. They indicate what's going on in inacces
sible areas . . . or measure things you cannot see. 

Whether actuated by physical force, electrical im
pulse or mechanical means ... whether fixed or port
able ... gages are indispensable to modern civiliza
tion. They measure the potential of power or pressure 
. . . the degree of heat . . . the force, flow or level of 
liquids or gases . . . the strength of solids. 

MASTER OF MYSTERY ..... 

In industry, gages have replaced guesses. Physicists, 
designers, chemists, metallurgists, mechanical and 
electrical engineers, and a host of technicians and 
craftsmen have sired this scientific servant ... to 
work in power and processing plants, in mines and 
mills, on highways and skyways, on and under water. 

A gage never works alone. Only when it has a point 
of contact can it function. And minds, too, must have 
a point of contact that will render the behind-the
scene reports of industry's status. Here, in America, 
that function is fulfilled in our all-seeing, all-hearing 
and reporting Inter-Communications System. 

THE AMERICAN INTER ... COM SYSTEMu. 

Complete communication is the function, the unique 
contribution of the American business press . . . a 

great group of specially edited magazines devoted to 
the specialized work areas of men who want to man
age better, research better, sell better, buy better. 

COMMUNICATION IS OUR BUSINESS ... 

Many of the textbooks in which you are now studying 
the fundamentals of your specialty bear the McGraw
Hill imprint. For McGraw-Hill is the world's largest 
publisher of scientific and technical works. 

Mter you leave school, you will want to keep 
abreast of developments in your chosen profession. 
Then one of McGraw-Hill's many business magazines 
will provide current information that will help you 
in your job. 

( I 
PUBLISHING COMPANY, INC@ 

330 WEST 421i"id STREET 

NEW YORK 36, N. Y. 

HEADQUAIHERS fOR TIECHNICAI. AND BUSINESS INFORMATION 
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reactions MoCI3 
Mo 02 Cl2 
Mo 0 (0H)2 Cl2 K3 MoCI6 
R*(MoO) Molybdenum chemicals have valences of 0,2, Mo8r3 X 4 y 

3,4,5, and 6. Easy transitions between valence 
(NH4)6Mo7 024 states make them useful in controlled oxidation- Mo8rr3C5 H5N reduction reactions. 
(NH4)2 Mo S
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H3 p M012 04o 

+ Na3 p Moi2 04o 

Over forty molybdenum chemicals in all valence 
Mo02 H

4 
Si Mo12 0 40 

states are available in experimental quantities. MoS2 Na
4 

Si Mo12 040 Write for our bulletin Manufacturers of 
Molybdenum Chemicals. Climax Molybdenum MoSe2 *R= Ag, Ba, (a, (e, Co, 
Company, Dept. U, 500 Fifth Avenue, New K, Li, No, Ni, Pb, Sr, Zn 
York 36, N.Y. K4 Mo (CN)
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The Editor's 

INCE E-Day is uppermost in the minds of many of 
the engineers this quarter, it is interesting to take 
a look at the various events and see how plans 

are being laid. 

The BLACK BOOK DANCE has, for many years, been 
held two weeks in advance of E-Day for the expressed 
purpose of acquainting Engineers and women with the 
spirit of celebrations and of course with each other. 
Although it is very hard to believe, it has been said 
that some Engineers actually don't have a girl lined 
up for the E-Day festivities: Luncheon, Revue, Brawl, 
etc. Well, the BLACK BOOK DANCE is their chance to 
make these arrangements. 

The dance will be an informal affair in the Union 
Main Ballroom. As in previous years there will be on 
hand well over 1 ,000 women; all sizes and shapes will 
be available. Of course, a nominal fee will be charged 
for all male guests. Those who have attended in the 
past all agree that this is a small price for the value 
received from the evenings entertainment. 

The REVUE Committee has been meeting Tuesday 
evenings all of last quarter and has come up with a 
pair of parodies. One show will poke fun of a famous 
book, a movie, and a Broadway play; and the other will 
be a big musical extravaganza. The last words of dialog 
have not been written, in order to make the jokes as 
fresh as possible for the actors. And speaking of actors, 
E-Day could use any engineers that even faintly have 
a yen for the stage and grease paint. 

The jobs left are designing the sets for the stage, 
making them light and easy to move, yet telling the 
story background with force and vigor. Vivid colors 
and eye-catching forms will be used to provide sim
plicity for their construction. 

Musicians among the engineers will also be at a 
premium, since live music for the songs will be used in 
order to allow room for laughter and audience participa
tion, which taped sound would not allow. 

The BRAWL for the benefit of the uninformed, mis
informed or what have you, is a semi-formal dance held 
as the climax to the activities of E-Day. This is the 
time when all engineers become illegally married to 
their best girl for one night, which still gives you a 
chance to back out. 
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This year, the BRAWL will be held on Saturday 
night, May 7, at the Hotel Lowry in Saint Paul. The 
music will be supplied by a well known band, and of 
course, for intermission there is a pleasure packed pro
gram, during which the winners of the various trophies 
will be announced. 

Friday evening, May 6, and Saturday morning, May 
7, the OPEN HOUSE and INDUSTRIAL EXHIBITS will 
be running full blast. The various departments of IT will 
be "showing off" their equipment and facilities for the 
enlightenment and entertainment of the general public. 
Also, firms from all over the U. S. will have displays in 
view, so bring your friends and parents around to see 
what you do. 

The E-Day REVUE will be written, produced, directed, 
and acted by your fellow students. This means it will 
be talking your language and be fun for you. Be sure 
to make room for this event on your calendar forE-Day. 

I N this issue, the Technolog has entered upon strange 
ground and plunged into the campus political fray. 

It was decided at the Board meeting to invite all the 
major political parties on campus to give their views 
on what they have to offer the engineering student. 
From this invitation, we got the two articles appearing 
on pages 26 and 27. At this time I don't wish to back 
one or the other, or even condone the present system 
of student (?) government, but it would be a rabble
rousing idea to back someone who would try to make 
student opinion mean something in the running of the 
University. 

I N the next issue (May) we're planning to run a very 
interesting article on the history of the Technolog. 

The material for this article was dug up by Ron Gles
nes while preparing his brief for the Technolog vs the 
University fee case. The Technolog, as it is now known, 
has always had a stormy time of it, but has gotten 
bigger and better each year and will continue to do so 
(I hope). 



Necklace of Linde Star Rubies and Diamonds worn at the Coronation of H. M. Queen Elizabeth II. 

an-made gems per£ ct as 
natur 's finest-

created Wt~h 

Linde Air Products Company measures rare 
elements as close as 2 parts in a million 

with the spectrograph to produce 
star sapphires and star rubies more nearly 

perfect than natural gems. 

Wu-time instruments called for millions of synthetic 
jewel bearings. But supplies from Europe were shut off. 
So at Uncle Sam's request, Linde, a division of Union 
Carbide and Carbon Corporation, undertook to create 
sapphires and rubies-with photography filling a role 
in the intricate technology. 

Postwar, Linde went even further. Using the spectro
graph, a photographic instrument so sensitive it can 
measure the chemical content of celestial bodies, they 
found just the right trace of rare element to create a 
deep silky star within the stone and thus achieved the 

fabulous Linde "Stars" -man-made counterparts of one 
of nature's rarest gems. 

This is the way photography is working in small 
companies and large, in laboratories, on production 
lines, in offices and drafting rooms. It is saving time, 
reducing error, cutting costs, improving production for 
all kinds of business and industry. 

Graduates in the physical sciences and in engineer
ing find photography an increasingly valuable tool in 
their new occupations. Its expanding use has created 
many challenging opportunities at Kodak, especially in 
the development of chemical processes and the design 
of precision mechanical-electronic equipment. If you 
are a recent graduate or a qualified returning service
man, and are interested in these opportunities, write 
to Business & Technical Personnel Dept., Eastman 
Kodak Company, Rochester 4, N.Y. 

Eastman Kodak Company, Rochester 4, N.Y. 



o ill you help to 
shar en r d r' s "eyes"? 

Exact range and accuracy of the radar 
antennas shown here are classified. But 
this can be told-the radio energy trans
mitted can light fluorescent lamps 100 
feet away. 

Progress in radar, as in the entire field 
of electronics, has been rapid. At 
General Electric much credit for these 
advances belongs to engineers who are 
recent college graduates. Take, for ex
ample, E. B. Carrillo, EE, Pratt Insti
tute, '49, responsible for manufacture 
of servo- and time-sharing systems, and 
G. G. Wilson, EE, N. Y. U., '48, in charge 
of design and development of remote 
control equipment. 

The work of these young men typi
fies GE's emphasis on young, creative 
engineers from such fields as electrical, 
mechanical, metallurgical and aeronau-

tical engineering, and from the scientific 
fields of physics and chemistry. Like 
other graduates, Carrillo and Wilson 
were able to increase their engineering 
awareness in the after-graduation G-E 
program of technical assignments. In 
this program, the engineer selects the 
fields, the locations himself. And at 
G.E. you will be able to make real con
tributions early in your career in ac
tivities ranging from plastics to large 
electrical apparatus, electronics to jet 
propulsion, automation components to 
atomic power. 

For full information on the job at 
G.E. suited to you, consult your college 
placement director, or write General 
Electric Company, Engineering Person
nel Section, 1 River Road, Schenectady 
5, New York. TR-2A 

ltogress Is Our Most Important Producl 

GENERAL ELECTRIC 





James Chisholm, class of '41, 

speaks from experience when he says1 

"Men with ability and ambition really have 
a chance to get ahead at U. teel'' 

e A responsible position can come 
quickly to those graduate engineers at 
U.S. Steel who show ability and ambi
tion. Management training programs 
are designed to stimulate and develop 
these qualities as the trainee "learns by 
doing." His training is always a fascin
ating challenge and he works with the 
best equipment and the finest people in 
the business. 

James Chisholm is typical of the 
young men who rapidly rise to an im
portant position at U.S. Steel. Jim 
came to U.S. Steel as a trainee in 1941 
after graduating as an M.E. Shortly 
thereafter he entered military service 
for four years. Upon his return to U.S. 
Steel in 1946, he advanced steadily un
til, in 1951, he was appointed to his 
present position as Assistant Superin
tendent of Blast Furnaces at the new 
Fairless Works at Morrisville, Pa. 

Jim is now in charge of the unload-

ing of all ore ships and the operation of 
the plant's two big blast furnaces-each 
with a rated output of 1500 tons per day. 

Jim feels that the opportunities for 
graduate engineers are exceptional at 
U.S. Steel. He remarked that in his own 
department alone, six college trainees 
have been put into management posi
tions within the last couple of years. He 
says that chances for advancement are 
even better now with the current expan
sion of facilities and the development 
of new products and markets. 

If you are interested in a challenging 
and rewarding career with United 
States Steel, and feel that you can 
qualify, you can get details from your 
college placement director. And we will 
gladly send you a copy of our informa
tive booklet, "Paths of Opportunity," 
which describes U.S. Steel and the 
openings in various scientific fields. 
Just write to United States Steel Cor
poration, Personnel Division, Room 
1622, 525 William Penn Place, Pitts
burgh 30, Pennsylvania. 

SEE THE UNBTED STATES STIEEL HOUR. It's a full-hour TV program 
presented every other week by United States Steel. Consult your local 
newspaper for time and station. 

I E EEL 
AMERICAN BRIDGE •• AMERICAN STEEL & WIRE and CYCLONE FENCE •• COlUMBIA-GENEVA STEEL •• CONSOLIDATED WESTERN STEEL •• GERRARD STEEL STRAPPING.- NATIONAl TUBE 

OIL WELL SUPPlY •• TENNESSEE COAl & IRON .• UNITED STATES STEEL PRODUCTS •• UNITED STATES STEEL SUPPLY •• Divisions ol UNITED STATES STEEL CORPORATION, PITTSBURGH 

UNITED STATES STEEL HOMES, INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATlAS CEMENT COMPANY 5-690 



MUCH MORE THA 
GOES I TO DO 

MEET THE EYE 
PAC AGE DE IG 

Engineers and ocular cameras, salesmen, lawyers and artists 
combine talents to produce a unified ''sales team'' for Dow 

Tin cans and tank cars, cardboard cartons and fiber drums, 
bags and bottles of sundry shapes, carry Dow products to 
world markets. In addition to quickly describing its con
tents, each package should speak for the product's quality 
and should reflect the company which produced it. Dow 
recently redesigned its packages with these objectives 
in mind. 

Developing effective design while maintaining family 
resemblance for hundreds of Dow products was not an 
easy task. The abilities of hundreds of people and many 
machines were involved. Designers, engineers, salesmen, 
lawyers and artists all were called upon to contribute their 
particular knowledge. 

An ocular camera played a vital role in choice of design. 
A subject sits before the camera and the test package is 
briefly exposed. Meanwhile, a moving picture is made of 
the subject's eyes. The picture is printed and played back, 

giving an accurate record of how the package was scanned. 
When analyzed, these pictures show which design ele
ments dominated, the order in which the product message 
was read and so forth. The result-an accurate test of 
whether the package is doing its job, unimpaired by un
dependable personal likes and dislikes. 

The design chosen and printed, thousands of packages 
leave Dow plants daily selling Dow quality and dependa
bility to the world. Package design is a big job, yet it's but 
one step in a product's progress from research laboratory 
to customers' hands. 

QpP<ortunitles 

Whether you choose research, production or sales, you 
can find a challenging career with Dow. Write to Tech
nical Employment Department, THE DOW CHEMICAL 
COMPANY, Midland, Michigan or Freeport, Texas for 
the booklet "Opportunities 'With The Dow Chemical 
Company" -you'll find it interesting. 

you can depend on DOW CHEMICALS 
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GENERAL MOTORS President Harlow H. 
Curtice speaking: 

"Just as an example of how job opportunities 
in General Motors have grown, here is what 
has happened since 1940. 

"In 1940, w·e had 233 thousand employes on 
our payrolls in the United States and Canada. 
In 1955, our employment totals 520 thousand 
-an increase of 287 thousand good jobs in 
only 15 years." 
It stands to reason that a climate where job 
opportunities expand with such rapidity must 
be especially fruitful of career opportunities for 
young men holding engineering degrees. 

For, in the final analysis, the very life's blood 
of our organization is the never-ending pro
duction of ''more and better things for more 
people" -and that, very definitely, requires the 
engineering mind at its best. 
In point of fact, although engineering 

r 
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graduates cotnprise a mere two per cent of total 
GM employment, they will eventually fill 
about forty per cent of executive posts if the 
established pattern continues. 

Why not, then, look into the possibility of 
enjoying a rewarding career as a GM engineer? 
You'll be interested in a big new 136-page hand
book entitled, "Job Opportunities in General 
Motors." Your college library or placement 
office should have it. 

GM Positions Now Available 

In These Fields: 

MECHANICAL ENGINEERING 
ELECTRICAL ENGINEERING 

CHEMICAL ENGINEERING 
METALLURGICAL ENGINEERING 

INDUSTRIAL ENGINEERING 

ERAL oToRs CoRPORATIO 
Personnel Staff, Detroit 2, Michigan 



Cliff Litherland asks: 

Would I have 

varied ents 

at DuPont or 
would I specialize 

technically? 

CLiffORD LITHERLAND received a B.A. degree from Rice In
stitute last year, and is now working for a B.S. in Chemical 
Engineering. He is Business Manager of "The Rice Engineer," 
and Vice-President of the fifth-year class at Rice. By asking 
questions of prospective employers, Cliff is trying to get informa
tion that will help him make the best use of his training in the 
years ahead. 

Arthur Mendolia answers: 

ARTHUR S. MENDOLIA was graduated from Case 
Institute in June 1941 and started work with 
the Du Pont Company that same month. In 
addition to handling challenging assignments at 
work, he also enjoys some interesting hobbies. 
Although he makes no claims personally, he's 
classed as a minor authority on golf and hi-:fi 
music. Mr. Mendolia is Assistant Director of 
Research for DuPont's Electrochemicals Dept. 

WANT TO KNOW MOI!l!i! about working with 
Du Pont? Send for a free copy of "Chemical 
Engineers at Du Pont," a booklet that tells 
you about pioneering work being done in 
chemical engineering-in research, process 
development, production and sales. Write to 
E. I. duPont de Nemours & Co. (Inc.), 2521 
Nemours Building, Wilmington, Delaware. 

REG. U.S. PAT. Off: 

BIE'IiiER THINGS FOR BIE'IiiER LIVING ••• THROUGH CHEMISTRY 

WATCH "CAVALCADE OF AMERICA"ON TELEVISION 

Well, Cliff, I'd say the answer to that question depends 
largely on your own preferences. In a company the size of 
Du Pont there are opportunities for growth along either line. 

In my own case, I've followed the route of diversification 
-and I think you'll find that's the general procedure when 
a fellow is interested in administtative work. 

For example, after graduation I started work in the re
search lab at Du Pc·nt's Niagara Falls plant. That was fol
lowed by two years of process improvement work, and a 
stretch as assistant supervisor over one of the plant areas. 
Next, I spent a few years in liaison on the design and con
struction of our first full-scale plant for making nylon inter
mediates from furfural. Then, I had assignments on ttplant 
start up," and production supervision before I was given my 
present post. I was made Assistant Director of Research for 
DuPont's Electrochemicals Department last August. 

You see, variety of assignments means contact with new 
men and with constantly changing problems. That keeps 
interest alive. It leads to growth, too, because it provides a 
broad base of experience for future responsibilities. 

On the other hand, some fellows prefer to become special
ists in a particular field-and Du Pont has many oppor
tunities for that type of professional growth, too. In our 
research, development and design groups we have experts 
on distillation, mass transfer, thermodynamics-and most 
anything else you'd care to mention in the field of engineer
ing. These men are respected throughout the whole company 
for their technical knowledge. 

Whichever route you choose, Cliff-broad or specialized
you'll find that a job well done leads to satisfaction and ad
vancement at Du Pont. 
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There are easier ways to get a drink. 

And engineering graduates will be called upon to develop them. They~ll 

have to help supply and distribute the billions of gallons of water needed 

daily by homes and industry. Water that will he increasingly hard to find. 

But when they find it, they can rely on cast iron pipe to carry it. Practically 

every city in America - large or small - uses it for water and gas mains. 

In over 60 of them cast iron pipe has served for a century or more. 

No other pipe can point to such a long and useful record of service to 

the nation. 

CAST IRON PIPE RESEARCH ASSOCIATION 

thos. F. Wolfe, Managing Director, 122 So. Michigan Avenue, Chicago ·3, Ill. 

® 

ma SERVES fOB 
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all CENTURIES 



1955-Loading Boeing C-97 Stratofreighter 

There's plenty of variety in Boeing engineering careers 

America's pioneer passenger-cargo air
craft, the 40A, was a Boeing. So is the 
Air Force's versatile tanker-transport, the 
C-97 Stratofreighter shown above. 

During the company's 38-year history, 
Boeing engineers have blazed new trails 
in the design of aerial freighters and 
tankers, commercial airliners, flying 
boats, fighters, trainers and bombers. To
day Boeing continues to offer engineers 
a wide variety of opportunities in Re
search, Design and Production. 

Students sometimes are surprised that 
Boeing's engineering staff includes those 
with civil, electrical, mechanical, aero
nautical and other engineering degrees. 
Yet all find application in aviation. For 

example, the civil engineer may work on 
airframe structure or stress. Electrical 
engineers find challenge in the compli
cated electrical and electronic systems of 
modern jet bombers and guided missiles. 
Other engineers will find similar applica
tion for their talents. 

The high degree of stability in careers 
at Boeing is reHected in this chart. 

r r r 
50% 

It shows that 46% of Boeing engineers 
have been with the company five or more 

years; 25% for 10 or more years, and 6% 
for I 5 years. 

Boeing promotes from within, holds 
regular merit reviews to assure individual 
recognition. Engineers are encouraged to 
take graduate studies while working and 
are reimbursed for all tuition expense. 

Current Boeing programs include: six 
and eight jet bombers; America's first jet 
transport-the 707; F-99 Bomarc pilot
less interceptor (guided missile)- and 
advanced projects such as the application 
of nuclear power to aircraft. 

for further Boeing career information 
consult your Placement Office, or write: 

JOHN C. SANDERS, Staff Engineer - Personnel 
Boeing Airplane Company, Seattle 14, Wash. 

SEATTLE, WASHINGTON WICHITA, KANSAS 
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PITTSBURGH PLATE HAS MANY IRONS IN THE FIRE 

...... maybe you should have a grip on one of them! 

Although Pittsburgh Plate Glass Company is the best 
known name in glass, it is also one of the nation's leading 
producers of paints and brushes, of alkalies and related 
chemicals, of plastics and fiber glass. 

These multi-industry operations offer the college grad
uate many and varied types of careers in manufacturing, 
research, marketing, sales and administration. 

PPG's record is one of continual growth throughout 
its more than 70 year history. Its operations are nation-

wide and in many foreign countries. Progressive policies 
assure unlimited opportunities for alert men who are 
looking ahead to more than ~~just a job." 

PPG is seeking good men with college training. If you 
think you'd like to try your .. grip" on one of the many 
PPG ~·irons," you're invited to write today for more 
information. Just address: Pittsburgh Plate Glass Company, 
General Personnel Director, One Gateway Center, Pitts
burgh 22, Pennsylvania. 

PAINTS • GLASS • CHEMICAlS • BRUSHES • PLASTICS • FIBER GLASS 



To help develop STA-CLEAN for STANDARD Furnace Oil, the testing apparatus 
shown here was constructed. Running an experiment on the improved oil 
is Dr. Jack A. Williams, a chemist at Standard Oil's Whiting laboratories. 

Scientists in Standard Oil laboratories work with 

the stimulating knowledge that practical and val

uable results will be obtained from their discoveries. 

A recent achievement of Standard Oil scientists is 

now benefiting hundreds of thousands of STANDARD 

Furnace Oil users throughout the Midwest. 

In 1952 our research people undertook the prob

lem of finding a method to eliminate oil burner fail

ure or inefficiency arising from clogged filters and 

burner nozzles. 

After months of painstaking laboratory work and 

many more months of thorough field testing through-

I LE 
out an entire heating season, Standard Oil scientists 

perfected a new, efficient additive-STA-CLEAN. 

Blended into our furnace oil, the new additive acts 

as a detergent, sludge inhibitor and rust stopper

all in one. STA-CLEAN assures clean oil filters and 

nozzles-a dramatic contribution to efficient and 

economical heating. 

The development of this remarkable new additive 

is further proof of the progress possible when scien

tists are given time and equipment to explore and 

develop thoroughly their ideas. Young scientists 

find such an atmosphere inspiring. 

