


Westinghouse is building a remarkable craft, a free-roaming explorer 
of the underseas. Unlike the famous bathysphere, which dangled at the end 

of cables, Deepstar has no strings attached. She will rise, dive, turn and back 
at will, self-propelled and independent. Her 3-man crew will be able to 

set instruments, sample the bottom at depths of two miles, salvage, photograph, 
and most of all, explore the vast oceanic world that has hidden itself so long from man. 

Captain Jacques-Yves Cousteau, the undersea pioneer who created 
the basic concept, is collaborating with Westinghouse on the vehicle. Deepstar will be equipped 

with the controls, instruments, mechanical "hands" and everything else 
needed for the deep swim. You can be sure .. . if it's Westinghouse 

For information on a career at Westinghouse, an equal opportunity employer, 
write to L. H. Noggle, Westinghouse Educational Dept. , Pittsburgh 21, Pa . 



Opportunity, challenge ••. 

To the talented college graduate, 
eager to test his skills, Phillips Pe
troleum Company offers both an 
opportunity and a challenge. The 
opportunities are manifold ... from 
research to sales in broad activities 
relating to petroleum and petro
chemical products, agricultural 
chemicals, aviation and marine 
products, plastics, rubber and rub
ber chemicals, and atomic energy. 
The challenge is irresistible ... be-

cause it is a challenge to the mind 
... a challenge to develop within the 
unlimited horizons of the petroleum 
industry with the finest facilities at 

· hand. 
It is our belief that progress is 

assured through the creation and 
maintenance of an atmosphere in 
which every employee's potential 
may be fully realized. 

Investigate your opportunities with 
us. Arrangements for an interview 

or both? 

with a Phillips representative may be 
made through your College Place
ment Office. 

For full details, write to our Em
ployee Relations Department. 

PHILLIPS PETROLEUM 
COMPANY 

BARTLESVILLE, OKLAHOMA 

An equal opportunity employer 



Floating on air ... cushioned in foam 

Sleeping is like floating-on air, when the mattress is made of urethane foam ... a mattress that "breathes" 

air through every cell, and weighs so little that a housewife can lift it over her head! ► By combining 

exact proportions of five chemicals from Union Carbide, this versatile foam can be made soft, firm, or rigid. 

Mattresses, upholstery, and pillows can be given their own degrees of resilience. Other formulations pro

duce superior insulation in the form of prefabricated rigid panels or foamed in place. In a refrigerator trailer 

body, this insulation can be used in much thinner sections than conventional materials, so cargo space is in

creased substantially. ► Recently, Union Carbide introduced "climate-controlled" polyether, which results 

in uniform foam properties despite such curing variables as summer heat and humidity. Another Union 

Carbide development is production of the first polyether for flame-lamination of thin foam sheets to cloth, 

adding warmth without noticeable bulk. ► In their work with chemicals, the people of Union Carbide have 

pioneered in developing polyethers and silicones for urethane foam, found-0el/Y-'USeS for the foam, 

and shown customers how to produce it. 

A HAND IN THINGS TO COME 

WRITE for booklet DD, "The exciting Universe of Union Carbide," which tells how research in 

the fields of chemicals, carbons, gases, metals, plastics, and nuclear energy keeps bringing new wonders into your life. 

Union Carbide Corporation, 270 Park Avenue, New York 17, N. Y. In Canada : Union Carbide Canada Limited, Toronto. 



Engineers 

MEET THE SHAMROCK 

The Shamrock is the official M.U. engineering magazine, which is com

piled and edited monthly by students in your own engineering school. It 

was started in 1906 and has been published each year since that time. Eight 

issues are published each year. It has been a member of the Engineering Col

lege Magazine Association for thirty years. The Shamrock is a magazine with 

a past of which you the engineer can be proud, and the future-if given your 

support, will be one of which you will be proud to be a part. 

The purpose of the Shamrock is to keep the engineering student in

formed about the happenings and advancements in industry, as well as to 

present the lighter side of life, such as "Bullarney" (the Shamrock humor 

section.) 

Some of the regular articles which will appear in the Shamrock are: 

"Engineering News"-new technical advancements in industry, a feature 

article by a student on an engineering topic, pin-ups of lovely campus 

coeds, "Bullarney"-our humor section, campus interviews, and possibly a 

series such as "Forty Years Ago in the Shamrock." 

In the past, the Shamrock has won several awards for its outstanding 

articles and covers. If you want to keep your magazine one of the top engi

neering magazines in the country, you must support it. You may do your part 

in insuring its future -.success by working on the publishing staff this year. 

If you do not feel that you are qualified for this type of work, at least 

do your part by buying Shamrock each month in the rear hall of the Engineer

ing building or by joining the Engineer's Club which automatically entitles 

you to a year's subscription. 
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This could be the start of something ... BIG! 
If you are completing your BS or MS degree in EE, ME or 
Physics, AC-Milwaukee's "Career Acceleration Program" is the 
perfect way to get your career off the ground . .. and keep it 
moving! In just 32 weeks you can become an important member 
in one of the aerospace industry's leading developers of inertial 
guidance and navigation systems. Candidates who participate 
in Program A will attend formal class two hours a day, have one 
hour of supervised study, and spend five hours in AC-Milwau
kee 's Engineering, Reliability and Manufacturing Divisions. 

Candidates who participate in Plan B will spend one hour daily 
in formal class work and the remaining seven hours on the job 
in their home departments. 
Courses include: ADVANCED THERMODYNAMICS, INERTIAL 
INSTRUMENTS, DIGITAL COMPUTERS, GUIDANCE EQUA
TIONS, BASIC ASTRONOMY, TELEMETRY AND DATA ANALY
SIS; mathematics to develop an advanced maturity level and 
undergraduate disciplines, as required . (Judicious selection 
from these courses will be made according to the needs of 
each individual.) 
In addition, AC-Milwaukee has a Tuition Refund Plan which 
enables you to improve your skills through additional education . 
Upon satisfactory completion, you will be reimbursed for all 
tuition costs for courses of study at college level, undertaken 
voluntarily. AC also offers an "in-plant" evening program for 
your personal technical development. 
You wi ll work on these important programs at AC: Titan Ill 
Guidance System, Titan II Inertial Guidance System, Apollo 
Navigation-Guidance System, B-52C&D Bombing-Navigation 
System, Polaris Navigational Components and other guidance 
and navigation projects for space vehicles, missiles and aircraft. 
Positions also exist for recent graduates at AC's two advanced 
concepts laboratories: 

BOSTON-Advanced Concepts Research and Development On
the-Job Training Program-AC's Boston Laboratory is engaged 
in research projects in avionics, space navigation and inertial 
instrument development. This laboratory works from theory 
to prototype, advancing the state of the art in navigation and 
guidance. 
LOS ANGELES-Advanced Concepts Research and Develop
ment On-the-Job Training Program-AC's Los Angeles Labora
tory is occupied with advanced guidance research for space 
vehicles and ballistic missiles, plus research and development in 
special purpose digital computers. 
For further information on AC's "Career Acceleration Program," 
contact your placement office or write Mr. G. F. Raasch, Director 
of Scientific & Professional Employment, Dept. 5753, AC Spark 
Plug Division, General Motors Corporation, Milwaukee 1, 
Wisconsin . 
PhDs, please note: Positions are available in all three AC loca 
tions for PhDs, depending on concentration of study and area 
of interest. You are invited to contact Mr. Raasch for further 
information . 

AC SPARK PLUG ~ 
THE ELECTRONICS DIVISION 
OF GENERAL MOTORS 
MILWAUKEE • LOS ANGELES• BOSTON • FLINT 
An Equal Opportunity Employer 
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From the Editor's Desk: 

Have you any accomplishments in the first month of school? If not, 

what are you doing here? You're not just existing by having a good time are 

you? If you don't accomplish something in school you are certainly unlikely 

to do so after graduatl.on. Each year, month, week, day, hour should be used 

to its fullest. 

Now is the time for underclassmen to take the first step in getting 

started in campus activities. You freshmen may be somewhat overwhelmed 

by the size of the University, but you might be quite surprised how valuable 

you may be to some of the organizations on campus. 

Now is the time to take the biggest step-just joining and taking an 

active part. From here on out you may find that each succeeding step to a 

higher or more important position is easier than the preceding step. 

Every day you are making memories. At graduation you will surely want 

to look back on your college years with a sense of pride and accomplishment. 

So find the areas of study and activities that interest you most and go! 

FRONTISPIECE 

Molten steel bars (upper left) indicated by workman are be
ing cast on a commercial basis in one continuous operation for 
the first time in the United States. Poured and molded on 
floors above this one, bars proceed through withdrawal rolls 
shown here to lower floors where they are cut to desired 
length. Continuous steel-casting plant makes bars in less 
time and fewer steps than conventional steelmaking. (See 
Engineering News) 

OCTOBER, 1963 
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"How many new products have 
been developed recently?" 

"How m.any"4new,pla~ts built 
'<•in the past 5 years?" 

"What is the annual 
expenditure for research?" 

Students very rarely ask a campus interviewer ques
tions like these. But they should. The answers will re

veal a great deal about a company. Allied 
Chemical has the answers. Ask our repre
sentative next time he visits your campus. 

When you talk with him, be sure to ask 
the questions you want to ask. Answering 
your questions is an important part of our 

representative's business. He's on your campus to be 
helpful-to give you all the facts you need in order 

to make a sound career decision. 
Yourplacement office can tell you when 

our representative will arrive-and sup
ply you with a copy of "Your Future in 
Allied Chemical." Allied Chemical Corp., 
Dept. 200, 61 Broadway, N. Y. 6, N. Y. 

BASIC TO AMERICA'S PROGRESS 

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

AN EQUAL OPPORTUNITY EMPLOYER 



WHO DOES THE THINKING FOR THINKING MACHINES? 

Even though we didn't invent it, we at American Oil use the 
computer so extensively in Linear Programming that we often 

think of it as "our baby." And as such it must be spoon-fed 

known data by experts in order to come up with the answers to a 
myriad of refinery operation problems. 

One of the experts at American Oil who helps the thinking 
machine think is Leonard Tenner, 24, a graduate, Chemical Engi
neer from M.I.T. His current assignment: prepare a mathematical 

model covering the manufacture of gasoline, home fuel and jet 

fuel from crude oil. 
The fact that many gifted and earnest young men like Len 

Tenner are finding challenging careers at American Oil could have 

special meaning for you. American Oil offers a wide range of new 

research opportunities for: Chemists-analytical, electrochemical, 
physical, and organic; Engineers-chemical, mechanical, and metal

lurgical; Masters in Business Administration with an engineering 

(preferably chemical) or science background; Mathematicians; 
Physicists. 

For complete information about interesting careers in the Re
search and Development Department, write: J. H. Strange, 
American Oil Company, P. 0. Box 431, Whiting, Indiana. 

IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS, LUBRICANTS AND PETRO

CHEMICALS, AMERICAN OIL AND ITS AFFILIATE, AMOCO CHEMICALS, ARE ENGAGED IN 

SUCH DIVERSIFIED RESEARCH AND DEVELOPMENT PROJECTS AS: Organic ions under electron 
impact/ Radiation-induced reactions/ Physiochemical nature of catalysts/ Fuel cells/ Novel 
separations by gas chromatography/ Application of computers to complex technical problems 
/ Synthesis and potential applications for aromatic acids/ Combustion phenomena/ Design 
and economics: new uses for present products, new products, new processes / Corrosion 
mechanisms / Development of new types of surface coatings. 

~ 
~ ii~ 
STANDARD 

•111• 
STANDARD OIL DIVISION 
AMERICAN OIL COMPANY 



The Electrical and Chelllical 
Mechanisms of the Nervous System 

In the human body there are 
eight physiological systems. Six 
of them perform vegetative func
tions such as digestion and excre
tion. The remaining two systems 
work as interpretors, regulators, 
and co-ordinators of body activity. 
These are the endocrine and nerv
ous systems. The purpose of this 
paper is to familiarize the reader 
with the basic electrical and 
chemical mechanisms used by the 
nervous system to convey body 
communications. 

The nervous system is a rapid
working system, transmitting mes
sages in the form of electrical im
pulses at the rate of 100-120 
meters/ second. The system is 
composed of supporting tissue 
called neuroglia and conducting 
cells or neurons which operate by 
the refractory period theory to 
be discussed later. 
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Nerve cells have a high degree 
of irritability and conductivity. 
These traits enable them to de
tect and relay impulses efficiently. 
The nerve cells may be from one 
millimeter to many feet long. They 
are composed of three principal 
regions: the soma, the dendrites, 
and the axon (Fig. 1). The soma 
is the body of the nerve cell. It 
contains a large, spherical nucleus 
that rules the activity of the cell. 
Located in the cytoplasm of the 
soma are nissl bodies, appearing 
as dense clumps. These granules 
are composed of five-carbon chain 
complexes closely associated with 
the proteins found in the nucleus. 

Extending from the soma are 
hair-like structures called den
drites. These protrusions work 
like television antennas; they are 
sensitive to impulses and attract 
them from the adjoining tissue or 
neighboring neurons. Joined to 
the soma is a vessel called an 
axon. This structure composes the 
posterior portion of the neuron. A 
fatty layer may be present on the 
axon. This covering, the myelin 
sheath, "has little breaks at inter
vals, the nodes of Ranvier, to 
which no definite function has 
been allotted. Its material is of 
high specific resistance. The axis 
cylinder . . . is a soft transparent 
thread of protoplasm, a jelly-like 
substance with a low resistance. 
The sheath is so thin that it 
amounts to no more than a film, 

MARCIA LAIRD, '64 

probably being only a few mole
cules thick." Axons carry im
pulses from the soma to a forked 
region terminating in tufts which 
resemble dendrites. 

Nerve cells may be classified as 
to their function: afferent, inter
nuncial, and efferent (Fig. 2). 

FIGURE 2 

The afferent or sensory neurons 
carry impulses from the sense or
gans such as the eye or ear to the 
central nervous system, made up 
of the brain and spinal cord. Af
ferent transmission is in only one 
direction, toward the inner part of 
the body. 

The internuncial neurons are 
found in the gray matter of the 
central nervous system. These 
cells interpret the impulses and 
channel them to effector path
ways. These impulses may be re
ferred to the brain, or they may 
be sent directly b a c k to the 
muscles of the body periphery. 
This latter pathway is composed 
of efferent or motor neurons. 

An impulse is the result of an 
environmental stimulus detected 
and transmitted by the dendrites 

THE MISSOURI SHAMROCK 



in the form of an electrical cur
rent. Although this current is 
small compared to those which 
operate our modern appliances, it 
has a great effect on the resting 
state of the neuronic membrance. 

This membrane, the neurolem
ma, is present in all neurons. In 
its resting state the membrance 
is selectively permeable to sodium 
and potassium ions (Na+ and 
K+ respectively). These particles 
are very similar in chemical and 
electrical properties. However, no 
mechanical method or "chemical 
compound is known that can dis
criminate so effectively between 
the two ions as the nerve mem
brane." 

The resting membrane main
tains a positive charge on the out
side of the cell, created by the 
Na+ and K+ ions abundant in 
the body fluids, and a negative 
charge on the inside, primarily 
chloride (Cl-) ions. This segre
gation of unlike charges is known 
as polarization. The potential dif
ference across the membrane is 
60 millivolts (mv). Julius Bern
stein suggested that "the mem
brane's selective permeability to 
potassium ions is responsible for 
the resting potential." 

Since the time of Bernstein's 
hypothesis, evidence has support
ed his assumption; it is now ac
cepted that the ionic gradient be
tween the two sides of the 
neurolemma are almost certainly 
the source of energy for nerve 
transmissions. The electrical stim
ulus is transmitted down the 
length of the length of the neuron 
by a wave of depolarization. "As 
long as the potential difference 
across the membrane doesn't ex
ceed a few millivolts, the axon 
behaves . . . like a concentric cable 
with a leaky insulator ... the 
axon protoplasm ( axoplasm) acts 
as the central conductor; the axon 
membrane is the insulator; and 
the external fluid provides the 
return path." Conductivity is due 
to the ions diffusing across a liv
ing membrane. Although dead 
nerve fibers conduct electricity, 
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Rosenblueth, p. 262. 

they do not relay nerve impulses. 
If a nerve impulse is damaged, the 
damaged area acts as a block; 
"the nerve impulse never jumps 
beyond the dead region no matter 
how small the region may · be" 
(See Fig. 3). 

The neurolemma is imperme
able to most organic anions found 
in the axoplasm and in the resting 
stage is nearly impermeable to 
Na+. During excitation there is 
a definite increase of permeability 
to Na+ and a slight delayed rise 
in the K+ permeability. This 
"transformation of the protein of 
the active membrane . . . neces
sitates the assumption that chemi
cal reactions underly the process 
of nervous transmission." The 
concentration of the K+ and Cl
are respectively higher and lower 
in concentration in the body 
fluids. As the anions and cations 
diffuse through the membrane, 
the equilibrium produced results 
in a segment of neutrality. This 
action was first suggested by the 
refractory period theory a n d 
therefore the segment is called the 
refractory period of the mem
brane. It immediately precedes the 
repolarization of the membrane. 
It should be remembered that this 
entire process proceeds at the rate 
of 100-125 meters/ second. 

Changes resulting from the ef
fect of the action potential on the 
intact neurolemma can be mea
sured with a galvonometer. The 
electrical difference between the 
inside and the outside of the rest-

ing membrane is 60 millivolts 
(mv). Upon the onset of the re
fractory period, the potential dif
ference drops to zero. The cation 
flow, called the sodium pump 
mechanism, is toward the interior 
of the cell. This movement leaves 
a negative charge in the area sur
rounding the neuron. This condi
tion further reduces the potential 
difference to a -60 mv. "These 
recovery processes prevent sec
ondary impulses during the re
fractory period until the resting 
membrane potential is restored." 
When repolarization occurs, the 
potential variation returns to 60 
mv. 

Neurons associate end-to-end to 
form long cables or fibers. Many 
fibers combine to produce a nerve 
bundle. These transmitter path
ways are composed of both af
ferent and efferent neurons; there
fore, impulses are carried in both 
directions. Although the neurons 
are very closely related, they do 
not touch. The gap between them 
is called a synapse. The synapse 
is the site of chemical nerve trans
mission. 

Located at the tip of the den
drites and end tufts are sensitive 
areas called end plates. The plates 
of the tufts are dotted with ballon
like vesicles approximately 300 
angstroms (3 x 10·6cm) in diam
eter. These vesicles c o n t a i n 
acetylcholine, ACH, a chemical 
manufactured from choline and 

( Continued on page 20) 
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Pardon me if I sound as if the 
executive position I've landed 
deals with the whole future of 
the world. It does. 

Certainly, there's no organization today conduct
ing more vital business than the business of the 
United States Air Force. And very few organiza
tions that give a college graduate greater oppor
tunities for responsibility and growth. 

As an Air Force officer, you'll be a leader on the 
Aerospace Team-with good pay, a 30-day paid 
vacation each year, educational opportunities. 

How can you get started? For many, the best way 
is through Air Force ROTC. But if you missed out 
on AFROTC, or if there's no unit on your campus, 
you can still.JlJ:iply for Air Force Officer Training 
School. This three-month course leads to a com
mission as a second lieutenant in the United 
States Air Force. 

For more information about Air Force OTS, see 
your local Air Force representative. 

U.S. Air Force 



Your future in engineering is his business 
He's a Monsanto Professional Employment repre
sentative ... now also representing the other members 
of the Monsanto corporate family: Chemstrand Com
pany, Shawinigan Resins Corporation, Plax Company, 
Monsanto Research Corporation, Chemstrand Research 
Center, Inc. 

Ask him about the diversity these outstanding or
ganizations offer-in geography, activities, prod
ucts - diversity that offers ever-expanding oppor
tunity to the young man of exceptional promise. 
Ask this expert in futures about the future the 

Monsanto family offers you in research, develop

ment, manufacturing and marketing. 

See your Placement Director to arrange an inter

view when we visit your 
campus. Or write for our 
new brochure, "You and 
Monsanto," to Manager, 
Professional Recruiting, 
Dept. EN-10, Monsanto, 
St. Louis, Missouri, 6 3 166. 

AN EQUAL OPPORTUNITY EMPLOYER 



~ouri Alums Spur Research 

and Industry in East 

Missouri took a big step for
ward in promoting its research 
programs and industry during 
December. A 50-man task force, 
headed by Governor John M. Dal
ton, invaded New York City and 
Philadelphia to better Missouri's 
image and to increase our re
search programs and industry. 

Hundreds of industrialists were 
contacted by Governor Dalton's 
commandos. Their tactics were 
to meet with heads of industry 
by separating into teams of two 
and inviting them to establish 
branches of their operations in 
Missouri. The merits of such 
moves were explained, and de
tails were supplied from facts 
provided by the Missouri Indus
trial and Commerce Division, and 
by deans from the University. 

To start off the visitation, our 
Governor briefed 250 industrial
ists at a Waldorf-Astoria Hotel 
luncheon. The next day 125 indus
trialists gathered at the Sheraton 
in Philadelphia for the same pur
pose. Some of the business leaders 
were contacted by the visiting 
Missourians at the luncheons, 
others by the two-man teams on 
the sites of the various industries. 

State's Potentials Increased 
Most of the state officials and 

businessmen that made the trip 
agree the week-long trip was well 
worth the $7,000 it cost the state. 
The results of the trip won't be 
immediately observable but some 
firms have indicated strong in
terests in expanding their opera
tions to Missouri. 
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An eastern mining company has 
said that it is going to move to 
the state with a $10-$12 million 
plant next year. Another company 
identified as a "mineral utiliza
tion project" firm revealed that it 
plans a move to Missouri next 
year. The firm already has many 
facilities in the state. A third firm, 
located outside the United States 
and de a 1 in g with agricultural 
products, also said it was interest
ed in Missouri as a settling place. 

A representative of the group, 
Ralph Rose of Jefferson City, 
described the trip as more success
ful than the one to San Francisco 
and Los Angeles in the previous 
month. About a half-dozen com-

mittments to build in Missouri 
have already come from that ex
cursion. 

"The advertising results to our 
trip are immeasureable," said 
Rose. "I'd say the trip was highly 
successful. Of course, we co-or
dinated the tour with newspaper 
advertising." Although no indus
tries have decided to completely 
close their doors and move to this 
state, several good possibilities 
exist for expansion. 

State Drops Hillbilly Tag 
It was announced that the state 

is going to drop its Ozark hillbilly 
tag at its extensive exhibit at the 

(Continued on page 29) 

Missourians in New York-Dean Joseph C. Hogan, C. Carl Schooley, Governor 
John M. Dalton, Eugene J. McNeely, John W. Schwada. 
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Tom Thomsen wanted challenging work 

He found it at Western Electric 
T. R. Thomsen, B.S.M.E., University of Nebraska, '58, new and improved inspection and process control 
came to Western Electric for several reasons. Imper- techniques to reduce manufacturing costs of tele-
tant to him was the fact that our young engineers play phone switching equipment. Tom is sure that Western 
vital roles right from the start, workin:g-"On exciting en- Electric is the right place for him. What about you? 
gineering projects in communications including: elec- If you set the highest standards for yourself, enjoy 
tronic switching, thin film circuitry, microwave systems a challenge, and have the qualifications we're looking 
and optical masers. for-we want to talk to you! Opportunities for fast-

The wide variety of Western Electric's challenging moving careers exist now for electrical, mechanical 
assignments appealed to Tom, as did the idea of ad- and industrial engineers, and also for physical science, 
vanced study through full-time graduate engineering liberal arts and business majors. For more detailed 
training, numerous management courses and a com- information, get your copy of the Western Electric 
pany-paid Tuition Refund Plan. Career Opportunities booklet from your Placement Of-

Tom knows, too, that we'll need several thousand ficer. Or write: Western Electric Company, Room 6405, 
experienced engineers for supervisory positions within 222 Broadway, New York 38, N. Y. And be sure to 
the next few years. And he's getting the solid experi- arrange for a personal interview when the Bell System 
ence needed to qualify. Right now, Tom is developing recruiting team visits your campus. 

Western Electric MANUFACTURING AND suPPLY UNIT oF TH£ BELL sYsT£M ~ 
AN EQUAL OPPORTUNITY EMPLOYER 

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

Center, Princeton, New Jersey • Teletype Corporation, Skokie, Illinois, Little Rock, Arkansas • General headquarters, 195 Broadway, New York 7, New, York 
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Like everyone else who must meet the 
expanding challenges of science and in
dustry today, IBM banks heavily on 
initiative. By initiative, we mean the de
sire to forge ahead. We believe this kind 
of initiative benefits not only a corpora
tion and its customers, but the individ
ual as well. 

For IBM, the exercise of initiative re
sults in an expanding line of products 
ranging from electric typewriters to 
complete computer systems. It is evi
dent, too, in the advanced systems for 
space programs and national defense 
which IBM also produces. 

For our customers , it brings new 
methods, new efficiencies, and new di
rections for expansion in step with the 
growing economy of our nation. 

For the individual , encouragement of 
initiative means the fu I lest possible 
growth of personal talent, ability, and 
stature. In the course of building their 
professional careers, IBM 's engineers 
and scientists are given all the respon
sibility they are ready for. In fact, IBM 
encourages each individual to tackle 
progressively tougher problems by pro
viding the stimulating associates, pro
fessional atmosphere, and educational. 

opportunities that form a sound basis 
for career growth. There are no barriers 
to individual achievement at IBM. 

For example, the story of Oliver W. 
Johnson, the young engineer pictured 
here, demonstrates how an individual 
can apply his full range of talents and 
interests at IBM to further his profes
sional career. Since he first joined IBM, 
he has been assigned to several differ
ent project areas, including: special 
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tran,sistor circuits, cryogenic tfevelop
ment, experimental studies on voice 
output from computers. He is now be
ing recognized for his success in devel
oping a new method of compressing 
speech by which time might be saved in 
voice transmission of data. 

His colleagues in development, re
search, and manufacturing are making 
the same kind of individual progress, 

OCTOBER, 1963 

for at IBM the accent is on initiative
no matter what type of work, or what 
field of interests. Broad education pro
grams, among the finest to be found in 
industry, enable each individual to study 
in his field of specialization or range be
yond it as he desires. These educational 
programs are designed for the individ
ual's personal satisfaction as well as 
professional advancement. 

IBM offers graduates with degrees in 
Engineering, Mathematics, and the Sci
ences exciting assignments with room 
to move ahead. IBM is an Equal Oppor
tunity Employer. 

Education programs are conducted 
along the following lines: initial training; 
continuous education to stimulate de
velopment and help prepare for ad
vancement; master's and doctoral study 
with company support. 

See your college placement officer to 
determine when we will be interviewing 
on campus. We will be glad to discuss 
typical openings and opportunities at 
IBM. If you prefer, you may write, out
lining your education and interests, to: 
Manager of College Relations,Dept. 915, 
IBM Corporation, 590 Madison Avenue, 
New York 22, N. Y. 

□□□ 
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NERVOUS SYSTEM 
( Continued from page 13) 

acetic acid by a complex choline
acetylase system located in the 
axon of the nerve cell (Fig. 4) . 
The neurolemma is impermeable 
to ACH so the chemical cannot 
diffuse out into the surrounding 
body fluid. 

Upon reaching the end plates 
of the tuft, the impulse initiates 
the rupture of the vesicles. ACH 
is set free, "one volley liberating 
up to 10-• grams ... around one 
ganglionic (nerve) cell." 

Since the ACH molecule exists 
in a highly ionized or dissociated 
state, it reacts readily with other 
compounds. An enzyme called 
acetylcholinesterase (ACHase) 
has a high affinity for ACH; the 
enzyme is localized in the neu
ronal surface area where trans
mission takes place. ACHase hy-

P .. n:s,o.._1>,.;c. I~""'~' 
Oil. 
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FIGURE 4 

The Manufacture of ACH. 
Brewster, p. 296. 

drolyzes the ACH. The products 
of the reaction are acetic acid and 
choline. These breakdown prod
ucts are picked up by the body 
fluids. They diffuse through the 
nerve membrane, and here they 
are resynthesized into ACH. The 
cycle repeats itself with each new 
impulse. 

However, this cycle is not so 
simple. Each step is interdepend
ent on every other step. For ex
ample, the synaptic transfer of 
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an impulse (Fig. 5) relies on ACH 
production and availibility, 
ACHase concentration, and end 
plate sensitivity. A slight altera
tion of any of the factors can alter 
the transfer efficiency of t h e 
nerve. 

Some chemical compounds act 
as enzyme inhibitors. Physostig
mine and prostigmine are t w o 
such compounds. These substances 
are of a similar molecular struc
ture to the substance upon which 
they have an effect, ACHase. The 
compounds compete with the en
zyme for the active site of the 
ACH, resulting from resonance. 

A certain kind of bacteria, 
Clostridium botulinum, produces 
a substance toxic to human 
beings. This toxin blocks the 
synaptic ACH ejection mechan
ism. This action therefore prevents 
syaptic transmission. 

Somehow, the nervous ,system 
has been thought of as dissociated 
from the physical processes. For 
this reason, it comes as a surprise 
to some that disturbances of this 
system can result from the diet. 
Pellagra is a disease caused by a 
lack of niacine, one of the es
sential vitamins. A severe inade
quacy of this vitamin can result 
in mental dificiency and other 
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nervous system disorders. 
As each step of the chemical 

transmission cycle is linked to
gether, the chemical mechanisms 
are likewise linked to the electri
cal mechanisms. Without axonic 
transfer of the impulse, the mes
sage could not be relayed to the 
correct effector region of the 
body. Not all the answers are 
available for questions concerning 
nerve transmission, but experi
ments with lower animals such as 
the squid have presented some 
clues. It is safe to say that trans
mission of nerve impulses is a 
physico-chemical phenomenon. At 
terminal ends of the nerve fibers 
an impulse causes the release of a 
chemical transmitter. This sub
stance diffuses across the short 
gap at the synapse and excites the 
other element of the series. The 
electrical phase extends the length 
of the neuron, to be followed by 
another chemical synaptic trans
fer. 

Something to Think About 

Happiness can't buy money. 
A penny saved is time wasted. 
If your parents have never had 

any children, chances are you 
won't either. 

~ 
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FIGURE 5 

Chemical Mectoanism of Synaptic Transmission: Nachmansohn, p. 115. 
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ENGINEERS-SCIENTISTS 

KRAFFT A. EHRICKE 
Director of Advanced Studies 

J. R. DEMPSEY 
President 

GENERAL DYNAMICS 

HEAR 

THE 
GENERAL 
DYNAMICS 
ASTRONAUTICS 
STORY 
BEFORE YOU 
DECIDE ON 
A CAREER 
ASSOCIATION 
Listen to the voices of three men who have 

played key roles in forging Astronautics 
into a complex of technical and management 

skills that has become a national resource. 
It's all on a 33-1 / 3 r.p.m. recording and 
it's yours for the asking. 
See your placement office for a copy, 
or visit our representatives who will be on 

campus soon. If you miss us, write to 

Mr. R. M. Smith, Chief of Professional 
Placement and Personnel, Dept. 130-90, 

General Dynamics I Astronautics, 5870 
Kearny Villa Road, San Diego, 
California 92112. 

GIIIIIIIID 
ASTRONAUTICS 

An Equal Opportunity Employer 



Who is Olin? 

What does Olin tnake? 

What are the types of -work at Olin? 

What are the oppoFtunities at Olin? 

Who is Olin? Olin is a world
wide company with 39,000 
employees developing, pro
ducing and marketing prod
ucts from seven divisions: 
Packaging, Squibb, Win
chester-Western, Chemicals, 
International, Metals and 
Organics. With corporate 
offices in New York City, the 
firm operates 56 plants in 30 
states with plants and affili
ates in 3 7 foreign countries. 
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What does Olin make? Major 
brand names include Squibb, 
Winchester-Western,® Way
lite,® Ramset,® Roll-Bond;® 
with fully integrated product 
lines in industrial and agri
cultural chemicals, medici
nals and pharmaceuticals, 
arms and ammunition, brass 
and aluminum, fine papers 
and transparent films, kraft 
papers, multi-wall bags and 
containers. 

What are the types of work 
at Olin? Olin's great diver
sity provides a broad range 
of opportunities in the tech
nical science and engineering 
fields. Emphasis is placed on 
the B.S. and M.S. chemical, 
industrial, mechanical and 
metallurgical engineering 
student for assignments in 
plant operations, process 
control, product develop
ment, quality control, pro
duction and marketing. 
Advanced degree M.S. and 
Ph.D. chemists and metallur
gists work in central research 
and development improving 
existing products and q.evel
oping new ones. Men with 
liberal arts and business 
backgrounds find rewarding 
career opportunities in the 
administrative functions, 
marketing, and some areas 
of manufacturing. 

Olin 
460 Park Avenue, New York 22, N.Y. 
"An equal opportunity employer." 

What are the opportunities 
at Olin? Olin recognizes peo
ple as its greatest asset.Your 
future growth and career is 
as important to the company 
as it is to you. Beginning with 
corporate and divisional ori
entations, you will be given 
thorough on-the-job training 
in your first job. You will 
learn and progress, accord
ing to your ability, working 
with skilled and experienced 
men in various assignments. 
For additional information 
about Olin please contact 
your Placement Office or 
write Mr. M. H. Jacoby, Col
lege Relations Officer, Olin, 
460 Park Avenue, New York 
22,N.Y. 
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This Brochure Tells How You Can 
Advance Your Professional Career at Allison 
So, you're close to finishing your regular college cur
riculum. What then ? A job, of course, but how about 
continuing your learning? 

Allison's broad education and training programs 
encourage the young graduate engineer to seek educa
tion beyond the normal four or five year college 
course. 

We'd like to tell you more about our Advance Study 
Program: The Tuition Refund Plan ... Graduate Study 
Program . . . Technical Training Program . . . and 
Accelerated Experience Program. The AEP is designed 
to help the new engineer gain on-the-job experience 
in the shortest possible time. It's directed toward new 

engineers in Mechanical Engineering, Aeronautical 
Engineering, Electrical Engineering, Industrial Engi
neering, Engineering Science, Mathematics, Chemis
try and Metallurgy. 

Interested? Talk to our interviewer when he visits 
your campus. Or, write now for your copy of Allison's 
brochure, explaining your opportunities in Advance 
Study and our Accelerated Experience Program. Send 
your request to: Allison Division, General Motors 
Corporation, Indianapolis 6, Indiana. Att: Profes
sional and Scientific Placement, Dept. 1801. 

An equal opportunity employer 

Allisori_ 
THE ENERGY CONVERSION DIVISION OF 
GENERAL MOTORS, INDIANAPOLIS, INDIANA 



Engineering News 

ROANOKE CONTINUOUS 
STEEL-CASTING PLANT 

Designed by Babcock & Wilcox 
for Roanoke Electric Steel Corpo
ration, the nation's first commer
cial cont. steel casting plant is 
turning out low and medium car
bon steel bars. The cast product 
is being rolled into reinforcing 
bars and light angles. 

A · single stand unit containing 
two independent strings, the plant 
uses heat sizes of about 22 tons to 
cast approximately 700 feet of 
4½ inch square bars. Approxi
mately 40 minutes is required to 
complete the two-string cast. 

Surface and sub-surface quality 
of the cast bar is excellent, the 
companies report. This results in 
a finished product free of pipe 
and a uniform surface without 
blemishes or defects. 

Rising 80 feet above ground 
level, the plant is 45 feet wide by 
60 feet long. A 50-ton hoist lifts 
the ladle and ladle car to the top 
floor. On the pouring floor the 
ladle car rolls onto a runway and 
is positioned for teeming above the 
tundish straddling the two mold 
openings. 

Handling time from completion 
of furnace tap to start of teem is 
approximately nine minutes. 

Two nozzles are contained in the 
refractory-lined tundish for feed
ing the molds. Specially developed 
by B&W, they are of a size to 
suit a specific casting withdrawal 
speed range. Very little erosion 
of the nozzles results in good con
trol of the teeming rate. 
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Positioned on the floor below 
are two oxy-natural gas torches, 
counter-weight suspended. When 
a predetermined length of cast 
bar is reached an air clamp at
tached to the torch grasps the bar 
so that the cut is made as the cast
ing travels downward. 

Cutting is governed by a cut-off 
operator stationed at a control 
c o n s o 1 e. Any predetermined 
length may be selected by means 
of a measuring device installed on 
each string. Length selection is 
governed by requirements of the 
rolling mill and permits additional 
cutting into multiples without 
loss. 

As the descending bar is being 
cut a lowering mechanism travels 
with the bar and when the cut is 
made deposits the billet horizon
tally between two pinch rolls. In 
turn the rolls transport the billet 
onto a conveyor bed that carries 
it to the dicharge rack. 

The lowering device, is designed 
so that dropping of the billet is 
eliminated. This reduces the main
tenance usually required f o r 
equipment used in this operation. 

Instant communication through
out the casting tower is afforded 
by public address system. Suitable 
instrumentation provides opera
tors with descending billet speed 
and temperature conditions. 

Usual casting rate is about 15 
net tons of steel per string per 
hour. Heats larger than 25 tons 
would require additional strings 
for the product's cross sectional 
size. 

BOB BAKULA, M.E. '65 

The casting molds measure 42 
inches in length and are c o 1 d 
drawn from either brass or copper 
tubing. B& W retains sole respon
sibility for drawing, machining, 
and assembly of the molds, since 
it considers this item one of the 
prime reasons for the success of 
its process. 

The tubular molds are cooled 
by high velocity water from a 
recirculating system during the 
cast. 

Preparation of the mold to re
ceive the steel involves placing a 

Details of the nation's first commer
cially operated continuous steel-casting 
plant are shown in drawing above. Mol
ten steel from ladle on top f 1 o o r 
emerges at bottom as cast bars cut 
to desired length. Plant was developed, 
designed and installed by The Babcock 
& Wilcox Company for Roanoke Elec
tric Steel Corporation. 
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dummy bar fitted with a dummy 
head into the mold with suitable 
packing to provide a base for the 
cast to begin. Preparation time 
between heats is less than ½ hour. 

After the steel reaches the 
proper level in the mold, auto
matic controls start the withdraw
al rolls. Variable speed drives, 
automatically controlled, ensure 
a withdrawal speed of the casting 
which maintains the proper liquid 
level in the mold. At the same time 
the steel pourer is guided by the 
control system in regard to proper 
rate of teeming from the ladle. 

As the casting emerges from the 
bottom of the mold, it has a solid 
shell about one-half inch thick. 
The center is still liquid. 

Below the mold the cast bar is 
restrained from swelling by means 
of roller guides. Here spray water 
is used to complete solidification 
and continue cooling. The entire 
roller guide and spray nozzle as
sembly is enclosed in a chamber to 
confine the water and resultant 
steam. Beneath this chamber the 
cast bar is gripped by the with
drawal rolls. 

FUSED SILICA REFLECTORS OF · 
LASER BEAM FROM SPACE 

A ground-based laser beam will 
be reflected back to Earth from 
the S-66 polar ionosphere beacon 
satellite by 360 corner reflectors 
precisely fabricated from fused 
silica, an extremely pure radia
tion-resistant glass. 

The S-66, soon to be launched 
by the National Aeronautics and 
Space Administration, will mark 
the first attempt at tracking a 
satellite with a pulsed ruby laser 
beam. The laser transmitter and 
receiver, situated at NASA's Wal
lops Island, Va., site, is expected 
to have a slant range of 1500 kilo
meters. 

A less exotic glass than fused 
silica was under study for the 
corner reflectors until data on 
radiation damage in space was 
considered. Fused silica was then 
specified because of its resistance 
to browning under radiation. The 
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material also has a near z e r o 
t h e r m a 1 expansion coefficient 
along with excellent optical pro
perties. 

The S-66 corner reflectors could 
last 60 years in space before radia
tion darkening would degrade the 
glass beyond usefulness. 

With future satellites, there is 
envisioned possible use of reflect
ed laser beams as carriers of large 
amounts of information. A carrier 
beam transmitted to a satellite 
could be modulated with data and 
sent back to a receiver passively 
by reflectors rather than actively 
by an on-board transmitter. By 
proper optical design, a modulated 
beam possibly could be sent to a 
receiver lying over the horizon. 

The shape of the reflectors is 
polyhedral. They have a hexagon
al pupil. 

The satellite carries ni,ne re
flecting arrays each containing 40 
reflectors bonded together. Eight 
arrays are carried on an eight
sided truncated c o n e atop a 
sphere. The ninth array is mount
ed on the flat end of the cone. 

Aluminum reflecting surfaces 
were deposited on the fused silica 
by vacuum evaporation, t h e n 

coated with a protective three 90° 
angles, precise to one second of 
arc. Mirror surfaces are arranged 
to return the laser beam to the 
ground at the same angle it is 
received by the prism. The reflect
ed beam will not miss the receiver 
-even though the satellite is mov
ing at the time-because of the 
width of the beam and because of 
the short time between transmis
sion, reflection and reception of 
the laser pulse. 