Standard Oil Company 
910 South Michigan Avenue, Chicago 80, Illinois 
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From the ealm 

f nti uity: 

By Ron Glesnes 

Photographs by Norv Pervier 

HIS is a slide-rule busily figuring. This is a type
writer incessantly tapping. This is a printing press 
rolling through the night. This is make-up, pasting 

the dummy, reading the proof, anxiously awaiting the out
come. This is a history of years. This is the story of the 
TECHNOLOG. 

It was born on one of the cold winter nights some 60 
years ago, when an engineering group known as the Society 
of Engineers voted to publish a yearly annual. They called 
their annual the Engineers' Yearbook and it was the fore
runner of what we today know as the MINNESOTA 
TECHNOLOG. 

Back in 1893, when the Engineerl Yearbook came rolling 
off the press, the Institute of Technology did not exist. The 
technical school was called the College of Engineering, 
Metallurgy, and Mechanical Arts. Minnesota's new organ, 
the Engineers' Yearbook, was, then, the outcome of a new 
group seeking to make its impression in the pages of 
written history. 

Our first publication was mostly technical in content, and 
contained articles written by students, graduates, and the 
faculty members of the scientific departments of the Uni
versity. Its first editor was a student, Henry B. Avery, who 
was elected by the society. Avery chose John W. Erf, a 
civil engineer, to be his business manager. 
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During the 15 years that followed, their first publication, 
the Society of Engineers underwent a gradual expansion 
and in 1908, even a 122-page yearly publication became in
adequate to fulfill its needs. In November of that year, the 
Engineers' Yearbook was changed to the Minnesota Engineer 
and the publication appeared on our campus quarterly 
thereafter. 

In one of his first editorials, George M. Shepard, the new 
editor of the Engineer, wrote: "The object of this publica
tion is three-fold: first, to be the official organ of the 
Engineers' Society; second, to be a means of presenting to 
the public technical articles by alumni, students, and others; 
and third, to contain current alumni news." 

The organizational details of the Engineer developed fast. 
An advisory board of faculty members was soon created. 
Professors Constant, Flather, and Shepardson first served on 
the committee. Fredrick S. Jones, who was then dean of 
the College of Engineering, was the first chairman of the 
board. This organization functioned until 1915 when, 
largely because of impending war conditions, the publishing 
of the Engineer was discontinued. 

In the six years that followed, during the First World 
War, there was no publication nor a great deal of activity 
on our technical campus. But in 1920, the Association of 
Engineering students, a reorganization of the old Society of 



Br F. H. O>NsrAxc 
Pn>fnsor ofStructuraJ Engiuuring, 

Engineers, decided to again publish a magazine for the 
College of Engineering. As a result of this decision, Martin 
Wichman and 0. Beeman were chosen managing editor and 
business manager of a new monthly which was to be called 
the MINNESOTA TECHNo-LoG. In the lead editorial of the 
first number of the new magazine Dr. Lotus Coffman 
wrote: 

"I congratulate the engineering students upon the publica
tion of the _MINNESOTA TECHNo-LoG. It is encouraging to 
know that the students of a professional school, in association 
with members of the faculty, are willing to devote them
selves to the publication of a dignified, strictly scientific 
journal. It exalts the primary thing for which the University 
stands, that of making practical use of carefully worked out 
and tested experience ... " 

With these principles to guide its path, the TECHNo-LoG 
fought the battle of subscription campaigns and grew. In 
1922 they joined the ECMA. The Engineering College 
Magazines Associated was organized to promote a more 
standard format among its members. It sought more 
uniform advertising rates, paper sizes, and mechanical re
quirements of its group. The unification forces of the 
ECMA did much to strengthen the financial position of the 
TECHNOLOG. 

In May, 1925, a constitution was drawn up providing for 
the maintenance of the TECHNOLOG as a separate organiza
tion from the Association of Engineering Students. The con
stitution provided for the formation of an organization to 
be known as the Technolog Association and to be composed 
of all students in engineering, architecture, chemistry, and 
mines. At the annual all-University elections, seven students 
were to be elected from this association, who with the deans 
of the College of Engineering and Architecture, the School 
of Chemistry, and the School of Mines, would serve as the 
Technolog Board. This board was to elect the managing 
editor and confirm the appointment of the business manager, 
who was to be selected by the editor. 

The constitution was adopted by the engineering students 
at the all-University elections in May, 1925, with but three 
dissenting votes. It remains, with but a few revisions, intact 
today. 

The TECHNOLOG was thus legally established. It had 
changed its editorial format to the specifications of the 
Engineering College Magazines Associated. Its only weak
ness lay in its circulation. Each year subscription campaign 
efforts had magnified themselves. Like today's homecoming 
button salesmen, the TECHNOLOG subscription peddlers were 
uncomfortably ubiquitous. Yet less than one-half the stu-
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dents in the College of Engineering were subscribing to the 
magazine. 

As early as 1923, the Minnesota Daily had succeeded in 
petitioning 40¢ a quarter from each University student, 
to be added to the student incidental fee. And in the fall 
of 1927, Lawrence A. Clausing and Carl E. Swanson set 
out on a campaign to put the TECHNOLOG on such a blanket 
subscription basis. After a year of work, they succeeded in 
getting the signatures of over 90 per cent of the engineering 
students to a petition that the TECHNOLOG subscription be 
added to the incidental fee of all the students of the tech
nical school. In May of 1928, the Board of Regents voted 
to grant this request and the plan has survived until today. 

From that date until now, the TECHNOLOG's financial 
position has been sound. True, there have been times when 
advertising has dropped to the point that the magazine could 
no longer break even. And at one time, painful to admit, 
the TECHNOLOG held a printing hill outstanding for a little 
better than a year. 

It is interesting to note that the TEGHNOLOG's forerunner 
existed on this campus a few years before the Minnesota 
Daily. The earliest Daily publication under that name by 
students was in the fall of 1900. The Daily tried to survive 
on the merits of its own subscription campaign and was 
forced to suspend publication in January of 1923 for lack 
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of funds. The Engineering College spirit was manifest, for 
the TEcHNOLOG continued on. 

Like the passing of history, the TECHNOLOG has 
modernized itself from the "strictly scientific" journal of 
Dr. Coffman's time to the magazine it is today. Humor has 
been added. The articles' tones have shifted from the 
strictly "technical" to the "semi-technical" scope. More of 
the articles are written by students than by the faculty. And 
Kinsey's favorite subject, the pin-up, has been added. 

There have been dark days, too. A couple of years ago, 
the TECHNOLOG was called on the carpet for publishing too 
risque jokes. Its editor found that so-called risque humor 
was risky business. But all was settled on the University 
front and today the TECHNOLOG has the same unrestricted 
editorial freedom that it had back in the day of Mark 
Wichman and his friends. 

Today, names like Professors Flather, Constant, and 
Shepardson do indeed seem strange and unfamiliar to us. 
Yet they all were associated with the beginning of our IT 
magazine. The TECHNOLOG's history is, in a way, a bit 
romantic for present-day operations are based in past history. 
It has survived today with the same structure as it had 
when it first began. Yes, edit it as you will, like baloney, 
cut it as you will, the TECHNOLOG remains the TECHNOLOG. 

(end) 
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A Campus-to-Career Case History : 

is is at I 

"I like a job that keeps me jumping," says Bill 
Jermain, C.E. from Marquette, '52. "And my first 
management assignment with Wisconsin Telephone 
Company does just that. I'm Service Foreman at 
Sheboygan, with nine installers, and that means 
variety of responsibility. But judge for yourself. 
Here's a quick run-down of what I did yesterday, 
on a typical day-

8:IO-"'Checked day~s work schedule. One of my 
new men was putting in a buried service wire, and 
I went over the job specs with him to be sure he 
had things straight. 

8:30-"Answered mail while my clerk checked 
time sheets from previous day. 

9:30-"Out to supervise installation of the first 
aluminum Outdoor Telephone Booth in my ex
change. Reviewed the assembly instructions .. with 

i ester a 

the installer~, then arranged for 5pecial tools and 
bolts to be delivered to the job. 

II :30-"Drove across town. Made a 'quality in
spection' on a telephone installed last week. Every
thing checked O.K. 

I2 :00-"Lunch. 

I :00-"Picked up film for next day's safety meet
ing. Watched the film, made notes for discussion. 

2 :00-"Met with moving company manager to esti
mate cost of telephone cable lifting for a house 
moving job. Drove the route he had planned and 
worked out schedule for construction crews. 

3 :30-"Returned to aluminum booth installation. 
Went over wiring specs with the electrician. 

4:00-"Stopped at Central Office to pick up next 
day's orders. Met installers at garage as they 
checked in and assigned next day's work." 

Bill has been in his present job about a year~ and is looking forward 

to new responsibilities as his experience increases .•. as are the 

many young college men who have chosen telephone careers. If 
you'd he interested in a similar opportunity with a Bell Telephone 

Company •.• or with Bell Telephone Laboratories~ ~Testern Electric 

or Sandia Corporation ••. see your Placement Officer for full details. 

BELL 
TELEPHONE 

SYSTEM 
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UPPOSE you wanted to build a car with these 
characteristics: maximum acceleration, top speed, 
efficiency, and ease of operation. What kind. of 

power plant would you choose? An internal combus.tlon 
(IC) engine? No torque at low speeds. A gas turbme? 
Very poor efficiency and very expensive to build. The 
logical answer is, of course, a steam engine. 

But I hear a voice from the rear of the room. It is 
saying, "Crazy, man. Everybody knows that cars have 
IC engines. What is the matter with them?" 

Let's look at a few well-known characteristics of the 
IC engine. They aren't self-starting, they need a start~r 
motor and the starter needs a large battery to run 1t. 
Even then, they don't always start, as is evident on any 
morning the temperature gets below -SF. Next, the IC 
engine has almost non-existent torque at low speeds. 
So, the makers put in clutch and transmission, and the 
reduction gear in the differential. Or with the 
automatic transmission, they put 75-600 moving parts 
and a "glue-pot twirler" to let the motor run when 
the car isn't moving. A few more parts are carburetor, 
spark plugs, distributor, oil pump, and cooling jackets. 
All these are gadgets needed to make the IC engine run, 
and most need attention frequently. Then too, the IC en
gine is bulky enough that it must be placed up by the 
front wheels, making necessary a long drive shaft and 
usually resulting in poor weight distribution. One final 
thing, the IC engine has hundreds of moving parts-the 
steamer has 10-20. Enough said on that. 

The Stanley Steamer is perhaps the best-known 

Fill 'Er 
it t r 

By George Champine 

Top 

Locomobile Steamer 1900 

Bottom 

Mobile Steamer 1900-02 

Photos courtesy of Museum of Science and Industry 
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steamer, so let's look at it. Built from 1897 to 1926, the 
Stanley had a two-cylinder motor with 41/z in. bore and 
61/z in. stroke. It delivered four power strokes per revo
lution, the same as an eight-cylinder IC engine. The en
gine had 13 moving parts, and was rated at 20hp to 
30hp, depending on the model. In contrast to modern 
cars, the engine was geared to run at 447 rpm at 30mp~, 
yet the 30hp model did 0-60 mph in 15 seconds. Inci
dently, don't let the hp ratings fool you. Steamers were 
rated at the speed they usually ran. A Chrysler Firepow
er V-8 puts out about 55 hp on the same basis. 

Stanley Steamers made their mark in the racing 
world, as well as in the everyday transportation world. 
In 1903, the Stanley brothers built a speedster, using a 
stock engine and boiler reinforced to withstand 1000 psi 
instead of the usual 600 psi. They were trying for the 
world land speed record. The race was held in January 
of 1906 at Ormand Beach, Florida, near Daytona Beach. 
The best racing machines in the country were there, all 
trying to break the mark of 2 miles a minute, but no one 
came very close until the Stanley was run. 

The steamer, piloted by Fred Mariott, looked like a 
cigar-shaped canoe. The body was built of cedar strips 
covered with canvas-the brakes were inboard to re
duce unsprung weight, and the wheels were wire
spoke wheels which looked like oversize bike wheels. His 
average speed for a two-way run was 176.6 mph, which 
is still the record for engines of 25 hp or less. 

The next year the Stanley brothers decided to try the 
car again, this time to see what it would really do. The 
engine and boiler were reinforced to withstand 1300 



psi, and Fred Marriot was again going to drive. On the 
morning the run was scheduled, the beach was in very 
poor condition due to heavy rains, but Fred decided to 
make the run anyway. 

According to bystanders, this is how the speed run 
went. The car had a nine-mile run to build up speed 
before going into the timing trap, and Mariott evidently 
ran the car wide-open all of the way. Halfway through 
the trip, the car hit a bump, flipped 15 ft in the air, and 
came down, upside down, 100 ft farther down the 
beach and exploded. Fred was seriously injured, but 
he is still alive today, living in Watertown, Mass. His 
estimated speed at the time of the accident, according 
to MIT profesor timing him, was between 196 wph and 
198 mph. 

The old steamers had their d:ra,Nbo:cks-the biggest 
one was the 20 to 30 minutes it took them to get up 
steam. Then, too, on the Stanley there '-Nere 13 hand
operated valves necessary to start the machine. 

But engineering has come a long way since 1905, so 
let's take a ride in a car manufactured in 1917, the 
Doble. The engine has two cylinders with 5x4 in. bore 
and stroke, and is geared one-to-one to the rear axle. 

You step in the low-slung machine (no drive shaftL 
and turn on the key. A "poof" from the burner, a 50 
second wait, and you are on your way. Open the ac
celerator and you glide away from the curb-there is 
absolutely no noise from the engine, no racing the mo
tor in low gear, in fact no low gear. The Doble had 
about 1500 lb-ft. of torque at low speeds; as much as a 
Chrysler V -8 in low gear has turning at 4400 rpm. 

You are in traffic now. Notice how the car idles down 

to 1 mph, then accelerates smoothly and silently and 
quickly, with no hesitation or gear-changing. 

You are on the highway now, and you are used to 
driving by the sound of a car, so you have to check the 
speedometer often to stay under the speed limit. The 
only noise is that of the wind breezing by. When you 
pull out to pass, that 1500 lb-ft. of torque pulls you 
around quickly and without any fuss. What more could 
you ask for? 

Pull into a filling station. Your car usually burns fuel 
oil or kerosene, but it will work on gasoline. With a lit
tle modification it could use lp (liquid petroleum) gas. 
(If war came along, they could even burn cord wood 
or corn cobs, conceivably.) 

"'Well," you ask, "there used to be steam cars. How 
come they all went out of business?" 

A very good question, Buckley, but no one knows the 
answer for sure. Many people think it was because the 
self-starter came before the quick-heat boiler. Others 
think it was the excitement and noise of the tempera
mental IC engine. 

What chance does the steamer have of coming back? 
Many people thought the planetary gear went out with 
the Model T Ford, but now it is back in every automatic 
transmission. The steamer will come back when peo
ple get tired of paying for a complicated engine, with 
all the gadgets necessary to make it run, that still wears 
out in 100,000 miles. 

P.S. If anyone wants to find out more about steamers, 
read The Story of a Stanley Steamer by Woodbury in 
the Main Library. 

(end) 

Under the hood of the "good old" Stanley Steamer 
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ORPHA 

By Don Paulson 

HE IJREAl\!lS for a giant industry were ended by a 
spark 18 years ago. On May 6, 1937, the giant 
airship H indenburg caught fire and crashed at Lake

hurst, New Jersey. Thirty-six people died in the inferno. 
Even though they were the first passengers ever to die 
in 27 years of airship service, it marked the end of the 
inclustry. 

The llindcnburg was the queen of the skies. She had 
crossed the Atlantic Ocean 34 times on scheduled passenger 
11ights, carrying 1,530 passengers. Her accommodations 
were as fine as a luxury liner, double decks, cabins for 50, 
lounge, a piano, and a smoking room. She was air
conditioned and electrically lighted. 

She was the largest airship in the world, as long as a 
battleship, 825 feet, and 135 feet in diameter. Her trip 
from Frankfurt, Germany, to New York took only two 
days. She carried 50 passengers, a crew of 45 and averaged 
85 miles an hour. The }finde•nbu·rg was very sturdy ; she 
had weathered several storms and a hurricane without 
damage. She could hover for days, could lose all power and 
not crash, could travel 12,000 miles without refueling and 
could then refuel while hovering. 

The major disadvantage of airships at that time was their 
fire hazard. Hydrogen filled each of the H inde.nburg7 s 16 
gas cells. Her manufacturers recognized this hazard and 
originally designed her to be filled with helium, but the 
United States wouldn't release helium to Germany at that 
time, so hydrogen was used. This was not considered 
serious anyway, because the Germans had never had one of 
their passenger airships burn. 

The l-lindenburg7s first commercial flights began in 1936. 
The Graf Zcppclir1, her predecessor, had made 122 Atlantic 
crossings in nine years of service, in addition to having 
gone around the world. It seemed certain that the age of 
the Zeppelin, named after its inventor, had come. 

Count Ferdinand von Zeppelin was the first designer and 
builder of a rigid airship. He was a retired German general 
who once had served with a Union Army in the American 
Civil vVar as a balloon expert. He had also fought in the 
Franco-Prussian war. In 1892, he retired from the army 
and began working on rigid gas-filled airships. 

Balloons had been used and experimented with for many 
years. They differ from rigid airships in that a balloon's 
shape is held by the gas pressure inside. A rigid airship 
has a structural frame over which the skin is stretched. 
This makes rigid airships more streamlined, better con-



Roy Knabenshue maneuvering his air
ship at Toledo, Ohio-1907. Photo cour
tesy of Smithsonian Institution. 

trolled in flight, and capable of carrying heavier loads. 
Count Zeppelin worked on his first airship eight years 

before he completed it. During this time, scientists from 
all over the world visited him and watched with interest. 
The airship was launched on July 2, 1900, and named the 
LZ 1. Thousands came to see it fly. The ship was 425 
feet long and 35 feet in diameter. On its first flight, it 
averaged only six miles an hour with its two 32-horsepower 
engines. The flight lasted 18 minutes, and then the airship 
crashed while landing. · With his first ship completely 
wrecked, von Zeppelin began construction of a new airship 
despite the ridicule of the press over his .first failure. His 
second ship took years to build. It also met disaster on its 
first flight. After t·wo hours in the air the engines stopped, 
and von Zeppelin had to crash land it in a field. The ship 
was only slightly damaged so he hurried to get help before 
a wind came up. When he came back, the ship was com
pletely wrecked. Local farmers had chopped it up with 
axes. 

By this time, the count had spent almost all of his for
tune. Most people scoffed at his efforts. One man in par
ticular, Dr. Hugo Eckener, a reporter for a scientific 
magazine, was particularly critical of von Zeppelin. One of 
his articles so embittered the count that he went to see Dr. 
Eckener to try to make him stop writing about the airships. 
Von Zeppelin convinced Dr. Eckener that he should 
examine the airship more closely. Eckener did. Then he, 
too, came to believe in the future of airships. It was 
Eckener who carried on the work after von Zeppelin died. 
Dr. Eckener designed the world's greatest airships, the 
Graf Zeppelin and the Hindenburg. 

In 1912, von Zeppelin began passenger flights to German 
cities. When World War I began, the Zeppelin Works had 
built 11 airships. Six of them were in operation. During 
World War I, 88 airships were built. They were used for 
bombing and reconnaissance. They made almost 100 raids 
on London. Airships were also used by the German Navy. 
They sank six Allied submarines. 

During the war, Britain and France built only four air
ships. The United States had none. After the war, Britain 
and France took all the German airships; the United States 
still wasn't interested in them. 

In 1924, the United States got its first airship. It was 
built in the Zeppelin Airship Works and given to the United 
States as part of wartime reparations. The ship, the LZ 

126, was renamed the Los A ngcl cs. She was 670 feet long, 
could lift 41 tons, and averaged 80 miles an hour. Her 
German crew Hew across the Atlantic Ocean to the United 
States in 81 hours. 

The next year, the United States Navy built its first 
airship, the Shenandoah. It was copied from a World War 
I German design. The Shenandoah flew only a few months 
before it crashed during had weather. The crash was 
blamed on faulty engineering. This crash put an end to 
plans for an American commercial airship line which was 
being organized at the time. In 1930 and 193.1 two airships, 
the JH aeon and the Akron, were built, but these, too, were 
doomed. The Akron crashed at sea in 1933 with a loss of 
70 lives, and the JJ1 aeon in 1935 with a loss of two lives. 
No more rigid airships were ever built in the United States. 
The only remaining United States airship was the German
built Los Angeles, which served for 14 years and then was 
dismantled. 

In 1935 a committee composed of Professor De Forest 
of MIT, Mr. Charles Kettering of General Motors, and 
Professor Millikan of California Institute of Technology 
was organized to study the future of airships. Although 
the committee recommended their further development, 
Congress would not appropriate funds, and airship work 
stopped. 

The Germans, on the other hand, were enjoying great 
success with their airships. The Graf Zeppelin, built in 
1928 as an experimental airship, flew passenger flights for 
nine years. It traveled over a million miles without mis
hap. In 1929, it flew around the world. Then in October, 
1927, the first passenger flights across the Atlantic were 
begun. The Germans had not had an airship crash since 
W oriel War I ; their record was so outstanding that the 
Zeppelin Company planned world-wide service. A fleet of 
airships would link Germany with every country in the 
world. Two new hangars went up in Germany, one in 
South America, and one in the United States. Even the 
Empire State Building in New York was fitted out to 
serve as a mooring tower for the giant airships. 

The first of the great new airships, the LZ 129, was 
designed in 1932. She was 825 feet long, and had a gas 
capacity of seven million cubic feet, which was three and 
one-half times as big as the Los Angeles, and twice as big 
as the Graf Zeppelin. She was propelled by four 1200-
horsepower Diesel engines, the first airship to use Diesel 
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power. Sh.~ could carry SO passengers and a crew of 45 
twelve thousand miles without refueling. On .March 4, 
1936, she was launched. Her builders gave her the name 

·of Germany'smost famous World War I general, Hinden
burg. 

This ship was an immediate success. She made 20 
Atlantic cro~sings in 1926 and was filled to capacity on 
almost every trip. From Frankfurt, Germany, to Lake
hurst, New Jersey, took only 60 hours. The ride was 

: l'mooth and comfortable even in stormy weather. The flight 
was such a success that a new airship was begun, the 
LZ 130. This ship was modeled after the Hindenburg. 

In 1937, the Hindenburg made seven trips to South 
America and . then began her summer schedule to North 
America. But her first flight was to be her last. 