Output of the laser transmitter 
at Wallops Island will be a one
joule, 200-nanosecond pulse every 
second. Frequency will be 4.32 
x 1014 cycle per second (6940 
Angstrom u n i t wavelength). 
Transmitting beam width will be 
three minutes of arc and effective 
transmitting antenna gain will be 
70 decibels. The reflected beam, 
contained to one-second beam 
width equivalent to 93 db gain, 
will be sufficiently wide to per
mit the transmitter and receiver to 
be mounted together. The receiver 
will be a tracking telescope system 
modified by replacement of the 
camera by an optical filter and 
photomultiplier. 

(Continued on page 28) 

'l'he three reflectors in the foreground show, left to right, the hexagonal face 
which will point toward the earth during the S-66 orbit, a side view of the 
reflector, and a back view. Also visible in the back view are the deposited aluminum 
reflecting . surfaces and the flat triangular mounting surface. 
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We go from A (Auburn) to y (Yale) 
This recent Bethlehem Loop Course class includes 202 
graduates of 78 colleges and universities. They are fresh from 1"". . . l 
campuses in 32 states and the District of Columbia ... from Maine \ • • 1, 
to California, from Minnesota to Georgia. \ • i' 

If you are interested in a career in the management of a diversified \ ', ' ' 1 
and growing industrial corporation, and if, in all modesty, you consider yourself ~ · / 
qualified to meet the challenge-consider the Bethlehem Steel Loop Course. 

Most Loopers are Engineers 
All the technical degrees indicated here are represented in this Loop class, and in 

virtually every Loop class. Of the 202 members, 154 are engineering graduates; 
twelve have non-engineering technical degrees; and 36 possess business administration, 
liberal arts, or other non-technical degrees. 

Your career at Bethlehem Steel might be in steelmaking operations, research, 
sales, fabricated steel construction, mining, shipbuilding, or other activities 
depending on your specific interests. All require the talents of college trained men. 

You can get a copy of our booklet, "Careers with Bethlehem Steel and the Loop 
Course," at your Placement Office, or by sending a postcard to our Personnel 
Division, Bethlehem, Pa. 

An equal opportunity employer 

BETHLEHEM STEEL 



We cool an astronaut with 
100 times less power than 

it takes to air condition your car 

It takes an average of 7 horsepower to air condition an automobile. You'd think the complexities of 
keeping an astronaut cool and comfortable would require at least as much power. But Garrett-AiResearch 

designed and built a system that requires about the same energy as a 60-watt light bulb. And 
that's important in space, where power is at a premium. □ The Garrett system takes advantage of the 

low boiling point of water in space to absorb heat from the astronaut's space suit and spacecraft. The system 
is tiny, lightweight, and works in zero gravity. □ This remarkable cooling unit is part of the entire 

environmental control system which Garrett supplies for the NASA-McDonnell Project Mercury missions. 
It not only cools, but provides and circulates oxygen, controls pressure, and removes carbon dioxide, water 

vapor and odors. □ For further information about many interesting project areas and career opportunities at 
The Garrett Corporation, write to Mr. G. D. Bradley at 9851 S. Sepulveda Blvd., 

Los Angeles. Garrett is an equal opportunity employer. 

THE FUTURE IS BUILDING NOW ·AT 

Los Angeles - Phoenix 



ENGINEERING NEWS 
( Continued from page 25) 

Fused, silica, w i th impurity 
levels as low as one part in .a 
hundred million, is one of the 
purest materials made by man. 
Since its only constituent is silica, 
it is not made by melting and com
bining various constituents, as are 
most glasses. Corning manufac
tures fused silica by spraying a 
silicon-containing gas through a 
flame, resulting in deposit of tiny 
molecules of silica soot which are 
built up into a usable article called 
a boule. 

NEW DATING TECHNIQUE 
The tiny atom, like the lumber

ing dinosaur, has left permanent 
"fossil" tracks in the earth's rocks. 
Overlooked by scientists until 
now, the newly-discovered atomic 
tracks found by General Electric 
scientists hold a key to the age 
of the minerals in which they are 
preserved. 

The atomic tracks were dis-
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CIVIL ENGINEERS: 
Prepare for your future in highway 

engineering-get the facts about new 
DEEP-STRENGTH (Asphalt-Base) pavement 

Modern pavement engineering has taken a "giant step 
forward" with DEEP-STRENGTH Asphalt construction for new 

roads and streets. There is a growing need for engineers 
with a solid background in the fundamentals of Asphalt 

technology and pavement construction as new Inter
state and other superhighways in all parts of the 

country are being built with advanced design 
DEEP-STRENGTH Asphalt pavement. 

Your contribution-and reward-in our nation's 
vast road-building program can depend on your 

knowledge of modern Asphalt technology. So 
prepare for your future now. Write us today. 

THE ASPHALT INSTITUTE, College Park, Maryland 

~---------------------~ I THE ASPHALT INSTITUTE, College Park, Md. 

I Gentlemen: Please send me your free student I library on Asphalt Construction and Technology. 

I .• _NAME-----------·CLASS __ _ 

I ADDRESS ______________ _ 

I I CITY _________ STATE------

1 SCHOOL---------------1 L---------------------~ 
covered in a piece of mica, a 
mineral found in rocks throughout 
the world. Minerals, including 
mica, contain a trace of uranium, 
a radioactive element. The atoms 
of uranium are unstable and decay 
at a known rate into atoms of 
elements that are not radioactive. 
Ever since the minerals solidified 
from molten material, this clock 
has been ticking away. Some of 
the uranium atoms decay b y 
undergoing fission, splitting spon
taneously into two fragments of 
approximately equal size. As the 
fission fragments move away, they 
leave a trail. This damaged region, 
about 0.0005 inch long by a few 
atoms in diameter, constitutes a 
permanent "fossil" record of each 
tick of the atomic clock. 

At first the tracks could only be 
seen with an electron microscope, 
However, it was discovered that 
by dipping the sample in hydro
fluoric acid the tracks could be 
enlarged enough to be seen even 
through a low-power optical mi-

New technique for dating geological 
specimens is based on discovery of "fos
sil" particle tracks produced in minerals 
by uranium atoms which underwent 
natural fission. This extreme close-up 
-magnified 5,000 times-shows burst 
of "fossil" tracks radiating from speck 
of uranium in sample of mica, a 
common mineral. Individual tracks in 
background were produced by fission 
fragments from single uranium atoms. 

croscope. 
After the mica was etched, the 

tracks were counted. The next 
task was to determine the total 
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Although this acknowledgment is 
a very late one, the SHAMROCK wishes 
to recognize the honorary knighting last 
spring of JACK K. SMITH. The Summa 
Cum Laude degree made Mr. Smith 
an honorary member of the Guards of 
St. Patrick in recognition of his out
standing contributions in his profes
sional field and of his service to the 
industry of the state. This is the great
est honor that is possible for the stu
dents of Missouri's College of Engineer
ing to confer upon any individual. 

Mr. Smith received his Bachelor of 
Science degree in Civil Engineering at 
Georgia Tech and received his master of 
Science degree in Sanitary Engineering 
at M.U. in 1941. In 1958 he became Ex
ecutive Secretary of the Water Pollu
tion Board when it was appointed by 
Governor Blair. In 1960 he received 
the Missouri Water and Sewage Con
ference Awarw of Merit, and in 1961 
he received the Sidney Bedell award 
for contributions in the field of water 
pollution control. 

ENGINEERING NEWS 
amount of uranimum in the sam
ple. This was done by irradiating 
the sample in a nuclear reactor, 
splitting artificially some of the 
remaining uranium atoms. After 
the sample was again etched, a 
new count was made. The age of 
the mica was determined by cal
culating the ratio of the old tracks 
to the new. 

ALUMS IN EAST 
(Continued from page 16) 

1964 New York World's Fair. The 
theme of the estimated $1 million 
showpiece will be "First in Air; 
First in Space" based on produc
tion of the Mercury space capsule 
at St. Louis and other allied in
dustries in the state. 
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The health program 
that's always being buried 

The health program is sanitary sewers ... and it's a program that is so vital 
to the well-being of everyone, it cannot be measured in terms of money. 
Today, with people living closer together than ever before in American history 
(as a result of our exploding population), adequate sanitary sewerage facilities 
are not just desirable ... they are imperative. 

This is just one of many ways that sanitary sewers render a service to man
kind ... by helping to create and protect a healthy environment. And salt
glazed, vitrified clay pipe sanitary sewers which now protect the health of 
the current generation have performed the same valuable service for many, 
many preceding generations. 

In countless cities and villages throughout the South, the Midwest and the 
Southwest, Dickey vitrified clay pipe sewers lie buried in the ground ... 
unaffected by the corrosive wastes they carry. These sanitary sewers are a 
continuous health program of inestimable value, performing an increasingly 
important function for each new generation. 

Providing improved sanitation for better living 

~ICKEV 
'SJlsanltary salt-glazed clay pipe 

W. S. DICKEY CLAY MFG. CO. 

Birmingham, Alabama 
Kansas City, Missouri• Meridian, Mississippi 

St. Louis, Missouri • San Antonio, Texas 
Texarkana, Texas-Arkansas 

3372. 

If it's made of clay it's good . .. if it's made by Dickey it's better 

Interested in Missouri Resources 
Many manufacturers were in

terested in the news of Missouri's 
fabulous iron, lead, and copper 
discoveries. Few of these men had 
heard pbout these mining opera
tions which included the tapping 
of a fantastic lode of iron 40 miles 
east of Rolla which is expected to 
produce enough high-grade ore 
to supply a substantial percentage 
of U.S. needs for at least 50 years. 
Some of them wouldn't believe the 

story, so the state geologist was 
to give the official figures. 

Governor Dalton emphasized 
that Missouri should be thought of 
as a state featuring good schools 
and colleges and expanding in
dustries. He said these industries 
are attracted by a good labor and 
business climate, low corporate 
tax rates, cheap land, sites, central 
location, clear spring-fed streams 
and blue lakes for recreation, and 
other ideal conditions. 
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Picture of a man in love! 
Young engineers seldom fall in love with corporations. 

But they do fall in love with their own work-when they're 
given the opportunity to put their own best ideas into 
action. 

We are seeing these young men in increasing numbers at 
International Harvester . . . men of many talents who 
come to us because of our unique and growing variety of 
independent engineering assignments. 

Mechanical, industrial, agricultural, chemical, ceramic, 
metallurgical, general and civil engineers ... mathemati
cians, computer technologists, program analysts ... these 
are the types of graduates we need now for work in the 

. 

design, development, engineering and testing of more 
than a thousand different products in nine separate engi
neering and research centers. 

International Harvester serves three basic industries: 
transportation, construction and agriculture. World-wide, 
the Company is the largest producer of heavy-duty trucks 
as well as farm equipment. International Harvester is a 
leader in construction and earthmoving equipment, 
a major steel producer and, through its Solar facility, a 
pioneer in gas turbine development. 

With an eye to still further progress, we have doubled our 
research and engineering expenditures in the past ten 
years-and they are still growing! 

II II. International Harvester Company 
---- ------------~~:~:::fy::: _______________ _ 

® 

New booklet describes our engineering and research 
centers. For your copy, mail this coupon to: General 
Supervisor of Employment, International Harvester 
Company, 180 N. Michigan Avenue, Chicago I, Ill. 

AN INTERNATIONAL HARVESTER 
REPRESENTATIVE WILL BE ON YOUR CAMPUS 

SOON. IF YOU WOULD LIKE A PERSONAL 
INTERVIEW, PLEASE CHECK HERE 0 

NAM1:-_______________________ _ 

I Please Print) 
ADDRESS, _______________________ _ 

CITY---------------~TAT~-------

MAJO•K-------------------------

SCHOO._ _______________________ _ 

YEAR GRADUATING ____________________ _ 



Your life at Du Pont I one of a series for technical men 

Arm yoursell with laets about Du Pont 
These booklets helped persuade some 700 new B.S. graduates 
to join us in 1963. It was mostly a matter of getting facts. 

For example, if you want to start your career in a certain 
section of the country, you'll find that Du Ponf-with·facilities 
in 28 states-will try to accommodate you. 

If you're interested in growth for what it can mean to you 
personally, you'll be interested to know that our sales have 
increased 750% since 1937. You've probably heard that R&D 
expenditures are a good indicator of a company's future success. 
We spend $90 million a year on it, $60 million of which goes 
straight into "pioneering research" - the discovery of new 
scientific truths and new materials. 

Our booklets will answer most of your preliminary questions. 
Later-or even now if you wish-we can talk specifics by letter, 
or face to face. Why not write us or send our coupon? We'd 
like to know about you. 

~ 
IUa.u.5.,. ... T.OH-

BETTER THINGS FOR BETTER LIVING 
... THROUGH CHEMISTRY 

An equal opportunity employer 

TECHNICAL MEN WE'LL NEED FROM THE CLASS OF '64 
Chemists Industrial Engineers 
Chemical Engineers Civil Engineers 
Mechanical Engineers Physicists 

Electrical Engineers 
,--------------------------------------7 

E. I. du Pont de Nemours & Co. (Inc.} 
2531 Nemours Building, Wilmington, Delaware 19898 
Please send me the literature indicated below. 
O Du Pont and the College Graduate □ Reprint of Saturday 
O Mechanical Engineers at Du Pont Evening Post article 
□ Engineers at Du Pont on Du Pont, July, '63. 
□ Chemical Engineers at Du Pont 
0 Also please open in my name a free STUDENT SUBSCRIPTION 

to the award-winning Du Pont Magazine-the official bi-monthly 
publication of the Du Pont Company. 

Name ___________________ _ 

Class ____ Major ______ Degree expected ___ _ 

College ___________________ _ 

My address _________________ _ 

City _________ Zone ___ State _____ _ 

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



Result: All 3-speed manual 
transmissions in 
Ford-built cars with V-B's 
now are fully synchronized 
in each forward gear 

To get more "go" in low, Ford engineers 
were asked to upgrade the conventional 
3-speed transmission to give drivers 
more control in all three forward gears
to make "low" a driving gear-and they 
tackled the problem imaginatively. 

Their achievement, another Ford First, 
is the only U.S. 3-speed manual trans
mission with all three forward gears 
fully synchronized I No need now to come 
to a complete stop when you shift into 
low-and no clashing gears! It lets you 
keep more torque on tap for negotiating 
sharp turns and steep grades. It makes 
driving more flexible, more pleasurable. 

Another assignment completed and 
another example of how engineering 
leadership at Ford provides fresh ideas 
for the American Road. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE ENGINEERING LEADERSHIP 
BRINGS YOU BETTER•BUIL T CARS 

Shown: 1964 Ford Galaxie 500/XL two-door hardtop 
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Customer: "Have you a four-
volt, two watt bulb?" 

Clerk: "For What?" 
Customer: "No, two." 
Clerk: "Two what?" 
Customer: "Yeah." 

• 
Student: "Could you help me 

with this problem?" 
Professor: "I could, but I don't 

think it would be quite right." 
Student: "Well, take a shot at 

it anyway." 

• 
Skidding is the action 
When friction is a fraction 
Of the vertical reaction 
Which won't result in traction 

• 
English Professor: "These re-

ports should have been written so 
that even a moron could under
stand them." 

Frosh Engineer: "Yes, sir, what 
part don't you understand?" 

• 
M.E.: "Thought you were going 

to visit that blonde in her apart
ment tonight?" 

Aggie: "I did." 
M.E.: "How come then you're 

home so early?" 
Aggie: "Well, we sat awhile and 

chatted. Then suddenly she turned 
out the lights . I can take a 
hint." 

• 
Traffic Cop: "Use your noodle 

lady! Use your noodle!" 
Lady driver: "My goodness! 

Where is it? I've pushed and 
pulled everything in the car." 

OCTOBER, 1963 

"Take hold of that wire." 
"This one? Okay?" 
"Feel anything?" 
"Nope." 
"Then don't touch the other 

one. It's carrying 5,000 volts." 

• 
Artsman: "Perhaps you, too, are 

a lover of nature. Have you seen 
the rosy-fingered dawn spreading 
across the eastern sky, the red
stained, sulphurous islets floating 
.in the ladle of fire in the west, 
ragged clouds at midnight, blott
ing out the shuddering moon?" 

Engineer: "Nope, not lately. 
I've been on the wagon for more 
than a year." 

• 
A new inmate checked in at an 

insane asylum. Whereas most ar
rivals have a sullen, no·n-coopera
tive attitude, this fellow was all 
smiles. In fact, he was laughing 
uproariousy. 

"Nearest kin?" queried the ex
amining physician. 

"Twin brother," responded the 
other. "We were identical twins. 
Couldn't tell us apart. In school 
he'd throw spitballs and the 
teacher would blame me. Once he 
was arrested for speeding but the 
judge fined me. I had a girl. He 
ran off with her." 

"Then why are you laughing so 
much?" 

"Cause last week I got even 
with him." 

"What happened?" 
"What happened? Why I died 

and they buried him." 

English instructor to C. E.: "Do 
you enjoy Browning?" 

C. E.: "No, but I sometimes 
have to resort to it around exam 
time." 

In Hungary, a commissar asked 
a peasant how the potato produc
tion was coming along. 

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

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

"Well, there aren't any potatoes 
either," said the peasant. 

• 
During mock maneuvers an 

army commander ordered a no
tice to be displayed on a bridge 
stating: "This bridge has been 
destroyed by air attack." But to 
his chagrin, he noticed through 
his field glasses that a foot regi
ment was crossing the bridge de
spite his orders. He sent his adju
tant to the officer in charge 
poste haste to find out how he 
dared to defy his orders. An hour 
later the adjutant was back. "It's 
all right, sir," he reported. The 
troops are wearing signs saying, 
'We are swimming.'" 

• 
Said the Leaning Tower of Piza 

to the clock atop Westminster 
Abbey on a warm moonlit sum
mer evening: 

"Listen, baby, if you've got the 
time, I've got the inclination." 
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Once upon a time when t equals 
zero, there lived in a small cavity 
in a dielectric medium, a poor 
struggling dipole by the name of 
Eddy Current. He was deeply in 
love with a beautiful coil by the 
name of Ann Ion, the daughter of 
an influential force in the town, 
Cat Ion. 

Eddy's first contact with her 
came at a time t equals a. As he 
passed by a beauty parlor on his 
periodic orbit, he saw her having 
a standing wave induced in her 
filaments. He made a fine sight 
in his beautiful doublet and it was 
a case of mutual polarization. 

"You Shock Me" 
By a coincidence they met at a 

dissipation function of the follow
ing night. After a few oscillations 
to the strains of a number (n) 
played by Mo Mentum and his 
Incadescent Tuning Forks, the 
couple diffused into the field out
side. 

_ "Gauss, Ann," he said, "Your 
acute angle; I am d (termined) 
that U shall marry for I sphere 
that I shall never be happy with
out you." 

"Oh, Eddy," she replied, "don't 
be so obstuse. Integrate out here 
in the alpha rays tonight?" 

"Ann, are you trying to damp 
my osculation? Can't you see I'm 
in a state of hysteresis over you?" 

He Can't Resistor 
"Now, Eddy, be a discrete par

ticle. What will father say?" 
Alas, there was also in this 

cavity a mean dipole who was re
solved to marry the beautiful 
Ann, using coercive force if 
necessary. Hearing these mur
murings of love, he went Pi-i'd 
with fury, and crept stealthily 
upon the couple with velocity v, 
his joules drooling with the 
beastial erg that moved him. 

"What the infra red are you 
doing here you flat-footed vial vil
lain?" demanded Eddy. The 
situation grew tensor. 

The Vector! 
Schmidt advance to choke the 

beautiful coil: Eddy offered re
sistance R, his capacity C for 
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Hoping for your name on the door 
someday? 

Name on the door! Carpet on the floor! It can happen to you. Just 
keep your nose to the flintstone - keep sparking with those 
bright ideas. Meanwhile, consider a really brilliant idea from your 
New York Life Representative~ It's modern life insurance for col
lege students. It offers excellent protection now for the benefit 
of your parents and, later on, for the family you'll have. What's 
more, this life insurance can provide the ready cash (no questions 
asked) you may one day need to convert one of your bright ideas 
into a going business. Speak with your New York Life Representa
tive before the term ends! There's no obligation, and someday 
you will be glad you did! 

VERN DOWELL 

<ey9 
Campus Representative 

NEW YORK LIFE INSURANCE COMPANY · 
10-15 East Broadway Phone Gibson 2-4237 
Life. Insurance • Group Insurance • Annuities • Health Insurance • Pension Plans 

absorbing the charge Q was low, 
and Schmidt suffered little lost 
work content in knocking him out 
to infinity with a severe blow on 
his negative charge. Eddy made a 
quick comeback with acceleration 
a, stripping off Schmidt's outer 
electrons. This so upset the vil
lain's equilibrium that he- - was 
converted into cosmic radiation 
and vanished into the realms of 
space, leaving Eddy the resultant 
vector in the combat. 
· "Our love will not be tran

sient," said Eddy as he formed a 
closed circle around her. 

"Darling, we will raise a one 
parameter family of second order 
infinitesimals," murmured Ann 
happily. 

And as time t approached in
finity, they lived happily ever 
after. 

M.E. "Give me a cigarette, Joe." 

C.E. "I thought you gave up 
smoking." 

M.E. "Well, I got to the first 
stage, I've quit buying." 

THE MISSOURI SHAMROCK 



WHO'S FOR A CARPETED OFFICE? 

A man's first tank car is seldom a piece of gravy 
train. If it were easy, he wouldn't have been needed. 
Goodbye, 5-liter-flask days. In the majors, this is 
how they keep score. The kind of chemical engineer 
who is fool enough to choke up with sentiment at 
this bittersweet image may look down one day and 
note that there is thick carpet on his office floor and 
that other men take pains to shine their shoes well 
before standing on it. 

We also need chemical engineers who get their 
kicks from very beautiful chains of analytical thought 
wherein differential equations, solved on our analog 
and digital computers and pneumatic simulators, 
link the flows of heat, liquids, solids, gases, chemical 
bonding energy, and money. These chaps may also 
wind up with the same carpet in their offices, along 
with the intellectual satisfaction of having figured 
out how to make the carpet fiber more attractive, 

longer-lasting, and cheaper than anybody else's 
carpet fiber. 

We need all kinds. We need conservatives who 
make their mark by steady progress in one of our 
chemical engineering specialties, such as laying down 
a dozen or so layers of various materials atop one 
another with enormous precision for endless miles 
of color film. We need imaginative ones who will 
thrive in the intricately diversified atmospheres of 
our non-photographic plants by showing us how the 
solution to one problem solves several entirely dif
ferent ones, too. 

Whatever kind you like to think you are, whether 
chemical engineer or other technical graduate, one 
principle seems obvious to us: if you come with us, 
we must do everything in our power to develop the 
very best that lies within you. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N. Y. 

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



An Interview 
with G.E.'s 

F. K. McCune, 
Vice President, 

Engineering 

As Vice President-Engineering, 
Francis K. McCune is charged with 
ensuring the effective develop• 
ment, use and direction of General 
Electric's engineering talent. Mr. 
McCune holds a degree in elec
trical engineering and began his 
career with the Company as a 
student engineer. 

For complete information on 
opportunities for engineers 
at General Electric, write 
to: Personalized Career 
Planning, General Electric 
Company, Section 699-07, 
Schenectady 5, N. Y. 

How Industry Tempers 
Theory with Practice 
to Get Good Design 

Q. Mr. McCune, how do you define engineering design? 

A. First let's look at what engineering really is. The National Society of Profes
sional Engineers calls it "the creation of technical things and services useful to 
man. " I would paraphrase that to add an industry emphasis: engineering is linking 
an ability to do with specific customer needs and wants. The link is an engineering 
design of a useful product or service. 

Q. In the light of this definition, how can the young engineer prepare himself 
for industry? 

A. In college he should absorb as much theory as possible and begin to develop 
certain attitudes that will help him later in his profession. The raw material for a 
design, information, flows from three general funds: Scientific Knowledge of 
Nature; Engineering Technology; and what I call simply Other Relevant Informa
tion. Academic training places heavy emphasis on the first two areas, as it should. 
Engineers in industry draw heavily on theorems, codified information, and signifi
cant recorded experience basic to engineering disciplines taught in college. The 
undergraduate must become knowledgeable in these areas and skilled in the ways of 
using this information, because he will have little time to learn this after graduation. 
He also must develop a responsive attitude toward the th ird fund. 

Q. As you say, we learn theory in college, but where do we get the "Other 
Relevant lnformation"-the third fund you mentioned? 

A. This knowledge is obtained for the most part by actually doing engineering 
work. This is information that must be applied to a design to make sure that it not 
only works, but that it also meets the needs and wants that prompted its considera
tion in the first place. For example, we can design refrigerators, turbines, computers, 
or missile guidance systems using only information from the first two funds of 
knowledge-heat flow, vibration, electronic theory, etc.-and they will work! But 
what about cost, reliability, appearance, size-will the prospective customer buy 
them? The answers to these important design questions are to be found in the third 
fund; for example the information to determine optimum temperature ranges, to 
provide the features that appeal to users, or to select the best manufacturing 
processes. In college you can precondition yourself to seek and accept this sort of 
information, but only experience in industry can give you specific knowledge 
applicable to a given product. 

Q. Could you suggest other helpful attitudes we might develop? 

A. Remember, industry exists to serve the needs and wants of the market place, 
and the reasons for doing things a certain way arise from the whole spread of condi
tions which a given design has to satisfy. Learn how to enter into good working 
relationships with people. Much of the Other Relevant Information can be picked 
up only from others. Also train yourself to be alert and open-minded about your 
professional interests. In industry you'll be expected to learn quickly, keep abreast 
in your field, and to grow from assignment to assignment. Industry will give you the 
opportunity. Your inherent abilities and attitudes will largely decide your progress. 

"Progress Is Ovr Mosf lmporl;,nf 'Protlvcf 

GENERAL. ELECTRIC 





To Catch a Hummingbird 
How the Gemini Spacecraft will find its target . •• 

Suppose you had to capture alive one little hummingbird 
fl ying a known course high over the Amazon jungle. 
Difficult? Sure, but no more so than the job ass igned to a new 
radar system \Vestinghouse is building for the 
NASA-Gemini space program. 
The bird is an Agena rocket, orbiting the earth at 17,500 miles 
per hour. The hunter, in an intersecting orbit, is the 
Gemini two-man spacecraft being built by McDonnell Aircraft. 
And so the hunt begins. The spacecraft radar finds 
the target and starts an electronic question-and-answer game. 
A computer keeps score, giving the astronauts continuous 
readings on angles and approach speeds until the vehicles are 
joined. The hummingbird is caught. 
The Gemini experiments will be a prelude to the first 
moon trip. And Westinghouse is already working on advanced 
radar systems for lunar landings and deep space missions. 
You can be sure ... if it's \Vestinghouse. 

For information on a career at W estinghouse, an equal 
opportunity employer, write to L. H. Noggle, Westinghouse 
Educational Dept., Pittsburgh 21, Pa. 



TOP ROW (left to right): Australia, Switzerland, Great Britain, Ind ia , Mexico, New Caledonia, Venezuela, Panama, Italy, Japan, Puerto Rico , British Guiana, Canada, France, Ghana. 

MIDDLE ROW: Tha iland, Malaya, Phi li ppin es , So uth Africa , Brazil, Pakis ta n, Hong Kong. BOTTOM ROW: Argent ina, Norway , Indones ia, Greece , Swede n, New Zealand, Colombia, Nigeria . 

Meet the ambassadors 
Around the world, Union Carbide is making friends for America. Its 50 affiliated companies abroad serve 
growing markets in some 135 countries, and employ about 30,000 local people. ► Many expressions of 
friendship have come from the countries in which Union Carbide is active. One of the most appealing is this 

collection of dolls. They were sent here by Union Carbide employees for a Christmas display, and show some 

of the folklore, customs, and crafts of the lands they represent. "We hope you like our contingent," said a 

letter with one group, "for they come as ambassadors from our country." ► To Union Carbide, they also 
signify a thriving partnership based on science and technology, an exchange of knowledge and 
skills, and the vital raw materials that are turned into things that the whole world needs. 

A HAND IN THINGS TO COME 

WRITE for the booklet, "Jnternational Products and Processes,'. ' which tells about 
Union Carbide's activities around the globe. Union Carbide Corporation, 270 Park Avenue, N ew York , N. Y. 10017 



Are you interested in a career in management? 
The key words are "career" and "management." 

The Bethlehem Loop Course is designed not to place a 
man in a job;·-but:to start a man on a career. Although we 
have a specific initial job assignment in mind for every 
man we recruit for the Loop Course, that assignment is 
just the first step toward increasing levels of responsibility. 

The Bethlehem Loop Course is designed to train men for 
management. We select men whom we feel have the po
tential; we start them out with an intensive five weeks' 
course that gives them a comprehensive knowledge of the 
Company's operations; we follow this up with a training 
program at the facility or within the department to which 
he is first assigned. A steel plant man, for instance, will 

be given general plant training for a number of weeks; a 
sales looper trains for a full year before he starts actual 
selling. 

Think it over. It should be abundantly clear that we 
have a big stake in our loopers. We do everything in our 
power to assure that you make good progress-the rest 
is up to you. 

If you are interested in a career in management with 
one of the nation's· largest and most dynamic industrial 
concerns, we urge you to read our booklet, "Careers with 
Bethlehem Steel and the Loop Course." You can get a 
copy at your Placement Office, or by sending a postcard 
to our Personnel Division, Bethlehem, Pa. 

BETHLEHEM STEEL • An equal opportunity employer 
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From the Editor's Desk: 

Do you think you can avoid going into military service? It isn't very 
difficult to escape the draft any more, especially since married men are now 
exempt. Although the Reserve Forces Act of 1955 requires a minimum 
obligation of six years for every American male (except married men), only 
around half of us ever serve. Are you going to take your chances with the 
fifty-fifty odds? The odds probably aren't nearly that good since the services 
are hungry for college graduates. 

If you can beat the odds, more power to you, but if you lose and become 
a draftee, you have lost very heavily considering the fact that there are many 
ways a person can beneficially fulfill his obligation voluntarily and escape a 
long, strenuous, uneducational, service period spent with persons mostly 
educationally inferior to you. After you graduate, whether or not you eventu
ally enter the service, the draft is likely to hang ominously over you and 
create a great uncertainty about the future. Also, most companies hesitate to 
hire a person who is eligible for the draft. 

If you enlist, you can obtain very valuable training in a field of your 
choice. There is a tremendous need for engineers in the service now. If you 
become an officer through either O.C.S. or R.O.T.C., you can obtain even 
better training and experience than the enlistee. An officer in the Army, for 
instance, is likely to be immediately placed in a position of responsibility that 
probably is a greater one than that which he would attain even after many 
years in industry. Usually, the least number of men an officer has under him 
is forty (a platoon) . Many R.O.T.C. graduates attain company or even battalion 
level positions before the end of their active duty. Experience as an officer 
appears as a bright spot on your record to a potential employer. 

If you enter the military, a large chunk of time is taken out of your life
time. It is your choice whether or not your time in the military is beneficial 
to you. R.S.F. 

FRONTISPIECE 
Sixty tons of stainless steel make up this giant nuclear re

actor. It will power the first full-scale nuclear generating plant 

in Canada. Dominion Bridge Company, Montreal, is fabri

cating the vessel from Allegheny Ludlum Steel Corporation 

stainless steel. 
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Powder Metallurgy 

Powder metallurgy is formally 
defined as "th.e ' production of 
metallic objects by compressing 
powdered metal or alloy, with or 
without other material, and heat
ing without thoroughly melting to 
solidify and strengthen." 

Powder metallurgy is a spe
cialized study in the broad field 
of metallurgy. That is, metallurgy 
is the study of the properties and 
uses of metals, and powder metal
lurgy is a branch of this dealing 
specifically with metallic powders 
and their uses. 

A definition of powder metal
lurgy must include all the steps 
taken in producing a product 
from powder. The purpose of this 
article is to explain the steps in 
detail and to give a background 
for a better understanding of pow
der metallurgy. 

* * * 
The origin of powder metallurgy 

is not definite, .but certain appli
cations of powder metallurgy were 
in use as far back as our records 
go. Gold, copper, bronze and iron 
oxide powders were used for deco
rative purposes i:n some of the 
early cultures. A forerunner of 
the modern technique of using 
metallic powder in paint was the 
use of gold and other precious 
metal powders on manuscripts. 
Ceramics and paintings were also 
made more colorful with metallic 
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powders. The powder was prob
ably mixed with another sub
stance to form a paste, which was 
in turn applied to the painting or 
pottery. 

The development of a furnace 
large enough to melt iron did not 
occur until the early 1800's. Yet, 
early European implements were 
made of iron. "Egyptian imple
ments made of iron are known to 
date from 3000 B.C. and the Dehli 
Pillar, a famous monument of In
dia weighs 6½ tons, dates from 
about 300 A.D." It is interesting to 
note that modern powder metal
lurgical processes will produce ob
jects limited in size to a few 
pounds, maximum. The quality, of 
course, far exceeds that of the 
early products because of better 
implements to work with. 

In the usual primitive proc
ess the pure oxide ore was 
heated in a charcoal fire, gen
erally aided by a blast from 
bellows, to reduce it to a me
tallic condition. The resulting 
metal sponge while still hot 
was then hammered to weld 
the particles together and give 
a coherent metallic mass 
which could be forged into a 
usuable shape. The product 
was often unsound and full of 
slag, excellent samples were 
occasionally produced. 
The beginning of modern pow-

der metallurgy is generally at
tributed to the work of W. H. 
W ollaston in Europe in the early 

FRED BARNES, M.E. '64 

1800's. Wollaston found a way to 
produce a solid ingot from plat
inum sponge. He reduced the 
metal to a platinum powder by 
igniting it. The blackened powder 
obtained was washed and com
pressed, then heated until red-hot 
and then hammered. This gave a 
product that could be worked to 
form. 

Wollaston's use of platinum 
powder was studied by others in 
the 19th century and his process 
was improved upon. Chemists 
worked to discover new powders. 
About 30 of the metals in use to
day were discovered during this 
period and most of them were 
produced in powder form first. 

By the middle of the 19th cen
tury dentists were using gold and 
silver powders in tooth fillings. 
It was found that gold sponge 
powder would cohere (stick to
gether) at mouth temperatures. 
The alloying of silver and tin for 
tooth fillings was also an import
ant step toward later development 
of alloying powders. 

During the 19th century other 
numerous applications were dis
.covered, and the basic foundation 
for modern powder metallurgical 
techniques was laid. 

* * * 
The production of a part from 

powdered metal involves three 
basic steps. These are the manu-
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facturing of the powder, pressing 
and sintering ( application of 
heat). The first step, the manu
facture of the powder, is by no 
means the least important of the 
three. None of the three may be 
considered to be a subordinate to 
the other two. Metal powders are 
not end products in themselves, 
but are intermediates. Processes 
must occur before and after the 
powder is in existence. All the 
processes involved in yielding a 
usuable product are interdepend
ent. 

The manufacture of powder in
volves several processes. Several 
methods of producing powders are 
necessary because of the demand 
for a variety of shapes and sizes 
of powder for special applications. 
The type of structure of a powder 
depends on the process used for its 
manufacture. Powders may be 
porous (spongy), crystalline, den
dritic (fern-like), angular, solid 
(spherical) or ragged and irregu
lar in shape. Eight methods of 
manufacturing powder will be 
listed and described. There are 
more, but they are not in common 
use and will not be considered. 

The first method of manufactur
ing powder is machining. The 
chips which come from the ord
inary machining of any metal ( on 
a lathe, for instance) differ in size 
only from powder produced by the 
machining process. Unlike some of 
the other methods, the machining 
process requires that the metal be 
reduced from the ore previous to 
the machining operation. 

Machining is not used exten
sively in the production of metal 
powders. This process produces a 
coarse powder which may or may 
not be used in its coarse form. If a 
finer powder is desired, the ma
chined powder may be reduced 
in size by other methods. 

A second process for manu
facturing powders is milling. Mill
ing is divided into two parts: one 
for the handling of hard metals 
and one for the handling of mal
leable (soft) metals. 

Hard and brittle metals can be 
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ground directly to any degree of 
fineness, and particle size distribu
tion may be controlled to meet al
most any specification. 

A variety of equipment may be 
used in the milling operation, de
pending on what type powder and 
degree of fineness is desired. 
Equipment used might include 
jaw crushers, gyratory crushers, 
rolls, disk mills, impact mills and 
ball mills . The metal to be 
"powderized" is subjected to the 
grinding action of the heavy 
equipment. Hard alloy faces are 
used on parts exposed to powder 
to prevent contamination of the 
powder and to extend the life of 
the mill parts. 

Malleable metals are handled 
differently than the more friable 
(brittle) metals. Three patented 
processes are used to produce 
powder from malleable metal. The 
three processes are the Hametag 
process, the Hall process and the 
Eddy mill. 

The Hametag process employs a 
ball mill to break the malleable 
metal into flakes. A lubricant such 
as stearin of lard is used to keep 
the flakes apart and to prevent 
their "welding" back together 
when crushed by the ball mill. 
An inert atmosphere such as argan 
is maintained inside the mill to 
prevent dust explosions. 

In the Hall process, the metal 
to be flaked is carried in a solution 
of the lubricant. The sludge 
formed prevents dust explosions 
and improves flaking efficiency. 
The powdered metal flakes are re
moved from the sludge by filtra
tion and distillation, or a chemical 
process, to produce dry flakes. The 
principal use for flake powders 
is for paint pigments. Flaked pow
der tends to be "greasy'' on the 
surface and does not mold or sin
ter well. 

The Eddy mill is used for pow
dering some of the malleable met
als. This process produces a more 
spherical flake than the other two 
processes described. The Eddy 
mill grinds through impact of met
al particles against each other. 

The impact is ·caused by fans 
which blow toward each other in 
a totally enclosed casing. The met
al is introduced to the system and 
consequently flakes because of 
the impact with other metal par
ticles. An inert atmosphere is 
sometimes used to prevent dust 
explosion. 

Another process used to pro
duce metal powders is shotting. 
In this process a molten metal is 
allowed to fall into a bath of liquid 
(usually water) . The metal solidi
fied upon contact with the water 
and a powder results. If the melt 
(molten metal) is already solidi
fied when it hits the water, a 
round s h o t is produced. A 
feathered shot results if the melt 
is still partially liquid upon con
tact with the bath. 

The fineness of the powder pro
duced by shotting may be varied 
by pouring the melt onto a surface 
protruding above the water. It 
will then break into smaller parti
cles before solidifying in the bath. 
Practically all metals and alloys 
may be shotted to produce metal 
powders. 

A molten metal solidifies in par
tial stages. That is, for a short 
time, the metal will contain both 
solid and liquid phases before the 
transition to the solid phase is 
completed. If the molten metal is 
stirred vigorously while cooling 
through the mushy stage, a coarse 
powder results. This process is 
called graining. Oxides produced 
on the surface of particles during 
the stirring operation prevents 
them from combining into one 
body. Powder produced by this 
method contains a high oxide con
tent. 

One of the most frequently used 
processes for producing powders 
from metals with low melting 
points is atomization. The prin
ciple used in atomization is similar 
to that of shotting. The molten 
metal is forced through a small 
orifice ( opening) into a stream of 
compressed gas. The pressure of 
the gas breaks the melt up and 
solidifies the smo;llL particles that 
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Sanitary sewers ... 
the veins of industry 

Water mains are the arteries of industry, bringing a steady stream of liquid to 
quench the thirst of man and the _ machines he operates. But when the water 
has been used, industry, like the human body, requires veins to carry off the 
waste ... and sanitary sewers are the veins oi industry. Without sanitary sewers 
to provide the vitally important function of removing wastes, today's industry 
would not be practical or possible. 

This is just one of many ways that sanitary sewers render a service to man
kind, bringing a healthier life to millions of people. And clay pipe sewers 
have served American industry for many generations. 

Industry in countless cities and villages throughout the South, the Midwest 
and the Southwest has been, is, and will continue to be served by Dickey 
clay pipe sanitary sewers . .. sewers that carry wastes of the atomic age with 
the same efficiency they carried wastes of frontier America. Clay pipe and 
only clay pipe, endures regardless of the changes the future may bring. 

Providing improved sanitation for better living 

~ICKEY 
'SJlsanitary salt-glazed clay pipe 

W. S. DICKEY CLAY MFG. CO. 

Birmingham, Alabama 
Kansas City, Missouri • Meridian, Mississippi 

St. Louis, Missouri • San Antonio, Texas 
Texarkana, Texas-Arkansas 

3373 

If it's made of clay it's good . .. if it's made by Dickey it's better 

results. The powdered metal is 
drawn off by suction. 