On May 3, she took off from Frankfurt on her way to 
Lakehurst with 36 .passengers and 61 crew members. The 
flight was a normal one. It was her 35th Atlantic crossing. 
Late in the afternoon of May 6, the Hindenburg ap
proached the landing site at Lakehurst. The landing party 
stood ready to receive the lines. The airship approached 
at 200 feet and dropped its bow line. The ground ere\'\; 
began to haul it down. Suddenly a gust of wind caused 
the ship to veer slightly. The tail swung slowly around. 
It scraped a power line almost 1,000 feet away from the 
ground crew. Instantly she burst into flame. Fire rapidly 
engulfed . the . whole ship as the hydrogen was released. 

The "Shenandoah," U. S. Navy 
dirigible ZR 1. Photo courtesy of 
Smithsonian Institution. 
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Goodyear-Zeppelin airship "Ma
con," construction nearly completed. 
Photo courtesy of Smithsonian Institu
tion. 

The ship slowly settled to earth. Many of the passengers 
jumped; some stayed with the ship until it hit the ground. 
Many of those that jumped and lived were too injured to 
move as the ship settled on top of them. Remarkably, 
two-thirds of them lived. 

The disaster was witnessed by hundreds of people. The 
spectators were dumbfounded. A reporter sent out to 
record the landing and interview the passengers screamed 
hysterically into the microphone. He could never forget 
what he saw that day and later became insane. Newsreel 
cameras ground away and gave the public a complete 
sequence of the disaster. 

Of the 36 passengers, 13 died, and of the 61 crew mem
bers, 22 died. This disaster ended hopes for Zeppelin 
builders. No other Zeppelins ever again crossed the ocean. 
The LZ 130 was finished in 1938 and was flight tested. 
But because of growing world tension, the United States 
wouldn't sell helium to Germany, and the LZ 130 was 
never used commercially. Had it not been for this great 
disaster, Zeppelin travel might have lived on. 

The two remaining Zeppelins, the Graf Zeppeli.n and the 
LZ 130 were dismantled in 1939. These were the last rigid 
airships ever built. 

Fewer dreams have died more suddenly than the dreams 
of Count Ferdinand von Zeppelin and Dr. Hugo Eckener 
for a world-wide airship service. 

{end) 
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... why they spell a better life for you 
A CENTuny AGo, pioneering scientists learned to take 
apart Water, air, and earth and put them together again 
..• in completely different an-angements. 

AN IA1I>ORfANr PARr of the work of the people of 
Union Carbide is discovering and producing synthetic 
materials that serve you and industry. From natura] gas 

fHE lilllSUtr, very often, was a synthetic-a brand new 
material that didn't exist in nature, or a more abundant, 
more useful version of a nature-made product. Thus, 
through the years, synthetic has come to mean 'man. made and well-made.' 

Science has developed nearly half a million synthetic 
materials since that time, and millions more are possible. 

liVHEIU; Do SYNTHETics fit into your life? Nearly 
everywhere! The aspirin you take for a headache, the 
life-saving sulfa drugs and scores of other modern medi. 
cines are synthetics. So are today's remarkable plastics, 
new textiles, and many paints, dyes, adhesives, and val. uable chemicals. 

and oil, alone, they produce nearly 4·00 chemicals. 
Among tbem are chemicals that are vital to everything 
from synthetic rubber to cosmetics ... and to the variety 
of plastics and resins made by VCC, which are used in 
nearly every home and industry today. ·· 

STUDENTS AND STIIDENr ADVISERS: Learn more about career 
opportunities toith Union Carbide in ALLors, CARllo;vs, Cm'M:ICA<s, 
CAsEs, and PLAsTics. Write /or hooklet C-2. 

UNION CARBIDE 
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In Canada: UmoN CAJ<arnE C.<NADA LIMITED 
-- ·~- -- · ·· ·· ·· · ·· · - .... - ~ - . -·~ . -· -... ~ - Ucc• s Trade-marked Products include . . . . _ . 
SYNTIIETic OncANic CHEMICALs PRESTONE Anti-Freeze 
Dynel Textile Fibers ELEc:rnoMEr Alloys and Metals 

LINDE sm •• ,.. BAI<ELlTE, VnvnrrE, •nd KilEN£ Plastics 
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NEW PRODUCT in the air conditioning field is Worthington's 
ultra-modern winter and summer home air conditioner. It's a 
compact package that heats, cools, circulates, filters, and con-

trols humidity. Like every Worthington product, this good
looking unit is designed and built for a lifetime of quiet, effi
cient service. 

akin today' 

NIE·W 11mn.DBNG in New York is the glass
sheathed Manufacturer's Trust Building. It's 
cooled by a Worthington central station sys
tem-so big it does the same job as melting 
300 tons of ice daily. 

ne s in air conditi nin 
Worthington's new residential air 

conditioners, packaged units, big cen
tral station systems- all are making 
headlines in the air conditioning field. 
And the same research and engineering 
skills responsible for their development 
are applied to all Worthington prod
ucts- engines. turbines, compressors. 
construction machinery. as well as 
pumps. 

For the complete story of how you 
NEW un FOR OLD STORES. Shoppers stay can fit into the Worthington picture, 
longer, buy more in stores cooled by Worth- write F. F. Thompson, Mgr., Personnel 
ington units with the new "Million Dollar" 
compressor. New 3-D circulation aims com- & Training. Worthington Corporation. 
fort right where you want it. Harrison, New Jersey. 

See the Worthington representative when he visits your campus 
See the Worthington 
Corporation exhibit in 
New York City. A lively, 
informative display of 
product developments 
for industry, business and 
the home. Park Avenue 
and 40th Street. 

When you're thinking of a good job-think high ....... think Worthington 
AIR CONDITIONING AND REFRIGERATION • COMPRESSORS • CONSTRUCTION EQUIPMENT • ENGINES • DEAERATORS • INDUSTRIAL MIXERS 

LIQUID METERS • MECHANICAL POWER TRANSMISSION • PUMPS • STEAM CONDENSERS • STEAM-JET EJECTORS • STEAM TURBINES • WIELDING POSITIONIERS 
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By Lee J. Fremstad 

FAR CORNER of an Appleby Hall basement lab 
houses a strange machine that one day may help 
its operators to solve the mining industry's problem 

of high drilling costs. 

E. P. Pfleider, Head of the Department of Mineral En
gineering, and Clarence Babcock, graduate student, have 
prepared the machine for their research and are getting set 
to begin the series of tests that will run for a year or more. 

The all-important question they are trying to answer is: 
What happens to rock in the drilling process? Miners have 
been drilling into the earth for some time now without 
knowing just what happens when the drill bit meets the 
rock. Current methods of drilling do the work all right, 
but the work they do is expensive; in a hard rock like 
taconite, drilling costs $3 to $10 a foot depending on the 
size and depth of the hole and whether or not miners are 
coring. The St. Joe Lead Company, for instance, up to 
1951 had sunk some 100,000 surface diamond drill holes 
to an average depth of 450 feet. Minerals are increasingly 
important to industry and they are becoming more and 
more difficult to obtain. 

Prof. Pfteider, who received a grant from the Graduate 
School and the U. S. Bureau of Mines for the project, hopes 
to have some answers in the form of more efficient bits and 
techniques of drilling. He hopes that the findings will lead 
to better ways of fragmenting hard rocks li'ke taconite and 
high grade iron ores under confining conditions. 

Two types of drilling, percussion and rotary, are still 
the mainstays of the mining industry. Right now the pro
fessor is trying a combination of the two that utilizes the 
impact energy of percussive blows to aid rock failure under 
the pre-stressing of a rotating drill hit. The rotary-per
cussive method is not new-experiments were conducted on 
it in Britain as early as 1923. After World War II, German 
engineers developed the first efficient rotary-percussive meth
od. This project will seek a to determine the fundamentals 
of rock failure under such conditions with the hope of im
proving drilling efficiencies. 

The machine designed to make this study will enable the 
researchers to control and measure the factors that go into 
drilling-the pressure on the bits, the speed, water flow and 
resulting energy input. 

The basic unit of the apparatus is a three horsepower 
drill press. Added is a drilling pressure machanism that 
gives a constant pressure on the bit. The weight that applies 
the pressure is variable. It is suspended from a chain that 
attaches to a full circle wheel on the drill press to keep 
a constant lever arm. 

A pneumatic rivet hammer is mounted on top of the 
drill stem to provide the percussive effect to the rotary drill 
at the desired times. The rivet hammer is weighted to 
g1ve a variety of energy inputs on the drill. 

c , @ 

The biggest problem in constructing the apparatus-one 
not yet solved-is the measurement of drilling stresses im
parted to the drill stem. A strain gauge measures the stress 
in the drill stem through a change in the resistance to flow 
of current. The strain gauge is attached to the metal and 
fine wire in it is stretched as the stem itself is, varying re
sistance to current flow. The weak signal of the current will 
be amplified and transmitted to an oscilliscope where read
ings will be taken. 

The problem comes in because the surface to be measured 
for stress is rotating at a high rate of speed and at the same 
time is being subjected to impulse blows of millisecond dura
tion. A minor flaw on the surface, or an eccentricity caused 
by a stem that is out-of-round, will activate the brushes 
and rings of the strain gauge and cause readings that are not 
due to drilling stresses. Guenter Schmidt, a graduate stu
dent under Prof. Wise in mechanical engineering, is co
operating in the design of strain gauge application utilizing 
the oscilliscope. 

The cuttings are measured at the particle sizing lab in 
Mechanical Engineering Building by Whitby's centrifugal 
sedimentation method. Water is used in the drilling to 
flush the cuttings. The amount is measured by a flow 
meter. According to Rittinger's Law, the amount of en
ergy required to break the rock bears a relation to the new 
surface produced. The measurement of the particle sizes 
or of the new surface area can then be made to relate to 
the energy input. 

The researchers are also studying some of the basic 
aspects of rock failure using tungsten carbide bits with 
combined static and dynamic loading through use of a 
hydraulic laboratory press and drop weight. 

When completely set up, the professor and his staff will 
be able to measure and record: 

The foot-pounds of energy input to the drilling, both 
rotary and impact. 

The shape and size of the cuttings produced. 

The drilling rate per unit of time. 

When conclusive results are obtained they will be pub
lished in Technical Transactions of the American Institute 
of Mining Engineers. Right now the professor and his staff 
are looking for answers to the researchers' ever-present 
questions-Why? and How? 

(end) 
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HEMISTRY has now entered the push-button field, 
and in a big way. Its accomplishments contribute 
ease to civilian living, in contrast to most push-button 

innovations. 
This new field in which chemistry has enjoyed its me

teoric rise is the aerosol "bomb." Just to show how rapid 
that rise has been, here are the retail sales 'figures. Ex
panding from the aerosol insecticides developed during 
World War II, the sales of all types, food and non-food, 
reached a total of 10 million units in 1948; by 1954 this 
figure had increased 20 times. That year 200 million units 
of all types were sold. 

The name "bomb" tacked onto the end of the aerosol 
is slowly being dropped in favor of the more familiar 
usage of aerosol alone. The "bomb" came during the 
aerosol's development in World War II when its only use 
was to "bomb" various species of insects, principally the 
mosquito. 

After the war, the bulky units were made smaller for 
civilian consumption. First 12 oz. and now 6 oz. units 
are available. Nor did insecticides monopolize the market, 
although they have continually dominated it in number of 
units sold. Whipped cream under many trade names made 
its appearance in the food line, and shaving crea,m similarly 
in the non-food line. Now the list is endless: paints and 
lacquers, plastics, waxes, insect repellents, water repellents, 
medicines and pharmaceuticals, snow, room deodorants, 
personal deodorants, sun-tan oil, perfume, hand lotions, 
lubricating grease ... and almost every day another product 
is added. 

The term aerosol in its popular usage is partially in
correct. It is a term used to include both the true aerosol 
and the pressurized spray. A true aerosol is an ingredient 
that is propelled into the air as a mist-like spray. The 
aerosol "bomb" is merely the container and mechanism 
that holds the aerosol and its propellant and allows them 
to escape when the pressure is released. 

The pressurized spray differs from the aerosol "bomb" 
in that the amount of pressure exerted by the propellant 
is less, because there is less propellant in proportion to the 
nonvolatile ingredient. This lowered pressure results in the 
formation of larger droplets of nonvolatile ingredient than 
in the true aerosol. The droplets, being heavier than air, 



drop, wetting the object sprayed. The aerosols are sprayed 
into the air, and the pressurized spray is used to spray an 
object. Examples of the aerosol are space insecticides; 
another is the room deodorants; another, the perfumes. 
Pressurized sprays include the residual insecticides-roach 
and ant sprays, etc.-the whipped creams and shaving 
creams, the snows, and others of this type. 

Although the proportions of propellant to nonvolatile 
ingredient differ in the two-as high as 85 percent pro
pellant in the aerosols, and as low as 50 percent for the 
pressurized sprays---the propellants may be the same in 
both. 

The propellant, as well as its proportion, is determined 
by the product dispensed from the container. Various 
Freons are used most commonly for the non-food line, 
although the similar Genetrons are rising in popularity. 
Both of these chemical lines are practically nontoxic, en
tirely nonflammable, nonexplosive, and noncorrosive. Both 
are derived from carbon tetrachloride which is used in 
dry cleaning and for extinguishing fires. They are also 
sufficiently solvent to mix well with the spray ingredients. 

In the food line a mixture of nitrous oxide and carbon 
dioxide is used; both being nontoxic and also capable of 
exerting large pressures. The usual formulation is nitrous 
oxide 85 percent and carbon dioxide 15 percent. This 
formulation is used to offset the unpleasant taste left in the 
food by the carbon dioxide. 

In the insecticides a mixture of Freon 11 ( trichloro
rnonofluromethane) and Freon 12 ( dichlorodifluorometh
ane) is a very common propellant. Freon 12 alone has a 
boiling point of -21.6° F that produces a pressure of 
84.8 psi at 70 F. At a shipping temperature of 100 F this 
pressure will reach 131.6 psi. Although this high degree of 
pressure would produce a very fine and effective spray, 
the container would have to be reinforced out of propor
tion to its convenience for home use and to the price that 
consumers are willing to pay. The standard 12 oz. aerosol 
containers are made of high grade steel 0.04 inches thick. 
This is sufficient to withstand a constant pressure of 85 psi 
from the inside, while tests have proven them to be relative
ly safe at 210 psi. Even the proven safety of 85 psi is not 
allowed, however. ICC Specification 2P permits only 60 
psig or 75 psi absolute. 

To bring the high pressure of Freon 12 down to the 
proper specifications, Freon 11 must be added. This sub
stance has a boiling point of 74 F with a pressure of 14.7 
psi at 70 F. Since this pressure reaches only 23.6 psi at 
100 F, it can act as a sufficient brake to Freon 12 while 
providing a small propelling charge itself. A 50 :50 ratio 
of the two Freons is generally used. This ratio will pro
duce pressure to 50 psi. Outside the insecticide line where 
foaming products such as shaving cream or shampoo are 
dispensed, a ratio of 60 :40 with Freon 11 as the greater 
amount will be sufficient to produce the necessary 25 psi. 

To load the volatile Freon propellent into the aerosol 
container or pressurized spray it must either be chilled to 
-20 F or be pressurized to keep it in the liquid state. 

Many of the shampoos and other toiletries of a detergent 
nature have caused difficulty because of their corrosiveness. 
In 1950 when this type of aerosol was first placed on the 
market it was discovered that it took only a short time for 
the detergent to corrode the metal container, causing leaks. 
Special coatings on the inside of the container partially 
prevented corrosion, but they were not entirely satisfactory, 
and the valves were still especially susceptible to corrosion. 
The newest innovation in the aerosol field was brought 
about to combat this special problem. It is the glass bottle 
adapted to high pressure. 

Coated with a special 0.025 inch nonflammable plastic 
covering, a standard weight glass bottle becomes shatter
proof. With the propellant exerting 25 psi at 70F 
(enough pressure for most cosmetics) the tensile and tear 
strength of the plastic coating is sufficient to retain all the 
pieces of glass if he bottle is broken, while the propellant 
pressure escapes through minute perforations. 

Coupled with the inert nature of glass, new types of 
valves were also brought in to battle the corrosion. These 
new valves are made entirely of plastic or nylon with the 
only metal being a stainless steel activating spring. De
tergent corrosion has practically lost its battle. 

The unlimited field of aerosols and pressurized sprays 
would indicate that push-button chemistry research and 
production are more than holding their own in the retail 

. sales world. 
(end) 
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The Public Eats Industry's Cake ... 

E 

revolution is taking place in the auto industry. 
In the desperate morass of fierce competition, the 
"Big Three" (Ford, General Motors, and 

Chrysler) have done something that may be their own 
undoing. Suddenly the old principle of gradual product 
improvement year by year has been abandoned. At 
least two of the Big Three's low-priced automobiles vie 
for top honors as the most radically changed machines 
ever brought out. 

Seldom has there ever been such striking difference 
between a new and a previous model in the low-priced 
field. The Model A Ford of 1928, though she still 
looked high on her wheels and her engine design was 
roughly similar to the Lizzy's, was a curvaceous lady 
with a gear shift lever, instead of foot pedals, and with 
many other beautifications. She was a markedly new 
woman. 

Then there was the Chevrolet of 1929. It forecast a 
trend toward making the small car look like one for 
the clover set. The same was true of the 8-cylinder 
Ford of 1932. In all three cases, public interest was high 
but reserved. 

To be sure, people liked the new models, but accep
tance en masse came about gradually. The Model A 
did not garner sales leadership until 1929. The 6-
cylinder Chevrolet was not a sales leader until 2 or 3 
years later when people were shying away from the new 

The luxury of grand-dad's cars. 1. Early Ford. 
2. 1922 Model T Ford Sedan. 3. The first Plymouth. 

4. 1917 Chevrolet V-8 Touring Car. 
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By Guenter Schmidt 

85-mph Ford. All three of these innovations had con
siderable influence on the nation's consumer economy, 
but they all had to earn it in terms of the utilitarian 
concept: Is the car cheap and dependable transporta
tion? That the consumer asked, and he would not buy 
until sure the answer was "yes." Bugs among new 
models were much more prevalent than today, so people 
simply waited until they felt their hard-earned dollars 
were well spent. 

A classic example of public attitude is the Chrysler 
fiasco in 1934. Two futuristic models were so coldly 
ignored by a depression-soured public, that the new 
chassis design principles embodied in thes.e cars did 
not appear again in any car until after the war. 

Even completely new makes of cars have met similar 
fates during better times. The Crosley, an under
powered midget, was always considered a toy. Later 
Henry Kaiser introduced a small but nimble machine 
for heavy traffic, but apparently it was not luxurious 
enough, because Nash temporarily capitalized on the 
small-car idea with its more expensive Rambler. Even 
this car lost its popularity. 

Today, however, the car buyer's mind has turned a 
somersault. Never before in automobile history have 
new models been so avidly accepted. Chrysler upped 
production schedules on all its makes only 3 weeks 
after their introduction. Chevrolet V -8's are running 

1955's low-priced "3" show plenty of style and 
beaut. 5. Chevrolet Bel Air Sedan. 6. Plymouth 
Belvedere Sedan. 7. Fords Fairlane Crown Victoria. 

5. 

6. 

7. 
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8. 

9. 

10. 

11. 
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2 to 4 weeks behind in deliveries. Ford cleverly joins 
the flamboyant parade with a minimum of retooling 
expense. The sales bonanza is on. But isn't such public 
acclaim perhaps premature or even unfounded? Hardly 
the latter in this optimistic economic era. Public faith 
in automotive testing and research has largely 
eliminated fear of bugs. Ford brought out a new V -8 
engine last year that fouled its spark plugs. Yet the 
Ford-Chevrolet sales battle for 1954 is still undecided. 
Both claim victory. 

Just what is this revolution among the "Big Three"? 
Simply this: the old idea of producing a good reliable 
average car for the average man has been superseded 
by the more-for-your-money idea. Formerly you got 
more or less for your dollar, depending on a natural 
growth of product refinement and economic conditions. 
The immediate postwar period is a striking example: 
the car buyer paid double for a product with 1941 
engineering. 

Now, however, the low-priced car represents, an 
entirely new concept of motoring value. It aims to give 
the customer as much style, performance, luxury, and 
size as possible for the price. The Chevrolet of today, 
with its visored headlights, long rear, split rear door 
windows, and checkered grill looks like a small Cadillac. 
The Plymouth, especially the Belvedere series with its 
contrasting sash, competes in elegance with the 

Higher priced models-1955 editions. 8. Interior 
of the Cadillac. 5. Cadillac Sedan. 10. Lincoln 
Capri Hardtop. II. Mercury's Montclair Sedan. 



Chrysler; Ford makes its big brother Lincoln look 
somewhat behind the times because the latter has not 
yet adopted the wrap-around windshield. 

In days of yore, the expensive car easily outperformed 
John Q. Doe's Drag 6. Today you can get one of these 
new, nimble-footed panthers to whisk you along at 104 
mph. Another will reward the throttle-masher with an 
acceleration of 0 to 60 mph in 9. 7 s.ec! Three-thousand
dollar sports cars eat this fellow's dust. 

Such a colorful variety of upholstery choices and 
accessory combinations exists that no two cars produced 
need be exactly alike, even if production runs into the 
millions. All cars offer optionally: power s.eat adjust
ment, push-button window controls, power brakes, and 
automatic transmissions. As if this isn't enough, today's 
low-priced travel king is getting big. One will even 
take 2 inches more parking space than an Oldsmobile. 

In short, the "cheap" car has enough goodies 
(granted they are such) that the sales position of all 
higher-priced cars is seriously undermined. What have 
the big ones got that Ford, Chevrolet, and Plymouth 
haven't got? They have more weight, more horsepower, 
probably a little more prestige value, with less stopping 
ability thrown in for good measure. Today's cheaper 
car proves extra weight is unnecessary. It rides well 
enough to stack a card against the heavier model in the 
operating economy game. 

Dreams that production cars spring from. 12. 
Chevrolet Corvette sports car. 13. Chevrolet Cor
vair featuring the "fast-back." Chevrolet Biscayne. 
15. Mercury's Monterey XM-800. 16. Lincoln's XL-
500. 

15. Upper 

12. 

13. 

14. 

16. Lower 
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17. 

18. 

19. 

20. 
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A dilemma is shaping up for the three largest manu
facturers because their bread-and-butter makes are 
tastier than their layer-cake offerings,. The public sees 
little reason for buying plushier cars when every whim 
is satisfied by ·ones of modest price. Soon sales of 
motordom's higher bracket cars will flatten down a bit. 
Can manufacturers afford. to give those cars a shot in 
the arm through more glamorous lushness next year? 
It cost them millions to bring out this year's offerings. 
That can be written off on high-production models. 
But, in the middle and higher-priced groups, that's a 
hen of different feathers. 