Zinc powder is produced in 
large tonnages by the condensa
tion of metal vapor. Zinc oxide is 
mixed with a high carbon ma
terial, such as powdered coal, and 
heated. The carbon monoxide lib
erated from the combustion of 
the coal reacts with the Zinc ox
ide to form a Zinc vapor. The Zinc 
vapor is then drawn off and 
condensed to a liquid, which is re-
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duced to a metal powder. By con
trolling the amount of carbon di
oxide formed during the reaction, 
a good quality metal can be pro
duced. If too much carbon dioxide 
is allowed to form it will "re-act" 
with the Zinc to form Zinc oxide 
again. 

Another important method of 
producing powders is the reduc
tion of the compounds of the met
als. The oxide of the metal is 
ground to a desired fineness and 

then reduced in a gas atmosphere 
by carbon or some other reactant, 
leaving a pure metal powder. 

One of the most important 
methods of producing powdered 
metal is that of electrolytic dep
osition. This method is an adapta
tion of electroplating. In the pow
der metallurgy application, metal 
is deposited from solution in pow
der form or as a brittle cathode 
which may be ground to powder 
and annealed to soften. The pow
der produced by electrolytic 
deposition must be thoroughly 
washed to remove all the remain
ing electrolyte. Small amounts of 
salts remaining in the powder will 
cause rapid oxidation when ex
posed to air. 

The structure of electrolytic 
powder is crystalline and the pow
der is dendritic (fern-like). The 
dendritic structure may cause 
voids when pressed. The powder 
may be ground to alter the den
dritic structure and get a more 
compact shape. 

* * * 
The final two major steps in 

producing a usuable product from 
the manufactured powder are 
pressing and sintering. 

The purpose of pressing the 
powder is twofold: 

1. To form the powder. 
2. To establish the intimate 

contact between particles 
necessary for bonding. 

It is evident that a good product 
cannot be produced by merely 
putting loose powder into a form. 
An unpressed powder does not 
have the density or strength of the 
solid parent metal. Therefore, 
pressure must be applied to com
pact the material. The compaction 
also allows mo re complicated 
shapes to be produced. 

At first during pressing, 
flow of the powder takes 
place easily; then as the fric
tional forces increase and 
bridging of the particles takes 
place, flow occurs w i t h 
greater difficulty. The density 
of the compact is a function 
of the amount of flow; the 
more the flow, the higher the 
density; the higher the den-

( Continued on page 20) 
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Monsanto Now the Monsanto man ... 

'CHEMICAL COMPANY 
~'U,liQ liOI ·t •U)❖O 

also r~presents ... 

He's ready to answer your career questions about 

any or all of these outstanding organizations 

Their products range from chemicals to chemi
cal fibers ... from plastic bottles to nuclear 
sources. Their diverse activities create oppor
tunities in research, development, engineering, 
manufacturing, and marketing. Yet, because 
each is an important member of the Monsanto 
corporate family, the Monsanto Professional 
Employment representative coming to your 
campus is fully prepared to give you complete 
facts on any or all of them ... show you where 
you may fit in. 

You will have a better opportunity to learn 
more about us ... in a single interview. See 

your Placement Director now to set up that 
interview when we visit your campus soon. 
Or, write for our new brochure, "You And 
Monsanto," to Manager, Professional Recruit
ing, MONSANTO, St. Louis, Missouri 63166. 

AN EQUAL OPPORTUNITY EMPLOYER 
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The Engineer's Image 

Last summer there was a sur
vey run in the State of Missouri 
on the public image of profession
al groups. 

The survey covered seven pro
fessions from doctors to clergy to 
engineers, and engineers ranked 
last in all phazes of the report. 
This result not only shocked but 
also amazed me. The Profes
sional Engineering Society of Mis
souri has blamed this poor image 
on lack of communication between 
engineers and the public. In a re
cent article in its magazine Mis1-
souri Engine1er, the professional 
society encouraged engineers to 
participate in civic projects and to 
accept positions on schoolboards, 
city councils, etc. to improve the 
engineer-public eontact. I hate to 
discourage their efforts, but I feel 
they are doomed to failure . 

Engineers are not going to par
ticipate because they form too 
many ready excuses on why not 
to participate while they are in 
college. 

To any disbelievers, try to get 
someone to work for University 
Day or on Engineers' Week or 
better yet, go to a meeting of your 
professional society and notice the 
turnout. Because of the heavy 
academic load which is required 
in Engineering, the majority of 
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students are afraid to step away 
from their books and slide rules 
long enough to attend a meeting 
or take part in an activity for fear 
"Lord Gradepoint" will drop. This 
is not only foolish, it is stupid. Ex
cept for the people on the ex
treme ends of the student body 
( those who are barely scraping 
by and those who are Ph.D. 
bound) gradepoint is not all im
portant. It has been proven time 
and again in interviews that ac
tivities are as important if not 
more important than gradepoint 
in obtaining a good job. Industry 
wants men who are leaders and 
will give their company a good 
image, not merely human ma
chines. 

Why don't you take three or 
four hours out of the seven hun
dred and forty-four you have this 
month and attend a meeting of 
both your professional society and 
Engineers' Club, and then if you 
flunk all your tests this month 
you can say, "I told you so," (and 
besides that, it will give you an 
excuse for your parents) . 

Seriously, I cannot overempha
size the need for student partici
pation, not only to raise the sta
ture of our college organizations, 
but to develop trends which will 
carry over after graduation. If 

ROY GRAY, Pres., Engineers Club 

engineering is to continue to be 
thought of as a profession, its 
image must be improved by con
tact with the public. 

RoY GRAY, this year's Engineers' Club 
President, has been active in the club 
for four years and has been a member 
of St. Pat's Board! for three. Roy is a 
past Governor and Lieutenant Gover
nor in M.R.H.A. He has two scholar
ships: Curators' Scholarship and Merit 
Scholars.hip in Chemical En.gineerin.g. 
He is an officer in Alpha Chi Sigma, 
and he is a member of the A.I.Ch.E. 
committee which selects the outstanding 
sophomore. Roy was a member of the 
Student-Faculty Committee in the 
1961-62 school year. Roy has many 
activities in R.O.T.C.: He is a member 
of Scabbard and Blade and was Cadet 
Colonel last year to mention a few. 
Roy got married last summer and ex
pects to receive his degree in Chemical 
Engineering this June. 
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ERVIEW 
OM A 

IJJemicat 

Come in-and bring your career questions 

"Giving you the answers" is the jolS of the 
Allied Chemical campus interviewer. He will 
be here, on your campus, soon. He would like 
to talk with you-to answer your questions
to help you get the facts you need to make 
a sound career decision. When you see him, 
feel free to ask him all the questions that are BASIC TO AMERICA'S PROGRESS 

important to you. And remember, the more 
definite your questions, the more career help 
he can give you. Your placement office can 
tell you when he will arrive-and supply you 
with a copy of "Your Future in Allied 
Chemical." Allied Chemical Corporation, 
Dept. 100, 61 Broadway, New York 6, N. Y. 

DIVISIONS, BARRITT • FIBERS • GENERAL CHEMICAL • INTERNATIONAL • NATIONAL ANILINE • NITROGEN • PLASTICS • SEMET-SOLVAY • SOLVAY PROCESS • UNION TEXAS PETROLEUM 

AN EOUAL OPPORTUNITY EMPLOYER 
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Student Organizations, 1963-64 Officers 
ALPHA EPSILON 

President _______________ ____ _______________ KENNETH D . EMERSON 

Secretary ____________________________________________ ALFRED H. SuHR 
Adviser ______________________________________ PROF. Ross D. YouNG 

Secretary ___________________ _____ _______________ MAURICE GEBHARDT 
Treasurer _____ ____________ _______________________ EDMUND L. MILLER 
Adviser _______ _____ ____ ________________ PROF. DONALD B. BROOKER CHI EPSILON 

President _____________________________________ RONALD L. HoLLRAH 

A.I. CH. E. 
President ___ __ __________________________ ___________ R. DEAN TEANEY 
Vice-President _____ __________________ ROGER L. RESINGER 
Secretary __________________ ______________ WILBUR E. WYNN, JR. 
Treasurer ____ _______ ________________ ROBERT CHRISTIANSEN 

Vice-President ____________________________ EDWARD L. SIMMONS 
Secretary _____________________________ _______ KENNETH 0. HARTLEY 
Treasurer ______ ____________________ ______________ JOHN W. PRIDGEON 
Associate Editor of Transit ___________ RONALD L. COLE 
Adviser ___ ____________________________________ PROF. KARL H. EVANS 

Adviser ______________ __ _______________ PROF. RALPH H. LUEBBERS 

I.E.E.E. 
President ___ _______ -------------------------------- RoN ALD R. Woon 
Vice-President _____________________ ___________ EDWARD K. BowER 
Secretaries . ________ ___ ___ _______________________ _L_ KENT STEINER 

G. KENT BANKUS 
Treasurer _________ ___ _______________________________ CARL L . LunwIG 
Adviser _______________________ _____ ____________ PROF. JAMES R. TunoR 

ENGINEERS CLUB 
President ----------------------------------------------------- RoY V. GRAY 
Vice-President ____________ ___________________ _____ JoE W. WESCOTT 
Secretary _____________________ ________________________ __ STEVE ROWLING 
Treasurer ________________________________ __ c. HENRY SIMS 
Chm. of St. Pat's Board ____________ WALLACE R. PALMER 
Secy. of St. Pat's Board ___________________ DONALD L. FLORA 
Business Manager ____________________________ LAWSON L. HART 
Membership Chm. ____ _____________ GENE & DEAN TEANEY 

A.1.1.E. 
President ___________________________________________ ROBERT E. FARMER 
Vice-President __________ ______________________ DAVID L. CAJACOB 
Secretary-Treasurer _______________ _____________ GEORGE E. INY 
Corresponding Secy. ________ __ __________________ JIM WHITAKER 

Adviser -------------- ------------------------ MR. LARRY G. DAVID 

Attendance, & Disc. Chm. ____________ MIKE WILLIAMSON 
Publicity Chm. ____ ___________________ _____ ______ ROBERT LUTMAN 

CHARLES H. DRESSEL 
Shamrock Editor ______ ________ _________ ROBERT S. FLEMMING 
Business Manager ___________________ STEPHEN 0. RICHARDS 
News Editor _______ ________________ _____________ ROBERT G. BAKULA 
Editorial Asst. __________________________ RAMAMURTHI RAJAPPA 
National Adv. Mgr. ____________________ STEPHEN C. VINCENT 

A.S.A.E. 
President ____________________________ ____________ DONALD L. BRAKER 
Vice-President ______________________ RICHARD MUELLER 
Secretary ________ _____ ___ ____ ____________________ GORDON G. PERCELL 
Treasurer ___ ________ __ ___________________________ GENE T. ZIERVOGEL 

Secretary _______________ ______ ___ ________________________ M. LYNN PlcH 
Staff Artist ____________________ ___ _______________________ DAVID E. BucK 
Photographer __________ __________________________ DoN ALD G. FosTER 
Adviser ___________________ _______________________________ JACK W. MoRGAN 
Circulation Staff _______ LANNY MAGEE, CARL LUDWIG 

Scribe ---------------------------------- ________________ LARRY F. Moo RE 
Parliamentarian ________________________________ TED H. FORESTER 
Adviser ____________________________ PROF. MILTON D. SHANKLIN ETA KAPPA NU 
Adviser Elect ________________________ PROF. HAROLD V. WALTON President ____________________________ ________ ROBERT M. SANDFORT 

Vice-President ________________________________ GERALD K. BANKUS 

A.S.C.E. 
President -------------------------------- __ ___ __ Ron WAYNE BRICK 
Vice-President ________________________________________ TERRY A. ScoTT 

Secretary -------------------------------- PAT DUNHAM 
Treasurer _____________________________ _______ RAYMOND A. HICKLIN 

Recording Secy. ____________________________ HONG CHEUNG LAU 
Treasurer ___ ___ ______________ __ ______________ CHARLES P . LEMONE 
C orres. Secy. _________ ___________________ _______ ROLAND P. MEYER 
Bridge Corres. ___________________________ : ____ MARTIN J. MEGEFF 
Adviser _______________________ _________ ________ __ __ PROF. G. V. LAGO 

Adviser ______ _________________________ _____ MR. KENNETH BUCHERT 

TAU BETA Pl 
Pl TAU SIGMA 

President ______ __ _______________________ DARRELL R. AusHERMAN President ____ __ __________________________ Ron WAYNE BRICK Vice President ______________ _____________________ JACK L. HARLOW Vice-President __________________________ __________ F. GENE TEANEY Treasurer -------------------------------------------- LARRY F. BooNE Corresponding Secy. ________________ ______ R. DEAN TEANEY 
Recording Secy. _________________ _______________ ROLAND P. MEYER 
Treasurer ___________ _________________________ CHARLES A. LEECH, III 

Corres. Secy. ______________ FRANK W. BURCHAM, JR. 
Recording Secy. ___________________________ THEODORE J. GrnsoN 

Cataloguer _________ ___ _____ __ ______________ _________ CARL L. LUDWIG 

ALPHA CHI SIGMA 
A.S.M.E. Master Alchemist ________________________ GENE TEANEY 

President ______________________________ ___________ _______ FRED F. BARNES Vice Master Alchemist ____ ________________ ________ GARY LONG 
Vice-President ___ _____________________________ How ARD G. McNISH Master of Ceremonies _______ ____________________ JoE WESCOTT 
Treasurer _____________________________________________ GuY R. HACKMAN Assistant Treasurer ___________________________ ___ JOHN DANIELS 
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Roswell E. Cut ler (left), U. of Ill inoi s '40, 

ch ief project engineer fo r regenerat ive engines, 

discusses the T78 pro gram with 

Gordon E. Holbrook, M.I.T. '39, chief engineer 

fo r product design and development at Alli son. 

OPPORTUNITY 
IS AT ALLISON IN 
TURBINE ENGINE 
ADVANCEMENT 
Allison-long-famous leader in the development and 

production of aircraft engines-is pacing state of the 

art advancement in the turboprop area. 
A regenerative turboprop engine-embodying con

cepts further advanced than in any known turboprop 

in the world today-is being developed for the U. S. 

Navy by Allison ... The Energy Conversion Division 

of General Motors. 
Featuring a regenerative cycle which transfers heat 

from exhaust gas to compressor discharge air, Allison's 

T78 will extend long-range and on station capabilities 

of anti-submarine warfare through greatly improved 

fuel economy . . . thus projecting the usefulness of 

turboprop engines well into the future. 

Too, hollow, air-cooled turbine blades-under de

velopment at Allison for the last 5 years-will permit 

higher inlet temperatures for a major improvement in 

engine performance. Greater reliability and simpler 

maintenance will be achieved with a unique, unitized 

propeller-reduction gear box. 
Perhaps there's a place for you in our long-range 

engineering program here in the creative environment 

at Allison. Talk to our representative when he visits 

your campus. Let him tell you what it's like at Allison 

where Energy Conversion Is Our Business. 

An equal opportunity employer 

_AIIisoI1 
THE ENERGY CONVERSION DIVISION OF 

GENERAL MOTORS, INDIANAPOLIS, IN DIANA 

CENERI.L 
MOTORS 





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

identified with progress in flight propulsion for almost four decades, 

spanning the evolution of power from yesterday's reciprocating 

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

Whitney Aircraft eagle carrying men and equipment to the moon and 

to even more distant reaches of outer space. 

Engineering achievement of this magnitude is directly traceable to 

our conviction that basic and applied research is essential to healthy 

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

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

our programs in energy conversion for every environment. 

Our progress on current programs is exciting, for it anticipates the 

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

as advanced gas turbines ... rocket engines ... fuel cells ... nuclear 

power-all opening up new avenues of exploration in every field of 

aerospace, marine and industrial power application. 

The breadth of Pratt & Whitney Aircraft programs requires virtually every tech

nical talent . .. requires ambitious young engineers and scientists who can con

tribute to our advances of the state of the art. Your degree? It can be a B.S., M.S. 

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

NUCLEAR ENGINEERING • PHYSICS • CHEMISTRY • METALLURGY • CE· 

RAMICS •MATHEMATICS• ENGINEERINGSCIENCEorAPPLIED MECHANICS. 

Career boundaries with us can be further extended through a corpo• 
ration-financed Graduate Education Program. For further information 
regarding opportunities at Pratt & Whitney Aircraft, consult your col
lege placement officer-or-write to Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut. 

Pratt & Whitney Aircraft 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA 

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

u 
DIVISION OF UNITARCRAFT CORP. 

An Equal Opportunity Employer 



Engineering News 

PHOTO-PLASTIC RECORDING 
A new process of taking pic

tures, permitting instant develop
ment, high resolution, and reuse 
of the film has been invented by 
General Electric. This is the first 
time that a permanent image with 
these characteristics has been pro
duced by ordinary light. The new 
development yields a completed 
picture ready for viewing at prac
tically the same moment it's taken 
and without the need for any 
chemical developers whatever. 

Called "Photo-Plastic Record
ing," it records an image by expos
ing a plastic film to light. The 
film is sensitized before exposure 
by subjecting it to an electrostatic 
charge. Heating the film causes 
the charged particles to pass tiny 
deformations into the plastic, con
forming to the image. The image is 
then "frozen in" by cooling the 
plastic. Heating and cooling are 
accomplished in less than a sec
ond. Reheating erases the image. 

The PPR film can be left in the 
open before it is used. It can even 
be exposed to bright sunlight 
without damage of any kind to 
its image-recording qualities. The 
fine detail that can be achieved far 
exceeds that obtained by conven
tional photography. 

It is possible to reuse the same 
film more than a dozen times with
out substantially impairing the 
quality of the image. The images 
are projected by a special tech
nique made necessary because the 
image on the film is in the form 
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of tiny depressions or ripples, than 
light and dark areas as in conven
tional photographing processes. 
Both slides and movies are pos
sible with the PPR process. 

It's expected that first applica
tions will be for the military. Con
sumer use is less immediate. So 
fine is the resolutio•n that as many 
as 144 crystal-sharp pictures can 
be produced in a space only two 
inches square. The enormous 
number of tiny images which can 
be recorded in the PPR f i 1 m 
makes the process ideally suited 
for intelligence work. 

The new process may make pos
sible X-rays or even X-ray movies 
which would be an important new 
tool in the hands of surgeons. 
Present X-ray technique demands 
an intermediate process-with 
consequent delay and loss of pic
ture quality. 

NEW ATOMIC MOTION IN 
CRYSTALS 

The first direct evidence of an 
unusual motion of atoms in a 
crystal has been reported by scien
tists of the Westinghouse Re
search Laboratories. 

The motion is the shaking of a 
few atoms at widely scattered 
places where defects occur in the 
orderly structure of a crystal. Be
fore this evidence, theory had as
sumed that all parts of a crystal 
must vibrate together. Crystals of 
quartz were used in finding the 
new phenomenon. 

The discovery is a basic advance 

BOB BAKULA, M.E. '65 

in understanding of crystal struc
ture and behavior. The new infor
mation will also help to raise the 
present operating temperatures of 
lasers and masers, now a limita
tion of both devices. 

The new know ledge also may 
explain the peculiar effect of neu
tron radiation on fused quartz, a 
widely used electronic material. 

The effect was observed by tip
ping over the magnetic spins of 
"free" electrons trapped at the 
crystal defects and watching them 
return to normal. Scientists have 
kept electron spins in an upside
down position for periods of sev
eral hours. 

Although used in these studies 
only to 'see' with, spins of this 
duration could, themselves, be 
useful for a variety of devices, 
Billions of them, behaving as tiny 
atomic gyroscopes in a crystal, 
could act as a rate gyro in a guid
ance system. They should be as 
good as atomic nuclei for this. 
Also, they could be very useful 
in information storage as the 
memory element of a computer. 

The defects used in the study 
were produced by irradiation of 
quartz (silicon dioxide) with neu
trons. 

The defect itself is a single 'free' 
electro·n trapped on a silicon atom. 
It has two pairs of silicon atoms as 
neighbors and is located at a spot 
where two adjacent oxygen atoms 
are missing. There are about 100 
million trillion of these electrons 
in a sample crystal less than a 
half-inch wide. 
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You never stop growing at Du Pont 
Growth is a 160-year habit with us. Take sales. Since 1937 
they've increased 750% - to $2.4 bi II ion in 1962. 

We spend more than $90 million a year in R&D. In fact, 
there are at least 200 new products under investigation at this 
writing and more being developed each day. 

What could DuPont's growth mean to you? Since we always 
fill important positions from within, it could mean fast advance
ment, new responsibilities, new horizons-growing financial and 
creative satisfaction. 

It could mean, too, more numerous and more varied oppor
tunities. The new Du Pont engineer is likely to move from his 
original assignment to one or two others in the course of his 
first five years. This gives him a chance to "change jobs" right 
inside Du Pont. 

In 1963, more than 700 new B.S. graduates planted their 
feet at Du Pont. Perhaps you'd like to join us, too. Write today. 

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 

An equal opportunity employer 

TECHNICAL MEN WE'LL NEED FROM THE CLASS OF '64 
Chemists 
Chemical Engineers 
Mechanical Engineers 
Electrical Engineers 

Industrial Engineers 
Civil Engineers 
Physicists 
Metallurgists 

r--------------------------------------7 
E. I. du Pont de Nemours & Co. (Inc.) 
2531-B Nemours Building 
Wilmington, Delaware 19898 
When I'm graduated, I'll be a _________ _ 

(List profession) 
Please send me more information about how I might fit 
in at Du Pont. 

Name __________________ _ 

Class ____ Major _____ Degree expected ___ _ 

College __________________ _ 

My address ________________ _ 

City ________ Zone State ____ _ 

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



POWDER METALLURGY 
(Continued from page 10) 

sity, the lower the amount of 
pores and therefore the higher 
the properties. 
The bridging referred to here 

is the forming of a gap, or cavity 
in the middle of the compact. The 
bridging effect is shown on a 
greatly enlarged scale on the cover 
of the magazine. 

The powder is pressed by using 
a suitable shaped die and two 
punches, one for each side of the 
die. When pressure is applied to 
the top side only, the compact is 
said to be single pressed. If both 
punches are allowed to move, 
double pressing occurs. A greater 
density develops in the compact 
when it is double pressed. An ex
ample of a double pressing opera
tion on a simple cylindrical com
pact is shown in Figure 2. 

(a) (b) (e) 

Figure 2 
Schematic operations for the forming 

of powdered parts. 

Some methods of production re
sult in hard and brittle powders. 
Such hard powder is sometimes 
annealed prior to pressing so that 
a higher density may be achieved. 
Another technique used when 
pressing a hard powder is to mix 
a soft powder with it before press
ing. This will also give a higher 
density compact. 

The effect of compacting pres
sure on density is shown in Fig. 3. 

200 5 10 15 20 25 30 
P- l/etn1 

Figure 3 
Effect of compacting pressure on den

sity of various metal powders. (From 
R. Kieffer and W. Hotop.) 
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The sintering operation is mere
ly the application of heat to the 
pressed compact. The compact is 
not melted in the sintering opera
tion. The object of sintering is to 
cause diffusion betwee·n particles, 
which in turn causes alloying and 
bonding between the particles. 

When the powder has been 
pressed only, its strength is very 
low. Most powdered parts will 
crumble under a slight impact 
prior to sintering. 

The low strength of the "green" 
(as pressed) compact is due to a 
small envelope of gas ( usually air) 
that surrou·nds each powder parti
cle. When sintering occurs, the 
gas envelope is driven off by the 
heat and particle surfaces are con
sequently more closely bonded. 

Paradoxically, the release of the 
gas around each particle also pro
duces an increase in size of the 
compact. The change in size is 
due to escaping gases forcing their 
way out of the compact and is also 
due to the natural expansion of 
the particles due to the tempera
ture increase. 

A technique know as hot-press
ing is used to regulate the final 
shape and size of the product. The 
metal is heated to the sintering 
temperature during the pressing 
operation. 

Sintering temperatures vary ac
cording to the time that the com
pact is to be subjected to heat. 
The sintering operation is done 
in a conventional electric furnace 
and is usually done in a controlled 
inert atmosphere to prevent oxi
dation of the metal product. 

* * * 
The goal of producing objects 

from powders is to obtain a prod
uct that is as strong as the same 
product made from a solid metal. 
Therefore, strength and density 
are important properties to be 
considered. 

Many factors enter into the 
products' final strength. Some of 
these are pressing force, tempera
ture and time of sinter, shape of 
mold, size and shape of powder 
and hardness of powder. The car-

rect conditions (temperature of 
sinter, time, etc.) must be deter
mined for each powder and metal 
product. No formula has been de
rived to give the correct answers 
for all conditions. 

* * * 
The manufacture of articles 

from metal powders is increasing 
rapidly. Parts which are costly to 
machine can be made from pow
ders at a nominal cost. There are, 
however, some disadvantages to 
powder metallurgical production 
techniques. 

When close tolerance is not im
portant, the cost of dies and equip
ment is prohibitive to profitable 
manufacture. Also, as the size of 
the article increases, the cost of 
equipment increases rapidly. Pow
dered parts are limited in size 
and weight to a few pounds and 
will be until manufacturing prob
lems can be solved. 

The mechanical properties ob
tainable are lower than those ob
tained from the same metal or al
loy in solid form. 

Two main types of products are 
manufactured from metal powder. 
One is materials which cannot 
easily be made any other way. Ex
amples are porous bearings, fil
ters, electric lamp filaments and 
electrical contacts. The second 
type is materials which could be 
made by other methods but for 
which the powdered technique 
may be m o r e convenient or 
cheaper. Costs of machining some 
articles is high. Powdered parts 
require little or no machining and 
are therefore used for many con
sumer products. Examples of these 
are doorknobs, gears, appliance 
parts, fountain pens, and jewelry. 

Most manufacturers are enter
ing the field of powder metal
lurgy. Cost is always a big factor 
to them, and in many applications 
powdered metal provides a savings 
of money and time. 

The average life of a coin struck 
in a popular nickel and copper 
alloy is estimated at 40 years, 
about forty times greater than that 
of a currency note. 
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THE BELL TELEPHONE COMPANIES 
SALUTE: JACK SELLERS 
Jack Sellers (B.S.E.E., 1956) typifies the successful engi
neer who takes advantage of the opportunities offered in 
the communications field at Southwestern Bell. 

In just a few short years, he has moved forward through 
four major assignments into his present position as District 
Engineer at Bartlesville, Oklahoma. Jack's present respon
sibilitie5 concern the engineering of new outside plant 
equipment for 33 towns and cities in northeast Oklahoma. 
Expenditures range upwards to $700,000 annually. This 
is a job calling for administrative as well as engineering 

TELEPHONE MAN-OF-THE-MONTH 

skill. Jack has demonstrated both talents, admirably. 
Throughout his previous assignments, Jack has shown 

his capacity for technical and administrative duties. Per
sonnel under his supervision have been responsible for all 
outside telephone plant equipment in key areas. He has 
supervised as many as 54 people at one time. 

Jack Sellers, like many young engineers, is impatient 
to make things happen for his company and himself. There 
are few places where such restlessness is more welcomed 
or rewarded than in the fast-growing telephone business. 

BELL TELEPHONE COMPANIES 





SHAMROCK SWEETHEART 

A fascinating look at our first Sweetheart 
of the year, Gracia Doswald. This eye-catching 
and charming girl from Saint Louis begins the 
year's line-up of Sweethearts which will appear 
in each issue. Gracia's stunning photos set a 
high standard which will be difficult to maintain 
throughout the year. 

Gracia is a sophomore in Marketing. She 
says that her father encouraged her to go into 
business school. It's too bad her father wasn't 
an engineer, because Gracia would have got 
along fine with us slipstickers. 

Her favorite pastime is swimming which, as 
you can see, she dresses quite well for. 



ALPHA Pl MU FOUN'DING 
Alpha Pi Mu, industrial en

gineering honor society, installed 
its twenty-eighth chapter on May 
17, 1963, at the University of Mis
souri in the Memorial Student 
Union. 

An installation team from 
Northwestern University, Evan
ston, Ill., conducted the ceremony. 
Team members were: National ex
ecutive secretary of Alpha Pi Mu, 
Bryce Genzlinger, and Ph.D. can
didates at Northwestern, Richard 
Miller and Norman Baker. 

Charter members of the Uni
versity of Missouri chapter are: 
George Bement, Charles W. 
Brown, David L. Cajacob, Stephen 
B. Cummings, Wayne A. Cox, 
George E. Iny, Barry Mansur, 
Richard H. Fahner, John A. Pen
berthy, James W. Spencer, John 
B. Wells, Edmund W. Williamson 
and Philip M. Wolfe. 

Prof. James M. Beauchamp and 
Prof. Richard P . Covert are 
charter faculty members. 

The Alpha Pi Mu charter for the 
University chapter was presented 
to Stephen Cummings, president 
of the chapter, by Bryce Genz
linger. 

Other officers of the newly
chartered organization are: Vice 
president, David Cajacob; secre
tary, James Spencer; treasurer, 
George lny; and faculty advisor, 
Larry David. 

The members attended a dinner 
at the Union after the ceremony. 
Prof. Richard Covert spoke on 
"Operations Research-Facts or 
Fiction?" 

Plans for the University of Mis
souri chapter began in the fall of 
1961 when eleven industrial en
gineering students met to discuss 
the possibility of a local chapter. 
The students met monthly to draw 
up a constitution and by-laws. 
The result of these meetings was 
a local honor society, Mu Pi Al
pha. 

In order for the local honor so
ciety to obtain a charter in Alpha 
Pi Mu, the Industrial Engineering 
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NEW OFFICERS: (Left to right) Stephen Cummings, president; Larry David, 
faculty advisor; David Cajacob, vice-president; James Spencer, secretary; George 
Iny, treasurer; Wayne Cox, president of forerunner local honor society, Mu Pi 
Alpha. 

Department had to receive ac
creditation by the Engineers 
Council for Professional Develop
ment. As soon as ECPD accredited 
the University of Missouri curri
culum in October 1962, the Mu 
Pi Alpha members applied for 
admission into the national so
ciety. 

Alpha Pi Mu was originated at · 
Georgia Institute of Technology 
in 1949 to confer recognition upon 
industrial engineering students 
who have excelled in their field. 
Chapters now exist in ahnost 
every major university which pos
sesses an accredited industrial en
gineering department. 

SUPPORT THE 

ENGINEER'S CLUB 
Year's Membership $2.50 

includes FREE subscription to 

The Shamrock 
(Meetings First Monday of Each Month) 
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AN INVITATION TO 

RESEARCH-MINDED PEOPLE 

from the 

U.S. NAVAL 
LABORATORIES 
of the POTOMAC 

You may already be familiar with one or more of the Navy's research and 
development organizations in suburban Washington and nearby communi
ties. But this will be your first contact with all EIGHT as an entity ... the 
first in a series of personal messages frankly intended to acquaint engineers 
and scientists of almost all disciplines and levels of experience with the un
usual advantages offered in common by the U.S. Naval Laboratories of the 
Potomac-in the heartland of the nation's research eftort. 

Nowhere else can you find .•• 

• The opportunity, not occasionally 
but constantly, to work on and contrib
ute to large-scale programs of national 
significance. 
e Outstanding-and oftentimes 
unique-facilities and equipments, 
backed up by the vast resources of the 
Navy itself. 
• Broad-ranging responsibilities-far 
beyond what you're likely to find else
where--for a number of programs, or 
in a variety of study areas. (Your best 
way to know what's going on, and to 
become widely known yourself.) 
• The stimulation of the Nation's 
Capital, but in suburban areas, out of 
traffic and congestion. · 

e The freedom to think and act on 
your own initiative, unfettered by the 
corporate "profit-motive" limitation. 

e A nice blending of stability and op
portunity, enhanced by the fact that 
the Washington area has grown to be
come one of the four largest private 
research centers in the nation. 

e Career Civil Service--up to 26 days 
paid vacation and 13 days sick leave 
per year, partly-paid insurance pro
gram, a new inflation-proof retirement 
policy, etc.--and a variety of graduate 
education programs for advance de
grees. 

Send your qualifications and career interests direct to the 
Employment Officer (Dep't C) of the activity in which you are 

interested, or watch for Laboratory representatives to interview on campus. 
If no local address is given, send your inquiry 

c/o Department of the Navy, Washington 25, D. C. 

NOVEMBER, 1963 

NAVAL RESEARCH 
LABORATORY (NRL) 
-heavy emphasis on pure and basic research 
into all the physical sciences under sponsor• 
ship of various government agencies in order 
to increase knowledge of these sciences them
selves ... as well as to improve materials, 
techniques, and systems for the Navy. 

NAVAL ORDNANCE 
LABORATORY (NOL) 
-conducting RDT & E of complete ordnance 
systems, assemblies, components and ma
terials pertaining to existin~, advanced, and 
proposed weapons ... principally to missiles 
and underseas ordnance. Located at White 
Oak, Silver Spring, Md. 

NAVAL WEAPONS 
LABORATORY 
-engaged, first, in studying ballistics, astro
nautics, and advanced weapons systems 
through research in mathematics, physics, 
and engineering ... and, second, in working 
on various classified DOD projects with the 
latest computer technolo~y and systems. NWL 
is located at Dahlgren, Virginia. 

NAVAL OCEANOGRAPHIC 
OFFICE 
-growing programs involving environmental 
investigations of, and new developments, 
methods, techniques, and equipment in ocea
nography, hydrography, gravity, magnetism, 
instrumentation, and related navigational sci
ence ... including charts and publications. 
Was the Navy's Hydrographic Office. 

DAVID TAYLOR 
MODEL BASIN 
-a complex of four laboratories (Hydrome
chanics, Aerodynamics, Structural Mechanics, 
and Applied Mathematics) conducting funda
mental and applied research into submarine, 
surface ship, aircraft, and missile design 
concepts ... applied mathematics •.. and 
related instrumentation. 

NAVAL PROPELLANT PLANT 
-conducts studies in chemistry, chemical 
engineering, chemical process development 
and pilot plant operation for solid and liquid 
propellants ... as well as manufactures, tests, 
and delivers missile propulsion units from 
their Indian Head, Maryland, facilities. 

·NAVAL AIR TEST CENTER 
-responsible for RDT & E of advanced aircraft 
and airborne weapons systems, with emphasis 
on improving carrier operations (esp. launch 
and recovery), and aircraft radars, radio, 
IFF, data link, computers, ECM, etc. Today, 
nearly half of the professional effort at this 
Patuxent River, Maryland, facility is devoted 
to research. 

NAVAL OBSERVATORY 
-continued fundamental observations of posi
tions and motions of celestial bodies . . . 
basic research in positional astronomy and 
celestial mechanics . . . determination of 
precise times and frequencies .. . computing 
and publishing astronomical ephemerides and 
catalogs. 
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PROGRESS 
This, the first issue of "The 

Shamrock" in magazine form, is 
a part of the engineer's plan to
ward a bigger and better engineer
ing school. We offer this as olir 
part of the "more for your money" 
program that is the theme of this 

· year's administration. The change, 
from the yearbook to the maga
zine, is made without regret on 
misgivings, because we feel it to 
be a step in the right direction. 
Let us have your opinions. 

1934 ST. PAT'S WEEK 
In March, 1934, at the time of 

the traditional St. Pat's Celebra
tion, the engineers of the Univer
sity of Missouri are planning an 
exhibition, in the spacious Brewer 
Field House, that will, without 
doubt, be the biggest University 
attraction of the current school 
year. 

The St. Pat's Board, headed by 
W. R. Rothmeyer, is in complete 
charge of the exhibition, with the 
department heads of the En
gineering Faculty acting as an ad
visory council. 

The object of the Exhibition is 
to enlarge the scope of the St. 
Pat's Celebration. Engineering 
equipment and manufacturers' 
products of a wide variety will be 
exhibited; all county and munici
pal engineers and alumni are to 
be invited. Work on the celebra
tion has already begun, and with 
the aid of every student of ep.
gineering the celebration should 
be a huge success. 
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THE CiOOD LIFE! 
Ur Wazt has everything a man could want. Beautiful wife. Pedi
gree pet. And, of course, his son, Ur Junior, who's away at college. 
Ur Senior pays most of the college bills with money from a New 
York Life Education "Plan. The day he graduated, Ur Senior de
cided to start one of those economical plans. He wanted to be 
sure his son would have the same educational opportunities. 
Smart think1ng! Yoar.New York Life Representative can show you 
many ways you can make good use of mo

1

1dern life insurance. 
Drop in and get acquainted. 

VERN DOWEL~ 

<ey!!9 
Campus Representative 

NEW YORK LIFE INSURANCE COMPANY 
1015 East Broadway Phon~ Gibson 2-4237 
Life Insurance • Group Insurance • Annuities • Health \nsurance • Pension Plans 

We are greatly indebted to Mr. 
C. L. Brewer, Athletic Director, 
for the cooperation he has given 
in the securing of the field house 
for this exhibition. 

SYNTHETIC RUBBER 
The idea of obtaining rubber 

from any other source than the 
conventional rubber plant is a 
comparatively new one. In Russia, 
however, there are two factories 
in operation at the present time 
producing rubber. 

Alcohol derived from potatoes 
j.s used as the basic material, a 
circumstance which is unfortunate 

I as the demand for potatoes as food 
equals their supply. Fortunately, 
two solutions of this difficulty 
have been proposed. First, a proc
ess of obtaining alcohol from 
peat has worked out; and next, 
the State Institute of Applied 
Chemistry has announced a new 
method of obtaining synthetic 
rubber from acetylene. Tests of 
the new rubber are said to have 
established in some respects its 
superiority to natural rubber. The 
cost of production of this synthetic 
rubber is low eµ,qugh • to en'cour
age _fur~~{ manufacture and in-
vestigation;· , .. . 
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WHERE'S GARRETT? EVERYWHERE! Garrett-Ai Research makes life safer, 
more comfortable and more efficient for millions of people every day. Here are a few of the ways: 

IN SPACE- Environmental control systems for astronauts, research in life sciences, advanced space power, 
systems and cryogenic systems. IN THE AIR-Pressurization and air conditioning for most of 

the world's airliners and military aircraft, central air data systems, heat transfer equipment and hundreds of 
components. ON LAND-Gas turbine ground support for aircraft; heating, refrigeration and electrical 

power for buildings; emergency standby power; turbochargers. ON THE SEA - Secondary electrical power and 
pneumatic power for ships; inflatable survival gear for commercial aircraft. UNDER THE SEA-Environmental 

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

THE FUTURE IS BUILDING NOW AT 

Los Angeles • Phoenix 



Where do you fit in? 
Degree 

or 
Major 

ENGINEERING 

Chemical 

Civil 

Electrical 

Industrial 

Mechanical 

Agricultural and 
Other Fields 

PHYSICAL SCIENCES 

Mathematics 

Physics 

LEGEND 

w 
T 

TW w 
TW w 
TW w 
T w 

T w 

w 
T 

TWBS ws WBS BS T 
TWS w T T 

TWBS s WBS BS 
TW w 

T B BS 

TW w WB BS 

J BELL TELEPHONE COMPANY AND 
AMERICAN TEL. & TEL. CO., 
LONG LINES DEPT. 

W WESTERN ELECTRIC COMPANY 

8 BELL TELEPHONE LABORATORIES 

5 SANDIA CORPORATION 

NOTE: Advanced as well as baccalaure
ate training is particularly volucOle in 
research and development work in the 
Bell Telephone Laboratories, Sandia 
Corporation and Western Electirc . Ad
vanced training is often us·eful but is 
less important in other areas of work. 

The ch~.rt above shows where your college education may 
best fit into the Bell Telephone System and where your 
interest in particular types of work may best be satisfied. 
You can choose from many jobs in the Bell Telephone Com
panies, the operating units of the Bell System ... the Bell 
Telephone Laboratories which is engaged in both civil and 
military communication research ... the Sandia Corpora
tion which -'develops atomic weapons and the Western 
Electric Company, the manufacturing arm of t.he Bell 
System. 

B~II System offers wide range of iob opportunities 
There's a wide range of jobs in the Bell System for men 
with college training in many fields, and with different 
personal interests. 

The diversity in Bell System work makes it possible to 
offer opportunities in management, engineering and re
search in the fields of communications, manufacturing, 
atomic and military ordnance · developments, and basic 
sciences. 

Opportunity for Advancement 
Your chances for advancement in the Bell System are 
excellent. 

Here are four reasons why: 

There is a long-established policy of promotion from 
within the business. 

The Bell System is decentralized. Each Bell Company is 
fully responsible for its own operations and the delegation 
of authority to small operating units offers the able man 
early opportunity to show what he can do in responsible 
jobs. 

The System is rapidly and continually growing. During 
the past ten years the Bell System has doubled in size. 

Our business is less affected than many by the fluctu
ating economic conditions. Bell System policies and plans 
are made for the long pull. 

Special Training 
You're given special training to further prepare you for 
your job. 

A brief orientation program gives you understanding of 
the organization as a whole. 

Varied assignments give you knowledge and skill needed 
for supervisory or staff jobs. 

Special management training is given you in fields re
lated to your work, including human relations and policies 
of the business. 

Business Character 
The Bell System's aim is to give our nation the best possi
ble communication service. Its employees accept this ideal 
and strive for it. 

Within the business you will find friendly associations 
with people you like, understanding and competent manage
ment, and comprehensive personnel policies with out
standing employee benefits. 

Southwestern Bell Telephone Co. • American Tel. & Tel. Co., long lines Dept. • Bell Telephone laboratories • Sandia Corporation • Western Electric Co. 
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Interviews November 19 and 20 for Students 

Register Now at College of Engineering Placement Office 

THE MISSOURI SHAMROCK 



Assignment: match the performance of our finest 
automatic drive in a lighter, less expensive version! 

Result: A new Ford-built 3-speed 

torque converter-ideal 

"traveling companion" for our new, 

hotter, medium-displacement V-8 engines 

/ 

A completely new Ford Motor Company 3-speed 
automatic drive for 1964 delivers imp roved 
passing performance ... smoother acceleration 
... better start-ups (up to 35% higher torque 
multiplication in Low) ... more flexible down
hill braking ... quieter operation in Neutral. 

With the introduction of this lighter, highly 
durable and efficient transmission in 1964 
Comet, Fairlane and Ford models, our engi
neers have taken still another step toward 
putting extra pep per pound into Ford-built cars. 

Simpl ified gear case design and a one-piece 
aluminum casting result in a lighter, more 
compact transmission-one that has fewer 
components and is extremely easy to maintain. 
Built to precision tolerances akin to those in 
missile production, the new automatic trans
mission is truly a product of the space age, 
and is typical of technical progress at Ford. 

Another assignment completed; another case 
of engineering leadership at Ford providing 
fresh ideas for the American Road. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE ■NGIN■ERING LEADERSHIP BRINGS YOU BETTER•BUIL T CARS 
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BULi.ARNEY 

A fugitive scientist from a Boris 
Karloff horror picture dreamed up 
a serum that would bri:ng inani
mate objects to life. He surrepti
tiously tried it out on the statue 
of a great general in Central Park. 
Sure enough, the statue gave a 
quiver and a moment later the 
general, creaking a bit in the 
joints, climbed down from the 
pedestal. The scientist was over
joyed .... 

"I have given you life," he ex
ulted. "Now tell me, general, what 
is the first thing you are going 
to do with it?" 

"That's easy," rasped the gen
eral, ripping a gun from his hol
ster. "Im going to shoot about two 
million pigeons!" 

• 
Engineer on telephone: "Doctor, 

come quick! My little boy just 
swallowed my slide rule." · 

Doctor: "Good heavens, man, 
I'll be right over. What are you 
doing in the meantime?" 

Engineer: "Using log tables." 

• 
Salesman: "This slide rule is 

something you'll really need. It 
will do half your work for you." 

Up and coming freshman en
gineer: "Fine, I'll take two." 

• 
Overheard in an E. E. lab: 
"Take hold of that wire." 
"This one? Okay." 
"Feel anything?" 
"Nope." 
"Then don't touch the other 

one. It's carrying 50,000 volts." 
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On a windy day, a young lady 
was having trouble keeping her 
dress down. She noticed a man 
watching her with interest and 
she addressed him in an irritated 
voice. 

"It is obvious you are not a 
gentleman." 

The man replied, "It's obvious 
you are not either." 

A bouncer in a saloon had 
thrown out the local freeloader 
for the fifth time, but the un
daunted victim staggered back for 
more. An engineer watching the 
performance finally tapped t h e 
bouncer on the shoulder. "Know 
why he keeps coming back?" he 
asked. "You're putting too much 
backspin on him." 

Finals, finals, everywhere 
With drops and drops of ink 
And never a prof who'll leave 

the room 
And allow a guy to think. 

The girl on the bus was reading 
about birth and death statistics . 
Suddenly she turned to a male be
side her and said, "Do you know 
that every time I breathe a man 
dies?" 

"Very interesting," he returned, 
"Why don't you try some mouth
wash?" 

Father: "What do you mean by 
bringing my daughter home at this 
hour of the morning?" 

Engineer: "I can't help it, I 
have to be in class by eight 
o'clock." 

A certain brewer sent a sample 
of his beer to a lab to be analyzed. 
A few days later he received a re
port from the chemist-
"Dear Sir: 

"Your horse has diabetes." 

• 
Joe: "That college turns out 

some great men." 
Bill: "When did you graduate?" 
Joe: "I didn't, I was turned out." 

• Soon after Janice and Montie 
were married, Janice decided to 
cook her first chicken. When Mon
tie started to carve it, he said, 
"What did you stuff it with, 
dear?" 

"It didn't need stuffing, dar
ling," she replied. "It wasn't hol
low." 

Senior: "You forgot to take off 
your pajamas." 

Freshman: "No I didn't, this is 
my ROTC uniform." 

• 
1st M.E.: "You cuttin' machine 

design Friday?" 
2nd M.E.: "Nope, I can't. Need 

the sleep." 
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This kind of chemical engineering 
is not as easy as it looks 
An outmoded stereotype should not 
scare a good Ch.E. off from a highly 
satisfactory career in marketing. We 
are proud to say that the job calls for 
more than a collection of shaggy dog 
stories plus a convincing manner of 
taking two more strokes than the 
customer on that dogleg 14th hole. 

Often a marketing career in our 
non-photographic operations starts 
out much like the traditional concept 
of chemical engineering, except that 
you work on the customers' production 
problems instead of our own. Then 
you get to meet a few live customers 
who come to see what you are up to. 
Maybe you are sent to a trade con
vention where you meet more than a 
few customers. To your amazement, 
they seem to regard you as a foun
tainhead of valuable technical infor-

mation in a given area. To your further 
amazement you realize it's true-they 
do badly need to know exactly what 
you are being paid to tell them and 
show them. (Willy Loman never had 
it so good.) By and by, you may do a 
tour of duty in one of our field sales 
offices, or even get into the advertising 
end. As another course, you may settle 
down into liaison with manufacturers 
of equipment that needs to be fed with 
our plastics, fibers, solvents, chemical 
intermediates, or fine chemicals. 

We define the chemical marketer as 
a chemical engineer who forges the 
most rational links between what we 
can most efficiently turn out and what 
other companies can most efficiently 
use. He is a hero of the chemical 
industry today. 

As for the chemical engineer of 

different personality bent who, early 
in his career, prefers to put down roots 
in one of the three communities where 
we manufacture-Rochester, N. Y., 
Kingsport, Tenn., Longview, Tex.-we 
need him too. And of course, diversi
fied as we are, we also need engineers 
of other than chemical persuasion, to 
say nothing of scholarly chemists and 
physicists to lay down good, solid 
foundations for all that engineering 
and creative salesmanship. 

EASTMAN KODAK COMPANY 
Business and Technical Personnel 
Department, Rochester 4, N. Y. 

I IB@cll@fu I 
An equal-opportunity employer 



An Interview 
with G.E.'s 
J. S. Smith, 

Vice President, 
Marketing and 

Public Relations 

Mr. Smith is a member of General 
Electric's Executive Office and is 
in charge of Marketing and Public 
Relations Services. Activities report
ing to Mr. Smith include marketing 
consultation, sales and distribution, 
marketing research, marketing per
sonnel development, and public rela
tions as well as General Electric's 
participation in the forthcoming 
New York World's Fair. In his 
career with the Company, he has 
had a wide variety of assignments 
in finance, relations, and marketing, 
and was General Manager of the 
Company's Outdoor lighting De
partment prior to his present ap
pointment in 1961. 

for more information on a 
career in Technical Marketing, 
write General Electric Company, 
Section 699-08, Schenectady, 
New York 12305. 

COULD YOU OUT-THINK A COMPETITOR? 

Consider a Career 
in Technical Marketing 
Q. Mr. Smith, I know engineering plays a role in the design and manufacture 
of General Electric products, but what place is there for an engineer in 
marketing? 

A. For certain exceptionally talented individuals, a career in technical market
ing offers extraordinary opportunity. You learn fast what the real needs of 
customers are, under actual industrial conditions. You are brought face-to-face 
with the economic realities of business. You participate in some of the most 
exciting strategic work in the world: planning how to out-engineer and out-sell 
competitors for a major installation. 

O. Sounds exciting. But I've worked hard for my technical degree. I'm worried 
that if I go into marketing, I won't use it. 
A. Don't worry-you'll use all the engineering you've learned, and you'll go 
on learning for the rest of your life. In fact, you'll have to. You see, the basic 
purpose of business is to sense changing customer needs, and then marshal 
resources to meet them profitably. That means that you must learn to know 
each customer's operations and needs almost as well as he understands them 
himself. And with competitors trying their best to outdo you, believe me
every bit of knowledge and skill you've got will be called into play. 

0. Is that why you said you wanted "exceptionally talented people"? 

A. Technical marketing is not everybody's dish of tea. It takes great personal 
drive and energy, and a talent for managing the work of others in concert with 
your own. It takes flexibility ... imagination ... ingenuity ... quick reflexes 
... leadership qualities. If you're nervous with people or upset by quick
changing situations, I don't think technical marketing's for you. But if you are 
excited by competition, like to help others solve technical problems, and enjoy 
seeing your technical work put to the test of real operation-then you may be 
one of the ambitious men we're looking for. 

Q. Now what, actually, does a man do in technical marketing? 

A. Let me describe a typical situation in General Electric. A field sales 
engineer is in regular contact with his customers. Let's say one of them makes 
an inquiry, or the sales engineer senses that the time is right for a proposition. 
With his field application engineer, he determines the basic equipment needed. 
Then he contacts the marketing sales specialist in the G-E department that 
manufactures that equipment. The sales specialist, working closely with his 
department's product engineers, specifies an exact design-realistic in function 
and cost. Then the sales engineer and his supporting team try to make the 
sale, changing and improving the proposition as they get cues from the competi
tive situation. If the sale is made-a very satisfying moment-then the installa
tion and service engineers install the equipment and are responsible for its 
operation and repair. With the exception of the product design engineers, all 
these people are in technical marketing. Exciting work, all of it. 

O. In college we learn engineering theory. How do we get the sales and busi
ness knowledge you mentioned? 

A. At General Electric, a solid, well tested program of educational courses will 
quickly advance both your engineering knowledge and your sales capacities. 
But perhaps even more important, you'll be assigned to work with some of the 
crack sales engineers and application and installation men in the world, and 
that's no exaggeration. A man grows fast when he's on the sales firing line. As 
a FORTUNE writer once put it, the industrial sales engineer needs "that prime 
combination of technical savvy, tactical agility, and unruffied persuasiveness." 
Have you got what it takes? 699-0B 

Progress Is Ovr Mosf lmporlt1nf 'Protlve.f 
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Why would a scientist pay $4100 for this little coil of wire from Westinghouse? 

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

In labs all over the country, scientists are 
using the Westinghouse super-magnet to 
explore ideas like generating electric power 

directly from a stream of hot gases; build
ing new kinds of atom smashers; develop
ing power systems for long-distance space 
travel and communications. 

The Westinghouse super-magnet oper
ates on less power than an ordinary light 

bulb. But it has twice the strength of an 
electro-magnet weighing 20 tons and us
ing 100,000 watts of electricity. 

That's why this little Westinghouse mag
net is a bargain at $4100. 

You can be sure ... if it's Westinghouse. 

For information on a career at Westinghouse, an equal opportunity employer, 
write to L. H. Noggle, Westinghouse Educational [)eoartment. Pittsburi:ih 21, Pa. 



Instant portable power ... any time, any place 

In this battery-sparked new world of portable convenience, hand tools are driven by their own re
chargeable batteries ••• toys perform their tricks by remote control •.. a hearing aid with its 
button-size power cell can be slipped into the ear ••• cordless radios and television sets are lively 
companions in the home or outdoors ••. missiles and satellites are guided through the vastness of 
space. ► Developments like these have brought more than 350 types of EVEREADY batteries into 
use today, 73 years after Union Carbide produced the first commercial dry cell. Ever-longer service 
life with power to spare is opening the way for portable power sources, such as the new alkaline, 
nickel cadmium, and silver batteries, to serve hundreds of new uses. ► For the future, along with 
their research in batteries, the people of Union Carbide are working on new and unusual power 
systems, including fuel cells. And this is only one of the many fields in which they are meeting 
the growing needs of tomorrow's world. 

A HAND IN THINGS TO COME 

LooK for these other famous Union Carbide consumer products
LINDE Stars, PRESTONE anti-freeze and car care products, "6-12" Insect Repellent, DYNEL textile fibers. 

Union Carbide Corporation, 270 Park Ave., New York, N. Y.10017. In Canada: Union Carbide Canada Limited, Toronto. 



What's new at Bethlehem Steel? 
New $40-million research laboratories in Bethlehem, Pa. Building a $250-million steel plant at Burns Harbor, Ind. 

Fabricating and 
erecting steelwork 

for World's Fair 
structures, including 

the magnificent 
Federal Pavilion. 

Official photograph 
U.S. Navy 

Producing thin tinplate 
on the nation's 
newest tin mill, at 
Sparrows Point, Md, 

Building nuclear-powered 
submarines at Quincy, Mass. 

Installing new 
oxygen steelmaking 

furnaces at 
Lackawanna, N. Y. 

Developing such 
exciting new products 
as steel foil, far thinne1 
than this page. 

New facilities • • • new products ... new processes. 
All this means career opportunities for alert and aggressive college grad
uates ... in steel plant operations, sales, research, mining, shipbuilding, 
fabricated steel construction, and many other activities. 

You can get a copy of our booklet, "Careers with Bethlehem Steel and 
the Loop Course,'' at your Placement Office, or by sending a postcard to 
our Personnel Division, Bethlehem, Pa. 

BETHLEHEM STEEL 
An equal opportunity employer II 
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From the Editor's Desk: 

The present engineering program here at the University is, in practice, 
a five-year program because only about 25% of those who start out in engi
neering graduate in four years. There are reasons that it might be wise to 
have a five-year program, anyway. · 

First of all, it may not be very long before a four year undergraduate 
degree simply is not enough education to qualify a student for a good job 
unless his grades are considerably above average. Going on to graduate 
school may become the rule instead of the exception. One way to make the 
undergraduate degree more valuable would be to increase the amount of 
technical education slightly by increasing the number of hours of technical 
courses. 

Another major justification for changing to a five-year program has to 
do with our general educational well being. That justification is our cultural 
development. Because the required technical .courses are presently so num
erous, we engineers don't have the opportunity to learn much about the cul
tural aspects of life. A year added to the present curriculum would make it 
possible for the student to take courses and attend outside events which 
would add to his cultural development. 

It would be possible to increase both the hours of technical courses and 
the hours of humanistic studies that engineers take and still have a lower 
average per semester of hours. This change would have two good effects: (l) 
more students would graduate from engineering because there wouldn't be 
such a heavy load each semester and (2) engineers could take more hu
manistic courses and have more time for extracurricular activities. R.S.F. 

FRONTISPIECE 

Receiving a final touch-up prior to shipment from U.S. Steel's 
American Bridge Division plant at Gary is one of four huge 
girders for the Dartmouth Street bridge over the Mississippi 
River at Minneapolis. Weighing 145 tons, the we Ide d 
haunched boxed girder shown is 120½ feet long and 21 feet 
deep-one of the largest ever fabricated at the plant. The 
structural members' unusual size required special loading on 
two flat cars for transfer to barges at a nearby Lake Michigan 
dock. From there the units moved through the barges at a 
nearby Lake Michigan dock. From there the units moved 
through the IHinois Waterway to the Mississippi, then up
stream to the Twin Cities. 
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Unconventional Power 

Generation Today 

EDITOR'S NOTE: M.U. pr.esently has 
begun a sizable program in direct ener
gy conversion. The new space science 
research center which is to be estab
lished here in the near future at a cost 
of .$2,000,000 is to have a strong empha
sis on direct energy conversion. The 
University's inwest in this subject ( at 
the graduate level) has made the sub
ject of particular interest to M.U. En
gineers. 

Since the article is fairly long, it 
will be divided between two successive 
issues of the SHAMROCK. Of the author's 
four methods of unconventional power 
generation, thermionic, thermoelectric, 
fuel cell, and magnetohydrodynam.ic, 
the first two wilL be discussed in this 
issue. 

The author would like to thank Dr. 
Robert L. Carter, Professor of Electri
cal and Nuclear Engineering, for his 
advice on the pr.eparation of the manu
script. 

Introduction 
Unconventional electric power 

generation methods offer great 
possibilities for improvement over 
conventional turbine-generator 
power sources. Conventional tur
bine-generator p o w e r systems 
have been d~veloped to their 
present maximum operating ef
ficiency of forty to forty-five per
cent, and further progress is pos
sible only if major technological 
advances are made. The funda
mental limiting factors in conven
tional turbine-generator power 
plants are: lack of practical ma
terials to sustain the high tem
peratures needed for improved ef
ficiency, lack of practical fuels to 
attain high temperatures, and lack 
of incentive to increase operating 
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temperatures, since the heat en
gine or Carnot efficiency tends to 
"level off" at higher temperatures. 
Consequently, even if major tech
nological advances are made, the 
conventional power plant will still 
have quite limited efficiency. This 
low efficiency becomes increasing
ly important when one considers 
that the fuel resources o f the 
world are rapidly depleting, while 
the world's energy demands are 
rapidly increasing. Besides t h e 
problems of impending scarcity of 
fuel resources and the inherent 
inefficiency of the conventional 
heat cycle, the burning of fossile 
fuels in today's power plants is 
causing a disturbing increase of 
carbon dioxide contamination of 
the atmosphere. 

These facts about present power 
generating systems and the new 
awareness that there are simpler 
ways of producing electricity than 
through the co·nventional steam 
plant, have given the entire field 
of energy conversion a particular
ly important s po t in today's 
research. Perhaps the most inter
esting difference between conven
tional power plants and some of 
the direct conversion systems is 
that the conventional steam power 
plant is most efficient and eco
nomical when it is built on a large 
scale, while several of the direct 
conversion systems obtain maxi
mum efficiency indeJ>endent of 
size. As a result, many small di
rect conversion generators located 
where the electrical power is 

needed could replace both the 
conventional steam power plant 
and its expensive power distribu
tion system. Small direct conver
sion devices located in each home 
or located to supply a group of 
homes or a factory, offer an in
triguing solution to the problem of 
meeting the electrical power needs 
of the world. 

However, the fu·ndamental 
problem to be solved still remains: 
to supply a sufficiently reliable 
source of the required electri
cal power at minimum over
all cost. It is the o b j e c t of 
this report to discuss the four 
unconventional electric power 
generation methods that now seem 
to be most promising. The four 
methods, thermionic, thermoelec
tric, fuel cell and magnetohydro
dynamic conversion are presented 
in the order of their present ap
plicability to dependable, economi
cal small-scale power generation. 
Each of the energy conversion 
methods is discussed by describ-

ToM FELDMAN received his B.S.M.E. 
at the University of Kansas in 1961. In 
the fall of 1961 he came to M.U. on a 
N.D.E.A. (National Defense Education 
Act) Doctoral Fellowship in Direct 
Engery Conversion. Tom got his 
M.S.M.E. here in 1962 and hopes to 
receive his Ph.D. in 1965. His research 
is in the general field of magneto
hydrodynamics, and more specifically 
on gas oscillations caused by heat. He 
is one of six N.D.E.A. Doctoral FeUows 
studying Direct Engery Conversion. In 
the future, Tom plans to go into teach
ing, perhaps after some experience in 
industry. 
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ing how it operates, by giving its 
fundamental efficiency, its ad
vantages and disadvantanges, its 
cost, its lifespan, and its applica
bility to small scale generation. 
An original design of a direct con
version system, which seems to 
be the best present system for 
small scale use, is also presented 
and evaluated. Finally, the four 
conversion systems are compared 
and conclusions are presented as 
to whether today's small scale 
direct conversion generators are 
dependable and e c o n o m i c a 1 
enough to compete with conven
tional electrical generators. 

Thermionic Conversion 
Thermionic generation of heat 

to electricity is now one of the 
most promising methods of relia
bly and economically generating 
electrical power on a small scale. 

A thermionic generator is es
sentially a simple diode operating 
as a heat engine between a heat 
source and a heat sink. 

Cesium Vapor Thermionic Diode 

The generation of electricity is 
the result of the intense heating 
of the cathode or emitter. "Hot" 
electrons are literally boiled off 
the emitter at high velocity. These 
energetic electrons are collected 
by the relatively cool anode or 
collector which is placed only 
about 1/ 100 inch away from the 
emitter. A small electrical poten
tial exists because the emitter and 
collector are made of materials 
having different work functions, 
that is, the collector material al
lows a freer flow of electrons than 
t h e emitter material allows. 
Hence, by heating the emitter, a 
steady current of electrons is 
forced to flow to the collector and 
on through an external load to 
perform useful work. 

One undersirable effect which 
occurs to retard electron flow is 
called "space charge" effect, which 
~ simply a piling up of electrons 
in the space near the emitter sur-
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face . Space charge effects can be 
reduced by placing the emitter 
and collector closer together or by 
introducing an easily ionized gas 
into the diode envelope. Cesium 
gas, which has a low ionization 
potential, is commonly used in 
"vapor diodes" to reduce space 
charge effects. In addition, the 
cesium gas tends to condense on 
the cool collector and to· form a 
thin coating on the collector ma
terial which effectively provides 
a low work function cesium collec
tor for the diode. 

The fundamental limiting effi
ciency of the thermionic generator 
is the same as that for the Carnot 

h t 1 Eff T Hot-T Cool 
ea eye e, . = 

THot 
since the diode is operating as a 
heat engine receiving heat from a 
hot reservoir at T Hot and reject
ing heat to a cool reservoir at T 
Cool. The efficiency will increase 
as T Hot increases and as T Cool 
decreases. However, as the tem
perature of the hot emitter is in
creased, its operating lifetime de
creases. As a result, efficiencies of 
35% and temperatures of 3600° F 
are the present predicted maxi
mums. For thermionic generators 
to have lifetimes of 10,000 hours 
the temperature of the emitter 
must be kept below 2700° F. Solar 
collectors and common fossil fuels 
can economically su}:>ply the nec
essary heat to power a long
lived thermionic generator. 

For high efficiencies the col
lector temperature must be kept 
low, thus the large amounts of 
heat received from emitter radia
tion, from conduction through the 
shell, and from the energetic elec
trons that are collected, must be 
rejected to an external sink. A 
fairly large radiator or a conduc
tion cooling system can remove 
the unwanted heat, which, for ex
ample, could be used as a heat 
source for some secondary power 
generator, or could be used for 
space heating of a home or fac
tory. U_s.i.Jlg._ the heat rejected from 
the collector will greatly improve 
overall efficiency of the system. 

Although serious work i n 
thermionic conversion only began 
in 1957, the best of the generators 
which have been built are ade
quate for many applications. One 
recently built solar powered de
vice will supply about 125 watts of 
power for a space satellite. This 
generator is made up of five 25 
watt cesium vapor diodes, each 
operating at 17% efficiency, with 
power density of about 5 watts/ 
cm2 and with a direct current 
electric potential of one volt. The 
emitter temperature · is about 
2700° F, which will allow the life
time of the unit to be greater than 
2000 hours. Similar generator per
formances can be obtained from 
fossil fuel heat sources. The favor
able performance of diodes using 
nuclear heat sources indicates that 
for larger scale power production 
this approach may someday be 
better than other heat sources, 
but at present there are many 
problems to be overcome. A vapor 
triode converter has been pro
posed which uses a grid to inject 
electrons and thereby gives ef
ficiencies of up to 20% at emitter 
temperatures of only 2400° F, but 
this device has not proved to be 
as long lived or as efficient as 
expected. 

The principal advantages of the 
thermionic converter are that it 
is simple, small, easily manufac
tured, and light weight. It operates 
silently without any moving parts 
and can be powered by common 
low cost fuels. It can provide an 
auxiliary heat source for a low 
temperature secondary generating 
system, or for space heating. The 
primary disadvantages of the 
thermionic converter are that it 
produces low voltage direct cur
rent which cannot be economically 
converted into higher voltage al
ternating current, that it has a 
relatively short lifetime, and that 
it is relatively ·-e:ir.pensive. One 
source reports that the initial cost 
of a thermionic generator would 
be approximately $200/ KW. In 
spite of these facts, however, the 

( Continued on page 21) 
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Assignment: design a car for tomorrow. .. 
that could be built today! 

- . .. ~ ' . 

Result: Allegro, an experiment in advanced automotive ideas 
that are practical for the near future 

Allegro means "brisk and lively," which certainly 
describes Ford Motor Company's new dream car, 
a handsome fastback coupe. More than that, Allegro 
has unique functional features that could be adapted 
for future production cars. (This has already occurred 
in the case of retractable seat belts I) 

A major innovation is a cantilever-arm steering 
wheel with an electronic "memory." The steering 
wheel is mounted on an arm that extends from a 
center-mounted column. The wheel swings upward 
for easy exit, returns automatically to its former 
position at the touch of a button. Power adjustment 
enables it to be moved three inches fore and aft and 
five inches vertically. This, plus power-adjustable 

foot pedals, permits use of a fixed seat design for 
low overall height. 

Basically a two-seater in present form, Allegro has 
rear floor space that could be converted to carry 
two additional passengers. The car could be powered 
by either a V-4 made by Ford of Germany or by the 
domestic 144- or 170-cubic-inch Sixes. 

Allegro is one of a series of Ford-built dream cars 
which will be shown at the New York World's Fair 
to test consumer reaction to styling and mechani
cal innovations. This will help determine which of 
their forward-looking features are destined for the 
American Road-as further examples of Ford Motor 
Company's leadership in styling and engineering. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE ENGINEERING LEADERSHIP BRINGS YOU BETTER-BUILT CARS 



Engines of the future .•• engines of today. Low compression 
engines ... high compression engines. Air-cooled engines ... 
water-cooled engines. Four, six and eight cylinder engines. 
And all he has to do is figure out which gasolines we should 
produce to make them all happy. 

One of the key scientists in American Oil's Road Anti
knock Quality Program is Charles Karabell, 31, B.S., 
Chemical Engineering, PhD, Mechanical Engineering from 
Purdue University. To say that his job of establishing and 
predicting fuel characteristics for today's and tomorrow's 
automobile engines is a challenge, is a vast understatement. 

If you're thinking about a career with a future, think 
about us. American Oil offers a wide range of new research 
opportunities for: Engineers-chemical, mechanical, and 
metallurgical; Chemists-analytical, electrochemical, phys
ical, and organic; Masters in Business Administration with 
an engineering (preferably chemical) or science background; 
Mathematicians; Physicists. 

For complete information about interesting careers 
in the Research and Development Department, write: 
J. H. Strange, American Oil Company, P. 0. Box 431, 
Whiting, Indiana. 

IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS, LUBRICANTS AND PETROCHEMICALS, AMERICAN OIL AND ITS SISTER COMPANY, AMOCO 

CHEMICALS CORPORATION, ARE ENGAGED IN SUCH DIVERSIFIED RESEARCH AND DEVELOPMENT PROJECTS AS: Organic ions under electron impact/Radiation

induced reactions/Physiochemical nature of catalysts/Fuel cells/Novel :s_eparations by gas chromatography/ Application of computers to complex 

- technical problems/Synthesis and potential applications for aromatic acids/Combustion phenomena/Design and economics: new uses for present 

products, new products, new processes/Corrosion mechanisms/Development of new types of surface coatings. 

STANDARD OIL DIVISION AMERICAN OIL COMPANY 



Engineering News 

GIANT, ACCURATE THRUST 
MACHINE CALIBRATOR 

The world's largest dead weight 
testing machine-now being built 
.-will use stainless steel to pre
serve newly developed accuracy 
that can sav'e ·tbne and money in 
America's rocket and missile pro
grams. The machine will be used 
as a standard to calibrate devices 
measuring · thrust, force a n d 
weight. 

The new dead weight tester will 
have a 300,000 pound capacity 
for both tension and compression, 
and will be accurate to within 
.005 (five thousandths) of on e 
percent. 

Sun Shipbuilding & Dry Dock 
Company, Chester, Pa., is making 
the 22 new stainless steel weights. 
They range from 10,000 to 30,000 
pounds. 

The stainless steel is resistant 
to erosion, corrosion and wear, 
and therefore calibration adjust
ments will be minimized, even 
over long periods of time. Main
tenance requirements to protect 
the stainless steel will be few and 
infrequent. 

In all, 19 stainless steel weight 
bodies will be used in the new 
dead weight machine. They will 
be circular in shape. The smallest 
-for the 10,000 pound weight
will be 78 inches in diameter and 
6-3/8 inches thick. The biggest
for the 30,000 pound weight-will 
be 96 inches in diameter a n d 
14-3/8 inches thick. 

Three of the weights will weigh 
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30,000 pounds each; four will 
weigh 20,000 pounds each and 12 
will weigh 10,000 pounds each. 
Hub plates, studs and bolts-all 
included in the total weight-also 
will be of stainless steel. A loading 
frame of alloy steel will weigh 
10,000 pounds making a total of 
300,000 pounds. 

Besides being the largest, the 
300,000 pound dead weigh ma
chine is the first of its kind to be 
equipped with stainless steel 

BOB BAKULA, M.E. '65 

weights. In the past, the huge 
weights have been made of cast 
iron or mild steel and painted. 

Improved accuracy, which the 
new machine will provide, will 
mean huge savings in both money 
and time in the missile and rocket 
industry. More accurate calibra
tions will mean more accurate 
measurements. With improved ac
curacy the number of firings can 
be greatly reduced with a big 
savings in money. 

These huge stainless ,steel discs are part of the world's largest dead weight 
testing machine. They a·re for the 300,000 pound capacity machine being built for 
the National Bureau of Standards. Allegheny Ludlum Steel Corporation supplied 
200,000 pounds of stainless in 71/s inch thick plat-e of the thickest stainless 
plate ever rolled. 
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CARBON MORE 'FIREPROOF' 
THAN METALS IN SPACE 

Carbon, universally burned as 
a fuel here on earth, may turn out 
to be an important structural ma
terial in space. 

The reason? Under certain 
space conditions it is more "fire
proof" than such well-known 
space-age metals as tungsten and 
molybdenum. 

This seemingly contradictory in
formation comes from an almost 
"atom-by-atom" study of how 
oxygen combines with high-tem
perature structural materials at 
temperatures up to 3000 degrees 
Fahrenheit and pressures down to 
1/40th that of the atmosphere at 
sea level. 

Th e s e temperature-pressure 
conditions are comparable to those 
encountered by space vehicles 
during high-speed re-entry into 
the earth's atmosphere. 

In precise experiments, the ac
tual and theoretical oxidation 
rates of structural carbon (graph
ite), tungsten an molybdenum 
were compared. 

Under simulated space condi
tions carbon theoretically should 
burn three times faster than tung
sten or molybdenum. 

But what actually happens is 
something different. 

Carbon's theoretical rate turns 
out to be 22,000 times faster than 
its measured speed of burning; 
tungsten, however, comes within 
590 times of its calculated value. 

As a result, tungsten actually 
burns 12 times faster than carbon 
in the same simulated space en
vironment. 

To uncover the basic mechan
isms involved, the oxidation reac
tions were reduced to their 
simplest terms. High-purity mate
rials, carefully controlled condi
tions and new ultrasensitive 
laboratory apparatus were used. 
The reactions were studies at a 
millionth-of-an-ounce level. 

At 2750 degrees Fahrenheit, and 
under oxygen pressure equal to 
.!/20th atmospheric pressure, some 
three billion billion (3 x 1018 ) 
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atoms of carbon combine with 
oxygen each second per square 
inch of exposed surface. When this 
rate is reached, the reaction ex
hibits a sort of built-in 'self-con
trol' that keeps it from speeding 
up and reaching its theoretical 
value, more than 20,000 times 
higher (7 x 102 2 atoms) . 

Under identical circumstances, 
tungsten and molybdenum are not 
equally self-controlling and burn 
at rates closer to the theoretical 
maximum for metals. 

Thus, from the oxidation point 
of view, structural carbon is 
better suited to space conditions 
than are certain of the high-tem
perature refractory metals com
monly regarded as space materi
als. It should be emphasized, 
however, that oxidation resistance 
is only one of many properties 
such structural materials must 
possess. 

The factor which makes these 
high-temperature reactions self
limiting is the speed with which 
atoms of oxygen can pass through 
the cloud of reaction products that 
surrounds the burning material. 
Unless these reaction products are 
removed as they form, the oxy
gen gets to the burning surface 
only so fast. 

The gases produced by burning 
carbon interfere with the diffusion 
of oxygen through them more ef
fectively than do the gases and 
smoke from burning metals. This 
diffusion barrier is highest for 
carbon, where completely volatile 
reaction products are formed. 

AUTOMATIC SYSTEM FOR 
CRYSTALLOGRAPHIC STUDY 
The computer-controlled x-ray 

diffractometer, reported today by 
International Business Machines 
Corporation works in the follow
ing way: 

The interatomic distances in a 
crystal structure are determined 
from a set of x-ray measurements 
made automatically by the system. 

Each set of atomic planes in the 
crystal is bombarded by x-rays 
and the intensity of the reflected 

beam is measured by a radiation 
detector. Reflection measurements 
from at least three to four thou
sand planes are usually required 
to provide enough data to deter
mine the atomic configuration of 
the crystal. 

Because of the decision-making 
capabilities of the computer, the 
system will check and refine its 
data, yielding highly reliable mea
surements on which the deter
mination of the crystal structure 
can be based. In addition, the 
method of measurement can be 
easily changed by the computer 
program to cope with usual mea
surement problems encountered 
in complex crystal structures. 

Commercially available equip
ment was used in the system. The 
diffraction apparatus consists of 
conventional items such as a spec
trometer, crystal orienter, detector 
and x-ray source. The four shafts 
which drive the crystal orienter 
and detector are fitted with 
clutched drive motors and digital 
shaft angle encoders for automa
tic positioning. 

A special diffractometer con
trol unit, serves as the nerve cen
ter for the measuring equipment 
and an input-output terminal for 
the IBM 1620 data processing sys
tem. As soon as the control unit 
receives instructions or delivers 
measurement values to the com
puter memory, the computer is re
leased to work on other programs. 
Dr. Henderson Cole, who headed 
the project, said only 30 per cent 
of computing time is actually de
voted to the crystallographic pro
gram. 

The experiment starts with a 
preliminary study, in which the 
approximate lattice parameters 
and orientation of the crystal 
sample are obtained. This informa
tion is then entered into the com
puter in punched-card form and 
used to calculate the. ,settings of 
the spectrometer and related ex
perimental apparatus. 

The computer-calculated setting 
for the first measurement is de

(Continued on page 26) 
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01 THE MOON ... 
Our world-recognized trademark-"the P&WA eagle"-has been 

identified with progress in flight propulsion for almost four decades, 

spanning the evolution of power from yesterday's reciprocating 

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

Whitney Aircraft eagle carrying men and equipment to the moon and 

to even more distant reaches of outer space. 

Engineering achievement of this magnitude is directly traceable to 

our conviction that basic and applied research is essential to healthy 

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

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

our programs in energy conversion for every environment. 

Our progress on current programs is exciting, for it anticipates the 

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

as advanced gas turbines ... rocket engines ... fuel cells ... nuclear 

power-all opening up new avenues of exploration in every field of 

aerospace, marine and industrial power application. 

The breadth of Pratt & Whitney Aircraft programs requires virtually every tech

nical talent . .• requires ambitious young engineers and scientists who can con

tribute to our advances of the state of the art. Your degree? It can be a B.S., M.S. 

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

NUCLEAR ENGINEERING • PHYSICS • CHEMISTRY • METALLURGY • CE• 

RAMICS •MATHEMATICS• ENGINEERINGSCIENCEorAPPLIED MECHANICS. 

Career boundaries with us can be further extended through a corpo
ration-financed Graduate Education Program. For further information 
regarding opportunities at Pratt & Whitney Aircraft, consult your col
lege placement officer-or-write to Mr. William L. Stoner, Engineering 

Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut. 

Pratt & Whitney Aircraft 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA 

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

u 
DIVISION OF UNITARCRAFT CORP, 

Ari Equal Opportunity Employer 



What happened to the Class of '60? • 

Harlan Baxter is with Olin's Chemi
cals Division, developing commercial 
applications for the new wonder-fuel, 
hydrazine. 

(We're working on new products that 
would make an alchemist scoff in 
disbelief.) 

Jerry Shay was recently promoted to 
Technical Advisor in Olin's Metals 
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Division. Supervisor in Olin's Packaging Division. 
(We're moving so rapidly, we haven't (Research gets a healthy budget, 

had time to master the art of red tape.) research people, a healthy climate.) 
Jim Silver is designing ammuni- Right now, Olin is looking for the 

tion processing machinery for Olin's class of the Class of '64. For complete 
Winchester-Western Division. information, the man to contact is 

(Oneof6diversifieddivisions ~1• Monte H. Jacoby, College 
in 6 major growth industries.) -. ~ ID Relations Officer, Olin, 460 

Richard Seiler is a Research "" Park Ave., New York 22, N.Y. 
"An Equal Opportunity Employer" .._ 
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John LaCost wanted a part in scientific progress 

He has it at Western Electric 
John LaCost received his B.S.E:'E. from the University production lines and microwave systems. He is also 
of Illinois in 1962. One of the factors which influenced aware of the continued opportunity for advanced study 
him to join Western Electric was the quick manner in through the company-paid Tuition Refund Plan, as 
which new engineers become operational. well as through company training centers. 

During the short time John has been with us, he How do you see your future? If you have high per-
has worked in several areas which are vital to the sonal standards and the qualifications we are looking 
nation's communications complex. And with his future for, we should talk. Opportunities for fast-moving 
development in mind, John attended one of our Grad- careers exist now, not only for electrical, mechanical 
uate Engineer Training Centers where he studied the and industrial engineers, but also for physical science, 
front-line Electronic Switching System. He is current- liberal arts and business majors. For more detailed 
ly working as a systems equipment engineer on such information, get your copy of the Western Electric 
projects as crossbar switching and line link pulsing. Career Opportunities booklet from your Placement 

John's future at Western Electric looks promising Officer. Or write: Western Electric Company, Room 
indeed. He knows he will be working with revolutionary 6405, 222 Broadway, New York 38, N. Y. And be sure 
and advanced engineering concepts like electronic to arrange for a personal interview when the Bell Sys-
switching, thin film circuitry, computer-controlled tern recruiting team visits your campus. 

We.stern Electric MANUFACTURING AND suPPL.Y UNIT oF THE aEL.L SYSTEM ~ 
AN EQUAL OPPORTUNITY EMPLOYER 

Princi pal manufacturing locations in 13 cities • Operating centers in many of these same cities plus 36 others throughout the U.S. • Engineering Research 
Center, Princeton, New Jersey • Teletype Corporation, Skokie, Illinois, Little Rock, Arkansas • General headquarters, 195 Broadway, New York 7, New York 





SHAMROCK SWEETHEART 
If our December Sweetheart, Miss Sue Sheckells, were an 
instructor, she would surely keep the attention of her 
students. Also, Sue would add a little color to the drab 
machinery and construction of the M.E. Lab. Even though 
we all would like· to be instructed by Sue, it is impossible 
because she is a student, not an instructor. Sue is a sopho
more in education from Webb City, Missouri. Maybe she'll 
come over an help us with our lab exhibits during Engineer's 
Week. 



Technological Progress 

Today engineering in India is 
different from what it was before 
independence. The country is yet 
to step into space, but it is very 
much in the nuclear age in the 
respects of both research and pro
duction. 

One of the main aims of the 
government at the attainment of 
independence, was to develop the 
country in such a manner as to 
provide the basic necessities of 
life to everyone. In this context, 
the government decided that the 
sectors of productive activities 
should be integrated. The govern
ment therefore prepared a plan 
for the "most effective and bal
anced utilization of the country's 
resources." 

The existing industries w ere 
not meeting the already large in
ternal demands. The first and sec
ond five year plans (1951-1961) 
proposed to bring about 175% in
crease in industrial output which 
included that of small scale indus
tries, heavy industry, mining, ir
rigation, etc. The outcome of the 
first and second plans has been 
more of less of optimal growth 
and diversification of many in
dustries. The production of iron 
and steel, the basic requirement of 
many by-products, was increased 
from one million tons to three 
million tons, by setting up three 
integrated iron and steel projects 
under public sector. Foundations 
were laid for heavy 'electrical, 
heavy machine tools industries 
and many other branches of heavy 
engineering. A fertilizer factory 
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adjacent to the Rourkella steel 
mill which is in Northeast India, 
and a heavy machinery plant man
ufacturing components for ce
ment plants near Durgapur Steel 
project were also commissioned 
during the plan period. 