Even those folks who are willing to pay more face 
a new competitive angle. All of the super-deluxe "low
priced" models loaded with extras cost as much as the 
medium-priced machines,. And here are two strikes 
against the "higher-priced" make: (1) the high-priced 
Ford, Plymouth, or Chevrolet will have more luxuries 
than the "higher" priced machine, because the latter's 
basic machinery is costlier, (2) the person who spends 
more on a car will care less about costlier machinery, 
because he probably trades cars off more often than the 
budget-minded. In view of these considerations, the 
costlier car's future looks bleak. Whether the industry 
is willing to plow hard-earned capital into the layer
cake models or chuck them in favor of the bread-and
butter models which earn more profit is something yet 
to be seen. One or the other has to be done because 
of the auto industry's revolution. 

(end} 

17. Ford Su.nliner Convertible. 

18. Chevrolet Bel Air Hardtop. 

19. Chevrolet experimental Nomad. 

20. Chevrolet production Nomad. 

Photos courtesy of Ford Motor Company, 
General Motors. Chrysler Corporation, 
Warren Cadillac, Central Motor Sales, and 
Central-Hennepin Motors. 



ears 

of 'Wea 

en 
m 

ons 

ex er1ence 

If you're looking for an opportunity to work with the finest mindpower 

and facilities in the whole new world of aircraft development. .. if you 

want to harness the power of great knowledge to your own technical 

training ... then you should know this: 

Martin's engineering staff represents an aggregate of 10,000 man-years 

of engineering experience, covering every branch of the aeronautical 

soences. 

And there is-and always will be-a need for outstanding "new blood" 

in this organization. 

SALT/MORE· MARYLAND 
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...- AIMING fOR THE "POCKET", this bowler wants the 
alley he uses highly polished and free of "ruts". That's 
why howling alley surfaces are protected with nitrocel
lulose lacquer to keep them in top condition. The fast
est drying protective coating known, lacquer makes it 
possible to put an alley hack in play within hours after 
it has been refinished. This same tough finish protects 
howling pins and other 1:ports equipment. 

,._THE BACK COUNTS, TIOO,in the manufacture of carpets. Hercules Dresinol® 
solvent-free resin dispersions used in conjunction with latex, starch and 
pigments, provide durable backings for popular-priced carpets. Dresinol 
furnishes either flexibility or stiffness; adds body to the carpet and improves 
adhesion of the backing for all types of cotton, wool and mixed fiber carpets . 

,._ NEW ANTHRACITE-BURNING BOilERS, clean and compact, make playrooms of 
basements the year round; even remove ashes automatically. Mining the 
millions of tons of anthracite used annually for residential, commercial and 
industrial uses would be impossible without explosives. For more than 
forty years, Hercules has pioneered in blasting techniques and equipment 
to increase the efficient and safe m;e of explosives in mining, quarrying, 
construction, and farming. 

HERCULES POWDER. COMPANY 

CHIEMBCAI!. MAURIA.I!.S FOR INDUSTRY 

986 Market St., Wilmington 99, lJeL. Sales Offices in Principal Cities 

SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COTTON, TERPENE CHEMICALS, 

ROSIN AND ROSIN DERIV A liVES, CHLORINATED PRODUCTS, EXPLOSIVES, AND 

OTHER CHEMICAL PROCESSING MA TIE RIALS 
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''NE'W DEPARTURES'' IN SCIENCE & INVENTION 

NIKOLA TESLA, 

THE MAN VVHO 

HARNESSED NIAGARA 

Water, water, everywhere- and no power. That was 
Niagara Falls when Nikola Tesla began work on its power 
system in 1888. Now Niagara is one of the world's largest 
electric power plants. 
But to make the most of this power, many problems in 
electric motor design had to be overcome. New Departure 
ball bearings have helped solve many of them. For ex
ample, motors with New Departure self-sealed ball 
bearings may be mounted in difficult-to-reach locations 
because the bearings will operate for years without atten
tion for relubrication or adjustments of any kind. 
Highly important also are the facts that these ball bearings 
resist loads from all directions and, being grease-lubricated, 
permit motors to be applied in any position from hori
zontal to vertical without loss of efficiency or trouble from 
lubricant leakage. Whatever the loads, New Departure 
ball bearings maintain accurate rotor-to-stator relation
ship - are cool-running at all motor speeds. 

NEW DEPARTURE e DIVISION OF GENERAL MOTORS e BRISTOL, CONNECTICUT 

New Departure ball bearings assure positive rotor support under all 
loads in this motor. Bearing seals, pioneered by New Departure, keep 
lubricant out of the motor. Shields on the reservoir side keep foreign 
111Pfter out of the bearings. 

PA.ATUAE 

NOTHING IIOLLS LIKE A BALl 
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In this rotary dump, cars are turned upside down. The salt pours down a chute to a 
giant crusher before it enters the "skip" which carries it to the surface. Photo from Inter
national Salt Co. 

Fr r t I 
By John Ligare 

I MAGINE a mineral that once was as precious as gold. 
So valuable that only the rich could afford it. So 
bulky that roads and ships were built for the sole 

purpose of transporting it. So vital that nations which 
controlled commerce in it prospered. So necessary that 
only the very primitive peoples of the earth would go 
without it. So perishable that once used it can never be 
recovered. 

It is something you use every day now. The shoes you 
wear, your daily newspaper, the bacon that sizzles in your 
skillet, and the new wonder drugs are all made with the 
help of this mineral. Today it is so cheap and common that 
no one gives it a second thought. You even call it common 
salt. Your common salt, however, is probably cleaner and 
more savory than the "salarium" or salt given to the Roman 
soldier for his weekly pay check. 

Today three methods are used to produce salt for you. 
One is to let the sun's rays evaporate the water from 
surface brines from sea water or from salt lakes. Another 
is to pump brines from wells. They may either be natural 
brines or made artificially by pumping water down through 
rock salt beds. But, one of the most interesting ways to 
get your salt is by rock salt mining. 

When a person hears of a salt mine, he thinks of the 
expression "back to the salt mines." But salt mines are 
very fine mines to work in. The Retsof Salt Mine, Retsof, 
New York, has won the National Safety Competition 
Award three times during the last thirty years in competi
tion with all other underground mines in the _United States. 
Although no artificial support of the back is used, falls of 
rock are extremely rare. Furthermore, the Retsof is a very 
clean, dry mine. The temperature never varies from a cool 
63F-an efficient and comfortable temperature for men to 
work. The humidity averages 58 per cent. 
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The village of Retsof lies about thirty miles southwest 
of Rochester, New York, and about sixty miles east of 
Buffalo. Though a company village with rows of identical 
houses, it is clean and tidy. Sixty..,five per cent of the 
employees live in Retsof, and there is a long waiting list 
of others who want to. 

The Retsof mine began producing salt in 1884. It got 
its name from spelling backwards that of one of its promo
ters, Foster. In 1884 a shaft was sunk 1000 feet deep, 
and in 1885 the first salt was shipped. In 1895 the three 
operating mines in the vicinity consolidated to form the 
Retsof Mining Company, a subsidiary of International Salt 
Company. Eventually the Retsof Mine became the star 
performer, and all of the other operations shut down. 
Today the Retsof Mine is the world's largest underground 
salt mine. 

Let's take a trip underground to see what a salt mine is 
like. We go down in the man cage that travels in one of 
the compartments of the three-compartment shaft. The 
counterbalanced man cage is a single-deck 8 by 60-foot 
cage moving at 500 feet per minute, maximum. It carries 
15 men easily. It has safety catches or dogs ready to grab 
the wooden guides in the shaft and hold it should the 
hoisting rope fail. These dogs get tested monthly by a 
slack-rope drop test. 

In the other two compartments, two 12-ton bottom-dis
charge skips operate in balance. They travel at a top speed 
of 2000 feet per minute. Their hoisting ropes are each 
1 ~-inch diameter preformed cable of high-grade improved 
plow steel. All of them are lubricated weekly. 

Reaching the shaft station 1000 feet underground, we 
find well-lit rooms mined out of the clean, white salt. We 
walk straight ahead to the mine office and lamp room. 
There we pick up our leather lamp belt which holds the 



battery for the lamp on our cap, our miner's lamp with 
battery, and our hard hat which is the same as generally 
used in coal mines. 

Next we visit the maintenance shops covering an area of 
24,000 square feet. Mine tracks, with numerous switches 
leading to the various sections, run throughout the shops. 
The entire floor area is concreted. Here tools are dressed, 
machinery repaired, and the more than thirty locomotives 
and hundreds of mine cars are kept in working condition. 
Huge lathes and planers all operate with independent drives. 

The blacksmith shop is about 200 feet from the main 
shaft. The gases from the forge are sucked into a forge 
hood by a 7}i-horse-power fan and carried to the shaft by 
a 12-inch steel vent tube. At this point these gases mix with 
the exhausted mine air and become harmless. No repair 
job is too complicated or difficult for these shops to handle. 
Various new equipment, ordinarily purchased from manu
facturers, has been built in the shops from time to time. 
The hydraulically controlled drill jumbos used in the mine 
were designed and manufactured in these shops. 

As we travel around this elaborate shaft station, we pass 
through the old stable. In the old clays, the horses used for 
haulage would sometimes live their entire lives under
ground. 

Next we look at the fan which keeps fresh air moving 
through the workings. It exhausts air up the main shaft 
at a pressure of }i-inch water gauge. Fresh air comes 
clown through a ventilation shaft. It is a non-reversible, 
variable pitch propeller fan having a maximum capacity of 

200,000 cubic feet per minute. A 100,000 cubic foot per 
minute stand-by fan stands near it. 

Next we see what happens as a loaded train comes in to 
the shaft station. First the cars pass over the weightometer 
which will automatically record the weight of each car as it 
passes over the scale. Next the cars go to the rotary 
dumper. The locomotive unit is detached immediately and 
returns to the producing area with a trip of empty cars. 
Loaded cars are clumped by a mechanically operated rotary 
dumper, one car at a time being handled without uncoupling: 
the individual cars in a train. Cars are fed into the dumper 
by an electrically operated reciprocating feeder. Each car 
when dumped and righted moves forward clear of the 
dumper and is replaced by the next loaded car until all 
loaded cars have been dumped and passed to the empty 
tracks in the vicinity of the dumping station. Overhead 
steel bridges are provided for workers who must cross the· 
tracks at this point. 

After being dumped, the rock salt passes over grizzly 
bars with 8-inch openings. The undersize goes to the skip· 
loading pocket, and the oversize goes to an underground! 
jaw crusher with an 8-inch discharge opening. After being 
crushed the salt goes into the skip-loading pocket. From, 
the skip-loading pocket it passes through a measuring pocket 
and into the skip. The measuring pocket assures that the 
skip will be fully loaded with no overflow. 

But the shaft station is only a small part of this large 
mine. Some of the most important work takes place at the 
mining face where the salt is broken away and loaded onto· 
the trains. Mining now is proceeding as much as two miles, 

Undercutting with a horizontal machine saw. Photo from International Salt Co. 
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The rotary drills used to drill the holes for blasting. Photo from International Salt Co. 

from the shaft station. The panel-room-and-pillar method 
of mining is followed throughout the mine. Generally the 
rooms are 60 feet wide and 500 feet long. The pillars 
between the rooms are 60 feet wide and 185-220 feet long. 
The pillars are not 500 feet long since crosscuits between 
rooms an:~ driven to improve recovery and to provide access 
between them. 

The salt bed is about 8-10 feet high and dips about 1° to 
the south. Contact at the floor is with another impure salt 
bed. UnE;l<:e the contact at the floor, the contact at the back 
is gradational. The pure salt grades into an impure salt 
containing gypsum. The mined salt usually runs higher 
than 98 per cent N aCl. In order that no impure salt be 
mined, mining is kept a few inches above the contact 
with the lower bed. 

The salt bed is about 8-10 feet high and dips about 1° to 
a horizontal kerf in the salt 6 inches high and 10 feet deep, 
extending from wall to wall at the floor. The undercutting 
machine that cuts the kerf receives its power through a 
trailing cable; a 2-man crew operates the machine. Eight 
such machines are in use; they move from room to room on 
a track-mounted carrier with an adjustable platform that 
serves as a ramp. A cable reel truck equipped with a 
mechanical cable reeler is attached to the carrier. 

The next step is to make two vertical (shear) cuts in 
the face from the roof to the floor, one at each of the side 
walls; these cuts are also 6 inches wide and ten feet deep. 
The vertical cuts are made by a shearing machine requiring 
a 2-man crew; it, too, is electrically driven, supplied with 
power by a trailing cable. 
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Drilling is the third operation and follows shearing of the 
face. This is done with four electric drilling machines with 
auger-type drill steel mounted on a company-built "jumbo" 
equipped with caterpillar treads and operated by electric 
power. A trailing cable for the jumbo is conveniently 
handled by a built-in mechanical reeler. The drilling ma
chines are mounted about 4 feet 6 inches apart, horizon
tally, to conform with the standard spacing between holes. 
Finger-tip control by means of a hydraulic mechanism 
makes it possible to set a unit of two machines to any 
height and inclination between the floor and the roof. 
Built-in floodlights are provided. A jumbo, complete with 
drills and drill steel, can. be moved from room to room on 
its caterpillar treads; however, the usual practice is to 
transport it on a track-type carrier. Within 4 minutes after 
the carrier is spotted for unloading, at a point about 40 
feet from the face, drilling can be started. Three such 
machines are in use. 

With three settings of the drill jumbo, a round of about 
50 holes 10Yz feet deep, in 4 horizontal rows, can be 
drilled in a room 50 feet wide. The entire round can be 
drilled by a three-man crew in about 2 hours, with two men 
each operating two drills and the third serving as a helper 
or attendant; members of the crew alternate in their duties. 

Whenever undercutting, shearing, or drilling crews are 
working in a room, derailer is clamped to the track at a 
convenient distance from the face to prevent a haulage trip 
from running into them inadvertently. All electrical mining 
equipment operates from 275-volt d-e. 

After the holes are drilled, the blasting crew comes in and 



loads the holes. Generally, the holes are loaded wi,th 8 inch 
by 17:4 inch sticks of 25 per cent dynamite. In order to 
reduce loading time per hole, the company is now begin
ning to use 16 inch sticks. In order to plug the hole at the 
open end, two 18-inch bags, filled with salt, are put in the 
ends. Aluminum shell blasting caps are in use, since copper 
is an undesirable impurity in rock salt. 

The holes in the bottom row of holes are blasted instan
taneously. A 75 millisecond delay is used on the second 
row, 100 millisecond delay on the third row, and 150 
milliseconds on the top row. hfter all the men have left 
the mine, except for the blasters, the blasting is done. On 
word from the mine office at the shaft station, received by 
telephones which are located throughout the mine, the 
blaster throws a switch on a panel next to the telephone 
and the blasts in that area are ~et off. Work begins the 
next day on mucking the salt. 

One of the most unique operations at Retsof is mucking. 
One of the most important considerations in fixing the room 
width at 60 feet is the fact that the boom on the shovel is 
only about 15 feet long. This means that the shovel only 
has to rotate, and not do any moving back and forth be
tween the muck pile and the ore cars. 

The shovels are also unique in themselves. The salt is 
pushed off the end of the bucket by means of a plunger 
at the rear of the bucket. This reduces the headroom re-

quired, although allowing a big bite and allowing the shovel 
to get large chunks into the cars. 

A train of three cars is generally loaded as a unit before 
it is removed to a gathering zone. Two 8-ton electric loco
motives with cable reels move and switch these 3-car trains. 
Four to six hours are required to muck a room where the 
average break is about 350 tons. 

After 40 cars are gathered, they are picked up by a main 
line haulage train. Two 15-ton trolley locomotives con
nected in tandem haul the 40-car trains. The locomotives 
operate on 36 inch gauge track made of 60 pound rails. 
Rock salt provides excellent ballast. Block signals are in 
use all along the main haulageway. If a train should run 
a red light, it would be automatically derailed. 

So now you have seen how a salt mine produces the salt 
that is used in the manufacture of chlorine, lye, paper, 
textiles, hydrochloric acid, and sodium sulfate. Although no 
mined rock salt is used for eating, rock salt is used in large 
quantities by the meat packing industry and in curing 
hides. Large amounts are also used to keep highways and 
railroads free from ice and as a soil stabilizer and dust 
controller on dirt roads. 

Although salt today is not so widely recognized as being 
important as it once was, this is only because modern 
technology has 11.1ade it so i11expensive. · 

(end) 

Electric locomotives haul the trains of 50 or more cars to the foot of the shaft. 
Photo from International Salt Co. 
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eng-Range Development Program Provides for 

New Engineering est and esearch Facilities 

8 Allison's $75 million expansion program in ENGI
NEERING, RESEARCH and DEVELOPMENT facilities 
creates the need for a 40 per cent increase in our en
neering staff. 

Completion of the five-year program-financed by 
General Motors-will give Allison, and Indianapolis, 
one of the world's most complete, best equipped, cen
ters for the development of new, high performance 
turbo-prop and turbo-jet aircraft engines fo1· both mili
tary and commercial use. 

As General Motors President Harlow H. Curtice 
said in the announcement, HEngines in production 
today cannot meet the requirements of the aircraft of 
tomorrow where ability to operate at supersonic 
speeds, and very high altitudes, will continue to be 
demanded from engine builders ... To design and 
build engines with such advanced performance, test 
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facilities are required which go far beyond the capa
bilities of equipment in existence today. In recognition 
of this need, General Motors will add extensive high 
performance test facilities to those already established 
and in operation at the Allison Division." 

Already a recognized leader in the design, develop
ment and production of turbo-jet and turbo-prop en
gines, Allison NOW is in a position to offer even 
greater opportunities to the technically-trained, well
qualified, young graduate who is interested in building 
his engineering career with a pace setter in the field. 

Whether you're still in school, or graduating this 
year, we'd like to tell you more about your engineering 
future at Allison. Write to: 

R. G. GREENWOOD, Engineering College Contact 

AlliSON DIVISION, General Motors Corporation 
Indianapolis 6, Indiana. 



The Torrington Needle Bearing 
designed for easy, effective lubrication 

One major advan
tage inherent in 
Needle Bearing de
sign is the ease with 
which the bearing 
can be lubricated. 

The full complement of small di
ameter rollers continuously carries 
a thin film of lubricant to all contact 
surfaces. The turned-in lips of the 
outer shell retain the lubricant and 
effectively seal out foreign matter. 

Methods of 
Lubrication 

When Needle Bearings are shipped, 
they are normally protected with a 
high-grade slushing compound 
which has lubricating value at ordi
nary temperatures. This compound 
is left in the bearings in most in
stances. Needle Bearings in many 
applications run for long periods of 
time without further attention to 
original lubrication. 

There are several methods of 
providing additional lubricant to 
Needle Bearings, as illustrated and 
described below. 

PERMANENT LUBRICATION 
For low speed and light load applications, 
as in the fingers of the automobile clutch 
illustrated, the Needle Bearings are 
packed with grease before assembly. No 
additional lubrication is needed. 

THROUGH THE SHAFT 
If it is necessary to lubricate through the 
shaft, a hole is drilled along the shaft axis, 
with a cross hole leading under the lips of 
the Needle Bearing. This hole is located 

under the lip of the bearing rather than in 
the roller contact area. Textile machine 
spindle swing bracket below illustrates 
this method. 
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THROUGH THE HOUSING 
When lubricant is to be delivered through 
the housing, an oil hole is furnished in the 
middle of the outer shell. In automobile 
king pin below, Needle Bearings are 
lubricated with Alemite fittings through 
the oil hole. This oil hole in the outer 
shell should be outside the load area. 

CIRCULATING OIL SYSTEM 
For high speeds and heavy loads, a cir
culating oil system is preferred as it aids 
in carrying away heat as well as in provid
ing a continuous supply of lubricant to 
the bearing contact surfaces. A typical 
example of this method is shown in this 
Needle Bearing application in the valve 
rocker arm of a large diesel engine shown 
below. 

Selecting A Lubricant 
While oil is the best lubricant, it is 
difficult in many cases to retain it in 
the bearing housing. In general, a 
soda base grease is used in the ab
sence of moisture, and a lime base 
grease when moisture is present. It 
is usually advisable to consult a 
grease manufacturer regarding 
a particular application. 

These features make the 

Torrington Needle Bearing Unique 

® low coefficient of starting and running 
friction 

® full complement of rollers 
® unequalled radial load capacity 
® low unit cost 
® long service life 
® compactness and light weight 
® runs directly on hardened shafts 
® permits use of larger and stiffer shafts 

THE TORRINGTON COMPANY 
Torrington, Conn. South Bend 21, Ind. 

District Offices and Distributors in Principal Cities of United States and Canada 

NEEDLE" SPHERICAL ROLLIER '"TAPERED ROLLIER .. CYLINDRICAL ROU.IER .. BAU "NEEDLE ROLLERS 
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UNDER THE hot California sun/ a small group of 
Air Force officers and civilians watched anxiously 
as George Welch/ chief test pilot for North 

American Aviation/ skillfully put the F-100 through its 
paces. A few seconds after the screaming jet fighter 
had leveled out of a supersonic dive/ the spectators 
were startled by several sharp explosions/ followed by 
the familiar noise of shattering glass; every window in 
the airporf s new administration building had been 
broken. 

What was seen and heard that day was one of the 
most dramatic presentations of the now familiar super
sonic bang. Like many other strange phenomena of the 
jet age/ its occurrence was never predicted. Even today/ 
many aspects of it remain unexplained. When they could 
not reproduce its effects in the wind tunnet some in
vestigators wondered if they had found an exception to 
the principle of relative motion. To their delight/ pilots 
quickly discovered that they/ however/ could direct 
these bangs simply by aiming their planes at the desired 
target. Soon this became one of the favorite atractions 
:xt air shows throughout the world. 

But/ just what is this bang/ and why does it occur? 
Meeting with little or no experimental success, most 

researchers have finally settled for theoretical answers. 
Before looking at some of their explanations, we might 
review a few of the physical characteristics of sound 
and its propagation. 

We have long known that all sound is a series of small 
but finite pressure disturbances that travel at the ve
locity of sound in the medium. In fact, the velocity is a 
::lirect function of the local absolute temperature. For 
standard sea level conditions/ sound travels at 761 mph. 
The Mach speed scale, universally adopted in the aero
nautical world, defines Mach l as this velocity of sound. 
Normally, the sonic velocity decreases with altitude, 
since the local temperature decreases. The fact that the 
human ear continues to respond to any given frequency 
for 0.01 of a second is also quite useful in understanding 
some of the bang characteristics. 

When the Hawker Aircraft Company/s new super
sonic Hunter became responsible for a good share of 
the bangs heard in England, several of their scientists 
proposed a rather simple explanation of the cause. 