In the chemical industries the 
advance was on a wide front, 
leading not only to larger units for 
increased output of basic chemi
cals such as caustic soda, sulphur
ic acid etc., but also resulted in 
the manufacture of urea, penicil
lin, and heavy water. 

The output of many other in
dutries such as bridges, sewing 
machines, and electrical goods in
creased substantially. Along with 
increasing the requirements of the 
industries, the planners also gave 
agriculture its due importance 
and in an effort to boost produc
tion, three fertilizer plants were 
set up. 

As a part of obtaining self-suf
ficiency in transportation, a ship 
building yard, two locomotive fac
tories and an aircraft factory were 
commissioned. The country's re
sources of oil were poor and hence 
many exploration surveys were 
undertaken and three oil refin
eries have been opened. Coal and 
m1mng surveys were also con
ducted and many plants were 
started. For development of irri
gation and power. Many rivers 
have been harnessed. Many great 
dams were constructed. Many or
ganized townships and industrial 
colonies started growing in and 
around big cities. 

R. RAJAPPA 

R. Rajappa (Raj), the SHAMROCK'S 

Editorial Assistant, received his degree 
in Civil Engineering from Annamalai 
University, India in 1959. Raj worked 
two years for a private firm in its con
struction of major road and railway 
bridges in India. From 1961 to 1963 he 
was employed by a fertilizer company, 
an Indian government concern, to help 
design a fertilizer factory to be built in 
Bombay. This factory was partially sub
sidized by U.S. Government funds. Raj 
is presentLy a graduate assistant study
ing for a master's degree in Civil En
gineering. He is a graduate member of 
the Institution of Engineers and is an 
associate member of the American So
ciety of Civil Engineers. 

To meet the growing demand 
for meeting the technical manning 
of these "new to the country" 
plants, many research laboratories 
have been started. The system of 
education has been altered to suit 
the changing requirements, and 
new technological institutes have 
been set up. Along with these, 
high grade technical schools aimed 
at imparting technical trainings in 
practical work have been opened. 
With a view to encouraging up
coming scientists in many impor
tant fields like physics, chemistry 
and meteorology, atomic reactors 
and weather satellite stations have 
been set up. In spite of the large 
investment of three billion dollars 
(Rs 1620 crores,) the achivement 
of the two plans has fallen short 
of its target by 15% . 

The third plan scheduled for 
completion in 1965-66 emphasizes 
the establishment of the basic cap
ital and producer goods and the 
acquisition of the related skills 
and technical know-how. The un-

THE MISSOURI SHAMROCK 



implemented or deferred projects 

of the second plan will be com
pleted under this plan. Castings, 
forgings, fertilizer, special steels, 
drugs, cloth and many other in
dustrial units have been given 
room for expansion. An outlay of 
six billion dollars (Rs 3000 crores) 
has been fixed for the third plan. 

The country is faced with the 
twin challenge of economic ad
vance and defense. Realizing that 
self-help is the best help, Indian 
engineers have boldly accepted 
this unique opportunity of indus
trializing the country. 

UNCONVENTIONAL POWER 
(C01'Ltinued from page 9) 

thermionic converter is presently 
one of the most successful small 
scale direct conversion generators. 

Thennoelectrics 
During the past few decades 

solid state research has produced 
the transistor, the solid state rec
tifier, and has developed useful 
new materials that have caused a 
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surge of interest and development 

in the field of thermoelectric 
phenomena. The thermoelectric 
effect offers an attractive method 
for producing electricity from heat 
or for producing refrigeration 
from electricity. For, like the 
thermionic generator, the thermo
electric generator is a simple, 
quiet device having no moving 
parts and is particularly well 
suited for small scale use. 

The operation of a thermoelec
tric generator can be explained by 
the use of a simple analogy. Since 
the basic job of the thermoelectric 
generator is to convert heat into 
( electrical) work, it can be com
pared to a conventional heat en
gine having a working fluid op
erating on a cycle which a I s o 
converts heat into work. In the 
thermoelectric generator, the elec
trical current carriers in the ther
moelectrical material are analog
ous to the working fluid in the 
conventional heat engine. Ther
moelectric materials having an ex-

cess of negative electrons as cur
rent carriers are referred to as 
n-type materials. Materials having 
a shortage of negative electrons 
are referred to asp-type materials, 
since the vacant electron locations 
act like positive charged particles 
or "holes". In p-type materials the 
holes are considered to be the 
mobile current carriers. Continu
ing the analogy, the engine would 
consist of a n-type bar and a p
type bar joined together at their 
ends. One junction is heated while 
the other is cooled. A flow of 
current carriers is produced such 
that the electrons in the n-type 
bar and the holes in the p-type 
bar flow away from the hot junc
tion. 

l!Llc.C.TllOM FLOW ..,. 
:.·.•.·,•:::::r::. ••••• •ooo' .............. OOo•o ••• ••• ......... . : : : 0. c:, . . . . . . n•TVI'& • el"-T'(P6 . . . • ••• . • • . . 0 • • . 

Hli,;.T &OIIRc.1~ (.TMoT) + 
Thermoelectric Model 

~~CIVIL ENGINEERS: 
, , . 

Prepare for your future in highway 
engineering-get the facts about new 

DEEP-STRENGTH (Asphalt-Base) pavement 
Modern pavement engineering has taken a "giant step 

forward" with DEEP-STRENGTH Asphalt construction for new 
roads and streets. There is a growing need for engineers 
with a solid background in the fundamentals of Asphalt 

technology and pavement construction as new Inter
state and other superhighways in all parts of the 

country are being built with advanced design 
DEEP-STRENGTH Asphalt pavement. 

Your contribution-and reward-in our nation's 
vast road-building program can depend on your 

knowledge of modern Asphalt technology. So 
prepare for your future now. Write us today . 

THE ASPHALT INSTITUTE, College Park, Maryland 

~---------------------~ 
THE ASPHALT INSTITUTE, College Park, Md. 

Gentlemen: Please send me your free student 

library on Asphalt Construction and Technology. 

NAME ___________ CLAS,.,__ __ _ 

ADDRESS ______________ _ 

CITY _________ STATE _____ _ 

SCHOOc.-______________ _ 

L---------------------~ 
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Without sanitary sewers, 
skycrapers would be 3 stories high 

Have you ever wondered just how many people realize that the height of 
buildings in our modern cities is determined by what's under the ground . . . 
not above it. Sanitary sewers buried deep in the ground make it possible to 
meet the needs of expanding cities by constructing our buildings upward 
rather than outward. But ... take away sanitary sewers and a building taller 
than 3 stories high would be practically impossible. 

This is just one of the many ways that sanitary sewers render a service to 
mankind, bringing a healthier, happier life to millions of people in communities 
of all sizes. And clay pipe sanitary sewers have rendered this service for 
many generations. 

People in countless cities and villages throughout the South, the Midwest and 
the Southwest have been, are, and will continue to be served by Dickey clay 
pipe sanitary sewers ... sewers that are completely unaffected by the changes 
which occur above the ground .. . or the changes in wastes from each new 
generation. 

Providing improved sanitation for better living 

~ICKEV 
~anitary salt-glazed clay pipe 

W. S. DICKEY CLAY MFG. CO. 

Birmingham, Alabama 
Kansas City, Missouri • Meridian, Mississippi 

St. Louis, Missouri • San Antonio, Texas 
Texarkana, Texas.Arkansas 

3374 

If it ' s made of clay it's good . .. if it ' s made by Dickey it's better 

UNCONVENTIONAL POWER 
(Continued from previous page) 

Thus, an electrical current of 
electrons is forced to flow in the 
circuit and perform useful work. 
If, on the other hand, an electrical 
current is sent into the system 
from an external source, the ac
tion is reversed, and one junction 
heats up while the other cools 
down. This action is analogous to 
a heat engine in one case and a 
refrigeration machine in the other. 

Page 22 

The efficiency of the thermo
electric material is indicated by its 
figure of merit (Z) which is de

s2 
fined as Z = --, where S = 

rK 
Seebeck coefficient, r = electri-
cal resistivity and K = thermal 

conductivity, all properties of the 
material. For a thermoelectric ma
terial to be efficient it must have 
a large figure of merit (Z) , which 
requires a large Seebeck coeffi-

cient (S), small electrical resis
tivity (r), and a small thermal 
conductivity (K) . 

The following graph shows how 
the concentration of current car
riers, ( electrons, for example) , 
varies with Seebeck coefficient 

1 
(S), electrical conductivity -, 

r 
and figure of merit (Z). 

10•• la'° 
Concentration of Current Carriers 

This graph shows that the semi
conductor materials will have the 
highest figure of merit and effi
ciency. Since the thermoelectric 
generator is operating as a heat 
engine it is limited also by the 
Carnot efficiency, 

T Hot-T Cool 
Eff=------

T Hot 
By making some simplifying as-
sumptions the total efficiency can 

T 
be written, E = Eff. Z-, where 

4 
Eff = Carnot efficiency, Z = 
figure of merit, and T = average 
absolute temperature at which the 
materials properties were meas
ured. The figures of merit for 
some typical thermoelectric semi
conductors are listed in the table 
below. 

Figures of Merit for Some Typical 
Thermoelectric Semiconductors 

Tern- Figure of 
Material Type perature,° C Merit,Z 

Bi.Tea 
Bi.Tea 
PbTe 
ZnSb 
GeTe 
MnTe 
CeS1., 
AgSbTe2 
InAs 

p 
n 
n 
p 
p 
p 
n 
p 
n 

25 
25 

450 
175 
450 
900 

1100 
400 
700 

2.5 X 10-8 
2.5 X 10-8 
1.3 X 10-8 
1.4 X 10-8 
1.7 X 10-a 
0.4 X 10-8 
1.8 X 10-8 
1.8 X 10-8 
0.7 X 10-8 

Some of the materials now 
available can give a theoretical 
efficiency of 17 % , which is very 
near the predicted maximum ef
ficiency of 20%. The best efficien
cies of thermoelectri~ generators 
that have actually been built and 
tested as of Dec. 1962 are about 
9%. Thermoelectric materials are 

(Continued on page 24) 
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WHERE'S GARRETT? 

EVERYWHERE/ Here are a few of the ways U.S. defense and space progress are being helped 
by Garrett-Ai Research: IN SPACE- Environmental control systems; auxiliary power systems; advanced 

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

and hundreds of components. ON LAND-Auxiliary power systems for ground support of 
aircraft and missiles; standard generator sets; cryogenic systems; ground support instrumentation and controls. 

ON THE SEA-Auxiliary, pneumatic and electrical power for ships; auxiliary power systems 
and air conditioning for hydrofoil craft. UNDER THE SEA-Environmental systems for submarines 

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

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

THE FUTURE IS BUILDING NOW AT 

Los Angeles • Phoenix 



Hi! I'm Slipstick Sam. Have you 
been wondering where I have 
been? Well, I've been around, (it's 
difficult to see me because I am 
composed of only eyes and ears, 
and I lurk in the shadows eaking 
out a meager existence on rumors 
and tidbits that float into the 
SHAMROCK office) but not much 
has happened lately, that is until 
the November 8, "Barnwarmin'." 

Those Aggies are really a sharp 
bunch! At "Barnwarmin'," two 
engineers dressed as Aggies ( one 
of them a girl!) blithely marched 
right through the Aggie-crowded 
Rothwell Gym lobby and out the 
door with the Aggie's traditional 
paddle whose dimensions are 
something like 1 ½ feet by 18 feet. 
Maybe the Aggie jugs were filled 
with something more potent than 

UNCONVENTIONAL POWER 
(Continued from page 22) 

also fairly sensitive to tempera
ture, therefore they must be op
erated in definite temperature 
ranges. Bismuth telluride, for ex
ample, loses its thermoelectric 
power at 300° F. Several other 
thermoelectric materials can op
erate around 900° F., and one 
material (samarium sulfide) is re
ported to operate at approximate
ly 2000° F. 

One example of a thermoelectric 
generator that has been built to 
supply electricity for a remote 
power supply produces 10 kilo
watts. Heat is supplied at 1800° F. 
to a one foot square germanium
silicon alloy which operates at 
9% efficiency. Some of the dif
ferent fuels used to heat thermo
electric generators are gasoline, 
propane, and natural gas, while 
air and water have been used for 
cooling. Radioactive isotopes such 
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Shamrock Sez 

they could handle because the 
Ags didn't seem to be able to see 
or care about what was happening 
to their paddle. The paddle bear
ers politely excused themselves 
to the Aggies whom they were 
bumping into while threading the 
paddle through the crowd and 
straw bales. The bearers said, 
"Excuse us, but we're stealing 
your paddle." However, none of 
them believed these words, and 
the paddle disappeared into the 
night. The only persons to ask 
"What's going on?" were some of 
the Aggies' dates, and they could
n't spur their partners into action. 

The Aggies may not be the 
sharpest bunch on campus, but 
they do have one of the best so
cial events here at the University. 
Those screamin' Aggies really 

as polonium 210, and curium 242 
have been used as heat sources 
for more elaborate applications 
such as space satellite power sup
ply. Several commercial thermo
electric generators are available in 
sizes of 5 to 100 watts or more. 
Some of these commercial units 
are specially designed for remote 
power needs, such as cathodic 
pipeline protection and for micro
wave communication relay sta
tions. The costs thermoelectric 
generating systems are given in 
the following graphical compari
sion of small generating systems. 

TitfitM,O~fl.lC. 

',,~ToftS 

\fflUTllfS MOJ1N9,IIJ!IKo~"1'1CH ... , ...__ ___________ __, 
0.10 1M 10.0 IMI -aAT&I> ,_.,.,1t~W.t.TTS 

SLIPSTICK SAM, B.S. '99 

raise the roof at Rothwell. The 
gym is disguised at "Barnwarm
in' " by trees and hundreds of 
bales of straw. 

Speaking of social events, this 
year's St. Pat's Ball should be one 
of the best. All 1,300 engineers 
should attend. We might need 
that large of a force to fight off the 
Aggies who may storm the Ball to 
recover their paddle. 

As was mentioned previously, 
solid thermoelectric materials are 
limited both in efficiency (20% 
predicted maximum) and in tem
perature range. For these reasons 
most of the current w o r k in 
thermoelectrics is directed toward 
the development of better thermo
electric materials. Some of th e 
new materials being studied in
clude solid organic compounds, 
solid ceramic materials, a n d 
liquid and gaseous substances, 
which will possibly give the 
break-through needed to make 
thermoelectric generation more 
practical. But at present, for do
mestic electrical needs, the high 
cost of thermoelectric power gen
eration outweighs its other at
tractive features. 

(The last two methods of un
conventional power generation, 
fuel cell and magnetohydrody
namic, will be covered in the Jan
uary SHAMROCK.) 

THE MISSOURI SHAMROCK 



ARE YOU INTERESTED IN ••• 

CONSTRUCTION ••• 
WATER RESOURCES DEVELOPMENT ••• 

IN THE GEOGRAPHICAL AREA OF YOUR CHOICE 
WITH THE CORPS OF ENGINEERS 

DIVERSITY OF ACTIVITIES 
The Corps of Engineers embraces virtually the entire range of modern 
engineering in the construction field. Projects include research into 
basic science, engineering investigations and regional planning; design, 
construction, operations, maintenance, and management of hydro-
electric power dams, flood control facilities, harbors and navigable 
streams; design, construction and maintenance of family housing, 
runways, hangars, roadways, hospitals, and nuclear power installations; 
and construction of intercontinental ballistic missile and space launch
ing sites. In addition are the allied fields of cartography, geodesy and 
engineer intelligence. 

OPPORTUNITY 
Opportunity is provided for progressive movement toward top positions 
for men with ability. You learn from top calibre professionals who 
have had many years of high quality experience. 

LOCATION 
Projects are located in every State and in many foreign countries. 

A CAREER NOT A JOB 
The Corps offers a well defined 18-month rotational training program 
for young graduate engineers covering all facets of the varied work 
program. This is followed by planned career development assignments. 
These assignments enable a young man to develop his special aptitudes 
in the engineering field. As he progresses, special attention is given 
to the development of managerial and executive abilities. 

ADVANCED EDUCATION AVAILABLE 
Attendance at special seminars, symposiums, and university courses 
and participation in professional societies and activities are encour
aged, and sponsored when possible. Fellowships for advanced study 
and awards for outstanding achievement are also available. 

FOR ADDITIONAL INFORMATION ... and an illustrated 
brochure "Your Career", write to the Chief of Engi
neers, Department of the Army, Washington, D.C. 
20315 

CORPS OF ENGINEERS 
DEPARTMENT OF ARMY 

AN EQUAL OPPORTUNITY EMPLOYER 



ENGINEERING NEWS 
(Continued from page 13) 

livered to the control unit, which 
moves the spectrometer to its cor
rect position. The first few reflec
tion peaks are usually step
scanned to determine the actual 
crystal setting and thus more ac
curately determine the orienta
tion of the crystal on the instru
ment. 

When the detector has reached 
the peak position of the reflected 
beam, the computer returns to 
the program, reads and checks the 
encoder positions of the spectrom
eter against the calculated posi
tions, and starts the scaler and 
timer for an intensity reading of 
the reflected beam. When the 
measurement is completed, the 
computer again returns to the pro
gram and calculates the counting 
rate or intensity. If the counting 
rate is too high, filters are auto
matically inserted in the x-ray 
beam until a reasonable rate is 
achieved. After the first few mea
surements, subsequent peaks can 
be measured or computed in any 
manner chosen by the program
mer. 

At regular intervals, previous 
measurements are checked for in
consistencies, as might result from 
a slight slippage of the crystal. 
The data are automatically cor
rected for this and other types of 
experimental errors. 

The intensities of reflected 
beams can be automatically cor
rected for absorption, polarization 
and Lorentz factors. 

An IBM 1620 data processing 
system then punches out on cards 
all the necessary information on 
each reflection measurement, such 
as the angle settings of the spec
trometer, the intensity of the re
flected beam and the Miller 
indices, which correlate the mea
surements with a particular set of 
atomic planes. 

The next step in the comput
ing process produces a map of in
teratomic distances, called a 
Patterson function, on an x-y plot
ter. This calculation can be per-
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formed on the IBM 1620 data 
processing system on a time-shar
ing basis. An IBM 7090 data proc
essing system can be used when 
large amounts of data must be 
processed rapidly. 

HA\\11 
In this issue of The Shamrock 

we are carrying on page two a 
picture of The Memorial Tower. 
The Memorial Tower is the most 
beautiful example of architecture 
on the University of Missouri 
campus. It stands between the 
campuses and guards the en
trance to the White Campus. 

The Memorial Tower was de
signed by Jamieson and Spearl, 
the University architects, and 
built by B. D. Simon, an alum
nus of the University of Missouri, 
College of Engineering. 

The Tower is a part of the Me
morial Union Building, which 
when completed will have a wing 
on each side with room for real 
student meeting places. It is 
planned to house the student or
ganizations in the Union Build
ing after it is completed. The 
small illustration shows how the 
Memorial Union Building will 
look upon completion. 

The Memorial Tower is con
sidered by prominent architects 
to be one of the most beautiful 
towers in the world, if not the 
most beautiful. It's style of ar
chitecture is English Gothic of the 
later period. It is constructed of 
gray stone from nearby sources 

and buff stone from the quar
ries near Bedford, Indiana. It is 
143 feet high and the Gothic 
arches in the east and west sides 
are twenty-one feet high and 
twenty-one feet in width. It is a 
total of three stories high. 

The Memorial Hall in the cen
ter is 33 by 39 feet and has a 40-
foot vault ceiling. On the :north 
wall of the Memorial Hall are 
engraved the names of Missouri's 
men who lost their lives in the 
great war. 

JACK'S LATCH CAFETERIA 

Soups 5c 

Vegetables 3-5c 

Salads 3-5c 

Meats 5-15c 

Desserts 5-lOc 

LUNCH for 18 or 20c 

Dinner 25c or up 

NEW ULTRA-VIOLET LIGHT 
A new source of artificial ultra

violet rays · has been invented 
which may make it possible to 
take some types of photographs 
without the aid of visible light. 
Experiments have been made with 
a Westinghouse ultra-violet treat
ment lamp which for this purpose 
was constructed with a bulb of 
black glass that filters out nearly 
all visible light and permits only 
the transmission of long wave ul
tra-violet rays which in the pure 
state are invisible. These rays are 
strong in the quality which pro
duces the chemical changes o:n 
photographic plates, making it 
quite possible to take photographs 
in the dark. 

Uultra-violet radiations have 
been used as a means of taking 
photographs in the dark. It is 
thought that a better possibility is 
for portrait work. The actinic 
quality of the ultra-violet rays 
and the use of suitable plates as
sures success. 
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TURN OUT THE LIGHTS AND PRESS THE BUTTON 

No preconceptions, please. Too often they point you 
away from the buried treasure. Because Kodak is 
properly known as a grand place for chemical engineers 
and chemists, fledgling electronic engineers may over
look us. All the better for those who don't. Particularly 
for those who would rather apply ideas than dream 
them, unfashionable as candor compels us to sound. 

It takes all kind of electronic engineers to make to
day's world, but we think we clearly see the ones likely 
to wind up nearer the helm here 25 years hence: 

When his projects are evaluated, he'd rather be right 
than ahead of his time. 

He works few if any miracles with sealing wax, old 
shoestring, and new developments in plasma harmonics, 
but when they turn off the lights in the big darkroom, 
his machine from the very first crack starts inspecting, 

processing, or otherwise handling light-sensitive prod
uct smoothly, bugless, and at the miraculous rates he 
had promised in the preliminary design report. He ac
complishes this by keeping abreast of the state of his 
art instead of considering his diploma an exemption 
from learning anything new. 

He deals with people as smoothly as with things. 

He would rather put his roots down in the community 
where he lives than root himself in one narrow box of 
engineering specialization. He welcomes changes of pace 
more than of place. 

He finds it cozy to know that if times change, our 
diversification leaves dozens of directions to go without 
fighting the cold world outside. 

Care to talk to us? Above remarks apply to more than 
just electronic engineers. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N. Y . 

I ~®@@lli I 

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



An Interview 
with G.E.'s 
J. S. Smith, 

Vice President, 
Marketing and 

Public Relations 

Mr. Smith is a member of General 
Electric's Executive Office and is 
in charge of Marketing and Public 
Relations Services. Activities report
ing to Mr. Smith include marketing 
consultation, sales and distribution, 
marketing research, marketing per
sonnel development, and public rela
tions as well as General Electric's 
participation in the forthcoming 
New York World's Fair. In his 
career with the Company, he has 
had a wide variety of assignments 
in finance, relations, and marketing, 
and was General Manager of the 
Company's Outdoor Lighting De
partment prior to his present ap
pointment in 1961. 

For more information on a 
coreer in Technical Marketing, 
write General Electric Company, 
Section 699-08, Schenectady, 
New York 12305. 

COULD YOU OUT-THINK A COMPETITOR? 

Consider a Career 
in Technical Marketing 
Q. Mr. Smith, I know engineering plays a role in the design and manufacture 
of General Electric products, but what place is there for an engineer in 
marketing? 

A. For certain exceptionally talented individuals, a career in technical market
ing offers extraordinary opportunity. You learn fast what the real needs of 
customers are, under actual industrial conditions. You are brought face-to-face 
with the economic realities of business. You participate in some of the most 
exciting strategic work in the world: planning how to out-engineer and out-sell 
competitors for a major installation. 

Q. Sounds exciting. But I've worked hard for my technical degree. I'm worried 
that if I go into marketing, I won't use it. 
A. Don't worry-you'll use all the engineering you've learned, and you'll go 
on learning for the rest of your life. In fact, you'll have to. You see, the basic 
purpose of business is to sense changing customer needs, and then marshal 
resources to meet them profitably. That means that you must learn to know 
each customer's operations and needs almost as well as he understands them 
himself. And with competitors trying their best to outdo you, believe me
every bit of knowledge and skill you've got will be called into play. 

Q. Is that why you said you wanted "exceptionally talented people"? 
A. Technical marketing is not everybody's dish of tea. It takes great personal 
drive and energy, and a talent for managing the work of others in concert with 
your own. It takes flexibility . . . imagination ... ingenuity •.. quick reflexes 
. . . leadership qualities. If you're nervous with people or upset by quick
changing situations, I don't think technical marketing's for you. But if you are 
excited by competition, like to help others solve technical problems, and enjoy 
seeing your technical work put to the test of real operation-then you may be 
one of the ambitious men we're looking for. 

Q. Now what, actually, does a man do in technical marketing? 
A. Let me describe a typical situation in General Electric. A field sales 
engineer is in regular contact with his customers. Let's say one of them makes 
an inquiry, or the sales engineer senses that the time is right for a proposition. 
With his field application engineer, he determines the basic equipment needed. 
Then he contacts the marketing sales specialist in the G-E department that 
manufactures that equipment. The sales specialist, working closely with his 
department's product engineers, specifies an exact design-realistic in function 
and cost. Then the sales engineer and his supporting team try to make the 
sale, changing and improving the proposition as they get cues from the competi
tive situation. If the sale is made-a very satisfying moment-then the installa
tion and service engineers install the equipment and are responsible for its 
operation and repair. With the exception of the product design engineers, all 
these people are in technical marketing. Exciting work, all of it. 

Q. In college we learn engineering theory. How do we get the sales and busi
ness knowledge you mentioned? 

A. At General Electric, a solid, well tested program of educational courses will 
quickly advance both your engineering knowledge and your sales capacities. 
But perhaps even more important, you'll be assigned to work with some of the 
crack sales engineers and application and installation men in the world, and 
that's no exaggeration. A man grows fast when he's on the sales firing line. As 
a FORTUNE writer once put it, the industrial sales engineer needs "that prime 
combination of technical savvy, tactical agility, and unruffled persuasiveness." 
Have you got what it takes? 699--08 
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Westinghouse @ 

Even at 3 in the morning ... commuter seivice every 2 minutes 
Urban planners figure the only way to solve the big-city traffic jams is to develop some 
method of mass transit that will be so frequent, so fast, so convenient that people will turn to it 
as their No.1 choice, as they did years ago. The key to this kind of rider convenience is a 
computer-controlled system. 
Westinghouse has developed such a system. It is called the Transit Expressway. It looks so 
promising the government has approved a demonstration project near Pittsburgh, through the Port 
Authority of Allegheny County. 
The system uses its own private roadway. Silent, rubber-tired, comfortable vehicles will 
operate on the two-minute schedule, day and night. A computer will schedule as many as 12 of these 
cars together into a train during peak periods. You can be sure ... if it's Westinghouse. 

For information on a career at Westinghouse, an equal opportunity employer, 
write to L. H. Noggle, Westinghouse Educational Dept., Pittsburgh 21, Pa. 



Now the Monsanto man ... 

also represents ... 

He's ready to answer your career questions about 

any or all of these outstanding organizations 

Their products range from chemicals to chemi
cal fibers ... from plastic bottles to nuclear 
sources. Their diverse activities create oppor
tunities in research, development, engineering, 
manufacturing, and marketing. Yet, because 
each is an important member of the Monsanto 
corporate family, the Monsanto Professional 
Employment representative coming to your 
campus is fully prepared to give you complete 
facts on any or all of them ... show you where 
you may fit in. 

You will have a better opportunity to learn 
more about us ... in a single interview. See 

your Placement Director now to set up that 
interview when we visit your campus soon. 
Or, write for our new brochure, "You And 
Monsanto," to Manager, Professional Recruit
ing, MONSANTO, St. Louis, Missouri 63166. 

® 

AN EQUAL OPPORTUNITY EMPLOYER 
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You get one ••• then what? 

Your first job after college can be a good 
beginning. Or it can be the first step in a 
succession of disappointments. That's 
why it's so important that you make the 
right career choice now. But how do you 
choose? 

You're young, enthusiastic, eager ... 
and you've worked hard to earn your 
degree. You want to make the most of 
your capabilities. You want plenty of 
room to grow ... yet with it all you'd like a 
good sense of security. 

So take a look at us-Phillips Petro
leum Company. By industry standards, 

we're young. We, too, are enthusiastic
and we've been growing rapidly. This 
enthusiasm, plus curiosity, and, some
times just plain hard work have led us 
profitably into many diverse fields-agri
cultural chemicals-atomic energy
plastics-rubber-specialized chemicals 
. .. with more coming to complement our 
line of conventional petroleum products. 

We feel the success of our work rests 
with the dedicated people we have, in
cluding thoughtful young men like your
self-with plenty of ambition and a good 
grasp of their basic discipline. Men like 

that really enjoy working for us. And 
nothing pleases us more than promoting 
our own people from within. 

Whatever your specialty-from re
search to sales-check your campus 
placement office for an interview or write 
to us today. 

PHILLIPS PETROLEUM 
COMPANY 

BARTLESVILLE, OKLAHOMA 

An equal opportunity employer 
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THE COVER 
An M .U. engineer is taking high voltage 

for inspiration from a magnetohydrodynamic 
(MHD) power generator. Westinghouse doesn 1 t 
recommend this, however. For further details 
on this type of power generation, see the 
MHD section of the feature article. 

The device shown is an MHD generator 
developed by Westinghouse which utilizes a 
recent development: a superconducting magnet 
which is made 11super" by immersion in liquid 
helium. The amazing and very promising gen
erator houses th e magnet in the vertical tank, 
while the white-hot gas, which converts heat 
directly into el ectricity, can be seen passing 
out the nozzle at the bottom. 
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From the F.ditor's Desk: 

Be Dissatisfied! 
Quite often we find that persons who are dissatisfied with their sur

roundings are looked down upon by those who are satisfied. It should be 
the other way around. How would this country stand presently if Americans 
of the past had not constantly changed their environment? This country 
would be a weakling. Rome fell because the civilization became too satisfied 
and became fat during years of stagnancy. One thing must be remembered 
- Americans are going to have to be dissatisfied for a long time into the 
future in order to equal the record of Rome: 400 years of world dominance. 

Neither the dissatisfied student nor the dissatisfied employee should 
be thought of as a detrimental person in our society. One seldom hears a 
person with a 4.00 G.P.A. say, "Well, I did so well on the test I had today 
that I am satisfied that it will be unnecessary to study for the next test." The 
dissatisfied people ar,e the ones that have changed the world in their search 
for something better. It would be disastrous if there should ever develop a 
society as described by Aldous Huxley in Brave New World, in which every
one is bred and trained for a specific role and finds an animal-like content
ment in his assigned position. 

There is a need for people who are dissatisfied with their circumstances 
and are striving for a higher goal. We need them in our plants.:.... the em
ployees who believe there must be a better approach, a sounder method, 
an improved procedure, a more efficient machine, who are not content with a 
system simply because it has worked adequately in the past, and who will 
work to find a better one. 

This is not an endorsement of the chronic griper, the fault-finder who can 
always find something wrong and in fine negative fashion, finds his outlet 
by complaining. One can become very impatient with this type of person
ality. A person in management, such as a supervisor, should be sure that 
such impatience does not blind him to the virtues of a dissatisfied employee 
who wants something better for himself, his operation, his department, and 
his company. 

Remember one fact: Dissatisfaction will accomplish no good and will 
possibly harm a person psychologically if the dissatisfaction is withheld. A 
dissatisfied person must take action. So, when you are dissatisfied about 
something, say so! R.S.F. 

FRONTISPIECE 
Called an impeller, this variation of the ribbon flight screw is 
inserted vertically inside a glass-lined steel vessel. The impel
ler mixes high viscosity materials. To get it through (he small 
opening, workmen detach the outer flighting. Each section 
is then threaded through the opening and reassembled inside. 
The men work inside the vessel on padded scaffolds, being 
careful not to drop a bolt on the breakable glass lining. The 
impeller is one of 26 nearly identical screws recently built at 
the Link-Belt Company plant in Colmar, Pa. Twelve of them 
have 128 in. diameter, 61-in. pitch ribbon flighting and 44-
in. diameter, 61-in. pitch inner helicoid flighting. 
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Involvement is what you are offered at want the man who can come to grips 
Collins. A chance to work on projects with a problem and solve it. Sometimes 
you can get your· teeth into. A chance alone. Using his knowledge, his initia
to work with some of the best engineers tive, his imagination, his creative talent. 
in the business. A chance to learn, to de- The scope of our work-Data Process
velop your talent and ability with guid- ing, Space Communications, Avionics, 
ance from experienced, creative profes- Microwave, Antenna Systems and HF, 
sionals. VHF and UHF communication-offers 

This involvement is demanding-but graduates of this caliber every opportun
we are looking for the graduate who ity for growth, involvement, job satisfac
won't settle for anything less ... who won't tion. 
be satisfied unless he puts something of Contact your college placement office 
himself into everything he does. We for full information. 

COLLINS RADIO COMPANY 
Cedar Rapids, Iowa • Dallas, Texas 

Newport Beach, California 

~ 
COLLINS 

~ 

An equal opportunity employer 



If I join 
the Timken 

Company 
after 

graduation, 
what 

will they do 
for me? 

Every man with any job hunting experience knows not to ask that question. 
And yet, we think it has some validity. After all, a man's growth can 

depend as . much on the company he works for as the company's growth 
depends on the man (remember, there are no statues to committees) . 
. ·· So to invest in youugr9wth, and ours, every young graduate engineer 

who joins the Timken Coinpany spends from one to four years in one of 
22 individualized training programs. 

Extensive training 
Instruction takes place on the job and in training sessions. Later there are 
executive development programs at leading universities. 

But don't misunderstand us. The Timken Company is not a graduate 
school. With us, you earn as you learn. 

As one of our engineers, you'll learn much of what we know about tapered 
roller bearings, or fine alloy steel, and their infinite applications. Hopefully, 
you'll teach us something, too. 

You can be an indoor-type working on straight application engineering, 
research, testing and production. Or you can be an indoor-outdoor-type 
and work in sales engineering. It doesn't matter-choice of assignment is 
up to you. 

Challenging assignments 
- If you choose the latter group, you'll work in automotive, industrial, and 
railway bearing sales-or steel sales-helping customers solve their engineering 
problems, which are also ours. 

Some of our recent efforts: bearing engineering for a telephone cable-laying 
ship now crossing the Pacific, the Alweg Monorail, the world's tallest crane 
and biggest strip mining shovel, Craig Breedlove's Spirit of America, a 
moveable grandstand for the new District of Columbia stadium. Steel prob
lem solving for Atlas missile silos, Project Mohole, the latest Ki\man Heli
copters, a 400-foot crane boom and hundreds of automotive gear and die 
applications. · 

We won't forget you 

Adv~ncement is not restricted to one department or division. A steel sales 
engineer may be transferred to automotive sales and from there to Inter
national. Whatever your job, we'll never forget where we've put you. This is 
one of the advantages of working for a company that is the world's largest 
producer of tapered roller bearings and a foremost producer of seamless 
steel tubing, but is not the world's largest corporation. We employ about 
20,000. 

The Timken Company has three products: Bearings, Steel, Rock Bits. 
Uses for these products number in the growing thousands. And there is 
always something new stirring. 

The dramatic switch of the nation's railroad freight cars to roller bearings, 
a field we pioneered, is an example. 

An international company 
There are 31 Timken Company sales offices in the United States and Canada. 
Practically every major city has one. 

We serve markets in 119 countries from 14 manufacturing plants located 
in Australia, Brazil, Canada, England, France, South Africa and the U.S. 
And we're still growing strong. 

If you are, too, we'd like to hear from you. Write to Department MC for 
Career booklet. 

An equal opportunity employer. 

The Timken Roller Bearing Company Canton, Ohio 44706 



Unconventional Power 
Generation Today 

Part Il 
This installment is the second and 

last installment of Tom Feldman's tech
nical paper covering the four major 
methods of unconventional power gen
eration: thermionic, thermoelectric, fuel 
celi, and magnetohydrodynamic. The 
last two appear in this issue. 

Fuel Cells 
Unlike the thermionic and the 

thermoelectric converters, the fuel 
cell is not a heat engine and there
fore is not limited by the Carnot 
efficiency. Theoretically the fuel 
cell could operate at 100% ef
ficiency, but practically they op
erate with efficiencies of approxi
mately 80%. This advantage of 
high efficiency makes the fuel cell 
especially attractive when one 
considers the rapid depletion of 
fossil fuels by conventional power 
systems. 

The basic principle of the fuel 
cell is illustrated in the following 
figure. 

Fuel Cell Model 

The fuel cell is like a battery 
which will never run down as 
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KARL THOMAS FELDMAN, JR., M.S.M.E. 

long as fuel and oxygen are avail
able. In the fuel cell above, mole
cules of fuel (hydrogen, propane, 
etcetera) react with the porous 
electrode and release electrons 
which then flow through the ex
ternal circuit. Having lost. elec
trons, the molecules become ions 
which move through the electro
lyte to the other electrode. There 
the· ions • combine with oxygen 
·and with the electrons returning 
£tom the external circuit. 

As was noted before, the fuel 
cell can approach 100 % efficiency, 
since it operates as a battery 
limited only by the chemical re
action_ of the fuel. In controlled 
laboratory experiments efficien
cies as high as 95% have been 
achieved. Hydrogen-oxygen fuel 
cells have been operated continu
ously for as long as five years at 
low output levels. One of the first 
demonstrations of the practical 
application of fuel cells was made 
in October 1959. A tractor 
powered by 1008 propane-oxygen 
fuel cells ( total output, 15 KW) 
and a 20 hp. electric motor 
smoothly pulled a multiple-bottom 
plow through average soil. 

One company predicts that the 
most probable fuel cell to compete 
with central station power will 
operate on natural gas at a tem
perature of about 1200° F. It will 
have an electrolyte of molten 

carbonates such as sodium po
tasium or 1 i t h i u m carbonate 
and a cathode containing silver. 
This type of cell is referred to as 
a carbox cell, since its fuel is 
carbonaceous. The maximum fuel 
cost for a carbox cell operating at 
70% efficiency is: 

(20c/1000£t8 fuel) 
( 1 ) 
1,040,000 BTU /1000ft3 

(.000293 BTU/KWHR) 
1 (-) = .lc/KWHR 
.7 

It is also estimated that a small 
scale fuel cell generating system 
having a ten year life will be 
economically practical if the in
itial investment is less than $300 
per KW. 

The advantages of the fuel cell 
are numerous: it has no moving 
parts, it is silent, it is reliable and 
requiries almost no maintenance, 
it is simple to construct, it is light 
weight for its output, and most 
important, it is highly efficient 
regardless of its size and power 
output. The small size efficiency 
suggests that small fuel cell gen
erators located where the electric
ity is needed would be better than 
a large central :.tation fuel cell 
plant. 

The primary disadvantages are: 
the efficiency tends to drop off as 
the load is increased, the voltage 
drops as the current increases, the 
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materials necessary for electrodes 
and electrolytes, non-corrosive at 
high temperatures yet conductive 
and low in cost, are practically 
non-existent, and like thermionic 
and thermoelectric generators, the 
fuel cell produces low voltage di
rect current. 

Of the dozen or so types of fuel 
cells now available, none appear 
to be economically practical for 
small scale domestic power needs. 
However, of the several new 
methods of power generation be
ing studied, the fuel cell is re
ceiving a large amount of atten
tion, so new developments may 
place the fuel cell much nearer the 
top of the list of economical small 
scale power generators. 

Magnetohydrodynamics 
Th e magnetohydrodynamics 

(MHD) generator produces elec
tricity by forcing a high velocity 
conducting gas to cut the lines of 
flux of a strong megnetic field. 
According to Faradays law of in
duction, or the "right hand rule", 
an electric current is forced to 
flow across the conducting gas as 
it passes through the magnetic 
field. In the MHD generator, this 
current is driven on through the 
electrodes and an external load 
where it performs work. 

MHD Generator 

The necessary elements of the 
MHD generator are a duct with 
electrodes at its top and bottom, 
a high velocity conducting gas 
moving through the duct, and a 
strong magnetic field directed 
across the duct. Each of these 
"component" parts of the MHD 
generator will now be considered 
separately. 

The electrical conducting gas or 
plasma can be obtained by heat
ing a gas to such a high tempera
ture that its molecules dissociate 
into separate charged ions. This 
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plasma can be given a high velo
city by forcing it to expand 
through a simple nozzle opening 
into the MHD duct. However, a 
common gas such as air would be
come too hot to handle if it were 
simply heated up till it became 
ionized, so small amounts of easi
ly ionizable "seed" gas must be 
added to give the necessary de
gree of ionization at a practical 
temperature. The alkali metal 
vapors, such as potassium and 
cesium are used as the seed ma
terial which makes up 0.1 to 1.0% 
of the final conducting mlxture. 
The electrical conductivity of the 
seeded ionized gas will be between 
1 and 100 1/ ohmeters and the 
temperature between 3000° F. and 
5000° F. These high temperatures 
must exist all along the duct in 
order to maintain the necessary 
degree of ionization. Therefore in 
order to take advantage of the 
waste heat rejected at the duct 
exit, most proposals for MHD 
power plants have used the MHD 
generator as a topping device for 
a conventional turbine generator 
cycle, which uses the hot exhaust 
from the MHD duct as its heat 
source. One such design is shown 
at the end of this report. Lower 
temperature "non-equilibrium" 
ionized gases such as are found in 
fluorescent lighting could also be 
used as the conducting gas, but 
due to the complicated phenomena 
of non-equilibrium gases they 
have not received as much atten
tion as the thermally ionized gas. 
However, the author feels that the 
1 o w e r temperature non-equili
brium ionized gases will become 
increasingly important as research 
progresses in this area. 

The strength and size of the 
magnetic field required in the 
MHD generator are quite large 
compared to that required in con
ventional machinery. Field 
strengths of 10,000 to 30,000 gauss 
and higher are being considered. 
Magnets with these field strengths 
are large and expensive to operate 
when made of conventional con
ductors such as copper and alum-

inum, so new superconductors are 
being carefully considered. The 
superconductor m a t e r i a 1 s are 
about 100 times more expensive 
than copper, but they offer much 
more efficient operation and 
therefore will probably be favored 
over the conventional conducting 
materials. 

The third component of the 
MHD generator, the duct with 
electrodes, is the component 
which presents the most limita
tions in the performance of the 
MHD generator. The duct and 
electrodes are subject to the ex
treme heating and erosion of the 
high velocity gas which gradually 
wears the surfaces away. Large 
electric currents flowing in the 
generator also cause some local
ized heating and increased corro
sion of the electrode surfaces. But, 
in spite of these severe operating 
conditions, one MHD channel has 
survived 140 hours operation at 
5000° F. with favorable results. 
Another large scale. MHD genera
tor produced 1350 KW in a recent 
test. Alumnium oxide ceramics 
have been used for some small 
ducts and other ceramics are 
being tried. The main losses in an 
MHD generator are heat transfer 
loss to the walls and electrical re
sistance losses in the magnetic 
field coils. Lesser losses appear as 
eddy curre~ts in the gas, aero
dynamic friction losses where the 
gas experiences viscous drag 
along the duct, and electrical 
space charge losses of about 1 % 
around the electrodes. But in spite 
of these losses, the predicted ef
ficiency of the optimum MHD 
generator is 70 to 80%. For a com
mercial design MHD generator 
operating on common combustion 
products, efficiencies as high as 
56% are expected to be achieved. 

The principles governing the op
eration of the MHQ~enerator in
dicate that losses decrease and 
the power generated increases as 
the size of the plant increases. This 
clearly indicates that the MHD 
generator is primarily a device for 
generating power on a large scale. 
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Besides being more efficient than 
the 40 % efficiency offered by the 
best s t e a m turbine-generator 
plants, the MHD generator is bas
ically simple and therefore may 
eventually result in a plant which 
is cheaper, easier to maintain and 
is generally less complex than ex
isting steam plants. 

The possibility also exists for 
using a nuclear reactor as the 
heat source for a MHD generator 
working on a closed cycle. The 
closed cycle system would prob
ably use an inert gas seeded with 
cesium at the working plasma. 
However, temperatures of 2500° 
F. to 3500° F. would be necessary, 
and at present no nuclear reactor 
uses a coolant that runs this hot. 

Though the MHD generator 
naturally produces D.C., several 
ways of directly producing A.C. 
have been conceived, but none 
of these have yet been proven. To 

Cool 

ll 
Caµcilors 

Auxiliorirs. 
/Omw 

cite one idea for producing A.C. 
from a MHD generator: by caus
ing the ionized gas to oscillate in 
the duct at, for example, 60 cycles 
per second, 60 cps alternating cur
rent would be produced at the 
electrodes. One way of causing the 
ionized working gas to oscillate 
is by a phenomenon called 
thermo-acoustic-resonance which, 
at present, is not too well under
stood. However, this and other 
ideas for producing A.C. power 
show promise and may at some 
future time give a major break
through in MHD generator tech
nology. 

Following is a proposed design 
of a large scale (490,000 KW) 
M H D - S t e a m turbine-genera
tor power plant. The approximate 
costs of such a system are also 
given in the following comparison 
with the costs of a conventional 
power plant. 

·STEAM GENERATOR .,. ,,,,,,,, 

.. 

MHD generation ______ 365,000 KW 
Net heat rate: 6200 per KwHr Steam-turbine generation ___ 97,000 KW 

Total __________ 462,000 KW 
Proposed power-plant cycle burns coal in h-p air. Combustion gases seeded 

with metal vapor flow through MHD generator to produce 360-mw de electricity, 
pass on to regenerator, superheaters, boiler. Latter equipment feeds steam turbines. 

A design is proposed along with some rough economic figures. 

Investment Costs 
Equipment Conventional 

1. Steam generator ___________ $31 per KW 
2. Turbine generator-compressor ________ 38 per KW 
3. Air Compressors -------------------------- -------- -

· 4. Regenerator _ __ _ 
5. MHD generator ____________ _ 
6. High temp. valves, ducts, 

combustion chamber ____________________ -
7. Electrical converters ---------------------------- -
8. Reactive supply ------------------------------------ -
9. Piping, pumps, heaters, condensers __ 23 per KW 

10. Building space for conversion equip. -
Total __________________ $92 per KW 

*Mercury arc recificers convert D.C. to A.C. @ 96% efficiency. 
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MHD 
$10 per KW 

12 per KW 
4 per KW 
7 per KW 
7 per KW 

4 per KW 
*33 per KW 

5 per KW 
10 per KW 

2 per KW 
$94 per KW 

Home System 
A Thermionic Conversion System 

for the Home 
It was noted earlier that the 

thermionic converter is at present 
one of the best systems for small 
scale electrical generation of 
power. Therefore, a small scale 
electrical generating system using 
thermionic conversion will be pro
posed and evaluated to determine 
its economic feasability. 

The proposed system is designed 
to supply electricity, heat, air con
ditioning and hot water for an 
average five room house. The heat 
which is rejected from the collec
tor side of the thermionic diode 
will be used for heating hot water, 
adsorption air conditioning and 
hot water space heating. The pro
posed generator might look some
thing like the following sketch. 

( Continued on next page) 

Mints in the United States dur
ing the first seven months of 1963 
produced 196,382,700 five-cent 
coins. To produce these coins, 
which contain 75 per cent copper 
and 25 per ·cent nickel, over 1,500,-
000 pounds of copper and 500,000 
pounds of nickel were used. 

JoE WESCOTI' is Vice-President of En
gineer's Club this year. He transferred 
here from Joplin Junior CoLlege and is 
now a senior in Chemical Engineering. 
At Joplin Junior College Joe was the 
Vice-President of the Mathematics 
Club, and here at Missouri he is Vice
President of Phi Theta Kappa Honor
ary Fraternity, Master of Ceremonies in 
Alpha Chi Sigma, member of St. Pat's 
Board, and member of A.I.Ch.E. 
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A Thermionic Conversion System for the Home 

AJ;..~&-A. 
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The thermionic generating sys
tem will supply a maximum of 3.3 
KW of 110 volt alternating cur
rent. The system is composed of 
three s e par at e "generating 
spheres" which operate interde
pendently, that is, only one sphere 
will be generating at. low load, 
two spheres will generate at 
medium load and all three will 
generate at full load. By having 
three identical generators the sys
tem will have a higher start-up ef
ficiency and will have a higher 
reliability. Each generating sphere 
will contain 35 cesium vapor 
thermionic diodes. Each diode will 
produce 32 watts of direct current 
at one volt while operating at 
power density of 2.4 watts per 
square centimeter and 12% effi
ciency. The natural gas flame in 
the combustion chamber will heat 
the emitter of the thermionic 
diode to its operating temperature 
of 2350° F., while the collector is 
cooled to about 1000° F. by the 
cooling water blanket surround
ing the sphere. About 82.5% of 
the heat received at the emitter 
is rejected through the collector 
to the cooling water. The low volt
age current produced is trans
formed to a higher voltage and 
then converted to alternating cur
rent by a rotating motor generator 
set at an assumed efficiency of 
85%. An energy balance of peak 
requirements for the entire sys
tem indicates where the energy is 
used. 

1 

The "average home" in this an
alysis is assumed to require 3.3 
KW peak electrical power and to 
consume 500 KWHR (kilo watt 
hours) per month. At the average 
rate of $.026 per KWHR for con
ventional electrical power, the 
monthly expense for electricity is 
$13.00. This home is also assumed 
to require $8.00 for heating gas, 
which at $1.10 per 500 cubic feet 
and heating value of 1000 BTU 
per cubic foot, gives a total heat
ing requirement of 3,640,000 BTU, 
or 1040 KWHR per month. There
fore, the total monthly expendi
ture for electricity and gas is 
$21.00. 

It is interesting to estimate the 
overall efficiency of this generat
ing system. For every 100 BTU of 
fuel burned, 12 BTU will be con
verted into useful electricity since 
we assumed 12 % efficiency for 
the thermionic converters. The re
maining 88 BTU will be rejected 
heat. If we assume that 50% of 
this heat or 44 BTU is productive
ly used for house heating, water 
heating or adsorption air condi
tioning, then the overall efficien
cy is: 
.,., 0 11 Useful Workout 
" vera = Total Heat In 

(12 + 44) BTU = 56 
100 BTU . 

Although 56% overall efficien
cy is simply an estimate, it should 
be noted that this hypothetical 
system is less wasteful than a 
comparable conventional system 

1 
(3.3KW A.C. output) (-- A.C. conversion) (-- thermionic) = 32.4 KW peak 

.12 efficiency .85 efficiency 
heat required at thermionic diode emitter. 

32.4 KW Heat X .825 percent rejected at 
collector 

less: Maximum house heating or air conditioning 
requirement 

less: Maximum house hot water requirement 
Total 

JANUARY, 1964 

= 26.75 KW peak heat rejected 

-19.80 KW 

- 4.5 KW 
2.45 KW peak heat surplus 

(such as a "total electric home") 
using steam-turbine generated 
electricity. 

A comparison of the investment 
costs of the conventional system 
and the thermionic system is also 
interesting. 

Conventional 
Equipment System 

Conventional large power plant 
Steam generator ________________ $31 per KW 
Turbine-generator, 

compressors ____ 38 per KW 
Piping, pumps, heaters, 

condensers ____ 23 per KW 
Transmission & Distribution 

systems ______ *50 per KW 
(Depends greatly on 
distance) 

Water heater ___ _______ 20 per KW 
Hot water house heating 

system ______ 46 per KW 
Air conditioning 

system 55 per KW 
$263 per KW 

Thermionic 
System 

Thermionic diodes __ _ 
D.C. to A.C. motor-

generator _____ $70 per KW 
Transformer *60 per KW 
Heat adsorption unit 

Water heater ____ *18 per KW 
Hot water house heating 

system ______ *35 per KW 
Air conitioning system ____ *45 per KW 

Control & regulation 
system *15 per KW 

*estimated cost. 
$243 per KW 

By comparing the total cost of 
the two systems, it is evident that 
the thermionic diodes must ·be 
built for $20.00 per KW. If 35 
thermionic diodes are required to 
generate one KW, then each diode 

must cost only ~:~ = $.58 in 

order to compete with the con
ventional steam power plant sys
tem. It is extremely doubtful that 
a long lived thermionic diode can 
be built for $.58, since high quali
ty materials and close tolerances 
are required. The cost of the D.C.
A.C. motor generator and the 
transformer increase the cost of 
the thermionic system consider
ably, but at present they are more 
economical than solid state con
verters or other devices. 

Even though the thermionic 
generating system made effective 
use of its rejected heat, the in
efficient use of fuel, and the ex
pensive D.C.-A.C. converter and 
transformer, make it impractical. 

POWER GENERATION 
(Continued on page 16) 
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the IBM story, in brief. IBM was founded in 
1914. The achievements of the company have been 
exceptional. 

IBM develops, manufactures, and markets machines 
for the handling, processing, and control of data. It 
also installs this equipment and maintains it. 

IBM products range from electric typewriters sell
ing for several hundred dollars to complete elec
tronic computer systems valued in the millions. In 
addition, IBM produces advanced systems for space 
programs and national defense. 

IBM systems, equipment, and machines are at work 
in a wide range of activities covering almost every 
field of endeavor: in business, industry, govern
ment, research, science, education, and space ex
ploration. I BM research is continually exploring new 
areas of interest in a quest for basic knowledge. At 
IBM, engineers and scientists are constantly at 
work in the development of new methods, the de
sign of new products, and new ways to apply basic 
discoveries. 

We welcome ideas, talent, and ability. We offer the 
man or woman who has them the opportunity to 
move ahead rapidly. Above all, IBM offers room for 
achievement. 

technical positions. Development Engi
neering:• Challenging design and development work 
will include new components, machines, and other 
products involving circuitry, components, data 
communications, guidance systems, logical de
sign, magnetics, mathematics, microwaves, optics, 
solid state devices, statistics. (A B.S. or advanced 
degree in Electrical or Mechanical Engineering, 
Mathematics, or Physics.) 

Manufacturing Engineering: Creative application of 
new methods and processes will develop advanced 
automation machinery to be used in the precision 
manufacture of complex devices and electronic 
equipment. (A B.S. or advanced degree in Indus
trial, Electrical, or Mechanical Engineering.} 

Programming: Professional opportunities are avail
able for men and women in the programming of a 
variety of computing systems. It involves defining 
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the problem......:in business, industry, science, or gov
ernment; specifying the steps which the computer 
must execute to arrive at the desired result; and 
testing the finished program. (Bachelor's or Mas
ter's Degree-preferably in Mathematics, Science, 
Engineering, or Business Administration.) 

Research: Basic research covering a broad spec
trum of activity will be expanding at IBM in such 
areas as mathematics, physics, mechanics, optics, 
solid state phenomena, chemistry, information 
theory, machine organization. (An advanced degree 
in Physics, Mathematics, Physical Chemistry, Engi
neering, or Engineering Science.) 

basic information about IBM. Across
the-country operations. Laboratory and manufac
turing facilities are located in Endicott, Kingston, 
Owego, Poughkeepsie, and Yorktown, N. Y.; Be
thesda, Md.; Burlington, Vt.; Lexington, Ky.; San . 
Jose, Calif.; and Rochester, Minn. Corporate offices 
are in New York City, with sales and service offices 
in 180 cities throughout the nation. 
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□□□ 

The accent is on the individual. Each IBM employee 
is given all the responsibility he can handle and all 
the support he needs to do his job. Advancement is 
by merit. IBM is an Equal Opportunity Employer. 

Broad education programs. To keep men abreast 
of new developments in their fields, education pro
grams include on-site courses, advanced-degree 
courses at universities near IBM facilities, and com
petitive, full-time scholarships leading to M:S .. or 
Ph.D. Degrees at a university of the employee's 
choice. 

IBM's expansion has come through continuous in
novation and through new ideas and products. It 
makes IBM an exciting place to work and learn. 
It also offers the kind of responsibility that leads to 
rapid advancement. There's room for achievement 
with a growth company like IBM. Please write, out
lining your interests, and we will be glad to send 
you information and brochures. Manager of College 
Relations, IBM Corporation, Dept. 915,590 Madison 
Avenue, New York 22, N. Y. 
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POWER GENERATION 
(Continued from page 13) 

It is predicted that by 1970 the 
cost of solid state D.C.-A.C. con
verters and transformers will be 
less than the cost of conventional 
c o n v e r t e r s and transformers. 
Therefore, to be more competitive, 
the thermionic converter must be 
made much more efficient. 

Summary and Conclusion 
Comparing the four direct con

version methods previously dis
cussed, one can see that the fuel 
cell offers the most efficient op
erations, the MHD generator the 
second best efficiency, the therm
ionic generator, third, and the 
thermoelectric generator fourth. 
However, •,efficiency itself is not 
a sufficient criteria for judging the 
effectiveness of an electrical gen
erator. Initial cost, reliability and 
long life are equally important 
factors. The fuel cell, while having 
hi2h efficiency and suitability to 
all sizes of power requirements, 
has the potential of also having 
good reliability and long life, but, 
at present, its cost is too high, and 
its full potential is yet to be de
veloped. 

The MHD generator also offers 
efficiencies higher than the best 
conventional steam power plants, 
but it too is still in its infancy as 
a reliable, low cost and long lived 
power generator. While the pres
ent designs of direct current MHD 
generators are most effective as 
large scale power sources, future 
designs of alternating current 
MHD generators may also be suit
able for small scale power genera
tion. 

Thermionic conversion has poor 
efficiency and from the analysis 
of the thermionic generator for 
the home, one would suspect it 
also has moderately high , initial 
cost. However, current develop
ment of the thermionic generator 
has progressed to the point that 
reasonable reliability and life time 
can be achieved at a cost less than 
that for the other conversion sys
tems. 

Thermoelectric conversion has 
the poorest efficiencies and nearly 
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the highest initial cost. However, 
it does offer excellent reliability 
and long life time, which make it 
justifiable for some remote power 
needs. 

A graphical comparison of some 
of the more important features of 
the four conversion systems is 
shown below. 

version competitive with conven
tional central station steam power 
plants, and even then, it is doubt
ful that there will be a sudden 
revolution to the use of some new 
unconventional electrical genera
tor. It seems clear that the su
premacy of central station steam 
power plants as the primary 

A Comparison of Current Estimates on Power Generators 
Current Predicted Current 

Generator cost Efficiency Life time Current 
Reliability 

Good 
Type Dollars/KWHR % Years 

Conventional steam power ________ 92 45 10 

Fuel cell generators ________________ 300 
MHD generators __________ 94 
Thermionic generators _____________ 200 
Thermoelectric generators _______ Very 

High 

From this summary of the pres
ent status of the four most prom
ising methods of direct energy
conversion, it is clear that none of 
these methods are now ready to 
compete with c en tr a 1 station 
steam power plants. Even com
petition with small scale power 
plants such as the gasoline engine 
does not appear practical at the 
present time. A year from now 
this may change, however, even 
this seems unlikely. More plausi
bly, it will take at least five years 
for the necessary progress to be 
made which will make direct con-

HA\VJ 
THE NEW DEAL HOP 

As another part of the program 
for the engineers' new deal, the 
Engineers' Club presents the 
"New Deal Hop." It is to be an
other one of those all school 
parties sponsored by the En-

80 
56 
20 
20 

At least. 
10 

0.01 
0.25 

10 
At least. 

Poor 
Poor 
Poor 
Good 

source of electrical energy will not 
be seriously threatened within the 
next ten to twenty years. 

Presently, direct conversion de
vices are being used as electrical 
power sources for- only elaborate 
space satellites and other power 
requirements where their high 

cost is justified by their special ad
vantages. But, as progress is made 
in perfecting direct conversion 

techniques, one can expect to see 
an increasing number of common 
uses for direct energy conversion 
devices. 

gineers. The party last year 
proved to be very popular and 
this one should be even more so. 
It will be something to look for
ward to, and after it is over, some
thing to place among those 
"pleasant memories." We'll see 
you at the . "New Deal Hop." 

COOLING SYSTEM USING ICE 
The Merchants Ice and Storage 

Co. of Louisville, Kentucky have 
presented this engineering and 
cost data on central cooling sys
tem using ice, which has been in
stalled in their general office. The 
installation was primarily for dis
play purposes, and secondarily for 
the obtaining of operating data. 

Chilled air is discharged into 
the office, containing 33,990 cu. 
ft. of space, through two grilles 

( Continued on page 26) 
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Your life at Du Pont I one of a series for technical graduates 

How to tell a career lrom a job 
A job is a job. A career is a place to grow. A career has a future. 
A job lives from day to day. In a job you get what you can, do 
what you must. In a career, rewards parallel your contributions. 

We're a career company. More than a third of our 90,000 
employees have been with us at least 15 years; 10,000 for more 
than 25 years. There are reasons for this. To assure growth we 
invest over $90 million a year in research. Fifty percent of last 
year's sales ($2.4 billion) came from products unheard of just 
28 years ago. Because customers like these products, we've 
grown 750% since 1937. -

Our career men share in this growth because we fill virtually 
all responsible positions from within. Our young men work in 
several areas to develop their capabilities. This way they can 
change positions without leaving the company. 

There are job men and career men. If you seek a career, we'd 
like to tell you about an interesting and rewarding one at 
Du Pont. Write us a letter or clip and mail our coupon today. 

BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 

An equal opportunity employer 

TECHNICAL MEN WE'LL NEED FROM THE CLASS OF '64 
Chemists 
Chemical Engineers 
Mechanical Engineers 
Electrical Engineers 

Industrial Engineers 
Civil Engineers· 
Physicists 
Metallurgists 

r--------------------------------------7 
E. I. du Pont de Nemours & Co. (Inc.) 
2519-A Nemours Building 
Wilmington, Delaware 19898 

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

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

Name, __________________ _ 

Class ____ Major _____ Degree expected ___ _ 

College __________________ _ 

My address ____________ ____ _ 

City ________ Zone State ____ _ 

I 
I 
I 
I 
I 
I 
I 
I 

L ______________________________________ J 
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, ON THE MOON ... 
Ou~ world-recognized trademark-"the P&WA eagle"-has been 
identified with progress in flight propulsion for almost four decades, 

spanning the evolution of power from yesterday's reciprocating 

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

Whitney Aircraft eagle carrying men and equipment to the moon and 

to even more distant reaches of outer space. 

Engineering achievement of this magnitude is directly traceable to 

our conviction that basic and applied research is essential to healthy 

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

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

our programs in energy conversion for every environment. 

Our progress on current programs is exciting, for it anticipates the 

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

as advanced gas turbines ... rocket engines ... fuel cells .•. nuclear 
power-all opening up new avenues of exploration in every field of 

aerospace, marine and industrial power application. 

The breadth of Pratt & Whitney Aircraft programs requires virtually every tech

nical talent • •• requires ambitious young engineers and scientists who can con

tribute to our advances of the state of the art. Your degree? It can be a B.S., M.S. 

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

NUCLEAR ENGINEERING • PHYSICS • CHEMISTRY • METALLURGY • CE

RAMICS• MATHEMATICS• ENGINEERING SCIENCE or APPLIED MECHANICS. 

Career boundaries with us can be further extended through a corpo
ration-financed Graduate Education Program. For further information 
regarding opportunities at Pratt & Whitney Aircraft, consult your col
lege placement officer-or-write to Mr. William L. Stoner, Engineering 
Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut. 

Pratt & Whitney Aircraft 
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT 

FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA 

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

u 
DIVISION OF UNITARCRAFT CORP. 

An Equal Opportunity Employer 



Snow Removal 

By Radiant Heating 

Snow· and ice removal is be
coming increasingly important as 
the nation relys more on mechan
ized. transportation. Snow must 
be removed from roadways, drive
ways, sidewalks, airports and 
many other locations where it is 
a nuisance and a safety hazard. 
Snow removal is also becoming in
creasingly costly as its importance 
increases. Cities such as New 
York, Boston or Philadelphia may 
spend over $1,000,000 a year just 
for the purpose of snow removal. 
"In the winter of 1949-50 the state 
of Missouri spent $541,698 on 
snow removal while in 1955-56 the 
state spent $1,452,236 of a $21.3 
milllo:q dollar maintenance budget 
for snow removal." 

The increased demand for snow 
removal in recent years has led 
to many varied ways of meeting 
the problem. Methods most com
monly used for ice and snow re
moval today are abrasives, brines 
and various salts, chemicals, melt
ing machines, and radiant heat. 
Abrasives can consist of (1) sand 
or screened gravel, (2) ashes, (3) 
slag, mineral waste by-product 
from a metal smelting and refin
ing process, (4) grit, a uniformly 
graded waste by-product from 
coal fueled utilities, and (5) rock 
salt. In Missouri, because ashes 
and cinders are becoming scarce, 
limestone chips, sand, and by
products from the state's lead and 
iron mines are being used in many 
locations. 

Page 20 

Rock salt has been found to be 
the second cheapest abrasive with 
ashes being the only one that is 
cheaper. However, its end effect 
on street cleanliness, sewers and 
sewage treatment plants is much 
superior. Abrasives have many 
disadvantages that are eliminated 
with radiant heating. 

The common recognized disad
vantages of abrasives are (1) their 
use is limited to icy pavements 
since spreading on snow only 
handicaps removal (2) they are 
blown away from hard ice sur
faces (3) they insulate the ice 
surface from the sun thus slowing 
down natural removal action ( 4) 
they must be swept off the streets 
and removed periodically from 
catch basins, sewers and sewage 
treatment units and (5) generally, 
they are messy when tracked into 
homes and buildings. 

Calcium chloride is a fairly good 
agent for snow removal, but its 
use is limited because of cost. It 
is more effective than rock salt 
at low temperatures; so it is used 
primarily in the northern states. 
Brine has been considered as a 
means of snow removal where the 
supply is unlimited such as along 
costal cities, but the method 
proves unsatisfactory because the 
solution must be applied in great 
amounts since it is so diluted and 
because it inhabits the corrosion 
of equipment carrying the brine. 
Some chemicals such as aluminum 
chloride have been suggested as 
snow removal aids, and although 
melting rates are higher than rock 
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salt, the much higher cost is not 
warranted. In addition, health and 
safety hazards prohibit general 
use. 

The newest method of snow re
moval is radiant heating. It was 
first used about fifteen years ago. 
Radiant heating eliminates all the 
u n d e s i r a b 1 e characteristics 
of other methods, but it does have 
a high initial cost. Snow melting 
systems, originally considered lux
ury items because of the high ini
tial cost are becoming more and 
more recognized as essential to 
driver and pedestrian safety, to 
maintaining busy thoroughfares 
snowfree and icefree, and even to 
keeping access to building loading 
and unloading areas open the year 
around. Industrial plants and com
mercial establishments, depart
ment stores, banks, office build
ings, hotels, and restaurants are 
finding it profitable to use snow 
melting systems. 

The use of radiant heat for 
widespread melting purposes such 
as interstate highways, large net
works of city streets and other 
large installations is proposed fre
quently, but so far seems unlikely 
to be adopted. New York City 
once proposed a radiant heating 
system for new city streets but 
the plan was abandoned because 
of excessive cost and the expected 
damage to the street's asphalt sur
-faces. Radiant heating systems are 
more desirable in concrete sur
faces but it has been found that 
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asphalt surfaces get no hotter 
from a heating system than they 

do from the hot summer sun. The 
cost of radiant heating systems is 

still high, so to be economically 

sound, these systems must be 
limited to relatively small areas 
requiring abnormal de-icing ac
tivity because of high pedestrian 
or vehicular traffic on ramps, side

walks, and garage and building 
entrances. 

One of the first applications of 

radiant heating for snow removal 

was in New York City at Best & 
Company, a large department 
store. Wrought iron piping and a 
heated mixture of water and anti
freeze were pumped through the 
pipes. Installed early in 1947, it 

was able to cope with the heaviest 
snowfall in the city's history, in 
December 1947. The system only 

costs about one dollar per hour 
to operate but the pipes have been 

corroded and the system no longer 

works efficiently. The Port of 

New York Authority bus terminal 
has one of the largest single radi
ant heating systems to combat 

snow. Six miles of pipe imbedded 
in concrete ramps circulate a 
heated oil-base liquid du ring 
snowfall. This system, capable of 

handling one inch of snow per 

hour, keeps the one and one-half 

acre ramp surface clean through 
the heaviest snows. 

Two solutions are available for 
heat transfer application in radi
ant heating systems. One is an 

aqueous solution of ethylene 
glycol (antifreeze) as is used in 
the Best and Company system or 

a specially compounded petro
leum base heat transfer oil as is 
used in the Port Authority sys

tem. Water would be the best 
possible medium to use since it 

has high heat transfer character
istics and is not as viscous as other 

liquids. However, it would freeze 
and ruin a system that was not 
in continuous operation. Ethylene 
glycol is usually used in small 
systems because it has higher heat 
transfer characteristics than the 
oil. It can be brought from a low 
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temperature to operating tempera

ture in a shorter time than oil, 

and since it is also less viscous at 
low temperatures, it is more easily 

pumped. Ethylene glycol is much 

more corrosive than oil, however, 
and usually requires stainless 
steel piping. In a large system 
such as the Port Authority system 

where six miles of pipe is used, 
this would be costly. Heat trans
fer oil is much more viscous than 

the ethylene glycol solution. For 

this reason it must be kept fairly 

warm at all times or it will be
come extremely hard to pump. 

Since the oil must be kept warm 

at all times, systems using oil have 
a higher operating cost. The oil is 
not corrosive and can be used 

with any standard steel pipe. 

Ethylene glycol and heat trans
fer oil are both used in many 

modern operations. On Chicago's 

$101,000,000 Calument Skyway 

there are 22 lanes of traffic for col
lecting tolls. Since there is a great 

hazard during stopping and start

ing, a radiant heating system was 
installed at the toll booths. There 

is a distance of 200 feet covered 
by the piping in each lane, 160 

feet leading into the toll booths 
and 40 feet beyond, comprising 
58,500 feet in each lane. Heat 

transfer oil was used in this op

eration because it is not corrosive. 

It was found that 368 BTU of heat 

are required to keep snow com
pletely clear and 126 BTU to 
provide 90 % efficiency. The sys
tem was designed for 126 BTU 

and a provision made to divert 
all available heat to six lanes 
during extreme conditions. Be

cause of the high thermal capacity 
of the pavement, it is practical for 
the system to operate only during 
snowfall. Control is primarily ac

cording to western forecasts. 

Past experience with automatic 
devices to a n t i c i p a t e con

ditions likely for snow have not 

been gratifying. The system must 

be put into operation as much as 

24 hours before snow begins to 

fall for a pavement temperature 
of 0° F. to raise to 34° F. The 

temperature of the heating me

dium is controlled by automatic 

modulation of a steam valve in re

sponse to either of two discharge 

thermostats. The temperature is 

usually kept low during threaten
ing weather but is switched to 

high when snow starts falling. 

A sloping driveway built by 
the Minnesota Department of 
Highways uses ethylene glycol for 

heating solution. Ethylene glycol 

was chosen as the heat transfer 

medium because of the fact that 

some similar systems had given 

over ten years satisfactory service. 

One problem encountered in the 
design of the driveway system was 
snow drifting against retaining 
walls. The problem was solved by 
placing heating coils closer to

gether near the walls and also de
signing to that all available heat 

could be diverted to piping near 

the retaining walls. 

One of the largest snow melt

ing systems undertaken to date is 

on the new Indiana east-west toll 
road from Chicago to the Ohio 
line. Each of the twelve toll collec

tion plazas and terminals is 
equipped with a radiant heat snow 
melting system. The initial cost of 
the systems was more than $5,000, 
but they are expected to pay for 

themselves in a few years. The 

eastern and western terminals 

each consist of eight toll collection 

lanes ten to seventeen feet wide 

and 200 feet long. Between these 
terminals lie ten plazas where 
various state and federal high
ways connect with the toll road. 
These inner plazas each have 

three to five toll lanes. The snow 
melting coils are installed much 
like the Chicago system. All of 
the major equipment in these 

snow melting systems: boilers, 
heat exchangers, and pumps are 

in a tunnel under the toll plazas. 
Three-fourths inch pipes are used 

in the system and spaced twelve 
inches apart and three inches be
low the slab surface. Heat trans
fer oil is used in each system. It 
was chosen because there is less 
probability of corrosion in the pip-
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ing. The oil costs about $.90 per 
gallon. The system is controlled 
by thermostats in the roadway 
slabs near the surface. The 
thermostats are set to maintain a 
constant slah temperature of 36° 
F. A manual control system is 
used to shut off individual toll 

· lanes when they are not in use. 

The Indiana system differs from 
others in that it is designed to 
operate continuously during the 
winter months thus eliminating 
the p r o b I em of anticipating 
periods of snowfall. It also allows 
for lighter pumps and heat ex
changers since the pavement does 
not have to be brought from a low 
temperature to 36° F. in · a short 
period of time. Construction cost 
of the system was $4.23 per square 
foot. Operating costs have been 
very difficult to estimate, and re
ports of .actual operating experi
ence of other systems are not in 
agreement. Operating cost of the 
Indiana system with an estimated 
40 BTU per hour ,per square foot 
heat .loss, fuel oil for pumps at 
about $.10 per gallori, and a 15% 
operating time indicates that fuel 
costs are about 2.16 cents per 
square foot each winter. 

Electric heating cable is being 
used in some installations to ob
tain the heat for snow removal. Its 
use is not widespread as yet be
cause of the high operating cost of 
present systems. Electric heating 
cable has low installation cost, 
however, and can be connected 
with a household electrical sys
tem. Also, it does not require the 
pumps, boilers and heat ex
changers of a liquid system. For 
these reasons it is becoming pop
ular for home use on sidewalks 
and driveways. In New Jersey, a 
test strip is being prepared to 
determine the feasibility of elec
trical heating roadway pavements 
to keep them free from snow and 
ice. The test site covers two ten 
foot lanes 840 feet long which 
carry over 42,000 vehicles per day 
and where traffic tie-ups have oc
cured in previous years. Cables 
were laid four inches apart and 
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placed between 1 ½ inch layers of 
bituminous concrete. Thermom
eters were installed to deter
mine actual pavement tempera
tures. The s y s t e m will be 
controlled manually in the early 
portion of the test period, and 
later thermostatic controls will 
provide for automatic operation. 

In designing an electrical heat
ing-cable system for a driveway 
there are four factors that should 
be considered: rate of snowfall, 
temperatur~, wind velocity and 
humidity. Surfaces with a severe 
wind exposure for exam.pie will 
require more . heat than those that 
are relatively shielded by adjacent 
buildings, shrubs, and other forms 
of protection. The inadequacy of 
this system is that during heavy 
storms the snow will not melt as 
fast as it falls, but it will melt 
within a few hours after the storm 
has moderated. A consumer must 
weight the system costs against 
the time that he will have to wait 
for snow to melt after it has fallen. 
All systems will always remove all 
of the snow. If a city like Detroit 
has an average annual snowfall in 
hours of 134, a · 30 watt/ ft2 system 
will melt all of the snow that falls 
during the first 104 hours, but, 
during the last 30 hours, o·nly 
partial melting will occur. For a 
40 watt/ ft2 system, 119 hours 
will be melted while the last 15 
will be only partially melted, and 
for a 50 watt/ ft2 system 127 hours 
will be melted and the last 7 will 
be only partially melted. For a 
city such as Detroit, it would take 
over 50 watts to melt all of the 
snow that falls during all falling 
hours. This extra .wattage would 
usually be wasted since a 30 watt 
system melts all of the snow that 
falls in 104 of the 134 snowfall 
hours. It is not usually feasible to 
turn a system on the exact mo
ment snow starts to fall and off 
at the exact moment snow stops 
falling. If it is figured that the 
system is on twice as long as the 
actual snowfall time, the cost of 
operation for 268 hours on a 50 
foot driveway, based on electrical 

cost of 2½ cents per kilowatt 
hour, would be 33.50 per year. 
Under actual conditions a resident 
of Weschester County, New York 
found it costs about $20 to elimi
nate snow from a 45 foot drive
way. In Columbus, Ohio, however, 
a homeowner pays $32 for elec
tricity needed to eliminate snow 
from a 75 foot driveway all winter. 

Ice and snow removal is be
coming increasingly importaht in 
our modern lives. Old methods of 
removal using abrasives, rock salt, 
and, of course, plowing will un-

- dotibtedly continue to be our ma
jor methods of snow removal. 
Radiant heat, however, is becom
ing increasingly important for 
snow removal in specialized situa
tions. Its use is increasing as satis
factory results are obtained from 
systems already in operation. 
Many of the new express~ays are 
using radiant heat for snow re
moval on ramps and around toll 
booths. Also, many businesses are 
finding its use a profitable and 
convenient method of snow re
moval. Electrical heating of side
walks and driveways has in
creased over the last few years 
and before long many of the new 
homes being built may contain 
automatic snow removal systems. 

ST. PAT'S BOARD 
COMMITTEES 

Banquet-Bev Myers• 
Bar-B-Q--Joe Wescott• 
Button and Beard Contest-Chris 

Lanning* 
Convocation-Roy Gray* 
Edicts-Bob Flemming* 
Economy Run-Lawson Hart*, Larry 

Irminger 
Green Tea-Lynn Rich* 
Knighting Ceremony-Don Flora• 
Lab Exhibits-Tom Picraux* 
Membership-Gene and Dean Teaney*, 

Ron McQuerter 
Parade-Bob Lutman* 
Publicity-Charlie Dressel* , Bill 

Burcham, Jim Shy 
Queen and Shamrock Guard-Bill 

Shanks• 
Queen Contest-Wally Palmer* 
St. Pat's Ball-Mike Williamson*, 

Jim Steele 
Slide Rule Contest-Henry Sims* 
Tickets, Movie, Burrell-Steve 

Rolwing* 
* Committee chairman 
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Progress in the Bell System .. . 

SWIMS ... ORBITS ... 

BEAMS ... 

PUSHES ... 

PULSES ... 

BURROWS ... WINKS ... 

AND LIVES AND BREATHES ... 

Progress takes many shapes in the Bell System. And among 

the shapers are young men, not unlike yourself, impatient 

to make things happen for their companies and themselves. 

There are few places where such restlessness is more wel

comed or rewarded than in the fast-growing phone business. 

Bell Telephone Companies 

FLASHES .. . 

TALKS ... 

BLINKS ... 



GRADUATING ENGINEERS & SCIENTISTS: 
Some sL,und reasons why you should consider General Dynamics I Astronautics 
for a challenging and rewarding aerospace career are pictured below. 
We urge you to learn still more about Astronautics-the important completely 
space-oriented division of General Dynamics Corporation-by listening to the 33½ rpm 
recording offered below and by following news of Astronautics' activities and 
accomplishments in your newspaper, trade magazines and technical journals. 
For more information and a personal interview, visit the Astronautics representative 
who will be on your campus soon. 

Advanced Programs An array of active projects and widely varied 
studies at Astronautics range from Atlas SLV-3 , Centaur and Glotrac 
to Manned Space Stations, Lunar Base Support Systems and Orbiting 
Research Laboratory. 

Ideal Location San Diego, California is the capital of moderate 
climate in the nation. Outdoor .sports and recreation are year-round 
activities for enjoyment of your leisure hours. There is an abundance of 
academic and cultural opportunity in this city of more than 600,000 - a 
vigorous and growing community. 

Modern Facilities More than $50 million have been invested in Astro
nautics' plant and equipment. Complete laboratory, test and computer 
facilities are established in-plant to enhance the performance of Astro
nautics' engineering tasks. 

Inspiring Achievements The reliable Atlas, first ICBM in the free 
world , has also established a remarkable record as a launch vehicle -
boosting more pounds of payload from the earth than any other vehicle 
in the free world to date. The impressive list of Atlas achievements in
cludes a perfect performance in the Atlas-Mercury series-four for four! 

WE WILL VISIT YOUR CAMPUS FEBRUARY 6 AND 7 
HEAR "THE GENERAL DYNAMICS I ASTRONAUTICS STORY" as told by the men who have had major 
responsibilities in the direction of such dramatic technological advancements as the Atlas
Mercury manned orbital flights and Centaur, the free world's first liquid hydrogen-fueled space 
vehicle. See your placement office for your personal copy of this 33½ rpm recording, or write 
to Mr. R. E. Sutherland, Chief of Professional Placement and Personnel, Dept. 130-90, General 
Dynamics I Astronautics, 5882 Kearny Villa Road, San Diego, California 92112. 



This 600 horsepower turboprop engine is designed to power the new generation of light, fixed wing 
aircraft for both civil and military applications. • The Garrett-AiResearch TPE-331 has a specific 

fuel consumption of .62 pound per shaft horsepower-hour, and a weight to power ratio of .45 pound per 
horsepower. The engine has a response rate from flight idle to full power of approximately 1/3 of 

a second. A military version has been designated the T76 by the U.S. Navy. • Designed specifically as a 
prime power plant, the model 331 is backed by the company's experience in producing over 10,000 gas 

turbine engines. • The Model 331 engine is programmed for additional performance growth. The turboshaft 
version (TSE-331) has been flight tested as a power plant in rotary wing and vertical lift vehicles. 

For further information ~bout many interesting project areas and career 
opportunities at The Garrett Corporation, write to Mr. G. D. Bradley at 
9851 S. Sepulveda Blvd., Los Angeles. Garrettis an equal opportunity employer. 

THE FUTURE IS BUILDING NOW AT Al RESEARCH 

Phoenix • Los Angeles 



Remember ... you can have strength 
and glaze, too 

Until recently, Dickey Perma-Line glazed clay pipe has been available 
only in 4" through 12" diameters. But now, because of new manufactur
ing methods, this stronger Perma-Line pipe is offered in a full range of 
sizes ... from 4" through 36". 

This pipe meets all requirements. It has strength to spare because it 
exceeds ASTM crushing strength requirements by a sizeable margin. It 
has a new vapor glaze which provides an even better, smoother, self
scouring surface, assuring the finest flow characteristics obtainable. And, 
the pipe has the Dickey Compression Coupling on it. Even this is new. 