According to their analysis, the bang is merely a 
buildup of airplane noise generated whenever the 
plane is traveling exactly at Mach l. Every time the 
aircraft passes Mach l, whether going through or coming 
back/ a bang is born. Obviously/ then/ there is no limit 
to the number that could be formed. On the modern jet 
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plane, this noise is found to be a combination of engine 
jet, plane wake, boundary layer, shock wave, and 
other aerodynamic disturbances. 

Consider, then, an airplane traveling at exactly sonic 
velocity. Since the sound or noise is also moving at ex
actly Mach t it will be continually reinforced or built 
up into a pressure field about the aircraft. The longer the 
plane remains at sonic speed the greater the intensity 
of this pressure field which, if of sufficient strength, 
assumes the audible characteristics of an explosion. Be
cause the pilot's speed relative to the sound is zero, he 
should not be aware of when his plane is creating a 
bang. This agrees with actual pilot observation. 

Whether or not this "noise'' field will reach a ground 
observer depends upon the particular atmospheric con
ditions. The varying temperature, and hence the speed 
of sound/ causes the pressure wave to follow a curved 
path through the air. This refraction is greatest for 
shallow dives. Therefore, for high altitude and large re
fraction, it is quite possible for the pressure wave to be 
sent back into the atmosphere before it reaches the 
ground. 

The second theory of bangs interprets them as the 
passage of a shock wave caused by an aerodynamic 
rather than a noise disturbance. A shock wave is ac
tually a sharp pressure discontinuity formed by a body 
moving in the air at or above Mach l. Experimentally, 
it has been demonstrated that the human ear can recog
nize the relative strength and direction of a shock wave's 
passage. 

Although shocks may be formed at nearly any point 
on the aircraft structure, the usual locations are found 
to be on the leading and trailing edges of the wing. It 
is not necessary for the airplane to be traveling at Mach 
1 for shock waves to form somewhere on its structure. 

Fig. 1. Shock wave formations. From left to 
right: rear tail wave, front tail wave, and bow wave. 



At the point of minimum pressure on the airfoil surface, 
it is possible that the local air flow has reached sonic 
velocity while the Mach number of the free stream (un.:. 
disturbed air ahead of the wing) is less, say 0.9. This 
value of the free stream Mach number is referred to as 
the critical Mach number. For acceleration to and for 
constant supersonic flight, these waves assume three 
distinct formations as shown in Figure l. 

The position of these shocks with respect to the wing 
at any given time depends upon the airplane,s speed as 
well as the local atmospheric temperature. The pressure 
impulse of each shock propagates at sonic velocity, and 
will continue to the ground unless it is dissipated or re
fracted in the atmosphere. 

With these facts in mind, it is interesting to speculate 
how many bangs will be heard by a ground observer 
during a typical dive. Normally, the observed number is 
dependent on shock wave pattern on the wing, aircraft 
velocity, and altitude at which the dive is begun. 

While the number of possible situations is infinite, the 
ones which illustrate the formation of two and three 
bangs, respectively, will be discussed here. 

From 60,000 to 35,000 feet, the flow about the entire 
:::xircraft remain subsonic, and the noise consists mostly 
of the jet exhaust. At 35,000 feet Mach number is 
reached, and at some point on the wing a normal shock 
wave starts. "Normal" indicates that the shock is per
pendicular to the immediate surface. As the airplane 
accelerates, the wave moves toward the trailing edge, 
where it may become bifurcated, forming front and 
rear tail waves. By now, the free stream Mach number 
has reached unity, and a bow wave forms on or slightly 
ahead of the wing's leading edge. Whether or not the 
wave is attached to the wing depends upon the free 
stream velocity and the angle of the leading edge. 
During this time, the jet noise itself is concentrated be
hind the tail waves or between them since noise travels 
only at the local sonic velocity. 

If now the airplane is retarded back through Mach l, 
the bow wave separates from the leading edge of the 
wing and continues its pressure propagation at sonic 
velocity. What happens to the tail waves is affected by 
still another factor-the rate of deceleration. It is here 
assumed that the rear tail wave was previously travel
ing behind the front tail wave at the velocity of the air
craft. The front tail wave will not detach itself from the 
trailing edge until the free stream critical Mach number 
is reached. Therefore, if the deceleration is slow enough 
the rear tail wave may overtake the front one before it 
is detached. In this instance there will be heard two 

bangs; one from the bow wave and one from the com
bination of the two tail waves. On the other hand, if the 
deceleration is so rapid that the front wave detaches 
before the rear wave can reach it, then both tail waves 
will transmit their pressure disturbances at a finite sep
aration distance. Thus, three bangs will be heard by 
the ground observer. Simultaneously, or a fraction of a 
second later the actual airplane noise, which was en
veloped by three waves, will be heard. 

Perhaps the most interesting theory of the supersonic 
bang is the one which considers the Doppler effect. The 
effect is produced entirely by the relative velocity be
tween the observer and the source of the sound. If the 
source is approaching the observer, the frequency or 
pitch of the sound (as heard by the. observer) is in
creased; if the source is moving away from the observer, 
the frequency is lowered. To create the effect of an 
explosion or bang, it is only necessary that the rate of 
change of pressure or sound be large. Imagine then, as 
a source of sound, an airplane, approaching an ob
server. The Doppler effect raises the frequency of this 
noise. But, the intensity of high-frequency sound is 
much less than that of low frequency, he will not hear. 
anything until the source is very near to him. After the 
source passes him, the familiar low receding Doppler 
effect is heard. Thus the net effect is a high-frequency 
pulse of short duration. 

Actually the noise from the aircraft is composed of 
many different frequncies, all of which are "Doppler
ized" in the above manner. 

The cause of multiple bangs is readily explainable 
from the fact that these various frequencies are not 
raised or lowered to the audible range at the same in
stant. The low frequencies become audible before the 
high ones. 

A subsonic run usually produces noise in the low
frequency spectrum, whereas a supersonic run gener
ates the higher frequencies. 

Unlike the first two explanations, this theory implies 
a continual production of bangs rather than an inter
mittent formation by a discontinuity in pressure or by a 
buildup of noise. 

Because of its possible physical damage to the hu
man ear as well as to ground installations, the bangs 
are no longer a problem of pure academic interest. 
Quite likely, much more will be experimentally discov
ered about their nature when aircraft are able to main
tain level supersonic flight for reasonable periods. Until 
then, the explanation remains a choice. 

(end) 
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GRUMMAN , 2 5 years old this year, needs young engineers to 
work on the Navy's new supersonic Tiger. To learn about all 
the advantages offered by Grumman and by Long Island as a 
place to live and play, send for your copy of the new 26-page 
booklet: Engineering For Production. 

eeoooeeooeeeooeooooeooeeeoesoooeeeoeeooeeooeoe 

ENGINEERING DEPARTMENT, Grumman Aircraft Engineering Corporation 

Bethpage, Long Island, New York 

Name ........................................................ . 

University . ..................................................... Grad. 

Street . ............................................. City . ..................... State . ............... . 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Designers and builders also of transonic Cougar jet fighters, S2F sub-killers, Albatross amphibians, metal boats, and Aerobilt Truck bodies. 

eo o e e eo • e e eo o a o • e e • e e • o o o o e eo e • o o • o o
1
e e • • • o o o e e e • • o • • o • • eo • • o • • e e • o o o a e eo e e e e s e 
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By G. W. Harrison, Jr. 
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Fig. 1. The Aerotrol one-tube receiver. (From Model Control by 
Radio by E. L. Safford) 

HE PURPOSE of remote control is to control a de
vice from a distance. The main problem is to find a 
carrier for the information to ce relayed. Five types 

of carriers to convey signals through space are available. 
They are: 

( 1) electromagnetic waves (radio), ( 2) sound waves, 
(3) light beams, (4) heat waves (infra-red), and (5) 
wires. 

Each of these carriers has its advantages, but only 
under certain conditions. The magnitude of sound, light, 
or heat signa'ls must be greater than the sound, light, or 
heat present in the transmitting media. These condit,ions 
can be difficult to control. It also takes large amounts of 
power to use these three for control purposes at any great 
distance. 

The use of wires is the simplest method, but here there is 
direct physical contact to the device, which may be un
desirable. 

Electromagnet,ic waves or radio transmission overcomes 
these objections fairly easily. There is no direct connection, 
interference from the media is small (in most control work 
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cases), and a small amount of power will send a signal much 
farther than with some of the other methods. For this 
reason, radio transmission is the most popular control 
system. 

Two types of people are interested in radio control: en
gineers and amateurs. 

The engineer is experimenting with radio control for 
economical and political purposes. In wartime, pilotless 
bombers, guided missiles, radar, and self-aiming guns are 
of prime importance. 

T'here are two groups of amateurs: the model builder and 
the .radio amateur. Together they are developing the most 
fascinating hobby today: radio control of models. The 
models referred to are miniature airplanes, boats, and cars. 

The Federal Communications Commis,sion controls all 
radio transmission in the United States. A license is re
quired to operate a transmitter and a test is taken to get 
one. 

For model control, several hands are available. The 
bulk of radio work is done within the 50-Mc band with 
a small amount on 11 meters and 465 Me., the citizen's 

Radio controlled model car. (Photo 
from Radio News) 
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Fig. 2. The Goode one-tube receiver. (From Model Control by Radio by E. L. Safford) 

band. The modelers view 11 meters, or the diathermy band, 
with interest, because of possible unrestricted use in the 
future for mode.! control purposes. Obtaining a license on 
the citizen's band is much easier than for other bands. 
Lowered license requirements were instituted so experi
menters, not necessarily interested in radio, could use radio 
transmission in their work. The FOC has a pamphlet en
titled Rules Governing the Citizens Radio Service which 
can be obtained from the Superintendent of Documents, 
Government Print~ing Office, Washington 25, D. C., for 
ten cents. 

There are three parts of the system to work with: the 
transmission system, the code system, and the responding 
system. 

There are two parts to the transmission system: the 
transmitter and the receiver. The receivers must be com
pact, light, stable, and draw a minimum of power. These 
conditions hold especially for model aircraft. A super
regenerative receiver, one of the three types available, is 
most often used since it fits the requirements very well. The 
regenerative type of receiver, consisting of an oscillating 
detector and audio section, might be thought an ideal type 

of .receiver for a control system. Although the gain and 
selectivity of thi's type of set is excellent, its very selective
ness almost eliminates it. A receiver of this type has so 
pronounced a tendency to drift and become detuned from 
its signal that it is seldom used for control work. 

Superheterodynes can be used in radio control work, since 
they are adaptable for either pulse or modulated continuous
wave reception. Superheterodynes require more than one 
tube and tend to become large and heavy. The circuit is 
rather complex, especially at high frequencies. 

There are two one-tube receivers that are used. However, 
more tubes may be added and the basic circuits expanded. 
The Aerotrol (Fig. 1) uses a gas tube and the Goode (Fig. 
2) uses a ~vacuum triode. Both circuits are designed to 
operate a relay on reception of a nonmodulated radio
frequency carrier. 

If desired, amplifying stages, a power stage, and filter 
systems can be added to these circuits if weight is no par
ticular problem and multiple control functions are to be 
used. In this case the receiver would be tone-opera ted 
instead of just responding to a carrier wave. When tone
operation is used, audio signals are impressed on the carrier, 

Under side of radio model car: (A) Steering relay, (B) Headlights, (C) Driving 
Motor, (D) Receiver, (E) On-off switch, (F) Ratchet arm (G) Sequence relay. 
(Photo from Radio News) 
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Fig. 3. Pulse width control system. (From Radio Control of Model Aircraft, 
QST. Aug., 1951) 

and each audio frequency can be made to operate a relay 
through the use of filter systems. 

The demands on the transmi ttcr are very flexible. There 
is no weight problem and the power supply can be con
nected to an a-c source or a battery pack. The only limita
tion is the power output, which is governed by FCC regula
tions. 

A tone-modulated transmitter can be constructed by add
ing a tone modulator to the circuit. There can be several 
control channels by switching in L-C sections in the tone 
modulator. These, of course, must match the filter fre
quenoies in the receiver. 

The purpose of the code system is to send as much infor
mation as possible with the least amount of equipment. The 
simplest system is where a relay closes when a carrier wave 
is received. If a rachet relay is used, a series of control 
movements can be carried out. The only disadvantage here 
is that none of the functions can be controlled s'imultan
eously. Also the control is not proportional. 

There are several methods for obtaining proportional 
control. One of them is a system ··where pulses are varied 
in width. This causes the relay to oscillate between contacts. 
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By varying the pulse width, it will be on one contact longer 
than the other over a peviod of time. 

A system using pulse width is shown in Fig. 3. If the 
rudder is turned to the left longer than to the right, the 
plane will turn left. The speed of turning is determined 
by the ratio of positive and negative pulse widths averaged 
over a unit of t~ime. 

Under responding systems come the many types of relays 
and escapements, and the power systems they control 
(motors, rudders, etc.). Every installation requires its own 
responding system, especially in model boats. Usually there 
is a question of whether or not to have on-off motor control 
or proportional speed control, but this means that the steer
ing system must be the opposite, unless more channels are 
added to the receiver. A rachet relay can be used to control 
many non-simultaneous functions, but this means that only 
part of the power system is in use at one time. 

A transmi'ssion unit has been built with eight channels 
using phase modulation. This allows many operations to 
be performed at once, but the .receiver alone has nearly 40 
tubes, which puts it out of the price bracket of most model 
fans. The responding system is much simplified since each 
relay need only turn a motor on or off. 

{end) 

Under side of radio model car: (A) Sequence 
ratchet, (B) Sequence contacts, (C) Sequence 
relay. (Photo from Radio News) 



This picture 

shows how R A 

helps small 

manufacturers 

grow 

Today the inter-dependence between 
manufacturer and supplier is stronger 
than ever in the history of American 
business. For in the challenging new 
age of electronics, hundreds upon hun
dreds of component parts are needed 
in the manufacture of new products. 

For example, the superb new RCA 
Victor 21-inch color TV set shown here 
contains 2,070 parts. These are made 
by 600 different suppliers, most of 
whom are small businesses. 

Indeed, more than three-quarters of 
aU RCA suppliers are small business 
firms that receive nearly one-half of 
RCA's purchasing dollars. They, in 
turn, have their suppliers of raw mate
rials. Thus through a long line of co
operative effort, employment is pro
vided for countless people in many 
fields-and an entire economy benefits. 

RCA salutes its full roster of 7,500 
suppliers, located in 43 states, for their 
inventiveness and resourcefulness that 
contribute so much to the quality 
and performance of its products. With 
these firms at our side, RCA continues 
to march forward, creating new and bet
ter "Electronics for Living" -electron
ics that make life easier, safer, happier. 

WHERE TO, MR. ENGINEER? 

RCA offers careers in research, de
velopment, design, and manufactur
ing for engineers with Bachelor or 
advanced degrees in E.E., M.E. or 
Physics. For full information, write 
to: Mr. Robert Haklisch, Manager, 
College Relations, Radio Corporation 
of America, Camden 2, N.J. 

RADIO CORPORATION OF AMERICA 
EII...ECTRONRCS FOR II...DVBNG 
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ARMY INTELLIGENCE 
The Captain of an infantry com

pany in the late war called one of 
his men aside and gave him a secret 
mission. "It is of supreme impor
tance," he cautioned sternly, "that 
the enemy does not escape by the 
one railroad line that is still open to 
them. I want you to conceal yourself 
near the station nine miles from here 
and stay there until you see any sus
picious signs of activity. You are to 
let me know at once if they make a 
move toward escaping us by -;.ail." 

The soldier saluted smartly and 
departed with a determined gleam 
in his eye. Two hours later the Cap
tain was amazed to see him return
ing to headquarters. "Didn't I tell 
you to keep your post at that rail
road station?" he roared with mur
der in his heart. 

"It's all right. Captain,'' beamed 
the private smugly. "they can't leave 
by rail now. I broke into the station 
and tore up all the tickets!" 

"You know," said the high school 
graduate, "I have half a mind to go 
to college." 

"Well," his teacher decided, 
"that's as good as most." 

Theater Manager: "I noticed your 
dog laughing and clapping. He en
joys the show very much, doesn't 
he?" 

Dog Owner: "Yes, but he hated 
the book"" 
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Farmer: "I understand that your 
grandmother is the old-fashioned 
type who still toils at the spinning 
wheel. Does she earn much?" 

City Slicker: "Well, last night she 
won fifty dollars on the red." 

A bus was unusually crowded one 
morning. A passenger sitting next to 
the window suddenly buried his head 
in his arms. 

The man next to him asked, ''Are you 
sick? Can I do anything for you?" 

"It's nothing like that/' the other 
assured him. "I just hate to see old 
ladies standing.n 

"Are they very strict at your col
lege?" 

"Strict? You remember Jonesey? 
Well he died in class, and they 
propped him up until the lecture 
ended." 

Little Audry. mad as hell. 
Pushed her sister in the well. 
Said her mother. drawing water, 
"Gee, it's hard to raise a daughter." 

"We'll have to rehearse that," said 
the undertaker as the coffin fell out 
of the car. 

Selectee: "They can't make me 
,fight." 

Draft Board: "Maybe not-but they 
can take you where the fighting is and 
let you use your own judgment.'' 

I 

II 

"Is this a picture of your fiancee?" 
"Yes." 
"She must be wealthy.'' 

Sam: "When is a dog's tail not a 
dog's tail?" 

Ham: "When it's a waggin'?" 
Sam: "Nope, when it's a draggin'." 

aMy wife ran off with another man.n 
"Thae's too bad." 
"I'm satisfied. Furthermore, my house 

burned down, and I don't have any 
insurance." 

"Gee, ,tha1t' s tough." 
"I'm satisfied. And to cap everything 

my business failed, and I'm bankrupt. 
But in spite of everything, Pm satis
fied." 

"How is that possible with all your 
tnisfortunes?'' 

"I smoke Chesterfields." 

One of our present problems seems 
to be that too many adults. and not 
enough children believe in Santa 
Claus. 

Hotel Clerk: "Have you a reserva
tion?" 

Guest: "No. Do I look like an In
dian?" 

Professor: "Perkins, give an example 
of the law of suppl)' and demand." 

Perkins: "Your textbook, which is so 
expensive in September zs practically 
worthless in June.·" -
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At DOUGLAS you'll be joining a company in which the three top 

executive officers are engineers ... you'll be associated with men 

who have designed the key airplanes and missiles on the American 

scene today! Nothing increases an engineer's ability faster than 

working with other engineers of top calibre. 

Challenging opportunities now 
exist in the following fields: 
Mechaniccal design 
Structural design 
Power plant installation design 
Weapons delivery 
Aerodynamics 
Thermodynamics 
EBedronic computerl 
Systems analysis 

Not only is Douglas the largest manufacturer of commercial aircraft 

in the world, but it also produces outstanding aircraft and missiles 

for every branch of the armed services! This diversity, besides 

giving you job security, provides unequalled opportunity 

for the engineer with an eye to the future. 

Aircraft air conditioning 
Hydraulics 
Stress analysis 
Servo mechanisms 
Acoustics 
iEiec:tronics 
Mechanical test 
Structured test 
flight test 
Process engineering 
Missiles 

Brochures and employment applications are available at your college placement office. 

For further information relative to employment opportunities 

First in Aviation 

at the Santa Monica, El Segundo and Long Beach, California divisions 
and the Tulsa, Oklahoma division, write today to: 

DOUGLAS AIRCRAFT COMPANY, INC@ 
C. C. laVene, Employment Manager •.. Engineering General Office 
3000 Ocean Park Blvd •.•• Santa Monica, California 
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Y e 0 Ide Log Staff 

Somehow this rig {all 6 tons) made it across the Washington A venue 
Bridge. For esters beware, or we will annihilate you with our ener
gized shocking wand. 

Civil Engineers 

This is a perfect example of an elegant bridge from nowhere to 
nowhere, held down by a couple of fine gals. 
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ASME 

The winner, and still champion! Engineeering methods may he 
crude, hut the results are guaranteed. Just remember~ James Whitcomb 
Riley wrote a poem about this noble building and its demise from the 
American scene. 

KHK 

Perhaps you, too, noticed it; the world revolved in the wrong direcm 
tion. Oh well, at least the Ladies of Lightning were cute. 



Dean Johnson knights St. Patrick. 
St. Pat addresses the crowd while Bob Wahlstedt 
(E-Day Chairman) enjoys himself. 

St. Pat also addresses Queen Colleen in a regal 
manner. 

The Royal Couple 
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St. Pat For 1955: Bob Harold 
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Oueen Colleen For 19 55: Jayne Helsby 
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And E-Day, 1955, comes to a climactic end at the E-Day Brawl. 
Each couple is "officially" married for the evening, and then steps 
through a huge engagement ring into an evening of fun and 
frolic. 

Engineering skill does it again! 
This month-by-month series of pic
tures shows, more eloquently than 
words, how engineers can accom
plish any task once they are proper
ly stimulated. This tiny seedling, a 
peace offering and token of eternal 
friendship from the foresters, was 
given to a picked crew of engineers 
with the succinct order, "Make it 
grow!" 