The Coupling is now made of urethane .. . the finest material available 
for a factory-made joint. It's superior to other materials because it has 
unequaled stability and resiliency. This assures uniform tightness all 
the way around the pipe. Urethane also has minute hardness variations 
so changes in temperature . . . over a wide · range .. . have no effect. This 
Dickey Coupling greatly exceeds ASTM C-425 Specifications. 

Providing improved sanitat ion for better living 

~ICKEV 
'SJlsanitary salt-glazed clay pipe 

W. S. DICKEY CLAY MFG. CO. 

Birmingham, Alabama 
Kansas City, Missouri • Meridian, Mississippi 

St. Louis, 'Missouri • San Antonio, Texas 
Texarkana, Texas-Arkansas 

3 11 50 

If it's made of clay it's good ... if it's made by Dickey it's better 

"30 YEARS AGO" 
(Continued from page 16) 

near the ceiling, and is exhausted 
through a transom near the ceil
ing. The system is controlled auto
matically; a uniform temperature 
being maintained by a room 
thermostat and a dew point 
thermostat located at the dis
charge from the washer. It was 
originally intended to maintain a 
temperature of 80 degrees with 
50% relative humidity, which 
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proved uncomfortably warm to 
the regular inhabitants. The tem
perature was then lowered to 75 
degrees with 59% relative humidi
ty, and then gradually adjusted 
upward until the maximum tem
perature for comfort was deter
mined. 

Cost records kept for 1932, a 
normal year, showed that t.5 cents , 
per hour for ice and 3 cents per 
hour for power for fan and pump 
were expended for each 1000 cu. 

ft. conditioned. This is based on 
an ice rate of $3.50 per ton and a 
power cost of 4 cents per kilowatt 
hour. With the original hookup, 
water was discharged at the sewer 
at 35 degrees. It was found that 
the installation of a float valve 
and tank connections at an addi
tional cost of $35.00 would raise 
the temperature of the discharged 
water to 56 degrees, and that this 
would represent a saving of 30 
tons of ice per season. 

THE REFRIGERATION OF 
CONCRETE 

Huge masses of concrete have 
the property of greatly increasing 
their temperature after b e i n g 
poured, due to the chemical ac
tion in setting; therefore s o m e 
means of artificial cooling must 
be installed at the time of pour
ing. 

In the Boulder Dam project, 
precautions are being taken 
against this heating. A giant re
frigerating system is being in
stalled to cool the concrete as fast 
as it is poured. Two-inch pipes are 
spaced 10 feet apart vertically, 
and 11 feet apart horizontally. 
Throughout this piping system 
cold water is constantly circulated 
to reduce the temperature of the 
concrete. When the project has 
been completed 800,000 feet of 
pipe will be embedded. 

Experiments which led to in
cluding this cooling system in the 
specifications of the dam were 
conducted in the Owyhee Dam on 
the Owyhee project in eastern 
Oregon. One-inch pipe was placed 
in each of 7 consecutive 4-foot lifts 
of concrete. This concrete rose to 
a temperature of 118 degrees F . 
as it set. Within two weeks the 
pipe system reduced the tempera
ture to 84 degrees F . by pumping 
water at 64 degrees F . through the 
pipes. In a project the side of 
Boulder Dam, it is estimated that 
the concrete would require cen
turies to do away with the excess 
heat without artificial aid, and 
the heating process would result 
in destroying the soundness of 
the concrete. 
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CHALLENGE IN CALIFORNIA,'. 
IN ALL PHASES OF CIVIL ENGINEERING 

California's far-flung state engineering projects are no boom-time enterprises. 
They are sustained, long-range operations planned to keep pace with the 
continued growth of the West. We offer employment stability, good salaries, 
job rotation and professional advancement. Let us send you illustrated litera
ture and campus interview schedule of our representatives. Please state your 
field. State Personnel Board, 801 Capitol Mall, Sacramento, California 95814. 



A rare milestone in engineering: two girls on 
St. Pat's Board-and they're good looking, too! 
There should be no problem in getting the board 
members to come to the numerous meetings that 
will be held in the next few months. 

Miss Lynn Rich (left), whose function will be 
to organize the Green Tea this year, is a glamorous 
freshman civil engineer from St. Louis County. The 
following facts prove that Lynn is an avid engineer: 
she wears Kelly green eye shadow, she's the SHAM
ROCK secretary, and she showed her contempt of 
Aggies by stealing their traditional paddle from 
"Barnwarmin'." 

' 
Miss Bev Myers (below), who is chairman of 

the Banquet Committee, is a very charming fresh
man chemical engineer from Memphis, Missouri. 
Bev's favorite pastimes are traveling, swimming, 
and tennis. Bev says that she enrolled in engineer
ing because the chemical engineering curriculum is 
the only one that includes both mathematics and 
chemistry. 

SHAMROCK SWEETHEA.RTS 

THE LADY ENGINEER 

'Tho' I may not boast a Degree, 

I'~ as Civil as I can be. 
;;. I 

I'm also Mechanical you can see. 

For I drove the Flivver straight up a tree! 

Dynamic, magnetic, Electric-my frock, 

My 'current expenses' would give you a shock. 

Of Chemical Science I have a big stock, 

But greatly pref er to cook by the clock. 

So truly, I feel without any fear, 

I'd qualify as an Engineer. 

And if you ask my favorite sphere, 

'Consulting' would rate my rousingest cheer! 

-MARY E. s. BARNES 

The first Lady of St. Patrick 

Summa Cum Laude-1912 



■ Reuben C. Gooderum, BSME 
Wisconsin, 1962, is shown examining 
combustion liners after a \thermal 

paint engine test at Allison Division, 
General Motors, Indianapolis, Indi
ana. Thermal paint, developed by 
Allison, is used to determine temper
ature gradients existing on engine 
parts. 

Gooderum is one of the young engi
neers at Allison assigned to design 
and development of air-cooled tur
bine engine hardware. This work in
volves rig testing of turbine engine 

parts to determine optimum configu
rations. Parts later are endurance
tested on engines to prove the design. 

New, air-cooled turbine blades de
veloped by Allison engineering have 
permitted more than 250 °F higher 

turbine inlet temperatures on turbo
prop engines, providing as much as 
63 % increased horsepower for the 

same engine envelope. 
We think you, too, will like the 

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

Conversion Is Our Business. 

An equal opportunity employer 

AllisoI1 
THE ENERGY CONVERSION DIVISION OF 

GENERAL MOTORS, INDIANAPOLIS, INDIANA 



What's new at Bethlehem Steel? 

On a Pennsylvania mountaintop, new research laboratories ... 

On the Indiana lakefront, we're building a new steel plant 
Looking for real opportunity? On the crest of South Mountain, in 
Bethlehem, Pa., we have recently completed the industry's newest research 
laboratories, a $40-million investment aimed at making Bethlehem the 
leader in steel technology. And, at Burns Harbor, Indiana, we're building a new 
plant at an initial investment of $250 million. It will incorporate 
the latest advances known tq metalworking science. 

At Bethlehem Steel we have our sights set on continuous growth 
and modernization; constant development of new and improved products. 
This means career opportunities for alert and aggressive college graduates .•• 
in steel plant operations, sales, research, mining, shipbuilding, fabricated 
steel construction, and many other activities. 

You can get a copy of our booklet, "Careers with Bethle~ew. Steel 
and the Loop Course," at your Placement Office, or by sending a 
postcard to our Personnel Division, Bethlehem, Pa. 

BETHLEHEM STEEL An equal opportunity employer 



=•,,. ,: ExcmNG lit1NGs HAPPEN AT FoRo MaroR CoMPAN'f I 

THE 100,000·MILE 
ENGINEERING TEST 
THAT SET OVER 100 
NEW WORLD RECORDS 
It began September 21 in Florida, when a team of four 
1964 Comets, specially equipped and prepared for 
high-speed driving, set out to do the equivalent of four 
earth orbits at Daytona International Speedway-100,000 
miles at speeds well over 100 miles an hour, round 
the clock for 40 days, through weather fair and foul. 

They did it, all four of them, and they made history! 
They did it in the full glare of publicity. In semi-tropical 
heat. In the teeth of torrential squalls that fringed two 
hurricanes. Including time out for refueling and mainte
nance, the lead car averaged over l 08 miles an hour, 
toppling over 100 national and world records!* 

for all practical purposes this was an engineering trial 
-the most grueling test of staying power and durability 
ever demanded of a new car. Only near perfection 

could stand the punishment dished out to parts and 
components hour after hour, mile after mile. Brakes, 
engines, transmissions, ignition systems-every single 
part a pawn in a grim game of truth or consequence, 
with total product quality the stake. And they all came 
through hands down! 

Now that it's over and in the record books, what does 
it mean? New proof of Ford-built stamina and dura
bility! New evidence that Ford-built means better built! 
Yes-and more, it is a direct reflection of the confidence 
and creative know-how, the spirit and spunk of Ford 
Motor Company's engineering, styling and manufac
turing team-men who find rewarding adventure in 
technical breakthroughs. 

More proof of the exciting things that happen at Ford 
Motor Company to bring brighter ideas and better
built cars to the American Road. 
•world Unlimited and Class C records, subject to FIA approval 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE ENGINEERING LEADERSHIP BRINGS YOU BETTER-BUILT CARS 



Engineering News 

INGENEOUS METHOD OF 
ENCLOSING TRIESTE MOTOR 

A General Electric oil is a key 
factor in the design of the propul
sion unit of the Navy Electronics 
Laboratory's deep-diving bathy
scaph Trieste, which was used to 
probe the floor of the Atlantic for 
the missing nuclear attack sub
marine Thresher. 

The material, a silicone oil, is 
being used in several special sub
mersible electric motors designed 
by General Electric for use as 
the propulsion unit for the Trieste. 
The motors, mounted on the ex
terior of the vessel, are used by 
the pilot to propel and steer the 
Trieste while navigating at the 
ocean's floor. 

Extreme pressures and low 
temperatures which are encoun-

tered during explorations of the 
bottom of the ocean at depths 
down to seven miles and more 
created a difficult engineering 
problem relating to the motor de
sign. Normally open spaces be
tween the motor and the water
tight enclosure dictated that a 
satisfactory method be found to 
equalize internal and external 
pressures on the enclosure to pre
vent possible collapse and subse
quent damage. 

The method of achieving this, 
involved filling the tank with an 
oil and sealing the motor inside. 
Protruding from the tank is a rub
ber hose. The ambient sea pres
sure is transmitted via the col
lapsible hose thru the oil to the 
interior of the enclosure to equal
ize internal and external pres
sures. 

OISlRVATION 
GONDOLA 

Trieste Propulsion Unit-Arrow shows location of General Electric-designed 
electric propulsion motor on cutaway sketch of Navy Electronic Laboratory's 
deep-diving bathyscaph Trieste. Protective enclosure for motor is filled with General 
Electric SF-96 (10) silicone fluid to help equalize underwater pressures. (SIL-746, 
courtesy Navy Electronics Laboratory). 
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BOB BAKULA, M.E. '65 

FUSED SILICA MORROR USED 
IN HIGH ALTITUDE TELESCOPE 

A 36-inch mirror of fused silica, 
the purest glass known to man, 
was used to gather infrared data 
on Jupiter, the moon, several cool 
red giant stars and other targets 
during the second flight of the 
Stratoscope II balloon-borne tele
scope Nov. 26 and 27. 

The balloon was launched at 
4 p.m. Nov. 26 from Palestine, 
Texas, and maintained altitude all 
night. Gas was valved from the 
balloon the next morning to ease 
the telescope to a soft landing at 
9:32 a.m. near Newport, Miss., 
about 60 miles north of Jackson. 
The telescope was recovered in 
good condition. 

The mirror was carried to a 
height of about 80,000 feet during 
the flight. This is above the major 
obscuring effects of the Earth's 
atmposphere. 

The 450-pound fused silica mir
ror blank, made by Corning Glass 
Works, was 37 inches in diameter 
and 5½ inches thick before being 
ground and polished to the precise 
parabolic form needed for the tele
scope. 

Fused silica has impurity levels 
as low as one part in a hundred 
million. It was chosen for the 
mirror material because of its 
near-zero thermal expansion. Sud
den or s e v er e temperature 
changes will not alter the shape of 
the glass, thus assuring distortion
free images. 

The mirror was finished to an 
accuracy of .0000004 inch (about 
100 Angstroms). The telescope has 
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a resolving power of 0.1 second of 
arc-sufficient to distinguish two 
objects 30 inches apart at a dis
tance of 1,000 miles. 

The instrument can be aimed 
remotely by scientists on the 
ground by aid of two on-board 
television cameras. Once the tele
scope is aligned, an automatic 
guidance system locks onto guide 
stars to track the photographic 
target and hold it fixed in the 
image plane for as long as an 
hour. The guidance system has an 
accuracy within 0.02 second of 
arc. 

In the earlier Stratoscope I pro
gram, flights in 1957 and 1959 
carried a 12-inch telescope and 
camera which produced the clear
est pictures yet taken of the sun's 
disk. 

Project Stratoscope II is being 
conducted by Princeton Universi
ty with funds from the National 
Science Foundation, the Office of 
Naval Research and the National 
Aeronautics and Space Admini
stration. 

"SCANNING ELECTRON 
MICROSCOPE" 

The period at the end of this 
sentence is only about one-thou
sandth of a square inch in area. 
Yet scientists at the Westinghouse 
Research Laboratories now can 
map, in the finest detail, areas no 
larger than this on the surfaces of 
tiny electronic devices. It is done 
with an electronic "seeing eye" 
called a scanning electron micro
scope. 

The instrument's resolution and 
depth of focus, which give clarity 
and detail to the pictures it pro
duces, are better than can be 
achieved with the best optical 
microscope. In addition, the pic
tures give basic information on 
the electrical performance of the 
electronic devices under study. 

Like a conventional electron 
microscope, the scanning variety 
"sees" with a beam of electrons. 
Instead of taking a single snapshot 
of an area, the instrument scans 
the surface by repeatedly sweep., 
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ing the electron beam across it, 
building up a picture as it goes. 
A second beam, moving in unison 
with the first, displays the picture 
on a television picture tube simi
lar to that in an ordinary home TV 
receiver. 

The scanning electron micro
scope needs only about 15-million
ths of a square inch of area to 
yield its extremely detailed pic
tures. Prime use of the instrument 
has been to study the surface 
structure (topology) of molecular 
electronic devices and other mi
croelectronic structures and sur
faces. 

Because of its unique construc
tion, this microscope also gives 
equally detailed pictures of the 
electric fields on the surface of 
such devices. Thus, for example, 
one can see the actual voltage dis
tribution across a resistor or tran
sistor as it operates as part of a 
complex semiconductor structure. 

INCREASE YOUR TIRE 
PERfO,RMANCE 

You may get more mileage out 
of your present tires-increase 
your driving comfort and safety
and save money when it comes 
time to buy new tires, if you know 
a few facts about tires and the 
basic principles of tire wear and 
care. 

The introduction of heavier, 
faster cars, the use of smaller 
wheels, and the building of roads 
that permit higher speed without 
let-up for hundreds of miles, have 
radically increased tire require
ments. In the past six years alone, 
stop and start stresses have in
creased 25 per cent to 67 per cent. 
Passing on turnpikes exerts 27 per 
cent more side thrust on all four 
tires. 

Tire engineers have kept up 
with these fast-changing require
ments by developing tires that are 
not only stronger but longer wear
ing and more comfortable to ride 
on. But for all the work that goes 
on in the tire laboratory and on 
test tracks, the one important test 
remains. How well do the tires 

perform on the road for · their 
owner? 

The answer depends to a great 
extent on how the owner uses 
them. Here are some pointers and 
information presented by tire en
gineers of United States Rubber 
Co., that will improve your tire 
porformance. 

(1) Poor whee 1 alignment 
causes excessive tread wear on 
one side of the tread surface. It's 
smart to check wheel alignment 
every 10,000 miles. 

(2) If a feathered edge develops 
on one side of the tread surface, 
what's wrong? Your wheels are 
out of adjustment and are suffer
ing from excessive "toe-in" or 
"toe-out" effect. Have your serv
iceman check out the problem for 
you. 

(3) What is the effect of un
balanced wheels on your tires? 
Your car develops a shimmy or 
vibration which makes riding un
comfortable and cuts down tire 
wear. 

(4) What function does a tread 
perform? If all your driving was 
done on a dry pavement, there 
would be no need for a tire tread. 
But the tread is vital when the 
pavement is the least bit wet or 
oily. The cuts and grooves that 
form the tread design acts as 
thousands of gripping edges that 
"squeegee" out the water giving 
sure, positive traction and stop
ping power. 

(5) How can two-ply tires 
carry four-ply ratings? The tire 
cord used in two-ply tires can 
have twice the tensile strength of 
the cord used in four-ply tires. By 
doubling the strength per cord, 
one ply can have the strength of 
two, two plies the strength of 
four. 

(6) Why is inflation important? 
Underinflation overworks the tire, 
creates heat that weakens the 
structural cords. There is uneven 
wear along the outside edges of 
the tread. Overinflation robs the 
tire of its ability to flex and ab
sorb road shock making it more 
susceptible to fabric breaks. 
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HOW WELL DO YOU KNOW SANDIA? 
• Sandia is a prime contractor of the Atomic Energy Com
mission with laboratories in Albuquerque, New Mexico, 
and Livermore, California. 

• Sandia is engaged in research and development on 
ordnance phases of nuclear weapon design. 

• Sandia scientists and engineers are doing related work 
in fields such as solid state physics, plasma physics, mate
rials research, explosives technology, pulse phenomena, 
radiation damage, systems and component design, and test 
and development. 

• Our $140 million laboratory offers the latest in scientific 
equipment. 

• Sandia as a subsidiary of the Bell System draws upon the. 
technical and industrial know-how of Western Electric, the 
Bell Telephone Laboratories, and other organizations with
in the System. 

Albuquerque, New Mexico, a cultural center of 250,000, is 
sunny and dry with year-round recreational opportunities. 
The University of New Mexico is located here. 

Livermore, California, offers the unlimited advantages of 
living in the San Francisco Bay area. 

If you are graduating with outstanding scholastic achieve
ment in engineering or the physical sciences, the Sandia 
Corporation would like to arrange an interview. 

SANDIA -a c~~~9.~~Io~~N 
ALBUQUERQUE. NEW MEXICO 
LIVERMORE, CALIFORNIA 

The Sandia representative will be on campus Feb. 19, 20, 21. 



We are the chemical company that an electromechanical 
designer might be operating some day 

The chemistry of photography is far from being all of 
chemistry that concerns us. Actually, it is rapidly going 
into hiding inside such machines as these automatic x-ray 
processors for hospitals, seen here under construction. 

We need electromechanical engineers to design all 
kinds of automatic photographic apparatus that we have 
ideas for-big ones, little ones, simple ones, super-sophisti
cated ones, inexpensive ones to sell by the millions, very 
expensive ones for maybe internal use only. 

We need process engineers, by which we mean those 
who figure out the best way to make what the designers 
have dreamed up. 

EASTMAN KODAK COMPANY 

We need industrial engineers, who work out the most 
rational relationships between apparatus and people-the 
people who work in the plants and even on occasion the 
people who buy or use our products. 

This is a great place for all categories of engineers. How
ever, we think in categories largely for hiring purposes. 
There is such a thing as mobility, and it doesn't have 
to be geographical. 

Incidentally, we still need chemical engineers. Maybe 
you are one and maybe you join us and maybe you turn 
out to be such a whiz at your profession that after a while 
we ask you to operate an electromechanical plant for us. 

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



An interview 
with G.E. 's 

Dr. George L. Haller 
Vice President

Advanced 
Technology 

As Vice President-Advanced Tech
nology Services, Dr. Haller is 
charged with coupling scientific 
knowledge to the practical operat
ing problems of a Company that 
designs and builds a great variety 
of technical products. He has been 
a radio engineer, both in industry 
and the armed services (Legion of 
Merit for development of radar 
counter-measures); physics profes• 
sor at Penn State and dean of its 
College of Chemistry and Physics; 
and a consulting engineer. With 
G.E. since 1954, he has been man
ager of its Electronics Laboratory, 
and general manager of the De
fense Electronics Division. He was 
elected a vice president in 1958. 

For complete information on op
portunities for engineers at 
General Electric, write: Person
alized Career Planning, General 
Electric Company, Section 699-
09, Schenectady, N. Y. 12305 

GROWTH THROUGH TECHNOLOGICAL CHANGE 

The Role of 
R&D in Industry 
Q. Dr. Haller, how does General Electric define that overworked term, Re

search and Development? 
A. At General Electric we consider "R&D" to cover a whole spectrum of 

activities, ranging from basic scientific investigation for its own sake to 
the constant efforts of engineers in our manufacturing departments to 
improve their products-even in small ways. Somewhere in the middle 
of this range is an area we call simply "technology", the practical know
how that couples scientific knowledge with the engineering of products 
and services to meet customer needs. 

Q. How is General Electric organized to do research and development? 
A. Our Company has four broad product groups-Aerospace and Defense, 

Consumer, Electric Utility, and Industrial. Each group is divided into 
divisions, and each division into departments. The departments are like 
separate businesses, responsible for engineering their products and serving 
their markets. So one end of the R&D spectrum is clearly a department 
function-engineering and product design. At the other end is the Re
search Laboratory which performs both basic and applied research for 
the whole Company, and the Advanced Technology Laboratories which 
also works for the whole Company in the vital linking function of putting 
new knowledge to practical use. 
Having centralized services of Research and Advanced Technology does 
not mean that divisions or departments cannot set up their own R&D 
operations, more or less specialized to their technical or market interests. 
There are many such laboratories; e.g., in electronics, nuclear power, space 
technology, polymer chemistry, jet engine technology, and so on. 

Q. Doesn't such a variety of kinds of R&D hamper the Company's potential 
contribution? Don't you find yourselves stepping on each other's toes? 

A. On the contrary! With a great many engineers and scientists working 
intensively on the problems they understand better than anyone else, we 
go ahead simultaneously on many fronts. Our total effort is broadened. 
Our central, Company-wide services in Research · and Advanced Tech
nology are enhanced by this variety of effort by individual departments. 

Q. How is Advanced Technology Services organized? 
A. There are three Advanced Technology Laboratories: Chemical and 

Materials Engineering, Electrical . and Information Engineering, and Me
chanical Engineering; and the Nuclear Materials and Propulsion Opera
tion. The Laboratories do advanced technology work on their own, with 
Company funds, and on contract to product departments or outside customers 
and government agencies. NMPO works for the AEC and the military to 
develop materials and systems for high-temperature, high-power, low
weight nuclear reactors. ATS is the Company's communication and in
formation center for disseminating new technologies. It also plans and 
develops potential new business areas for General Electric. 

Q. So R&D at General Electric is the work of a great many men in a great 
many areas? 

A. Of course. The world is going through a vast technological revolution
in the ways men can handle energy, materials, and information. Our 
knowledge is increasing exponentially. In the last five years we have 
spent more than half the money ever spent for research and development. 
To keep competitive, and to grow, industry must master that mountain of 
new knowledge and find ways to put it to practical use for mankind. Only 
by knowing his field well and keeping up with the rush of new develop
ments, can the young engineer contribute to the growth of his industry
and society as a whole. 

~gress Is Our Mosf lmporlilnf Protlucf 

GENERALfj ELECTRIC 
An Equal Opportunity Employer 
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This tiny device is an ultra-reliable Westinghouse TV amplifier 

It can replace all these wires and electronic parts 

"With fewer parts and connections," 

Westinghou se scientists decided , "we 'd 

have a much more reliable amp li fie r." 

So they developed a new kind, using 

techniques called " mol ecular electron ics." 

The dev ice is a function al elect ronic block, 

one quarter-inch square. (That' s the cap-

su le. Actual ly, the electron ics are on a bit 

of spec iall y-treated silicon the size of a 

ch ip di amond .) 
Oth er Westi ng house function al elec 

tronic blocks are just as small. They're 

use d in experim en t a l product s li ke a 

pocket-s ize TV camera and a rad io rece ive r 

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

Today, Westinghouse makes these ultra

rel iab le little devices most ly for military 

app licat ions. 
One day, you'll f1nd them in electron ic 

products everywhere. 
You can be sure ... if it' s Westinghou se. 

For information on a career at Westing house, an equa l opportunity employer, 

wri te to L. H. Noggle, Westinghou se Educationa l Department, Pittsb urgh 21, Pa. 



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

Nothing-if you're bored by Project 
Mohole, turbine engines, the world's 
tallest crruie, and biggest strip-min
ing shovel, a telephone cable-laying 
ship now crossing the Pacific, space 
exploration, the Spirit of America 
race car, the Alweg Monorail, a 
moveable grandstand for the new 
District of Columbia Stadium, Atlas 
missiles and defense work-

They're all recent projects involv
ing The Timken Roller Bearing 
Company, world's largest manu
facturer of tapered roller bearings 
and a leading producer of fine alloy 
steel. 

The Timken Company is the 
world's largest because our engi
neers developed tapered roller bear
ings that revolutionized our "meat 

and potatoes" markets in the Auto
motive, Railroad, Farm and Con
struction machinery industries. 

At the Timken Company you 
receive up to four years' training in 
one or more of 22 training programs 
-80% of which are for young 
engineers. 

Instruction takes place on the job 
and in the classroom. With pay. And 
we participate in executive develop
ment programs at well-known uni
versities. 

If you come with us, you can be 
an indoor-type working in straight 
research, testing and production. Or 
you can be an indoor-outdoor-type 
and become a sales engineer, helping 
customers solve their design prob
lems, which are also ours. 

You'll work with one of three 
products: Bearings, Steel or Rock 
Bits. Uses for these products number 
in the growing thousands. 

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

We serve markets in 119 countries 
from 14 manufacturing plants in 
England, France, Australia, South 
Africa, Canada, and the U.S. 

And we're still growing; 
So if you're interested in our kind 

of work, why not get in touch with 
us? Write Dept. MC for our 12-page 
career booklet. 

The Timken Roller Bearing 
Company, Canton, Ohio 44706. An 
equal opportunity employer. 



Assigpment: ,, 
build better barriers ~\ 
against body rust 

Result: More rust-resistant steel than 
ever before on 1964 Ford-built bodies! 

Ford Motor Company, pioneer in the use of galvanized 
(zinc-clad) steel, long noted for its ability to fight off 
rust, is using increased amounts of this superior 
material in 1964 car models. This marks further 
progress in our continuing efforts to solve the prob
lems of metal corrosion in car bodies. 

Other Ford-developed rust fighters include special 
zinc-rich primers ... aluminum and stainless steels 
in mufflers, moldings and body fasteners ... quality 
baked-~r'famel finishes-all powerful barriers against 
rust in Ford-built cars and trucks. 

A new process, now in limited test production, is the 
electrocoating of entire car bodies. This involves 
electrical attraction between positively charged metal 
surfaces and negatively charged paint particles. When 
the body is dipped in an aqueous solution containing 
the paint particles, a form of "electroplating" occurs, 
the paint seeking those areas with the least coverage, 
until a complete and uniform coating is deposited. 

More examples of engineering leadership at Ford 
Motor Company bringing better products to the 
American Road. 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 

WHERE ENGINEERING LEADERSHIP BRINGS YOU BETTER-BUILT CARS 
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THE COVER 
The photo: The building for housing 

the reactor and its allied equipment, 
offices, and laboratories. It will be com
pleted in the spring of 1965. The building 
will be located across Route K from 
Rollins Springs Park. 

The equations. k oo represents the 
average number of neutrons pro
duced by a neutron at fission energy 
that are necessary in order that a 
chain reaction may occur by fission 
in an atomic reactor of infinite size. 
Keff is the same equation with the 
exception that size is considered. 
The six variables are the various 
affects on the chain reaction result
ing from neutron absorption, losses 
by escape from the system, and other 
factors. 

FEBRUARY, 1964 

MISSOURI 

SHAMROCK 
VOL. XXX FEBRUARY, 1964 NO. 5 

CONTENTS 

FEATURES 

THE UNIVERSITY'S RESEARCH 
REACTOR FACILITY _______________________________ 10 

THE BREWER'S ART __________________________________________________ 14 

"O THE SHAMROCK" __________________________ 16 

MATHMANSHIP ___________ ______________________ 18 

DEF ARTMENTS 

EDITORIAL --------------------------- 7 

ENGINEERING NEWS _________________________ 22 

BULLARNEY ------------------------------------- ___ 30 

The Missouri Shamrock is a member of the Engineering College Magazine Associated; 
chairman: J. Gale Chumley, Louisiana Tech, publisher's representative; Littell
Murray-Barnhill, Inc., 369 Lexington Avenue, New York 17, New York. 

Published monthly except June. July, August and September by the Board of Publi
cation; Room 233 Engineering Building, University of Missouri, Columbia, Missouri. 
Entered as second class matter at the post office at Columbia, Missouri under the act 
of March 3, 1879. Printed by Kelly Press, Inc., 8th & Locust, Columbia Missouri. 
Single copies are priced at 25 cents; subscription rates are $2.00 per year, $5.00 for 
three years. 

Page 5 





From the Editor's Desk: 

Interviewing? 
In the next few months, many of us will be interviewed for permanent 

jobs in industry. What do the businessmen in the industries expect of col
lege men? From the Career '64 booklet, here are a few quotes concerning 
qualities that some major companies in different kinds of business are look
ing for: 

"The jump from college to business is often a larger one than the graduate anticipates. 
Using the case study method he's had much practice in making decisions at the 'Board of 
Directors' level. While this provides a broad background, the graduate must realize his first 
job may expose him to a fair degree of leg work." 

"In interviewing many College Seniors we find a major portion of them seem to be in a 
fog. They have no established aims or goals. They just want any kind of a job, or I should 
say position, we think they qualify for. My advice Sir_ set your sights: Don't be aimless." 

"Looking for a position in management, many will never be in a true management position, 
and those who do succeed to a management position will do so as a result of excellence in 
a specific area. 

A college senior must be able to present to a company a concise statement of how he 
expects to apply his education, interests, background and experience to work for the compa
ny he is interviewing." 

"What do businessmen expect of college men? Many things, of course, but primarily-the 
proper attitude. Attitude towards himself-his family-his employer-his superiors-his as
sociates-his subordinates if he has any. Attitude, basically, will determine his business 
progress." 

"Perhaps the most encouraging attitude to be found in a college man interviewing for a 
career position is his sincere interest in earning his, future, and his knowledgeable objective 
in your company. All too often graduates feel their degrees admit them automatically to 
successful careers, little realizing that real progress is the product of hard work and good 
judgment; these men fail to appreciate the true value of their education." 

"We seek out recent college graduates who have a strong desire to succeed and a high 
degree of enthusiasm." 

"If time is being taken for an interview, the interviewee should review material available 
before coming in rather than expect a personal detailed orientation discussion. 

"We want men of inquiring minds who want to learn our business and continue learning; 
men who enjoy dealing with businessmen; who express themselves skillfully in con
versation and writing; who have the discipline to work on their own, and the motivation to 
grasp opportunities to perform and advance." 

"The college man we want is one who can get along with people. If he doesn't have this 
ability, we can't teach it to him. He must be a self-starter, but he must be realistic enough 
to know he has a profession to learn and we can teach this to him." 

"Lack of preparation for the interview continues to be a significant problem. This preparation 
includes the failure to make an analysis of his goals, desires and of his own potential. Many 
students indicate they will continue with graduate school with no main objective. The stu
dent is immature and wishes to enter graduate school rather than be drafted or enter 
business. The student should prepare himself for the interview to receive the right offer 
and to aid him in making the right decision." 

Notice that a few tips are emphasized in the above quotes -
' 

l) Have goals in mind - it's not the interviewer's job to figure out 
where the interviewee.Js going. 

2) Know something about the companies before having an interview 
with any of them. 

3) Be enthusiastic and interested - interest begets interest. 

FRONTISPIECE 
Installatjon of tube bundles in pressure vessel for one of 
the ten Hanford N-Reactor steam generators. The pressure 
vessel's are. 57 feet in length, 10 feet in diameter, with shells 
of 3 inch carbon steel. Each generator contains two bundles 
of U-shaped tubing. Each bundle has approximately 1000 
stainless steel tubes of about 0.054 wall thickness. 

FEBRUARY, 1964 

R.S.F. 
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Picture of 
a committee 

at work! 
The man in the picture is a committee of 
one having a big meeting-with an idea. 

He is working independently in one of 
nine modern engineering and research cen
ters established by International Harvester 
-a company which has doubled its re
search and engineering budgets in the past 
ten years. 

Few other companies have created so 
many new opportunities for college gradu
ates with scientific ambitions. 

If you are a mechanical, industrial, elec
trical, agricult¼lral, chemical, ceramic, met
allurgical, general or civil engineer ... or a 
ma.thematician, computer technologist or 
program analyst, you are invited to learn 
more about new and challenging engineer
ing assignments at IH now. 

We are now interviewing men interested 
in careers in the design, development, engi
neering, manufacturing and testing of more 
than a thousand different IH products. 

The men chosen will be recognized 
members of a team that is first in world 
production of heavy-duty trucks, farm trac
tors and agricultural equipment, a world 
leader in the manufacture of earthmoving 
and construction equipment and a pioneer 
in gas turbine development. 

Would you like to get better acquainted? 
Just send the coupon below. 

Using a mile of wire and 320 strain gages, a 
young engineer sets up static stress tests in the 
new IH Construction Equipment Laboratory. -- International Harvester Company 

An Equal Opportunity Employer 

® 
New booklet describes our engineering and research 
centers. For your copy, mail this coupon to: General 
Supervisor of Employment, International Harvester 
Company, 180 N. Michigan Avenue, Chicago 1, Ill. 

AN INTERNATIONAL HARVESTER 
REPRESENTATIVE WILL BE ON YOUR CAMPUS 

SOON. IF YOU WOULD LIKE A PERSONAL 
INTERVIEW, PLEASE CHECK HERE 0 

NAME ________________________ _ 

( Please Prin ./ 
ADDRE!i\S _______________________ _ 

CITY ________________ STATE ______ _ 

MAJO•~------------------------
SCHOOL _______________________ _ 

YEAR GRADUATING ____________________ _ 



Looking towards a Ch.E., E.E., M.E. or Chemistry degree? 

flook-8hllaiitl) thii adv8ntages of a career in Monsanto produCtion l 

Let's face it. Production is the very heart of a 
billion-dollar producer like Monsanto. Here's where 
the young engineer meets technical challenges 
second to none. Here's where he can display his 
talents daily . . . helping increase 
yields, improve processes, raise 
efficiency, lower costs, boost 
profits. Here's where Monsanto's 
on-the-job training can help him 
move ahead faster •.. personally 
and professionally. 

Monsanto production men are 

known by many titles-Maintenance Staff 
Engineer, Plant Technical Services Engineer, 
Production Supervisor . . . to name a.--,,f ew. Try 
one on for size now .•. then see your Place-

® 

ment Director to arrange an 
interview when we visit your 
campus. Or write for our new 
brochure, "You and Monsanto," 
to Professional Recruiting Man
ager, MONSANTO, St. Louis, 
Missouri. 63166 
An Equal Opportunity Employer 



The University's Research 
Reactor Facility 

In a few years, Missouri Uni
versity, including the Rolla School 
of Mines, will have one of the 
country's largest and best devel
oped research programs centered 
around nuclear development. An 
84-acre tract south of Columbia 
is being developed as a Univer
sity Research,. Park. This is the 
site of the research nuclear reac
tor. 

This reactor will have a power 
output of 10 megawatts which will 
make it one of the largest univer
sity reactors in the United States. 
It will be completed in the spring 
of 1965, at a cost of $3,250,000. The 
State of Missouri has provided 
70% of the cost, and 30% has 
been procured f r o m federal 
sources. 

The research reactor is the only 
research facility presently under 
construction at the University Re
search Park; however other re
search facilities are currently in 
the design stage, and construction 
of at least two additional labora
tories will begin in the summer of 
1964. 

The University of Missouri has 
a lower power teaching-training 
reactor on the Rolla campus. This 
unit is being used in their program 
of nuclear engineering education. 
The device under construction at 
Columbia i$•·,~. powerful research 
tool which should very effectively 
extend the graduate research cap
abilities of the total University. 

The Research Park 
The University Board of Cura

tors, in December of 1961, ap-
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proved the plan for the park. The 
park is located south of the main 
campus across the highway from 
Rollins Springs on Route K. 

The plan for the park calls for 
development of the tract to make 
sites available for approximately 
17 University, government, and 
industrial research laboratories 
for which such centralized sites 
close to the University and its 
present research and teaching fa
cilities is desirable. The sites vary 
in size from three to eleven acres. 

A major goal of the plan is to 
consolidate future research facili
ties centered around the Univer
sity into a single area that will be 
an advantageous location for gov
ernment and industry, as well as 
University research laboratories 
because of the proximity of the 
University research programs, fa
cilities, and teaching staff. The 
work of the various laboratories 
so centralized at the University 
can be closely co-ordinated and 
integrated to the mutual benefit 
of all the research programs cen
tering on the site. 

The plan for developing the site 
was prepared by C. L. T. Gabler 
& Associates, Detroit, Mich., 
architectural and engineering firm 
which has also been preparing 
the plans for the reactor facility 
building. Cooperating in the prep
aration of the site plans were Dr. 
Elmer R. Kiehl, Dean of the Col
lege of Agriculture and Director 
of the Agricultural Experiment 
Station, and Dr. Ardath H. Em
mons, Director of the Research 

BOB FLEMMING, I.E., '65 

Reactor Facility. 
One of the advantages of con

solidating future research facili
ties into a single area is that the 
consolidation will reduce the total 
overall costs from those involved 
in locating research laboratories 
at various separated places in and 
around the campus. Scattered re
search facilities require duplica
tion of extending utilities to the 
various sites, where a centralized 
site requires but a single system 
of utilities. 

Centralized research activities 
also will increase the interdisci
plinary relations which are so ef
fective and necessary in modern 
research. Through sharing of re
search equipment by installations 
grouped in one location, the dup
lication of much expensive equip
ment so essential to effective re
search will be avoided. 

Further assets of a central re
search area: It will serve to attract 
outstanding graduate research 
students to the University by pro
viding superior research facilities; 
will be an inducement in getting 
top men in their fields as members 
of the faculty; and will also be an 
inducement to industry and gov
ernment to choose a site in the 
consolidated research area for the 
establishment of specialized lab
oratories that would benefit from 
the proximity of the University. 

A number of industrial concerns 
are interested in setting up cen
trally located research labora
tories. Such groups frequently 
have need of medical center, li-
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brary, computer and similar re
search facilities, the consultative 
assistance of a university faculty, 
and of an opportunity for staff 
members to carry on graduate 
work in recognized, established 
curriculums. These facilites are 
available at the University Re
search Park. 

The University Curators recent
ly deeded slightly more than ten 
acres of the Research Park Area 
to the Federal government for 
construction there of a Biological 
Control Research Laboratory to 
be operated by the Entomology 
Research Section of the Depart
ment of Agriculture Research 
Service. This tract lies adjacent 
to the north side of the reactor lo
cation. 

President Ellis has said long
range plans of the University pro
vide for assignment of other sites 
in the Research Park Area for 
various research facilities of ma
jor importance. 

The Research Reactor 
The design for the reactor hous

ing building approved by t h e 
Board of Curators provides a 
building with a center section 58 
feet tall ( equivalent to about a 
five-story building) to house the 
nuclear reactor itself, surrounded 
by a large one-story structure 
housing numerous research lab
oratory facilities. 

On September 6, a single block 
of concrete weighing more than 
500 tons, the largest single mass of 
concrete ever poured for a Uni
versity of Missouri construction 
project, was poured for the sup
porting base or pad of the nu
clear reactor and its concrete 
shield. The concrete base is about 
14 feet high and approximately 35 
feet across, and is seated on bed
rock. It contains 264 cubic yards 
of lean aggregate poured into 
forms set in a deep pit, dug to the 
bedrock, within the large over-all 
excavation for the rest of the 
foundations for the facility build
ing. The concrete was poured in 
two equal batches of 132 cubic 
yards on successive days; the ex-
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,posed surface of the first pouring 
was roughed over before the sec
ond pouring the next day to as
sure bonding. 

The top of the block or pad is 
flat, and the vertical face is ir
regularly polygonal. On the top 
will be poured a three-foot-thick 
cap of regular aggregate, and on 
the cap the reactor with its pool 
and six-foot-thick heavy concrete 
shield will rest. About 17 feet of 
the 31-foot-thick pool will be be
low the final ground level around 
the building. 

The University Board of Cura
tors in July awarded the contracts 
for construction of the Nuclear 
Research Reactor Facility build
ing to the B. D. Simon Construc
tion Company of Columbia, which 
poured the concrete block reactor 
pad, and is proceeding with fur
ther construction. The contract 
for the reactor facilities was 
awarded to the General Electric 
Company. 