THAT WE DID! The tree has long 
since outgrown its pot and has been 
transplanted to a permanent home 
on campus so that it can shed its 
shade for the gratification of all en
gineers. 
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Black Book Dance 
Mike McLouth, Chairman 
Ronald Saunders 
Paul Seaberg 
Morris Rasmussen 
Edward Zappe 
Eugene Stout 
Bob Youngdahl 
Lee Johnson 

Brawl 
Dick Swenson. Chairman 
Sam Gray 
Bob Frigaard 
Harold Hervig 

Buttons, Hats, and Pipes 
George Scheer, Chairman 

Field Day 
Ron Holasek, Chairman 

Industrial Exhibits 
Dunell Schull, Chairman 
James Nessa 

Knighting 
Don Nelson, Chairman 
Norm Jensen 
LeRoy Vos 

Luncheon 
"Red" Miller. Chairman 

56 

, 

General Chairman 
Bob W ahlstedt 

Assistant Chairman 
Jerry Groff 

Business Manager 
Harry Boll 

Public Relations 
Dick \\Red'' Jaeger 

Executive Council 
Gary Peterson Keith Kaplan 

Office 
Milt Hanson, Chairman 
Jim Hogan 
Tim Faric 

Open House 
Dale Holasek, Chairman 

Parade 
Bob Mochenhaupt. Chairman 
Dick Husby 
LeRoy Hanson 
\N oodrow Edstrom 
Willard Freested 
Tom Johnson 
Dick Johnson 
Roger Graff 

Picnic 
Paul Gilles. Chairman 
Ronald Sack 
Tom Eddy 

Posters 
Tom Johnson, Co-chairman 
Ellsworth Gerrels, Co-chairman 
Carol Friegang 

Publicity 
Dave Heidt, Chairman 
T ohn Hartman 
Roy Harnish 

Gary Anderson 
Warren Anderson 
Ron Glesnes 

Queens 
Dave Mericle. Chairman 
Tohn Moran 
Paul Chapdelaine 
Bill Reber 
Art Abrahams 

Revue 
Roger Sampson, Co-chairman 
Dick Rudeen. Co-chairman 
Francis Haeg, Director 
William Cordes 
Dick Edwards 
Ted Colburn 
Bob K vanbeck 
Elmer Nelson 
Darryl Zell 
Bob Tufte 
Jim Wohlford 
Con Hammer 
Ted Warren 
Alden Arndt 
Rog Olson 
Merlin Christianson 

Tickets 
Dick Sudheimer. Chairman 
Truman Robertson 



T HE INTERNATIONAL Sciendfic Radio Union held 
its XI General Assembly at The Hague, Netherlands, 
from August 23 ,to September 3, 1954. This organiza

tion, concerned with the scientific aspects of radio, holds 
international assemblies at three-year intervals. The writer 
is chairman of Commission 7 for the United States, con
cerned with electronics, including electron emission, gaseous 
discharge phenomena, semiconductor devices, and micro
wave electron tubes. In addition to attending the Inter
national Assembly, the writer, on behalf of the Bureau of 
Ships of the United States Navy and the Signal Corps of 
the United States Army, visited a number of lcuboratories 
in Europe to observe work being conducted. 

On August 4, 1954, Mrs. Shepherd and I sailed from 
New York on the Queen Elizabeth. The trip across was 
very pleasant, although not as restful as the travel literature 
would have you believe. There are a great many activities 
available to the passengers which make the time pass 
very quickly and, in addition, the day is only 23 hours long 
on the eastbound journey. An interesting experience was a 
tour of the engine room. In order to make this tour, a 
formal letter must he written to the chief engineer who 
replies with a formal invitation to make the tour. The most 
vivid impression from such a tour is the immense scale of 
everything seen and heard. The noise level is so high, the 
guide could only be heard when shouting directly into 
one's ear. The propeller drive shafts ~were on ,the order 
of 3 ft in diameter and between 100 and 200 ft long. 
Elaborate mechanical servo-mechanisms were used for steer
ing. The most surprising thing was the spotless cleanliness 
of the whole operation. 

On August 9, we docked in Southampton late in the 
evening and proceeded to London. The following morning 
I had an appointment at the U. S. Embassy at 10:00 in the 
morning; I arrived la,te because the gadget I had taken along 
to adapt my electric razor to British power would not work. 
It was not until the hotel electrician came to my rescue that 
I was able to leave looking reasonably respectable. 

Most of the laboratories I visited in England were located 
near London, so we made our headquarters there. Although 
most of my time was taken up with visits, we succeeded 

l 

By Dr. W. G. Shepherd 
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in doing a certain amount of sight-seeing. One of our first 
visits was to Madame Tussaud's Wax Works located near 
our hoteL In this museum, wax effigies of England's past 
and present greats have been set up in very lifelike poses. 
It is possible there to obtain a perspective of the history of 
England which ties together many of the things seen later. 
While in London, we made a visit to St. Alban's, a suburb 
containing a Roman city dating back to the time of Julius 
Caesar. At this village, a museum had been set up ex
hibiting many of the things found during the excavation 
of the Roman ·town. It was interesting to observe how 
advanced many of their implements were at that time. 
Some of the buildings unearthed had central heating sys
tems, including radiant heating which we are now just 
beginning to incorporate in our own houses. Another in
teresting experience in London was attending a play, "Wit
ness for the Prosecution" by Agatha Christie which has one 
of the most interesting endings of any play I have ever 
seen. It was a murder mystery and the action takes place 
in an English courtroom, providing an opportunity to see 
how an English trial proceeds. Inevitably, during the inter
missions tea was served. From London we went to Birming
ham and on to York, from which ·my parents came. York 
is a walled city which dates back to the time of the Romans, 
but it achieved its principal importance after the Norman 
invasion when it was comparable to London. From York 
we returned to London and went from there by air to 
Holland. 

In Holland 

While in Holland we stayed at a sea-side resort town, 
Scheviningen. The American delegation to the Interna
tional Assembly stayed at the Kurhaus Hotel overlooking 
a beach on the North Sea. The assembly was extremely 
interesting. Delegates from all over the world were in at
tendance and it was a memorable experience to have an 
opportunity to become acquainted with them and discuss 
various technical problems. Our hosts at the Assembly 
were the Dutch Government and a number of Dutch in
dustrial concerns, particularly the Philips Company. 
Through their courtesy we were taken on tours to a variety 
of interesting places in Holland. The delegates were taken 
by chartered train from The Hague to Rotterdam and then 
taken in launches on a trip around the canals of the city. 
After dinner, Mrs. Shepherd, Prof. Chodorow of Stanford 
University, and I wandered around the city on foot. It is 
a beautiful sight at night with the canals all lighted and the 
sight-seeing boats traveling along. The second experience 
of this sort was a tour along the Isjel Meer, a fresh water 
lake. resulting from the damming-in of the Zeider Zee. 
Portions of the lake are now being dyked off and pumped 
out. We were taken by boat along a dyke and saw various 
phases of its construction. This stupendous engineering 
feat will, when completed, add approximately 10 per cent 
to the arable land of Holland. 

After the assembly I spent ·two days at the Philips Lab
oratories in Eindhoven, Holland. These are the 'labora
tories from which Professors van der Ziel and Dekker came. 
The Philips works are by themse1ves an impressive sight, 
being much more extensive than I had ever anticipated. 
They are a sort of combined General Electric Company and 
Western Electric Company. They have very fine labora-
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tories and facilities comparable with anything I have seen 
in this country. They carry on a wide range of research 
from the very basic to the most applied. 

Next, we journeyed to Germany. Ten years after the 
end of the war, it is quite a shock when one first sees a 
German city. In spite of an intensive program of recon
struction, large parts of their cities 'still remain rubble. 
Before leaving Holland, we rented a little English car which 
served for transportation for the remainder of our stay in 
England. One has a great many things to get used to when 
driving one of these small cars in Europe. One must first 
learn the 'traffic symbols. Fortunately, a standard set of 
symbols has been developed. The traffic signs are not in 
the language of the country, but rather are symbolic so 
that once one has learned these they can be recognized in 
any ·country. In Holland particularly, one has to learn 
to drive a ~car in the presence of an overwhelming number of 
bicyclists. This is true to a lesser extent in all of the other 
countries in Europe. Their cars are generaly considerably 
smaller than American cars and more economical of gaso
line, although the gasoline cost is proportionally higher 
so that the end cost per mile is approximately the same. 
The car engines are designed for operation at full throttle. 
The little English Anglia, a Ford Motor Company product, 
would operate at a maximum speed of 60 miles per hour 
on a long down-hill stretch. On up-hill stretches, if I was 
able to pass 'any other car, I knew he was having engine 
trouble. In spite of these limitations, they are very service
able little cars and our particular vehicle served us faith
fully throughout our trip, except for a certain reluctance 
to start in the morning. In Germany we started from 
Dusseldorf and made a .trip up the Rhine Valley on a Satur
day. The Rhine Valley is as beautiful as all the travel 
folders would have you believe and amazingly busy with 
river traffic. Our trip up the Rhine ended at Mainz where 
we spent a night. Most of the hotels in Germany were 
destroyed and mos.t of them are in consequence quite new. 
An unfortunate exception to this was the hotel in Mainz 
where we had to walk up to the fourth floor to a very 
dimly lighted room. 

Super Highways 
From lVIainz we went by way of Frankfurt, which is the 

headquarters of the American Military Command in Ger
many and a very busy and rapidly developing city, to the 
town of Gottingen. On our way to Gottingen, we had our 
first experience on the German Autobahns, military roads 
built by Hi tier for easy transport of troops. They are 
remarkable roads, being four-lane divided highways com
parable with our Pennsylvania Turnpike. At Gottingen we 
had our closest approach to the Russian zone. We were 
at one point within five miles of the border and were oc
casionally somewhat apprehensive about taking the wrong 
turn. Gottingen is a very old university town and it was 
here that I had my first experience at finding my way 
and getting along on my limited German conversation. 
From Gottingen we made a trip south, stopping at Darm
stadt to visit the laboratories of the German Post Office, 
which operates the German telephone system. These labora
tories carry on research on the various phases of the tele
phone business and then contract with various private com
panies to provide the materials needed for the telephone 
system. One of the companies of this sort was the Tek-



funken Company at Ulm whose laboratories I also visited. 
Ulm is on the Danl_fbe River, which forms the boundary be
tween two of the German provinces Hesse and Bavaria. 
From Ulm we went to Niirnberg, another very old German 
city, the central par,t of which is enclosed within walls. 
Here I had the interesting experience of contracting for a 
haircut. We also had the experience of being guided to our 
hotel by a bicyclist who had a most complete disregard for 
all traffic and succeeded in out-distancing me in the car. 

From Niirnberg we traveled to ·Munich, one of the Jarger 
cities in Germany. A visit was made to the laboratories 
of Siemens and Halske, where very unusual work on cath
odes for vacuum tubes is being conducted. After leaving 
Munich, we had a few days free to be purely tourists and 
took advantage of this to travel down into Austria and 
along the valley of the river in towards Switzerland. 

In Austria we stayed in the town of Innsbrook which is 
located in a vaUey between two mountain ranges. Our hotel 
was not actually in the city but rather up on the mountain 
overlooking the city. Although we were able to drive our 
car up the mountain to the hotel most of the people came 
up on a cable car which had a station adjacent to ,the hotel. 
From the hotel it was also possible by cable car to go up 
the mountain to height of about 7,000 or 8,000 ft. This is 
great skiing ·country and I understand that one of the 
popular things for students is to take a cable car up the 
mountain and ski back down in time for their next class. 

From Austria we went on through the little country of 
Lichtenstein, a country so small that one can light a ciga
rette at one boundary and be still smoking it when he 
leaves at the other side. It is adjacent to Switzerland and 

its customs are administered by Switzerland. 
In Switzerland we stayed at Zurich and visited at the 

Technische Hochschule which is essentially an institute of 
technology. It had a beautiful location on a hill in Zurich 
with a magnificent view of the Alps and the lake on which 
the city is located. From Zurich we went to the 6ty of 
Interlachen where one can go up the Jungfrau (a famous 
mountain) on a railway. One starts at the town of Inter
lachen at an aLtitude of 1700 ft and goes up to approxi
mately 1200 ft on the railway. A large part of this trip 
is inside the mountain. At a railway station at the top, 
there is a hotel and also a research station where all sorts 
of high-altitude studies are conducted. 

Gay Paree 
We next proceeded to Paris. One of our most interest

ing experiences in Paris was being entertained at dinner by 
the parents of Michel De Thomasson, one of our graduate 
students. Paris is undoubtedly one of the most beautiful 
cities in the world and it is here that we obtained some of 
the best photographs of our trip. No visit to Paris would 
be complete without a visit to Versailles, a magnificent resi
dence for the kings of France. We spent an afternoon there 
and came away footsore and weary, although we actually 
had time to see only a small portion of the place. It was 
with rather mixed feelings that we finally took boat and 
train from Paris to Cherbourg to board the Queen Eliza:beth 
for our trip home. We are looking forward to another 
opportunity for an equivalent trip. 

(end) 

• 
Half of the "Log staff graduates this spring; we who are 

left need people to fill the vacated positions. 

Come around next fall when the call goes out! No par
ticular experience needed; the work isn't especially 
hard, either. 

Article writers, attention! This is an opportunity for 
you, too! That favorite engineering topic of yours will 
make a good article; write it up and bring it in! 

I • 
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the helicopter was thought to be a .. stunt" machine 
- amazing and amusing, and not particularly im= 
portant. Events in Korea changed that idea- fast! 
This fledgling among aircraft performed "impos
sible" military assignments, spectacularly successful 
missions of mercy .. Helicopters came into their own. 

Now in demand for hundreds 
of jobs, today's most versatile 
flying machine is the product 
of ceaseless testing, highest
calibre engineering, work and 
imagination. 

You might find -- in Sikorsky Aircraft's 
research departments, drafting rooms, 
engineering laboratories - a lifetime op
portunity in this young, growing and most 
interesting field of aviation. Consult your 
College Placement Office concerning ar
rangements for a personal interview. 

In 1939, the VS-300 with Igor 
Sikorsky at the controls made 
the first practical helicopter 
Hight in the United States. 
Hundreds of later Sikorsky's 
were delivered for service in 

War II. 

Future Sikorsky's will be built 
by tomorrow's engineers. Per
haps you belong at Sikorsky 
where your skill and ability 
will be continually challenged. 

Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn. 
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How to increase gear life in a scraper 

When this 13 cubic yard scraper, fully loaded, 
travels at 2 5 MPH over rough terrain, the 
gears in the differential, engine shaft and 
pinion get a workout. Realizing this, the 
engineers specified Timken® bearings for 
these vital applications. The tapered con
struction ofTimken bearings lets them take 
radial and thrust loads in any combination. 
Gears are held rigidly in place. Perfect 
tooth-mesh is maintained. Gears last longer. 

---- ---- ----·- -·--- -----

HowTI KE ®bearings hold 
gear shafts rigid 

The line contact between rollers and races of Timken ~ 
bearings gives shafts rigid support over a wide area. 
Shaft deflection is minimized. And the tapered design of 
Timken bearings permits them to be set up with the most 
desirable amount of end play or preload that gives the ~ 
best performance. 

t 

ant to learn more about bearings 

TRADE-MARK REG. U, S. PAT. OFF. 

TAPERED ROllER BEARINGS 

or iob opportunities? 
Some of the engineering problems 
you'll face after graduation will 
involve bearing applications. 
For help in learning more about 
bearings, write for the 270-page 
General Information Manual on 

Timken bearings. And for infor
mation about the excellent job 
opportunities at the Timken 
Company, write for a copy of "This 
Is Timken". The Timken Roller 
Bearing Company, Canton 6, 0. 

NOT JUST A BALl 0 NOT JUST A ROLLER a::J THE TIMKEN TAPERED ROLLER 1D 

BEARING TAKES RADIAL ~ AND THRUST --®- LOADS OR ANY COMBINATION * 
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By Harlan Stein 

' ' ND how much do you expect to make at the end 
of 5 yrs. .. ......... .. 10 yrs .............. 20 yrs .............. ?If 
This, my fellow students, is one of the typical, 

straightforward, easy-to-answer questions posed to 
many of us who are taking job interviews. Some are 
tough to answer, and some are easy to answer like 
the one above. Just tell the little man, "I don't know." 
This is a definite and straightforward answer. 

Interviews are situations where job-seeking engineers 
come face-to-face with engineer-seeking employers (up 
in Room 204 TSCE). Each interview is different. Each 
presents a new challenge and a source of new informa
tion (propaganda). -

With all their differences, interviews probably fall 
into two types. First, the interview with the professional 
industrial relations man, and second the interview with 
the technical man. Each has its own approach. They 
are as easy to spot as your HPR on an application 
blank. 

Type I. Interview with the professional industrial 
relations man. 

The industrial relations man you talk to is usually a 
graduate psychologist, sociologist, social worker, or the 
like. Formally educated and trained in personnel work, 
he knows exactly how to deal with people. He's there 
to answer questions for you, but mainly to find out 
things about you. He wants to assess your personality, 

Ha-ha-ha; yes. it is quite chilly. 
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appearance, intelligence, general attitude, and other 
such intangible attributes. These boys are really sharp! 

A typical Type I interview might go something like 
this: 

Scene I. The hot, stuffy waiting room outside 204 
TSCE. The door of 204 opens-Mr. X of the Mammoth 
Corporation comes out. 

Mr. X: How do you do, I'm Mr. X of Mammoth! 
Student: How do you do, sir, I'm Mr. Y. (Note: 

Shake hands at this point.) 
Scene 2. The hot, stuffy Room 204 TSCE. X and 

Y seated. 
Mr. X: Well, Mr. Y, this sure is cold weather up 

here. I'm not used to this real cold stuff---28°. 
Mr. Y: Ha-ha-ha-ha; yes, it is quite chilly. 
Mr. X: Tell me, what are you graduating from? 
Mr. Y: I'll get my degree in phony engineering 

this June, sir. 
Mr. X: That's fine, we use a lot of phony en

gineers at Mammoth. Exactly what does a phony en
gineer do? 
Here you try to tell him what you trained for. After 

5 years of college, if you're a 5-year man, there must 
be something that you can do ...... isn't there? 

Mr. X: Tell me, why did you choose phony en
gineering? Is your dad a phony engineer? 
Here, as before, you try and tell the man about all 

the things that interested you, how you always loved 
math, physics, and chemistry. Yet you try and give him 
an honest answer. 

Once Mr. X has found out about your field, and why 
you went into it, he seeks out your personality. 

Mr. X: What courses did you enjoy the most? 
What do you think you would like to get into? Do 
you like to work with people or alone? Are you mar
ried? (Oh yes, I see it's marked here on your applica-
tion blank.) What outside activities were you in? Do 
you have any location preferences? What made you 
interested in Mammoth? 
So you answer these questions as fully as possible, 

and yet briefly and truthfully. Some questions like 
"What made you interested in Mammoth?" are a bit 
difficult. You could say you like that type of stable in
dustry, or you like the location, or you like the prod-

. ucts. Or you could tell Mr. X the truth, that things are 
getting rough and you're afraid that after taking all the 
interviews you have, you might not get a job! 

Finally Mr. X has found out what he wants to know 
(Oh, yes, I forgot to mention that while your answering 
all these questions, he is usually taking little notes, or 
filling in a rating sheet on you, or just plain doodling.) 
The remaining time, usually 21/4 minutes, is yours to ask 
questions. So, you fire away! 

Mr. Y: How much money do I get? 
Mr. X: Well, everybody starts with the same. In 

your case (5-year degree) it would be $675 per month 
to start. At the end of 3 months, you're given an 
automatic increase of $50 per month. From there on 
it's strictly merit raising. Your achievements and abil
ities are reviewed every 6 months. 

Mr. Y: EXCELLENT! How about the benefits and 
the type of work? 
There, my fellow student, you give Mr. X his big 

chance to deliver his well-prepared sales pitch. He 



tells about the wonderful retirement plan, the wonder
ful profit-sharing plan, the wonderful life insurance 
plan, the wonderful health and accident insurance plan, 
and education. He also tells you about the congeniality 
of the company, the fact that top management is very 
young (average age only 70 years), and the wonderful 
chances for advancement (" .... we always promote 
from .within ...... except when .... . "). And about 
your job, he's got nothing but the best to say. 

After this peroration, the interview might conclude 
like this: 

Mr. X: Well Mr. Y, it's been a pleasure talking to 
you. I've enjoyed every minute of it. I'm sure you 
have exactly what Mammoth is looking for, but as 
you probably know, I don't do any hiring on the 
spot, I'll take your file back with me, and it will be 
reviewed, and I'm sure you'll hear from us within 
two weeks inviting you down for further interviews 
at our plant. Thank you for coming. 

Mr. Y: Fine, Mr. X; I've enjoyed it very much also, 
and thank you for the time. 

Finally, 81/z weeks later (quick action), you receive a 
big white envelope from the Mammoth Corporation. 
Here are a few excerpts from that letter: ". . . . and I 
enjoyed talking to you very much at your beautiful 
campus in the beautiful city of Minneapolis," ..... . 
"don't have the opening at this time due to ..... . " 
"Good luck with your career and thank you again." 
Well, scratch another one off your list and tell all your 
family and friends not to buy Mammoth products. 

Is your father a phony engineer? 

Type II. Interview with a technical man. 

The technical man you talk to is usually a department 
head, chief engineer, plant manager, etc. In most cases 
he's a graduate engineer (BS, MIT, class of 1900; MA, 
Harvard Business School, class of 1901). You feel a bit 
more at ease because he's a fellow professional en
gineer. You think he knows your problems and can 
help set you straight. 

A typical Type II interview goes something like this: 
Scene 1. Same as Type I. But the door opens and 

Mr. T, Chief Engineer for the ABCDEF Corporation, 
comes out. 

Scene 2. Same as Type I ...... hot, stuffy, Room 
204 TSCE. 

Mr. T: Well Mr. Y, I'd like to take about 10 min
utes to tell you about our company and our products. 

Mr. Y.: Fine. This boy's pretty fair, he takes 10 
and I get 10). 

We have the usual benefits. 

Mr. Y then proceeds to tell you about his wonderful 
company and its products. You learn when the com
pany got started, how it rapidly progressed, and how 
diversified it is. 

Mr. T: I've got a few catalogs here to show some 
of the products we make. Shall we go through it? 
On the slight chance that this might prove to be in

teresting, Mr. T goes through the 2800-page catalog of 
the products. This company makes every part of every 
product it produces. And, they are all in the catalog. 
Mr. T is quite proud of each part. He tells you about 
all the difficulties and design problems that were over
comes. And, he also impresses you with, the terrific 
need for young engineers and fresh talent. This goes 
on and on and on and ...... (careful, my fellow 
student, don't let him see you yawning). 

After you're thoroughly briefed on the company's 
products, Mr. T usually asks you a few questions. 

Mr. T: What type of work are you interested in? 
Do you like design work, or how about engineering 
sales? How far would you like to advance? That is, 
what responsibilities would you like in the future? 
Here, for some reason or another, you perk up a lit-

tle and think, "Is this guy afraid I'm shooting for his 
job? I'd better be careful." After you finish Mr. T's 
questions, the remaining time is yours to seek out a lit
tle information. 

Mr. Y: What type of work would I be doing? 
Mr. T: Well, first you'd spend 12 to 16 months in 

our informal, on-the-job training. It's a very informal 
affair. You're given daily quizzes, assigned outside 
reading, and required to turn in only 17 reports. If 
you survive this with a grade average of "A" or bet
ter, you are then given a long-term contract (29 
years). 
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Be natural, act like "Just Plain Bill." 

Mr. Y: How about salary, advancement and 
benefits? 

Mr. T: We have the usual benefits. Advance
ment is made strictly on the merit basis. You get 
what you're worth. Starting salary is about average at 
$675 per month. 
Finally your 20 minutes are over and Mr. T cuts it 

off: 
Mr. T: It's been a pleasure talking to you Mr. Y, 

and you'll hear from us within 2 weeks, thanks for 
coming. 

Mr. Y: Thank you, Mr. T. 
About one week later, you receive, by air-mail-spe

cial, a letter offering you a job with the ABCDEF Cor-
poration, with a starting salary of ...... (hold on!!) 
............ $725 per month. It's in Kokomo Junction, Utah, 
population 2222 ABCDEF Corporation employes. 

So you see, students, interviews can be quite a prob
lem. On the other hand, they don't have to be a prob
lem. If you've got the right attitude, they can be very 
enjoyable. A few tips might help you. Be sure of your
self, don't be scared (these guys don't bite), and remem-
ber, interviews are businesslike ...... so wear a shirt 
and tie (plus the rest of your clothes). Don't try and 
outguess the interviewer, he's not trying to confuse you 
or stump you. Be natural, act like "Just Plain Bill." 
These are some pretty good bits of advice coming from 
a man with much experience (39ljz interviews up to 
date . . . . . . The lfz? Well . . . . I once shared an inter
view with a fellow student). So think 'em over, and, 
. . . . . . "good luck on your future career, Mr. Y." 
Oooooops, it's getting awful late and I've got to be up 
in 204 TSCE for another??????? (End) 

A Pocket Slide Rule is a constant bosom companion. 

PLASTIC P 
As Don says "This is an age of portabil-

ity. 'Take it with you' is the slogan of the day. 
You slide rule users are behind the times if you 
aren't carrying a concentrated boiled-down slide 
rule with you 24 hours a day. 

"You ought to see the little pocket editions K&E 
is making. Pick the one that will do the jobs you 
need it for whenever its bigger ten inch brother 
isn't around." 

Come on in and let us show these K&E Pocket 
Slide Rules. They're the finest that are made. 

CKET SLIDE RULES 

University B kstores 
University of Minnesota 
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CUMAX MOLYBDENUM COMPANY, Dept. U 
500 Fifth Avenue, New York 36, No Y. 

Please send me the 208-page handbook 
"Alloy Steels Pay Off" 

Name'--------------------------------------

University ________________________________ __ 

School, _____________________________ _ 

Address, _________________________ _ 
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If you're orking for an 
engineering degree, here's the 

handbook you should have 

This fact-packed handbook is a must 
if you are studying engineering. Here, 
with complete engineering data, you'll 
find how the use of alloy steels adds 
economies, increases service life, offers 
many other advantages.* It contains a 
valuable section on costs that you will 

find most important because it spells out the econo
mies of alloy steel. Design and metallurgical en
gineers now in industry have found the 60 case 
histories showing the advantages of alloy steels in
teresting and instructive. You will find this entire 
book to be an excellent reference for thesis projects 
and a valuable tool after you graduate. Send for 
your free copy. Climax Molybdenum Company, 
500 Fifth Avenue, New York 36, New York. 

*Advantages of ALLOY STEELS 

c. longer life ® greater pay load 
® lower operating costs ® greater safety 

c. less maintenance 
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RITH,METIC, as defined by Websiter, is "the art of 
computation by the use of positive real numbers." 
This says nothing about the number of digits used 

in the computations, though we usually assume ten-0 
through 9. But since the definition does not specify, we 
should not be surprised to realize there are other arithmetic 
systems which use any number of digits. 

The two-digit or binary system is just one of those which 
today find use in high-speed digital computers. The binary 
system is a definite arithmetic system all by itself and is no 
way dependent on the decimal system. But since all our 
formal education is based on the decimal system, we can 
best understand the binary system by comparing it with 
the decimal one. Before we can grasp the basic arithmetic 
operations, we need to understand how to convert the 
decimal to binary system, and vice versa. 

The binary system uses the two digits 0 and 1, and in 
counting, the only numbers used are these two. Table I 
shows the counting sequence. 

TABLE I. BINARY CoNVERSION CHART 
Decimal Binary Decimal Binary 

0 0 7 111 
1 1 8 1000 
2 10 9 1001 
3 11 10 1010 
4 100 11 1011 
5 101 12 1100 
6 110 

If you wanted to find an equivalent decimal number for 
a binary number, you could continue the table as far as 
you wanted and then read the numbers. But you don't 
need to go to all that trouble, you can just analyze how 
decimal numbers are formed and then apply the same 
principles. 

Take any decimal number, say 1043, then break it up 
into its additive component parts by using powers of ten. 
You would get: 1 x 103 + 0 x 102 + 4 x 101 + 3 x 10°. 
Fortunately, the powers of ten just add zeros, so you would 
get 1043, a decimal number. 

Now apply the same basic principle to a binary number 
like 10,010,101, remembering this time the additive parts 
are all powers of two. Start at the right side of the number 
and progress to the left, increasing in powers as you move 
from digit to digit. 1 x 27 + 0 x 26 + 0 x 25 + 1 x 24 

+ 0 X 23 + 1 X 22 + 0 X 21 + 1 X 2° := 128 + 0 + 0 + 
16 + 0 + 4 + 0 + 0 == 149. This is the decimal equivalent 
of the binary number; 10,010,101. The power-of-two 
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By Robert C. Brener 

principle can be applied to any binary number to get its 
decimal equivalent. 

When the conversion is from decimal to binary, all you 
need to do is divide the number by two until all the whole 
numbers disappear. The basic fact here is that the 
remainders are always 0 or 1, and that is just what forms 
our binary number. Again we start writing the numbers 
down right to left. 

For example, take the number 1043 again and progres
sively divide it by two, recording the remainders. 

2)1043(1 

2)521(1 

2)260(0 

2)130(0 

2) 65 ( 1 

2)32(0 

2)16(0 

2)H(O 
2)4(0 

2)2(0 

2)1(1 
Now write the remainders down, from the bottom to the 
top, giving 10,000,010,011, the binary equivalent of the 
decimal number 1043. 

Once you understand the conversion, the arithmetic 
operations of the binary system can be explained without 
reference to the decimal system. Before leaving the decimal 
system, though, it is wise to understand that the arithmetic 
operations performed on the decima'l system also apply to 
the binary system. 

Addition proceeds in the same way you learned it in the 
early grades, but you must remember that only two digits 
appear in the answer. Table II illustrates this. 

TABLE II. BINARY ADDITION FACTS 
Addends Put down Carry over 
0 + 0 0 0 
0 + 1 1 0 
1 + 1 0 1 

Example: 

1010 

10001 
11111 
10111 
10101 

1011100 



Start adding in the right-hand column. One plus 1 is 10, 
plus 1 is 11, plus 1 is 100. Write down the 0 and carry 
over the 10 to the next two columns. Then repeat, realizing 
only the l's have to be added. Again 1 plus 1 equals 10; 
record the 0 under the column and carry over the 1 to the 
next column. Now add the three 1's (in the addends them
selves), giving 11, and then add the two carried-over 1 's, 
totaling 101. Record the 1 and carry over the 10. The 
rest of the answer is obtained in the same manner. A check 
of the conversions (Table I) will help in the counting and 
adding of the 1's. 

In subtraction, a basic knowledge of counting is helpful, 
but the only fact needed is that 1 from 10 equals 1. This, 
of course, follows from addition. The same principle of 
borrowing in subtraction applies equally well here. Example: 

1 

11011 
-10101 

00110 

Multiplication, since there are only two digits, becomes 
only a problem of addition. Example: 

1101 
X1011 

1101 
1101 

0000 
1101 

10001111 
Division applies the same principles of multiplication and 

subtraction that were taught in grade school. Example, 

using the previous numbers: 
1101 

-----
1011)10001111 

1011 

1101 
1011 

1011 
1011 

0 
The binary system became important with the develop

ment of high-speed digital computers. The electronic tubes 
in the computers have two stable states-current flowing 
and current not flowing. These two states adapt themselves 
to the binary system. Since this system requires much 
simpler mechanisms than others and is much more efficient 
in the use of memory capacity, it has no doubt earned an 
everlasting place in computer work. 

Computers multiply by fast addition and divide by fast 
subtraction, so for computer work one needs only an under
standing of the conversion between systems, addition, and 
subtraction. Since binary numbers expand much faster than 
decimal numbers, a limitation is put on the length of the 
number by the capacity of the machine. The capacity of 
the present-day machines is about a 30-digit binary number 
or a decimal number approximately equal to 229 (about 
1010) • 

No doubt the decimal system will prevail in society, but 
a basic understanding of this new arithmetic system helps 
recall the foundation of decimal numbers. 

(end) 

Little boy: "Why is it that cream 
costs more than milk?" 

Milkman: "Because it's harder for 
the cows to sit on little bottles." 

Surgeon to attendant - Get the 
name of the accident victim so we 
can tell his mother. 

Employer: "Are you looking for 
work, young man?" 

Engineering student: "No, but I 
would like a job." 

Scene: A lovely corner on a dark 
night. 

A voice: Would the gentleman be 
so kind as to assist a poor hungry 
fellow who is out of work? Besides 
this revolver, I haven't a thing in 
the world. 

Attendant (three minutes later) -
He says his mother knows his name. 

She-"We've been waiting a long 
time for that mother of mine." 

He-"Hours, I should say." 

She-"Oh, George, this is so sud
den!" 

"How can I ever show my appre
ciation?'' gushed a woman to Clar
ence Darrow, after he had solved 
her legal troubles. 

"My dear," replied Darrow, "Ever 
since the Phoenicians invented 
money there's been only one answer 
to that question." 

jJ ... -f..1 clkT EAIGINE 7 ... 
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YOU FURNISH THE PRINT, WEI;ILL FURNISH THE PART 

l--~-··M·· ... . M.. -··rz· r·· ... M .. . ·········s· . ..u._" . o ....... _ ... r: ...... ). -~· ...... ··-·-- ... . 

The film spool we're talking about is- one- used in the 
processing of movie film. The material for this spool has 
to be light in weight, strong and easily machined. Since 
it is always in contact with film and photo solutions, it 
must also be chemically-resistant and-most important
not fog the film by chemical contamination. 

This isn't an easy assignment for any material, but 
Synthane fills the bill. 

~~-~-------------~---~----~ 
I SYNTHANE CORPORATION, 13 River locui, Ooks, ,cw. I 
I I 
I Please rush me more information about Synthane laminated I 
I plastics. I 
I I 
~ Name I 
I I 
I ~e I 
I I I Company 1 
I Address I 
I I 
I City Zone ___ State I 

L-------------------------J 

Whenever you want parts requiring many properties, 
consider how Synthane' s combined benefits may help you 
improve your product. 

Synthane produces finished parts from many different 
grades of Synthane laminated sheets, rods, tubes and 
molded-laminated and molded-macerated parts. Service 
and quality characterize Synthane fabrication. 

We can handle the whole iob for you from your print 
to the finished part-eliminating your tooling-up, reject 
and machining problems-and producing parts of exa 
cellent quality at a saving of your time and money. 

For more information about Synthane grades, properties 
and fabrication facilities, send in the coupon. 

SYNTHANE CORPORATION OAKS, PENNSYLVANIA 
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Two years ago we announced the world's 
most powerful production aircraft engine. 

Since then, the J-57 turbojet has been se .. 
lected by many top airframe manufacturers to 
power their most outstanding new designs. For 
these fighters, bombers and transports, we have 
built over 1000 complete engines- the equiva
lent of more than 10,000,000 horsepower. 

Today the J .. 57 is still unmatched anywhere 
- an important factor in this country's su
premacy in the air. 



HO PER DE N 
ER COSTS 

c When you design properly for steel 
construction, your products will always 
cost less to manufacture. Because steel is 
two to three times stronger than cast 
iron, and 2¥2 times as rigid, fewer pounds 
of metal are needed. Also, each pound 
of material costs a third as much. 
Here, for example, is a base for a ma
chine tool. As a casting it would cost 
$875 to build, weigh 4900 lbs. By prop
er design in steel, it costs only $536. 
Although it weighs 2400 pounds less,. 
the steel design is actually 45% more 
rigid to hold important alignment of 
the bed ways. 

Cast Construction 
Costs $875 

Weighs 4900 lbs. 

Welded ComtrNction 
Costs $536 

Weighs 2500 lbs. 

C"li!T DIESBGN HIU.P. latest ideas on designing 
machinery for steel are in lincoln Procedure 
Handbook on Arc Welded Design Practice. Write. 

THE LINCOLN ELECTRIC COMPANY 
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Cleveland 17, Ohio 

The World's Largest Manufacturer 
of Arc Welding Equipment 

"Oh. mama. look at the kind man." 
"Why, Betsy. what is he doing?" 
"He's sitting on the sidewalk talk-

ing to a banana peel." 

Pretty Teacher: "If you make an
other mistake in grammar, I'm going 
to kiss you." 

Young man: "You ain't neither." 

HOW TO SUCCEED 
WITHOUT T.ALENT 

TUDY to look tremendously im
portant. 
Speak with great assurance but 

stick closely to generally accepted facts. 

Avoid arguments. But if challenged, 
fire an irrelevant question at your 
antagonist and intently polish your 
glasses while he tries to answer. (If 
you don't wear glasses, hum under your 
breath while examining your finger 
nails.) 

Contrive to mingle with important 
people. 

Before talking with a man you wish 
to impress, ferret out his remedies for 
local, national, and international prob
lems. Then advocate them vehemently. 

Listen while others wrangle. Pluck 
out a platitude and defend it fervently. 

When asked a question by a sub
ordinate, give him a "Have you lost 
your mind?" stare until he glances 
downward. Then paraphrase the ques
tion and fire it right back at him. 

Acquire a capable stooge but keep 
him in the background. 

In offering to perform a service, 
imply your complete familiarity with 
the task. Then give it to the stooge. 

Arrange to be a clearing house for 
all complaints. It encourages the 
thought that you are in control and 
enables you to keep the stooge in place. 

Carry yourself in a grand manner. 
Refer to your associates as "some of 
the boys in our office." Discourage 
light conversation that might bridge 
the gaps between boss and man. 

Walk swiftly from place to place as 
if engrossed in affairs of great moment. 
Keep your office door closed. Inter
view by appointment only. Give orders 
by memoranda. Remember, you are a 
big shot and you don't care who knows 
it. 

-Source Unknown 

E.E.: "What's that crawling up the 
wall?" 

Ch.E.: "A lady bug." 
E.E.: "Man, what crazy eyesight!" 

Excerpt from soldier's letter - I 
have had so much latrine duty they 
call me Flush Gordon. 

In moonshine districts, where the 
whiskey looks like water and is 
drunk like water, strange ideas pre
vail as to what intoxication really is. 
On a village road one Sunday af
ternoon, a man lay in the hot sun 
with an empty bottle by his side. 

"He's drunk, lock 'im up," the 
sheriff said. But a woman inter
posed hastily. 

"No, he ain't drunk/' she said. "I 
just seen his fingers move." 

"Dad. what is a traitor in politics?" 
"A traitor is a man who leaves our 

party for the other side." 
"Well, then, what is a man who 

leaves his party and comes over to 
our side?" 

"A convert. my boy." 

KOHmi-NOOR 
ADAPTOomCLUTCH 
lEAD HOLDERS 

All degrees and diame
ters of lead. 

~ Technical Books and 
Supplies 

o Study Outlines 

~ Thesis Supplies 

at 

I E'S 
315 14th Ave. S.E. 

and 
Harvard and Washington Ave. 



PRODUCTION-Two shifts a day in-·'a Midway location assure 
you the fastest service on every printing detail from the 
salesman's first call to final completion. Fourteen presses back 
up our promise of your delivery date. An efficient bindery and 
mailing service completes the cycle "from the idea to 
the mail bag ... 

VERSATILITY -long or short runs, simple black and white ou 
sparkling color on the widest range of stocks in offset or 
letterpress. from publications to pamphlets. from catalogs to 
calling cards-this is all at your command. 

QU AUTY -on offset or letterpress, our crisp, dean impressions 
will increase the effectiveness of your printed material. Our 
printers are experienced craftsmen assuring the BEST in 
typography: Many have been in our employ for more than 
twenty years. 

Be Sure to Check With Us 
On Your Next Printing Order 

Estimates promptly and gladly given. Our 
layout and art department can help you with 
design or ideas and can recommend stock 
and type to suit any purpose. 
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INDUSTRIES 
THAT MAKE 

AMERICA GREAT 

RUBBERm100m 

BOUNCING HIGHER 

AND HIGHER 

Rubber, natural and synthetic, is so elastic 
in its applications to daily living that mil~ 
liqns of peopie ride on it, walk on it, sit 
on it, sleep on it-in fact, use it in more than 80,000 differ
ent products. 1,498,906 tons were consumed in 1953 alone. 
This industry's remarkable growth (U.S. consumption of 
2,419,700 tons, or 27.7 pounds per person, is forecast for 
1960) is largely due to management's wisdom in reinvesting 
profits in the tools of production and distribution to en
courage company growth. 

Anyone whose. memory goes back 10 years or more can 
remember the heroic efforts of the rubber companies by 
which they averted a serious wartime rubber shortage which 
threatened both military transport, and family transporta
tion. The phenomenal gains made by the rubber industry in 
the last decade have met civilian demands and have provided 
an emergency stockpile as well. 

And in this history of rubber research, development and 

Have you ever tried to draw a perfect circle? or 
ellipse? It's easy now with the Fowler Ellipsograph. 
This product of Fowler Engineering Company is a 
natural for all draftsmen, architects, and people who 
have a need for accurate drawings. We also recom
mend it for all who just like to piddle around and draw 
fancy patterns. 
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growth, steam has made-and is making-a basic contribu4 

tion. Without steam and its teammate power, many of the 
accomplishments of rubber would have been more difficult, 
impracticable or even impossible to. attain. 

B&W, through its own vast program of research and 
development, coupled with boiler building experience dating 
back almost a century, has made major contributions of its 
own to the science of steam generation for processing, power 
and heat-and through them to the modern-day marvels of 
rubbero 

Dear Pop: 
Everything fine at school. I'm getting lots of sleep and 

am studying hard. 
Incidentally. I'm enclosing my fraternity bill. 

Dear Pudge: 
Don't buy any more fraternities. 

Your son, 
Pudge 

Your pop. 
Pop 

Preacher in the pulpit-] have an announcement this 
morning. If any of you are contemplating matrimony~ will 
you please present yourselves to me after the singing of the 
hymn~ ((Mistaken Souls That Dream of Heaven." 

A popular American magazine offered a $50 prize for 
the best title for the current cover picture. This picture 
depicted an alluring young lady sitting on a bench in 
the park giving an appealing. come-hither look to an 
approaching young gentleman of the cloth. The win
ning title was "which shall it be, 'Onward Christian 
Soldier: or 'Abide With Me'?" 

Junior says he may like the army a little better after 
a while, but right now there is too much drilling and 
fussing around between meals. 

((Never get excited/~ orated the minister. ((Always control 
yourself and your language. Now take for example .this fly 
that just landed on my ear. Do I shout and swear? No, 
indeed! I calmly reach up and gently-DAMN ... IT,S 
A H' ASP!, 



"If a drunk is Souse of the Border in Mexico, what is 
he in France?" 

"Plaster of Paris." 

"The lrish aren't so tough.'' 
.-;How come ?n 

u.NJ c and my brother and two guys across the alle:v almost 
licked one last night/' 

"When the eyes are dosed the hearing becomes more 
acute," says a medical authority. "We have noticed 
several people experimenting in church." 

C.E.: "Give me a cigarette, John." 
E.E.: "But I thought you had given up smoking.'' 
C.E.: "Well, I have reached the first stage. I've quit buy

ing.n 

Rumor has it that one of our illustrious E.E. professors 
is writing a new text on DC machinery. It deals pri
marily with hot circuits and is entitled Forever Ampere. 

The little old grey woman bent over the cherub in the 
cradle. 

"0-o-o, you look sweet; I could eat you." 
Baby: "The heck you could; you haven't any teeth." 

Jack: "I have a terrible conscience." 
Mack: "What's wrong with it?" 
Jack: "It doesn't keep me from doing things-just from 

enjoying them." 

B 
E ERAL 
KBI Dl 

Gold lettering - Stamping 
Tooling 

WE BIND 
Medical Theses 

Chemical Pamphlets 

Magazines Text-Books 

Law Reviews 

COVERS - ALBUMS • SCRAPBOOKS 
Made to your specifications 

A shovel operator sitting at the bar was surprised to 
see a kangaroo enter the establishment and approach 
the bar. Taking his place next to the shovel operator 
the kangaroo ordered a bourbon. 

"How much?" the kangaroo asked the ba:rtender as 
the drink was set before him . 

"Two bucks.'' answered the bartender. 
The kangaroo reached in his pouch, withdrew his 

wallet and laid two bills on the bar. Then downing the 
drink, the kangaroo turned to leave. 

The shovel operator, watching bug-eyed, turned and 
said. "Pardon me, but I never saw any kangaroos in 
here before." 

''I'm not surprised," answered the kangaroo. ~·when 
they charge two bucks a drink." 

The average husband is proof enough that a woman 
can take a joke. 

Actress: "They laughed when I came on in shorts~ but 
when I sat down. they split." 

Visitor: ((What have you in here?'' 
Guide: ''Remains to be seen, sir. This is the morgue.'' 

"What happened to your finger?" 
"Oh, I was downtown yesterday getting some 

cigarettes and some clumsy fool stepped on my hand:· 

A Key to K & E Leadership 

BINDING 

F@ 0. ERICKSON, 
BOOKBINDER 

downstairs 

GRAY'S DRUGSTORE 

1326 4th St. S.E. GE. 5765 

Superb optics. Stability of adjustments. Depend
able precision. Rugged construction. These are 
among the essentials built into K~~ PARAG~N® 
Surveying Instruments. These quahtws combme 
to give the performance for which K&E PARAGON 
instruments are famous, through long years of 
service, under all conditions, in all climates. 
Performance is one of the keys to K&E leadership 
in drafting, reproduction, surveying and optical 
tooling equipment and materials, in slide rules 
and measuring tapes. 

KEUFFEL & ESSER COm 
New York • Hoboken, N.J. 

Chicago • St. Louis 
Detroit • San Francisco '" Los Angeles '" Montreal 
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for Amerh:a's young 
engineers with capacity for 
continuing achievements in 

radio and electronics 

Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower . . . the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
... a great development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 
America . . . opportunity to be 
associated with leaders in the 
electronic field ... to work with 
the finest facilities ... to win rec
ognition ... to achieve advance
ment commensurate with 
capacity. 

Learn more about this noted 
Tower of Opportunity ... its long
range program and generous em
ployee benefits. See your Place
ment Officer today for further in
formation about FTL. 

WNURESTING 
ASSIGNMENTS RN ..... 

Radio Communication Systems 
Electron Tubes 

Microwave Components 
Electronic Countermeasures 

Air Navigation Systems 
Missile Guidance 

Transistors and other 
Semiconductor Devices 

Rectifiers • Computers • Antennas 
Telephone and 

Wire Transmission Systems 

A Division of international 
Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N.J. 

WHY THERE ARE SO FEW LADY 
ENGINEERS 

"Permission was granted a young 
woman, Helen Fursham, of Bromide. 
Oklahoma, to enter the civil engi
neering department of the University 
of Texas this year. This is the first 
time in twenty years a woman has 
been accepted by the University in 
that department. 

"There were two main reasons for 
this: First, the clothing worn by the 
young ladies; and second, the bash
fulness of the instructors. To explain 
in more detail: In 1905 two girls were 
enrolled in the department. They took 
a hiking trip with the instruments, 
but somehow the instruments would 
not work correctly when the girls 
were about. The instructor said he 
had often heard girls had magnet
ism, but he never knew they had 
enough to affect the compass needle. 
They claimed it was not them at all. 
but when they would withdraw far 
enough the instruments were again 
reliable. 

"Further investigation caused the 
instructor, blushingly, to inform the 
girls that their corset stays were 
causing the trouble. 

"The girls of 1955 don't have any 
effect on a compass." 

Prof: "Young man, are you teach
ing this class?'' 

Frosh: "No, sir." 
Prof: "Then why don't you quit 

acting like a fool." 

The young stenographer was being 
given her first instructions by the boss. 

((There are two words that I never 
use around here/' he said. ((One zs 
'lousy' a.nd the other is 'terrific'.'' 

Steno: aWhat are the words?" 

A man met a woman singer at a 
recital. Her lovely voice affected him 
so strongly that he entirely over
looked her undeniably plain face. In 
fact, her vocal ability continued to 
charm him so that he finally asked 
her to marry him. The lady accepted 
gladly and the wedding took place. 

The following morning, the groom 
woke first. ·He raised himself on his 
elbow and gazed at the face of his 
sleeping bride. What he saw in the 
candor of the sun's early rays made 
him cry out: "Wake up, for heaven's 
sake, wake up and sing." 

"Honey, did that kiss I gave you 
make you long for another?" 

"It sure did, but he's out of town." 

First Golddigger: "You know that 
Broadway producer I've been going· 
with? He said it would mean a mink 
coat for me if his new play made a: 
hit." 

Second Golddigger: "Oh, my[ 
What happened?" 

First Golddigger: "My coat closed 
last night." 

Discipline Adviser: "Jones, you 
disappoint me. I've been told that 
you were seen at the class party in
toxicated, and pushing a wheelbar
row around the room." 

Jones: "Why, yes, I thought you 
approved." 

Discipline Adviser: "Of course not! 
Why should I?" 

Jones: "You were riding in the 
wheelbarrow!" 

Horatio: "We're not making any 
money on this amp,hitheater." 

Nero: "Yeah, the lions are eating 
up all the profits.'' 

Having been married for 20 years 
a couple decided to celebrate by 
taking a little trip. While talking over 
their plans one evening, the husband 
glanced into the next room where a 
little old lady was knitting. "The only 
thing," he finally said, in a hushed 
voice, "is that for once r d like to be 
by ourselves. r d like to take this trip 
without your mother:· 

"My mother!" exclaimed the wife, 
"I thought she was your mother." 

A davenport held the twain. 
Fair damsel and her ardent swain; 
He and she, 
But then, a step upon the stair! 
And father finds them sitting there; 
He . . . and . . . she. 

Love is one game that is never 
called off because of darkness. 

C.E.s "Say buddy, can you le.t me 
have a dime for a cup of coffee?" 

Man: «A dime? Coffee is only a 
nickel.'' 

C.E.: ''I know, but I have a date." 



A pretty young woman and a 
handsome farm boy were walking 
along a road. The farmer was carry
ing a large kettle on his back, hold
ing a chicken in one hand, and a 
cane in the other, and leading a 
goat. They came to a dark ravine. 

Said she: ''I'm afraid to walk here 
with you. You might try to kiss me." 

Said he: "How can I with all these 
things to carry?" 

Said she: "Well. you might stick 
the cane in the ground, tie the goat 
to it. and put the chicken under the 
pot." 

"Say, Jim, you should pull down 
the curtains. The whole neighbor
hood saw you kissing your wife last 
night." 

"Haw, the joke's on you, Ray! 
wasn't even home last night." 

Leningrad art professors have fa
vorably compared the standard of 
painting in a Russian junior school 
with the advanced work of Western 
artists. This is nothing new. Our 
critics often suggest that the ad
vanced work of Western artists is the 
sort of thing you might expect from a 
Russian junior school. 

MINNEAPOLIS 
BLUE PRINTING CO. 

523 S-econd Avenue South 

Minneapolis, Minn. 

MAin 5444 

SLIDE RULES AND 
DRAWING SETS 

Agents for 

KEUFFEl & ESSER CO. 

EN INEERING RITIN 

Here is an ideal way 

for the ensineer or 

physicist with some 

aptitude for writing to 

enter the field of advanced 

electro11ics. In this 

relatively new and 

expanding area you can 

make immediate and 

effective use of your 

academic training while 

acquiring additional 

experience. 

HUGHES 
RESEARCH AND 

DEVELOPMENT 

l.A.BORATOIRIES 

Hughes Research and Development 
Laboratories are engaged in a continu
ing program for design and manufac
ture of integrated radar and fire con
trol systems in military all-weather 
interceptor aircraft. Engineers who 
produce the maintenance and opera
tional handbooks for this equipment 
work directly with engineers and 
scientists engaged in development of 
radar fire control systems, electronic 
computers, and other advanced elec
tronic systems and devices. 

Your effort in the field of engineer
ing writing through these publica
tions transmits information to other 
engineers and technical personnel on 
operation, maintenance and modifi
cation of Hughes equipment in the 
field. 

You will receive additional training 
in the Laboratories at full pay to be
come familiar with Hughes equip
ment. Seminars are conducted by 
publications specialists to orient new 
writers. After-hours graduate courses 
under Company sponsorship are 
available at nearby universities. 

SCIENTIFIC AND 

ENGINEERING STAFF 

Culver City, Los Angeles County, California 

Photograph above: Engineer-writer John Burnett (left) 
works with engineers John H. Haughawout (right) and 
Donald King to compile handbook information. 
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f 
t Is? 

Courtesy of National Bureau of Standards 

WO NEW determinations of the velocity of light have 
been made by National Bureau of Standards scientists. 
Although carried out independently, by widely different 

methods, the two determinations give precise values that are 
in close agreement. They also provide confirmation for the 
higher values of electromagnetic wave velocity that have been 
consistently obtained by microwave measurements since 
World War II. 

In one method, the velocity of light was determined from 
measurement of the molecular constants of ca11bon monoxide 
by infrared spectroscopy. The other determination made 
use of phase-shift measurements on very-high-frequency 
radio waves to obtain their velocity of propagation. These 
measurements were made with a radio interferometer on a 
dry lake bed in southeastern Arizona. 

The velocity of electromagnetic waves has been a subject 
of investigation for many years. In the period preceding 
World War II, the value of 299,776-+--4 kilometers per second 
was generally accepted as an average of the findings of the 
various laboratories. However, since the war, higher values 
have been obtained by most investigators, largely through 
measurement of the velocity of propagation of microwaves. 
Consideration of this more recent work has led to an average 
value of 299, 793-+--1 km/sec. The results obtained by the 
Bureau give 299,792-+--6 km/sec by the molecular constants 
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Apparatus used at the National Bureau of Standards in 
determining the velocity of light by infra-red measurements 
on the carbon monoxide molecule. The infra-red source at 
left was used with the adjacent carbon monoxide absorp
tion cell to measure wave lengths of rotational lines in 
the CO absorption spectrum. The high precision required 
in determining the frequencies of the spectral lines was 
ma.de possible by the grating spectrometer (enclosure, 
background). Fabry-Perot interferometer (center) pro
vided a comparison spectrum in measurements of the ro
tational-vibrational lines in the CO spectrum. 

Interior view of the control truck. The oscilloscope in the 
second rack from the left is used to monitor phase changes. 



method and 299,795.1 +3.1 km/sec by the radio interferom
eter. They thus provide independent confirmation of the 
higher values obtained in other laboratories since World 
War II. 

The molecular constants method involves measurement of 
the frequencies of lines in the infra-red absorption spectrum 
of CO and of infra-red emission spectrum lines obtained when 
CO is produced in the flame of a burning gas. Spectral lines 
corresponding to the rotational states only of the excited 
CO molecule were already available from microwave 
spectroscopy. Trhe Bureau measured other lines correspond
ing to both vibrational and rotational states iby infra-red 
spectroscopy. The experimentally determined frequencies of 
the spectral lines were then used to calculate values of the 
molecular constants of CO which occur in theoretical 
formulas for the frequencies. The same molecular constants 
were obtained ir. both the infra-red and microwave equations, 
but they were i11 different units: the microwave constants 
wer,e in megacycles/sec while the infra-red constants were 
in reciprocal centimeters. Thus, the velocity of light could 
be calculated by ,taking the ratios of corresponding molec
ular constants. 

The precision of this determination was due in large part 
to the selection of the CO spectrum for investigation. This 
spectrum has many spectral lines (lboth absorption and emis
sion), from which molecular constants can be obtained. Also, 
the use of flame spectra made for greater precision by pro
viding relatively large values of the rotational quantrum 
number J, which occurs in higher powers in the infra-red 
equations. 

In the course of the experimental work the wave lengths of 
43 rotational lines in the CO absorption band at 4.67 J.L were 
precisely measured using a grating spectrometer and an ab
sorption cell. Fifteen lines in the emission spectrum of CO 
were also determined. In order to measure the rotational
vibrational band at 4.67 J.L to high precision, the fringes of 
a Fabry-Perot interferometer were used for a comparison 
spectrum. The fringes were of visible white light in the re
gion from 5000 to 6000 A, and they were detected in higher 

orders of the grating with a photomultiplier and an ac
companying amplifier. The ca11bon monoxide lines were de
tected with a cooled-lead-tellurium cell. The wave numbers 
of the fringes were determined in reference to the absorption 
lines by superposing on the recorded fringe system higher 
orders of emission lines of xenon, which were detected by 
the lead-tellurium cell. 

The resulting data were analyzed in the Bureau's statistical 
engineering laboratory by the methods of least squares. The 
theoretical formula for the frequency in terms of molecular 
constants was fitted to each set of experimental data, and 
best estimates for the constants were obtained. The esti
mated standard deviation ( + 6 km/sec) in the final value 
for the velocity of light includes an allowance for an abso
lute error as well as an estimate based upon the spread in 
the observed data. 

The radio-interferometer measurements were carried out 
on a dry lake bed in order to obtain a very flat surface com
pletely devoid of vegetation for a distance of five miles or 
more. Essentially, the method involved accurate determina
tion of the wave length of radio waves of a given frequency 
by measurement of a phase shift. After correction for various 
environmental factors, this wave lengnh was multiplied by 
the frequency of the radiation to obtain the velocity of 
electromagnetic waves. A radio frequency in the VHF range 
-172.8 megacycles-was employed to avoid sky-wave in
terference, to minimize ground effects, and to reduce the 
physical size of the measuring system to dimensions con
venient for standard distance-survey techniques. 

Two receiving antennas accurately spaced 1500 meters 
apart were used. By varying the position of the transmitter 
over a path which half-way encircled the two receiving an
tennas, the phase difference between the receivers was made 
to change. The wave length of the radio waves was then 
calculated by dividing the accurately known distance between 
the receiving antennas by one-half the total change in phase 
difference. 

Even though the radio waves were transmitted over a 
flat surface, the value of wave length thus determined was 

Control truck used in radiointerferometer measurements 
of the velocity of electromagnetic waves. The precise 
results provide additional confirmation for the higher 
values of the velocity of light that have been obtained by 
other methods since World War H. In addition to the 
control truck, the system employed four manually operated 
stations for transmitters and receivers. 



Five-element antenna used in one of the transmitting stations in the determination by 
phase-shift measurements. The measurements were carried out on a dry lake bed near 
Willcox, Arizona, in order to obtain a bare, flat surface for a dis.'l:ance of five miles or more. 

affected by the presence of the ground. It was also affected 
by the atmosphere through which the waves had to travel 
since the velocity of propagation of radio waves depends on 
the index of refraction of the air. Thus, to obtain the "free
space" wave length-that is, the wave length in vaccum
it was necessary to correct for these. Accurately known 
ground constants were used to adjust for ground effects 
while the index of refraction of the air was calculated as 
a function of temperature, pressure, and relative humidity. 

In practice, transportation of the radio transmitter about 
the system was avoided by using two transmitters of the 
same frequency located on the extension of the line through 
the receiving points; the change in phase difference at the 
two receiving points was then noted when transmission was 
switched from one transmitter to the other. The only possible 
source of ambiguity in this experimental arrangement was 
uncertainty as to the number of 360-degree phase changes 
involved in the shift. This uncertainty was resolved at the 
start of the measurements by moving one transmitter across 
exactly one-half of the equiphase contours between the two 
transmitter positions and noting the change in phase which 
occurred between the signals at the receiving points. 

For convenience, the actual phase measurement was made 
at an audio frequency rather than the radio frequency used 
for transmission. The audio frequency was obtained by 
heterodyning the radio-frequency signal with another signal 
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differing in frequency from the first by 1 kilocycle. The phase 
changes between the resulting audio signals at the receiving 
points are identical to the phase changes between the 
original radio-frequency signals. 

Both the transmitting radio frequency and the 1-kc 
heterodyne audio signal frequency were monitored and ad
justed against a 100-kc crystal oscillator. The frequency of 
the oscillator was periodically checked and adjusted to 1 
part in 10 million by comparing either its 50th or 100th 
harmonic with either the 5-Mc or 10-Mc signal, respectively, 
broadcast by Station WWV. 

The distance between the two VHF receivers was 
measured with three standard invar 50-meter tapes that had 
been calibrated in the Bureau's length laboratory. The actual 
survey and calculation of the distance was carried out by 
means of U. S. Coast and Geodetic Survey techniques. The 
standard deviation of the measurements of the distance was 
2 parts in 106

• 

The final value of 299,795.1+3.1 km/sec for the velocity 
of propagation of radio waves in free space was determined 
as a weighted average of 110 independent measurements 
made during 10 days. The uncertainty of + 3.1 km/sec in
cludes an estimated systematic error of + 0.7 km/sec in 
addition to a 95 per cent confidence interval for the mean 
value of the measurements. 

(end) 



••• 
re t 

with the company 
that's strong in all three! 

Hitch your future in engineering to the growth of the U.S. A.-. 
and to a company that supplies the basic needs of growth! 

This nation is growing at the rate of 50,000 people every 
week! To supply the needs of these people: 

Electric power generation will double by 1965. 

A multi-billion dollar program of new highway construction 
is planned within the next ten years. 

Manufacturing output will have to increase by $3.5 billion by 
this time next year. 

And Allis-Chalmers builds major equipment for all of these 
growth industries! Some examples are pictured here. 

1Here's what Ams .. Chalmers offers to Young Engineers: 

A graduate training course that has been a model for industry 
since 1904. You have access to many fields of engineering: 
-electric power, hydraulics, atomic energy, ore processing. 

There are many kinds of work to try: design engineering, 
application, research, manufacturing, sales. Over 90 training 
.stations are available, with expert guidance when you want it. 
Your future is as big as your ability can make it. 

Or, if you have decided your field of interest and are well 
qualified, opportunities exist for direct assignments on our 
·engineering staff. 

In any case-learn more about Allis-Chalmers. Ask the A-C 
manager in your territory, or write direct to Allis-Chalmers, 
·Graduate Training Section, Milwaukee 1, Wisconsin. 

I 

Electric power from nuclear fuel ... diagram of 
Argonne National laboratory's experimental boil
ing water reactor, being built by Allis-Chalmers. 

CONSTRUCTION demands the vast tonnages 
of cement produced with Allis-Chalmers rotary 
kilns and other processing machinery. 

MANUFACTURING depends upon the reJi .. 
able power of electric motors-like these 5000 
hp Allis-Chalmers giants powering a rolling mill. 
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OOKING back at this year's LOG from the editor's 
chair, I see that it was neither a rousing success 
nor a failure. That is to say that I can see much 

room for improvement in the contents of the magazine 
and much more room for improvement in response to 
the needs of the magazine. The case in question is the 
lack of articles to print. The TECHNOLOG is one of the 
largest magazines in the Engineering College Magazine 
Association, and as such needs at least four to five good 
semi-technical articles each month. Since they were not 
received this year, we had to resort to copying mate
rial from other, smaller magazines. Our offer of $50 
awards went virtually unheeded until the last two 
months, when enough articles came in to make this 
years May LOG one of the largest, if not the largest, 
magazine printed by a technical college. I'm sure that 
this same problem will rear its ugly head again next 
year, and the only satisfactory solution is for you to 
write an article for us on a subject that interests you. 

While we're thinking about next year, I'd better an
nounce that big prize money is again. being offered by 
the LOG. A photography contest has been planned 
which will be open to all IT students. Our purpose is to 
obtain photos suitable for frontispieces and pinups. 
There will be a grand prize of $20, a second prize of $10, 
and eight monthly prizes of ·$2. A photograph, to be 
eligible, must be an Bxl Oglossy print and not have been 
published previous to publication in the LOG. Any 
unused prints will be returned after the May 1956 issue 
goes to press. Also, LOGstaff members are ineligible to 
win the prizes. 

NOTHER problem that came up this year was the 
attempt to eliminate our subscription from your fee 

statement. This subscription of $.85 each quarter was 
put on the fee statement by consent of the majority of 
the students in IT (see page 10). Even though it was 
to be removed by the administration, the action was 
dropped because all IT was behind the TECHNO
LOG. The student representatives, the organizations, 
and the faculty of the Institute of Technology were on 
our side. I must also commend Dean Spilhaus for his 
hard work in promoting our cause. 

I mention this because it shows what can be done 
when all the engineers stick together. You will get a 
chance to show that you are on our side next year when 
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the elections are held to determine if the present sub
scription scheme is to be continued for four more years. 
We will not be defeated by the people against the 
present system, but by the people who are for us and 
do not vote. 

OW THAT the beefs and congratulations are off my 
chest, I'd like to present $50 checks to Ansis Saprasa 

and George Champine for their efforts on the articles 
entitled, "High Speed Photography" and "Steam Cars." 
These articles were judged best by 12 members of the 
'LOG staff. I've also received complaints from most of 
them concerning the difficulty of judging these articles, 
so I'm sure they did a conscientious job. 

HIS YEAR, E-Day went off without a hitch, or in other 
words no violence marred our day of St. Patrick. 

Since the TECHNOLOG "float" (see page 49) rode shot
gun for the Blarney Stone, we are justified in being 
proud of the complete shut-out of the foresters. We 
chose this to mean that the unexpected appearance of 
our motley crew completely demoralized the men of 
Paul Bunyan. 

I N all justice, I must mention the fine staff I have 
worked with this year. Without their help I would 

never have been able to publish the LOG each month. 
The art staff of Norm Day and Russ Zenk worked hard 
to make the layout varied and interesting, Bill Cordes 
kept the majority of mistakes in spelling and grammar 
out of print, Jack Schuck and Norv Pervier obtained 
photos to illustrate the articles, Chuck Lobb maintained 
the humor at a high (?) level, and Ron Glesnes and Don 
Grittner counted the money as it flowed in. 

Next year the same TECHNOLOG will be back, but 
with many of the old faces gone, and new ones to take 
their place. Many of the boys that came in when we 
had our drive for staff members last fall will take over 
where we old-timers leave off. The big wheels for next 
year will probably be Russ Zenk, Bill Cordes, Norv 
Pervier, Keith Warble, Al Sorensen, Tom Orr, Pat Phil
lips, Jerry Jensen, and many others, all of whom helped 
me a great deal this year in putting out your LOG. 

J.R.M. 



PHOTOGRAPHY AT WORK-No. 15 in a Kodak series 1 

How good is this spot 
for a poster? 

.......... photography was put on watch to find out 

In the hands of Alfred Politz Research, Inc., 
camera and film sampled the traffic, spaced 
test periods, stayed on the job, never got 

tired and reported with complete accuracy. 

You can gauge a magazine's readers by its circu
lation-or a newspaper's by its daily sales. But 
how can you measure the potential audience of an 
outdoor poster? 

Alfred Politz Research, Inc. worked out an an
swer. Figuring that anyone the poster can «see" 
can see the poster, they set up an automatic 
camera which recorded periods of passing traffic at 
regular intervals. Counting the people and cars on 
the film records gave accurate figures on the view
ers of the poster and made it possible to compute 
its gross man-hours of exposure. 

Counting people comes as easily for photog-

raphy as counting phone calls, metal rods or tons 
of coal. It is one of the many ways it is serving all 
kinds of business and industry. In small businesses 
and large it is helping to save time, cut costs, re
duce error, design new products and improve 
production. 

Graduates in the physical sciences and in engi
neering find photography an increasingly valuable 
tool in their new occupations. Its expanding use 
has also created many challenging opportunities 
at Kodak, especially in the development of large
scale chemical processes and the design of com
plex precision mechanical-electronic equipment. 
Whether you are a recent graduate or a qualified 
returning serviceman, if you are inter-
ested in these opportunities, write to 
Business & Technical Personnel Dept., 
Eastman Kodak Company, 
Hochester 4, N. Y. 

Eastman Kodak Company,Rochester 4, N.Y. 



Challenging careers in -E sales engineering 

o bine en ineerin no -ho 
ith custo er contact or * 

For professional careers with unlimited opportunity, 
investigate G.E.'s Apparatus Sales Training Pro
gram. You're trained in the branch of industrial 
selling most suited to your interests and aptitudes, 
such as Sales Engineering, Application Engineering, 
or Product Specialization. 

As a G-E representative in one of the Company's 
152 Apparatus Sales Offices in key cities, you work 
with customers to determine what design, new de
velopment or system will best serve their needs. 
The program offers-in addition to exciting district 
work-career opportunities in the Company's head
quarters marketing and sales operations. 

*lllUSTRA TION: Sales Engineer and customers discuss turbine rotor 
construction. Glasses are factory safety measure. 

'A-ogress Is Our Mosf lmporlanf Procluc.f 

GENERAL ELECTRIC 
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MANAGER-SALES TRAINING 

BUILDING 2 

GENERAL ELECTRIC COMPANY 

SCHENECTADY 5, N. Y. 

Please send me your descriptive bulletin on the Appal'atus 
Sales Training Program, GEZ-515A. 

NAME _____________________________________________________________________________________ _ 

DEGREE 
COLLEGE__ __________________________________ & YEAR _________________________________ _ 

ADDRESS ...................•.......•............................•.•....•.....•.•...•••.... 