The reactor, together with the 
pool, the biological shield, control 
room, mechanical equipment, and 
offices, will be housed in a win
dowless monolithic-poured con
crete structure centrally located 
within the laboratory building of 
the facility. The central structure 
will have the huge block as its 
base; the rest of the facility build
ing will be supported by concrete 
piers set on bedrock. 

The building will have a 142 · 
foot front facing on Route K, and 
will extend 233 feet deep. The 
main entrance and lobby will be 
on the east side, nearest the high
way. 

The exterior finish will be of 
brick, aluminum, ceramic tile, 
and Missouri limestone, ranging 
in color from white and light grey 
to dark blue. 

Exterior walls of the laboratory 
section will be of grey brick with 
limestone trim. Panels above and 
below the windows will be of blue 
ceramic tile. The reactor tower 
section will be constructed of 
poured concrete with the corner 
sections faced in dark blue alum-

inum. The reactor itself will be 
surrounded by a wall of concrete 
six feet thick. 

A driveway from Route K will 
lead to and around the building, 
and parking lots will be provided 
at the north and south sides. 

The A.E.C.'s Role in 
Our Reactor Facility 

The Atomic Energy Commission 
has been an important contributor 
of support to the University's ex
panding nuclear research and 
teaching program on both the Co
lumbia campus and at the Uni
versity School of Mines and Met
allurgy at Rolla. The A.E.C., 
which looks to the nation's col
leges and universities for new 
knowledge and manpower in the 
field of science opened up by the 
chain reaction, has, since 1955, 
carried on an especially intensive 
program of educational assistance 
activities to help educational in
stitutions develop nuclear pro
grams and the peacetime uses of 
atomic energy. 

Support from the A.E.C. for 
the University of Missouri's nu
clear educational and research 
work has, over a period of about 
seven years, reached a total of 
nearly $900,000 in grants alone 
awarded for teaching, research, 
and related equipment on the Co
lumbia campus and at the Uni-

The 500 ton block of concrete that 
will be the supporting base of the nu
clear reactor and its concrete shield. 
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Sanitary sewers ... 
the veins of industry 

Water mains are the arteries of industry. bringing a steady stream of liquid to 
quench the thirst of man and the_ machines he operates. But when the water 
has been used, industry, like the human body, requires veins to carry off the 
waste ... and sanitary sewers are the veins oi industry. Without sanitary sewers 
to provide the vitally important function of removing wastes, today's industry 
would not be practical or possible. 

This is just one of many ways that sanitary sewers render a service to man
kind, bringing a healthier life to millions of people. And clay pipe sewers 
have served American industry for many generations. 

Industry in countless cities and villages throughout the South, the Midwest 
and the Southwest has been, is, and will continue to be served by Dickey 
clay pipe sanitary sewers ... sewers that carry wastes of the atomic age with 
the same efficiency they carried wastes of frontier America. Clay pipe and 
only clay pipe, endures regardless of the changes the future may bring. 

Providing improved sanitation for better living 

~ICKEV 
~anltary salt-glazed clay pipe 

W. S. DICKEY CLAY MFG. CO. 

Birmingham, Alabama 
Kansas City, Missouri • Meridian, Mississippi 

St. Louis, Missouri • San Antonio, Texas 
Texarkana, Texas-Arkansas 

3373 

If it's made of clay it's good ... if it's made by Dickey it's better 

versity School of Mines and Met
allurgy. In addition the A.E.C. 
has supported the nuclear pro
gram through the loan of special 
nuclear materials, such as radio
active isotopes and nuclear fuels, 
which are •necessary to nuclear 
reactor technology, and to re
search and teaching in nuclear 
engineering and the physical 
sciences; assistance to students, 
teachers, and graduates through 
fellowships and research support; 
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opportunities for teachers to up
date their scientific knowledge in 
various ways such as participating 
in institutes, conducting research, 
and otherwise obtaining special
ized training; and through many 
other forms of assistance. 

Among the more important 
items of research and teaching 
equipment acquired by the Uni
versity through grants from the 
A.E.C. are a natural uranium sub
critical reactor assembly and aux-

iliary radiation-measuring equip
ment for nuclear instruction in 
the College of Engineering; a 
swimming-pool type of nuclear 
training reactor and auxiliary 
equipment at the School of Mines 
and Metallurgy; and a multi-pur
pose analog computer for instruc
tional purposes, including nu
cleonics, in the C o 11 e g e of 
Engineering. 

The A.E.C. has provided the 
uranium and other fuel for the 
two reactors; it is contemplated 
that the A.E.C. will also provide 
the nuclear fuel (uranium), worth 
an estimated $100,000 for the Uni
versity's Research Reactor on the 
Columbia campus. 

The grants and other support 
from the A.E.C. have enabled the 
University to expand its nuclear 
equipment, curricula, and re
search activities in such diversi
fied fields as engineering, radi
ology, physics, dairy and animal 
husbandry, soils, metallurgy, and 
other departments. Many of these 
grants were for teaching and re
search in fields in which nuclear 
products, especially radioisotopes, 
are the key tools. 

Included in the constantly ex
panding curricula for the nuclear 
program at the Columbia campus 
are courses in nuclear fuels, radio
isotope techniques, nuclear phys
ics, the theory of nuclear struc
ture, nuclear chemistry, the use 
of radioisotopes, nuclear engineer
ing, nuclear reactors, advanced 
radiochemistry, atomic structure, 
atomic physics, atomic and molec
ular structure, and a number of 
others, including those in the life 
sciences involving the use of nu
clear materials, such as radioiso
tope tracers. 

Included in the courses for the 
program at the School of Mines 
and Metallurgy are nuclear ce
ramics, nuclear chemistry, intro
duction to nuclear reactor design, 
a nuclear reactor seminar, the 
engineering aspects of reactor de
sign, metallurgical problems in 
nuclear engineering, n u c 1 e a r 

(Continued on page 24) 
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Must a big company be impersonal? We think not. 

In fact, we go to great lengths to make 
certain that no one is ever "lost" at Dow. 
From the day a man first joins us, we 
follow his career with interest, make 
certain that his assignments give him 
every opportunity to develop and display 
his talents, and encourage him to accept 
ever-increasing responsibilities. 

Because Dow is organized much like a 
group of small companies rather than a 
vast corporate complex, recognition 
comes quickly. Our transfer policy 
encourages lateral moves which aid the 
development and growth of the indi
vidual as well as the Dow organization. 
Promotions are made from within. Your 
future with Dow is virtually limitless. 

Whether you're a chemist, engineer, 
biologist, mathematician, physicist-or 
student of any of a hundred other educa
tional disciplines, you'll find that Dow 

respects and values you as an individual, 
encourages independent thinking and 
independent research. 

Yes. People are the important figures at 
Dow. And, working together, they've 
compiled some impressive statistics. 
Research is continuous at 50 separate 
Dow laboratories. We manufacture at 30 
locations in the U.S. Abroad, our manu
facturing and marketing operations are 
located in 26 different countries. We 
serve more than 200 industries with some 
700 items-ranging from chemicals and 
plastics to new consumer products. 
Sales have increased eightfold since 
World War II. Present plants are being 
expanded, new ones built. 

And Dow offers not only a stimulating 
future, but a rewarding one as well. Many 
of our employee benefit plans are indus
try models, including our periodic stock 

purchase plans, sickness and accident 
benefits, life insurance, hospitalization 
insurance, annual salary review, pension 
and profit-sharing plan, and our educa
tional assistance plans. 

If you're looking for unlimited opportu
nity, look to Dow. For more information 
about us, see your College Placement 
Director, or write the Technical Place
ment Manager at any of our locations 
listed below. The Dow Chemical Com
pany, Midland, Michigan. .An Equal 
Opportunity Employer. 

California-Pittsburg • Colorado-Rocky Flats 

• Illinois-Madison • Indiana-Pitman-Moore Divi

sion, Indianapolis • Louisiana-Plaquemine • 

Massachusetts- Framingham • Michigan-Mid· 

land • Ohio-Packaging Division, Cleveland • 

Oklahoma-Dowell, Tulsa • Texas-Freeport • 
Virginia-Williamsburg. 



The 

Man possessing an opposable 
thumb, considers himself an in
telligent bei~ However, long be
fore the first caveman ever ex
isted there was an organism that 
could exist in the severest of en
vironments, help keep nature in 
balance, and produce a chemical 
substance that could satisfy the 
greatest men on earth. This micro
scopic plant is known as yeast. 

This tiny plant flies on the 
breeze to perform everywhere, 
with only the slightest encourage
ment in the way of warmth and 
nutriment. E v en unseen, it 
achieved a treasured position in 
all lands ages ago. Today it can 
be readily seen by revenue au
thorities using microscopes, and 
its main product receives a wel
coming smile from all national 
treasuries, especially at the tax 
wicket. Beverage alcohol made by 
the microbe is always taxed with 
enthusiasm everywhere, but in
dustrial alcohol made by man 
from petroleum e s c a p e s un
scathed. 

Long before microscopes were 
invented, · King Tutankhamen sat 
on that gold-inlaid chair now dis
played in Cairo and downed his 
beer. Much later, but still before 
microscopes, Julius Caesar and 
his generals sat all over Europe 
and relished the various vintage 
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Brewer's 

years. Unlike Egypt, Europe is a 
great grape country. When Caesar 
and his friends arrived to take 
over Egypt, they found beer brew
ing a highly developed art. The 
perfection of small-scale brewing 
techniques in the land of the 
Pharoahs 4,000 years ago is evi
dent in the astonishingly detailed 
models taken from Egyptian 
tombs of that era and now to be 
seen in the Metropolitan Museum 
of New York. 

Thus for millions of years be
fore it was actually seen by man 
or known to exist as a separate 
unit, this tiny plant habitually 
hibernated in the soil every win
ter, waiting to be disseminated in 
the spring by wind and insect. 
After many centuries of such shy 
and unsung behavior, a genius 
with a miraculous microscope, 
Louis Pasteur, saw the whole op
eration clearly for the first time. 
The present name for the these 
services, fermentation, is derived 
from the Latin term f ermentare, 
to boil, because when sugar turns 
into alcohol there is a sort of ap
plauding action from bursting 
bubbles of carbon dioxide which 
gives the appearance of boiling. 
It is most readily seen in beer 
and wine production. Of course, 
alcohol also forms in bread during 

Art 
By JIM ROYER 

this fermenting process, which 
may explain why some teetotalers 
are intensely found of freshly
baked loaves. 

The beer-brewing processes 
used throughout the world have 
a good many features in common. 
There is universal agreement on 
the need for the presence of a 
certain amount of ethyl alcohol, 
but taste and aroma follow local 
preferences with fierce intensity. 
There is also a good deal of dif
ference about the right tempera
ture for optimum imbibition and 
some misunderstanding. Britons 
believe that Americans and even 
many Canadians ruin their beer 
by "freezing." Authorities on this 
vexed subject have informed the 
writer that this belief can be 
traced to differences in climate 
and in brewing practices. Ameri
can be~r is brewed to be imbibed 
ice cold. Britons don't care for 
the low temperature whatever the 
reason. On the other hand, Ameri
cans constantly reiterate the gross 
libel that Britons prefer their beer 
in the tepid state. In the interests 
of international amity, it should 
be made clear that Britons say 
they prefer a beer that is cool but 
not chilled. The fact is that Brit
ish beer would turn decidedly tur
bid in an American refrigerator, 
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and its characteristic flavor would 
be lost. 

The real differences depend on 
whether British or Continental 
brewing practice is favored. The 
former employs yeasts which rise 
to the surface of the vessel during 
fermentation and produce beers 
of enormous variety, generically 
termed ale and stout. This type is 
favored by some Canadians and 
New Englanders of Pilgrim de
scent. Most U .S. brewers are like
ly to employ the bottom-fermenta
tion techniques that produce the 
German type of lager beer, which 
is usually paler than British ales. 
(Bock beer is a seasonal excep
tion, usually a dark full-flavored 
beverage which some U.S. brew
ers prepare in the spring only.) 
But as top fermentation is also 
used in the U.S. and Canada, these 
consumers do not hesitate to en
joy the best of both worlds at a 
somewhat lower temperature. 

The basic materials for all beers 
are malt, such cereal adjuncts as 
rice and corn, plus hops, and a 
great deal of treated water. Malt 
is produced by germinating barley 
under controlled conditions, fol
lowed by kilning or drying to stop 
growth and to develop certain 
color and flavor characteristics. 
Malt is important as a source 
of starch and of the enzymes 
needed to convert the starch into 
maltose and dextrins, a 1 s o to 
change the complex proteins into 
simpler ones. Malt also supplies 
phosphate and other substances 
needed for optimum yeast growth. 
Additional starch comes from the 
rice and corn. After these, the 
brewmaster demands the flowers 
of the plant Humulus lupulus 
(hops), without which there 
would be no beer worthy of the 
name. There is common agree
ment that hops make the most im
portant contribution to the com
plex flavor and taste of the 
product. The importance of hops 
as a preservative is also univer
sally acknowledged. 

Malt is ground, mixed with 
water, and gradually heated in a 
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mash tub to permit various en
zymes to act at their best working 
temperatures. After this very 
complex step has started to turn 
starches to sugar and to degrade 
some proteins to simpler mole
cules, the cereals are added in a 
presolubilized form to the mash 
tub. In this vessel all the starch 
constituents go through the last 
stages of enzyme modification and 
solubilization together. Great skill 
in control of temperature is re
quired at this point. 

The solution now obtained 
(wort) passes through the lauter 
tub. This is essentially a filter for 
removing the spent grains, which 
make an excellent cattle feed. 
(Lauter is a German word mean-

· ing "clear.") This clear wort is 
now run into a steam-heated brew 
kettle, where it is boiled for thirty 
minutes or more. This serves to 
destroy residual enzymes and to 
sterilize the wort, with some vol
ume concentration. The all-im
portant hops are added here, and 
some of their constituents are dis
solved by the boiling action. 
These hop constituents perform 
a number of valuable services in 
addition to the aforementioned 
antisepsis which keeps the beer 
from spoiling later. Hops con
tribute flavor and aroma agents 
plus tannins which combine with 
proteins in the wort to form an 
insoluble sludge (trub). This 
tru b settles to the bottom of the 
brew kettle. If this did not take 
place, a haze of proteins would 
precipitate later, making the beer 
harder to sell to modern users. 

After boiling, the hops are 
strained off and the wort solution 
goes to the hot settling tank where 
the trub is removed. Next comes 
the cooler, where more of the in
soluble protein-tannin sludge is 
deposited and filtered off. Th e 
product has had to put up with a 
number of strange names up to 
this point. It is now nearly ready 
for t4e fermenter, where yeast is 
added and wort becomes beer. 
First it is aerated with sterile air 
to give the yeast an environment 

in which it can flourish. Although 
fermentation is anaerobic, yeast 
needs a certain amount of oxygen 
to get started. About the same 
a m o u n t of yeast slurry is 
"pitched" into the tank for any 
kind of fermentation, top or bot
tom. Of course, each type requires 
a different kind of yeast in a pure 
culture, and a different tempera
ture must be maintained for each. 

About six to nine days are 
needed for the organisms to multi
ply, fed by energy from the sugar 
in the wort. As heat is continuous
ly given off, the fermenters must 
be refrigerated to maintain opti
mum temperatures. This is now 
an almost ideal culture medium. 
Other "foreign" yeasts and some 
bacteria consider the conditions 
ideal for themselves, too. Probably 
the most frequent invaders are 
various kinds of lactobacilli, which 
proceed to make lactic acid under 
the mistaken impression that they 
are being employed in a dairy. 
Other bacteria which are devoted 
to pickling will make acetic acid 
if permitted to do so. Alcohol is 
what is wanted, about four per 
cent in lager beer and somewhat 
more in ale. In the end this alco
hol tends to put a quietus on the 
invaders and on the yesat, too. 

When fermentation is finished 
and all the yeast has risen to the 
top or settled to the bottom, de
pending on its geographical pre
dilections, the yeast is separated 
from the new beer, called "green" 
at this stage. The green beer is 
sent to lager storage for varying 
periods up to several weeks to 
achieve maturity. Portions of the 
separated yeast may be used 
again, usually from six to 100 
times, depending upon practices 
in the individual brewery. When 
the beer has matured, it is filtered 
and carbonated, usually with car
bon dioxide salvaged from fer
mentation; but sometimes a 
species of rapid secondary fermen
tation under pressure, known as 
"krausening," is used to achieve 
the same result. The product sold 

(Continued on page 19) 
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0 The Shamrock! 
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Through Erin's Isle, 
To sport awhile, 

As Love and Valor wander'd, 
With Wit, the sprite, 
Whose quiver bright 

A thousand arrows squander'd; 
Where'er they pass, 
A truple grass 

Shoots up, with dew-drops streaming, 
As softly green 
As emerald seen 

Through purest crystal gleaming. 
0 the Shamrock, the green, immortal Shamrock! 

Chosen leaf 
Of Bard and Chief, 

Old Erin's native Shamrock! 

Says Valor, 'See, 
They spring for me, 

Those leafy gems of morning!' 
Says Love, 'No, no, 
For me they grow, 

My fragrant path adorning.' 
But Wit perceives 
The triple leaves, 

And cries, 'Oh! do not sever 
A type that blends 
Three godlike friends, 

Love, Valor, Wit, forever!* 
0 the Shamrock, the green, immortal Shamrock! 

Chosen leaf 
Of Bard and Chief, 

Old Erin's native Shamrock! 

So firmly fond 
May last the bond 

They wove that morn together, 
And ne'er may fall 
One drop of gall 

On Wit's celestial feather! 
May Love, as twine 
His flowers divene, 

Of thorny falsehood weed 'em! 
May Valor ne'er 
His standard rear 

Against the cause of freedom! 
0 the Shamrock, the green, immortal Shamrock! 

Chosen leaf 
Of Bard and Chief, 

Old Erin's native Shamrock! 
THOMAS MOORE (1779-1852) 

* LOVE for the engineering profession 

VALOR for understanding the technical studies 

WIT for solving the many problems 
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John Lauritzen wanted further knowledge 

He's finding it at Western Electric 
When the University of Nevada awarded John Lauritzen 
his B.S.E.E. in 1961, it was only the first big step in the 
learning program he envisions for himself. This led him 
to Western Electric. For WE agrees that ever-increasing 
knowledge is essential to the development of its engi
neers-and is helping John in furthering his education. 

John attended one of Western Electric's three Grad
uate Engineering Training Centers and graduated with 
honors. Now, through the Company-paid Tuition Refund 
Plan, John is working toward his Master's in Indus
trial Management at Brooklyn Polytechnic Institute. 
He is currently a planning engineer developing test 
equipment for the Bell System's revolutionary, new 

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

educationally and professionally, we should talk. West
ern Electric's vast communications job as manufactur
ing unit of the Bell System provides many opportunities 
for fast-moving careers for electrical, mechanical and 
industrial engineers, as well as for physical science, 
liberal arts and business majors. Get your copy 
of the Western Electric Career Opportunities booklet 
from your Placement Officer. Or write: Western 
Electric, Room 6405, 222 Broadway, New York 38, 
N. Y. And be sure to arrange for an interview when 
the Bell System recruiting team visits your campus. 

Western Electric MANUFACTURING AND suPPLY UNIT oF TH£ a£LL SYSTEM ® 
AN EQUAL OPPORTUNITY EMPLOYER 

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

Center, Princeton, New Jersey • Teletype Corporation, Skokie, Illinois • . Little Rock, Arkansas • General headquarters, 195 Broadway, New York 7, New Yor~ 



learn these principles well 

and give your instructors an inferiority complex 

or the fine art of appearing smarter than you are 

By Nicholas Vanserg 
*Reprinted from American Scientist, 
Vol. 46, June 1958. 

In an article published a few 
years ago, the writer intimated 
with befitting subtlety that since 
most concepts of science are rela
tively simple ( once you under
stand them) any ambitious scien
tist must, in self protection, 
prevent his colleagues from dis
covering that his ideas are simple 
too. So, if he can write his pub
lished contributions obscurely and 
uninterestingly enough no one 
will attempt to read them but all 
will instead genuflect in awe be
fore such erudition. 

What Is Mathmanship? 
Above and beyond the now

familiar recourse of writing in 
some language that looks like 
English but isn't, such as Geol
ogese, Biologese, or , perhaps 
most successful of all, Education
alese, is the further refinement of 
writing everything possible in 
mathematical symbols. This has 
but one disadvantage, namely, 
that some designing skunk equally 
proficient in this low form of cun
ning may be able to follow the 
reasoning and discover its hidden 
simplicity. Fortunately, however, 
any such nefarious design can be 
thwarted by a modification of the 
well-known art of gamesmanship. 

The object of this technique 
which may, by analogy, be termed 
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"Mathmanship" is to place un
suspected obstacles in the way of 
the pursuer until he is obliged by 
a series of delays and frustrations 
to give up the chase and concede 
his mental inferiority to the 
author. 

The Typog)"aphical Trick 
One of the more rudimentary 

practices of mathmanship is to 
slip in the wrong letter, say a 
y for and r. Even placing an ex
ponent on the wrong side of the 
bracket will also do wonders. This 
subterfuge, while admittedly an . 
infraction of the ground rules, 
rarely incurs a penalty as it can 
always be blamed on the printer. 
In fact the author need not stoop 
to it himself as any copyist will 
gladly enter into the spirit of the 
occasion and cooperate voluntari
ly. You need only be trusting and 
not read the proof. 

Strategy of the Secret Symbol 
But, if by some mischance, the 

equations don't get badly garbled, 
the mathematics is apt to be all 
too easy to follow, provided the 
readers know what the letters 
stand for. Here then is your firm 
line of defense: at all cost prevent 
him from finding out! 

Thus you may state in fine print 
in a footnote on page 35 that vx 
is the total volume of a phase and 

then on page 873 introduce vx 
out of a clear sky. This, you see, 
is not actually cheating because 
after all, or rather before all, you 
did tell what the symbol meant. 
By surreptitiously introducing one 
by one all the letters of the Eng
lish, Greek and German alphabets 
right side up and upside down, 
you can make the reader, when he 
wants to look up any topic, read 
the book backward in order to 
find out what they mean. Some 
of the most impressive books read 
about as well backward as for
ward, anyway. 

But should reading backward 
become so normal as to be con
sidered straightforward you can 
always double back on the 
hounds. For example, introduce /L 

on page 66 and avoid defining /L 

until page 86. This will make the 
whole book required reading. 

The Pi-throwing Contest 
Although your reader may 

eventually catch up with you, you 
can throw him off the scent tem
porarily by making him think he 
knows what the letters mean. For 
example, every school boy knows 
what -rr stands for so you can hold 
him at bay by heaving some en
tirely different kind of -rr into the 
equation. The poor fellow will 
automatically multiply by 3.1416, 
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then begin wondering how a 7r 

got into the act anyhow, and fin
ally discover that all the while 7r 

was osmotic pressure. If you are 
careful not to warn him, this one 
is good for a delay of about an 
hour and a half. 

T h i s principle, conveniently 
t e rm e d pi-throwing, can, of 
course, be modified to apply to 
any other letter. Thus you can 
state perfectly truthfully on page 
141 that F is free energy so if 
Gentle Reader has read another 
book that used F for Helmholtz 
free energy he will waste a lot of 
his own free energy trying to rec
oncile your equations before he 
thinks to look for the footnote 
tucked away at the bottom of page 
50, dutifully explaining that what 
you are talking about all the time 
is Gibbs free energy which he al
ways thought was G. Meanwhile 
you can compound his confusion 
by using G for something else, 
such as "any extensive property." 
F, however, is a particularly hap
py letter as it can be used not only 
for any unspecified brand of free 
energy but also for fluorine, force, 
friction, Faradays, or a function of 
something or other, thus increas
ing the degree or randomness, dS. 
(S, as everyone knows, stands for 
entropy, or maybe sulfur). The 
context, of course, will make the 
meaning clear, especially if you 
can contrive to use several kinds 
of F's or S's in the same equation. 

For all such switching of letters 
on the reader you can cite unim
peachable authority by paraphras
ing the writing of an eminent 
mathematician: 

"When I use a letter it means 
just what I choose it to mean
neither more nor less ... the 
question is, which is to be master 
-that's all." 

The Unconsummated Asterisk 
Speaking of footnotes (I was, 

don't you remember?) a subtle 
ruse is O the "unconsummated as
terisk" or "illstarred letter." You 
can use P* to represent some 

* April fool. See what I mean? 
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pressure difference from P, thus 
tricking the innocent reader into 
looking at the bottom of the page 
for a footnote. There isn't any, of 
course, but by the time he has de
cided that P must be some reg
istered trademark as in the maga
zine advertisements he has lost 
his place and has to start over 
again. Sometimes, just for variety, 
you can use instead of an asterisk 
a heavY round dot or bar over 
certain letters. In doing so, it is 
permissible to give the reader 
enough veiled hints to make him 
think he can figure out the sys
tem but do not at any one place 
explain the general idea of this 
mystic notation, which must re
main a closely guarded secret 
known only to the initiated. Do 
not disclose it under pain of ex
pulsion from the fraternity. Let 
the Baffled Barbarian beat his 
head against the wall of mystery. 
It may be bloodied, but if it is 
unbowed you lose the round. 

The other side of the asterisk 
gambit is to use a superscript as a 
key to a real footnote. The knowl
edge-seeker reads that S is 
-36. 714 calories and thinks "Gee, 
what a whale of a lot of calories" 
until he reads to the bottom of 
the page, finds footnote 14 and 
says "oh." 

The "Hence" Gambit 
But after all, the most success

ful device in mathmanship is to 
leave out one or two pages of cal
culations and for them substitute 
the word "hence" followed by a 
colon. This is guaranteed to hold 
the reader for a couple of days 
figuring out how you got hither 
from hence. Even more effective 
is to use "obviously" instead of 
"hence," since no reader is likely 
to show his ignorance by seeking 
help in elucidating anything that 
is obvious. This succeeds not only 
in frustrating him but also in 
bringing him down with an in
feriority complex, one of the 
prime desiderata of the art. 

These, of course, are only the 
most common and elementary 
rules. The writer has in progress 

a two-volume work on mathman
ship complete with examples and 
exercises. It will contain so many 
secret symbols, cryptic codes and 
hence~gambits that no one (but 
no one) will be able to read it. 

THE BREWER'S ART 
(Continued from page 15) 

in bottles or cans must now be 
pasteurized by proper heating pro
cedures. However, the beer mar
keted in barrels is not pasteur
ized; it must therefore be kept 
under refrigeration and consumed 
within a reasonable time to pre
serve its sparkling clarity. 

The brewing art and science is 
really much more complicated 
than this brief outline would sug
gest. Dozens of enzymes and many 
little-known organic reactions are 
involved. Mod er n distribution 
practices have made many new 
demands on beer with respect to 
keeping qualities, clarity and 
taste. These are all under active 
study by microbiologists. In talk
ing to these diligent experts one 
is greatly impressed by the 
thoroughness of their methods. 
But they themselves .are equally 
amazed that the basic reactions 
of beer-making should have been 
worked out long before the 
science of microbiology w a s 
dreamed of. One wonders what 
some thirsty ancestors didn't 
drink experimentally before they 
discovered, for example, that yeast 
added to barley ground up with 
water would not ferment and 
nothing acceptably potable would 
result. Ages must have passed be
fore they discovered · empirically 
that malting allows the grain to 
make the enzymes needed to 
break down the polysaccharides 
and proteins so that the yeast 
can go to work. Exactly how this 
happens remains a good deal of a 
chemical mystery even today. The 
entire operation reinforces one's 
admiration for a determined an
cestor blessed with a sensitive 
palate as well as a thirst. 

Article harrowed from the Kan
sas State Engineer.) 
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Where do you fit in? 
Degree 

or 
Major 

ENGINEERING 

Chemical 

Civil 

I w w 
----

T T 
Electrical TW w 

w 
TWBS WS WBS BS T 

~-1----+----1-----1-----1------1-----1 
Industrial TW TWS W T T 
Mechanical TW w TWBS S WBS BS 
Agricultural and 
Other Fields T w TW W 

PHYSICAL SCIENCES 

Mathematics 

Physics 

LEGEND 

T 

T 

w TW 

B BS 

w WB BS 

J BELL TELEPHONE COMPANY AND 
AMERICAN TEL . & TEL. CO. , 
LONG LINES DEPT. 

W WESTERN ELECTRIC COMPANY 

8 BELL TELEPHONE LABORATORIES 

5 SANDIA CORPORATION 

NOTE: Advanced as well as baccaloure• 
ate training is . particularly valuable in 
research and d-evelopment work in the 
Bell Telephone Laboratories, Sandia 
Corporation and Western Electric. Ad
vanced training is often useful but is 
less important in other areas of w9rk. 

The chart above shows where your college education may 
best fit into the Bell Telephone System and where your 
interest in particular types of work may best be satisfied. 
You can choose from many jobs in the Bell Telephone Com
panies, the operating units of the Bell System . .. the Bell 
Telephone Laboratories which is engaged in both civil and 
military communication research .. . the Sandia Corpora
tion which develops atomic weapons and the Western 
Electric Company, the manufacturing arm of the Bell 
System. 

Bell System offers wide range of iob opportunities 
There's a wide range of jobs in the Bell System for men 
with college training in many fields, and with different 
personal interests. 

The diversity in Bell System work makes it possible to 
offer opportunities in management, engineering and re
search in the fields of communications. manufacturing, 
atomic and military ordnance developments, and basic 
sciences. 

Opportunity for Advancement 
Your chances for advancement in the Bell System are 
excellent. 

Here are four reasons why: 

There is a long-established policy of promotion from 
within the business. 

The Bell System is decentralized. Each Bell Company is 
fully responsible for ,ts own operations and the delegation 
of authority to small operating units offers the able man 
early opportunity to show what he can do in responsible 
jobs. 

The System is rapidly and continually growing. During 
the past ten years the Bell System has doubled in size. 

Our business is less affected than many by the fluctu
ating economic conditions. Bell System policies and plans 
are made for the long pull. 

Special Training 
You're given special training to further prepare you for 
your job. 

A brief orientation program gives you understanding of 
the organization as a whole. 

Varied assignments give you knowledge and skill needed 
for supervisory or staff jobs. 

Special management training is given you in fields re
lated to your work, including human relations and policies 
of the business. 

Business Character 
The Bell System's aim is to give our nation the best possi
ble communication service. Its employees accept this ideal 
and strive for it. 

Within the business you will find friendly associations 
with people you like, understanding and competent manage
ment, and comprehensive personnel policies with out
standing employee benefits. 

Southwestern Bell Telephone Co. • American Tel . & Tel. Co., Long Lines Dept. • Bell Telephone Laboratories • Sandia Corporation • Western Electric Co. 
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WHERE'S GARRETT? 

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

by Garrett-Ai Research: IN SPACE- Environmental control systems; auxiliary power systems; advanced 

space power systems; research in life sciences. IN THE AIR- Pressurization and air conditioning 

for most of our aircraft; prime power for small aircraft; central air data systems; heat transfer equipment 

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

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

ON THE SEA-Auxiliary, pneumatic and electrical power for ships; auxiliary power systems 

and air conditioning for hydrofoil craft. UNDER THE SEA-Environmental systems for submarines 

and deep diving research vehicles; pressurization systems, computers 

and control systems for submarines and underwater missiles. 

For further information about many interesting project areas and career 

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

9851 S. Sepulveda Blvd., Los Angeles. Garrettisan equaloppdrtunityemployer. 

THE FUTURE IS BUILDING NOW AT 

Los Angeles • Phoenix 



Engineering News 

SELF-DARKENING GLASS 
A Corning Glass Works scien

tist today disclosed the invention 
of glass which darkens on ex
posure to light and clears again 
when the light fades. 

Corning emphasized that these 
unique glasses are still in the 
laboratory stage; they are not 
available commercially. The com
pany is engaged in an aggressive 
research and development pro-

Silver halide particles dispersed in 
glass will cause the glass to darken 
when exposed to light and then com
pletely clear within minutes when the 
light is removed. This new glass, in
vented by scientists at Corning Glass 
Works, can be made so that the silver 
particles are active in only part of the 
glass, as in this photograph. The upper 
part of this glass lets through about 30 
per cent of the visible light while the 
lower half allows 86 per cent light 
transmission. 
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gram to adapt the materials to 
practical products. 

The glasses are the first photo
chromic materials which retain 
indefinitely the ability to darken 
quickly and then clear. In pre
vious materials, the reversibility 
quality wore off or the color 
change took a long time. 

The Corning glasses have not 
deteriorated during two years of 
day and night outdoor exposure 
or through thousands of darken
ing-clearing cycles in the labora
tory. 

Wavelengths that produce the 
darkening in the Corning glasses 
are typically the near ultraviolet. 
Effect of other wavelengths varies 
with glass composition. 

Sunlight darkens some glasses 
in a few seconds. Almost instant 
darkening results from an intense 
ultraviolet light source. 

A typical glass darkens in day
light, but remains clear under nor
mal indoor lighting. 

Some glasses recover trans
parency in minutes; others re
quire hours. 

Before darkening, the glass is 
as clear as a window pane. It 
darkens to a neutral gray, a 
brown or a purple. Some samples 
have become so dark that only 
one per cent of the light comes 
through. 

The materials are described as 
"true glass compositions" with the 

CHUCK SWETT, I.E. '66 

advantages of transparency, cor
rosion and abrasion resistance, 
rigidity, impermeability, and 
hardness and smoothness of sur
face. 

Photochromic glasses are melt
ed and formed by conventional 
glassmaking methods. The mater
ials are silicate glasses which con
tain submicroscopic silver halide 
crystals. The crystals are precipi
tated in the manufacturing proc
ess and give the glass its ability 
to react to light. 

What Are Photochromic Glasses? 
Photochromism is the phenom

enon involving the change of 
color of a substance on exposure 
to light. 

For many years scientists have 
known that ultraviolet light or 
other high energy radiation can 
cause color changes in many ma
terials, including some glasses. In 
nearly all such cases, the change 
takes a long time and/ or the ma
terial lacks the quality of reversi
bility. 

Corning's r e s e arc h scientists 
have developed a new series of 
inorganic materials that quickly 
change color on exposure to light 
and are completely reversible. 

These photochromic materials 
are silicate glasses which contain 
dispersed submicroscopic crystals 
of silver halide. These crystals are 
precipitated in the manufacturing 
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process during the cooling and re
heating of the glass. 

By comparison, in photography, 
much larger crystals of the same 
composition are precipitated in 
gelatin emulsions and decompose 
during exposure to light and 
photographic development to form 
a permanent silver image. 

When precipitated in glass, the 
submicroscopic crystals darken 
under e x p o s u r e to light. 
This results in the glass changing 
color. When the light is removed, 
the color disappears. This darken
ing and clearing cycle can be re
peated indefinitely. 

Corning believes these new 
glasses are the first photochromic 
substances to be truly reversible 
and, therefore, to be potentially 
useful in long-lived light control
ling devices. 

Photochromic Properties 
Depending upon composition 

and prior heat treatment, a wide 
range of photochromic properties 
has been measured in experimen
tal glasses. 

Darkening: The wave lengths 
that produce darkening are typi
cally the near ultraviolet. Domi
nant wave length and spectral 
range depend on the chemical 
composition of the glass. A typical 
glass darkens in daylight, but re
mains clear under normal indoor 
lighting. The darkened color of 
the glass is usually gray, some
times tending toward brown or 
purple. 

Darkening Rate: In sunlight, 
the darkening generally ap
proaches maximum intensity in a 
matter of seconds. Degree of dark
ness increases with intensity of 
light. Reaction to light can be al
most instantaneous. A single one
millisecond flash of a photograph
er's electronic flash gun, having 
capacity of 40 watt seconds, de
creased optical transmittance of a 
piece of glass to 25 per cent of the 
original value. 

Clearing Rate: The time re
quired for photochromic glasses 
to regain original transmittance 
ranges from minutes to hours, de-
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pending on glass composition, 
previous heat treatment and tem
perature of the material. 

Optical Transmittance: Before 
darkening, photochromic glass 
can be as clear as window glass. 
After darkening, the optical trans
mittance of a one-fourth-inch 
thick piece of photochromic glass 
has been measured to be as low as 
1 per cent. 

Temperature Sensitivity: The 
clearing rate upon removal of the 
light source increases with tem
perature. Fast clearing glasses are 
more temperature sensitive than 
the slower clearing materials. 

Reversibility: F o r longtime 
service, photochromic materials 
must not fatigue-either with the 
passage of time or with the num
ber of darkening/ clearing cycles. 
Silver halide glasses apparently 
are unique among the photo
chromic materials in being per
manently reversible and immune 
to fatigue. Sheets of glass have 
shown no deterioration in per
formance after more than two 
years of day and night outdoor 
exposure, and after indoor test
ing through thousands of cycles of 
darkening and clearing. 

ELECTRON BEAMS 
E 1 e c t r o n beams-the same 

stream of tiny electrical particles 
that "prints" a picture on the 
viewing tube of a home TV set
are headed for the factory. 

At Westinghouse Electric Cor
poration's headquarters manu
facturing laboratory they have 
been under development as a 
manufacturing tool for drilling 
holes, cutting intricate shapes, and 
welding parts together in areas 
only a fraction of the size of a 
grain of sand. 

A microscope must be used to 
monitor the processes because the 
results usually are invisible to 
the naked eye. 

In today's world of miniaturi
zation such microscopic manufac
turing prec1s10n is becoming 
increasingly essential. It is impos
sible to attain by conventional 

techniques. 
Electron beams perform their 

manufacturing tasks because of 
the intense heat they generate 
when they bombard a workpiece. 
The power they produce-up to 
100 million watts per square inch 
-enough to vaporize even the 
most heat-resistant materials. 

To do their job, the electrons 
are speeded through a metal 
vacuum chamber at more than 
half the velocity of light, which 
travels at 186,000 mlies per sec
ond, and are focused to a tiny 
point as small as one-thousandth 
of an inch in diameter. The beam 
eats its way through thin pieces 
of metal in a few millionths of a 
second. 

In spite of the high tempera
tures it produces, the average 
power required by the electron 
beam is only a few watts. This is 
because the heat largely comes 
from the extremely small area 
over which the beam is concen
trated, and the beam itself is 
turned on only a fraction of the 
t i m e in millionth-of-a-second 
pulses. 

Because of this short-pulse op
eration, the entire workpiece 
being cut or drilled never gets 
hot. The tiny holes or cuts simply 
turn into a vapor and vanish be
fore the surrounding material gets 
a chance to melt. In ultrafine 
welding, however, the power is 
reduced to the point where the 
metals to be joined will melt and 
not vaporize. This reduced power 
is fed to the beam continuously in
stead of in short pulses. 

Westinghouse manufacturing 
engineers have shown the feasi
bility of electron beam fabrication 
of a variety of materials including 
steel, nickel, quartz, copper, alum
inum and silicon. Control systems 
have been devised to automatical
ly deflect the beam through com
plicated geometric patterns to be 
cut or drilled. Applications of the 
technique for manufacture of 
molecular electronic devices and 
other microminiature applications 
are under development. 
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REACTOR FACILITY 
(Continued from page 12) 

physics and radiography, reactor 
physics, experimental nucleonics, 
and experiments in reactor en
gineering. 

At the University of Missouri 
an effort is being made to assist 
in supplying the new knowledge 
and the scientists needed in a 
nuclear age, an age in which nu
clear energy is becoming an im
portant source of fuel, and nuclear 
products such as the radioisotopes 
are becoming research tools of a 
value comparable to that of the 
microscope. The reactors already 
acquired at Columbia and at Rolla 
have greatly aided teaching and 
research; the Research Reactor 
Facility for the Columbia campus 
is expected to place the Univer
sity of Missouri among the leading 
educational institutions in its ca
pacity to serve education, science, 
agriculture, medicine, and indus
try. 

Organization and Administration 
Of the Reactor Facilities 

The reactor and laboratory fa
cilities will be available to any 
faculty member or graduate stu
dent interested in pursuing re
search involving radiation, radio
isotopes, or the reactor. The 
research staff, composed of facul
ty members and graduate stu
dents, will be semi-transient, since 
no permanent assignment of space 
or facilities will be made. Admin
istration of the reactor and lab
oratory will be divorced from the 
research programs to eliminate 
the possibility of a compromise 
in safety for the sake of experi
mental expendiency. 

The research reactor facilities 
staff is divided into two groups. 
One group, the reactor-operating 
group, has responsibility for the 
daily operation and maintenance 
of the reactor. The second, the 
laboratory-operations group, has 
responsibility for the supervision 
and maintenance of the laboratory 
facilities associated with the re
actor. Coordination and overall 
administration of these groups is 
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performed by the director of the 
project. It is estimated that the 
staff requirements for operation 
of these facilities on an eight-hour 
day, five-day week, will be twelve 
to sixteen people. These people 
will provide operation and super
vision of the facilities for all re
search personnel, expected to 
number from thirty to sixty 
people. 

The research reactor facility fits 
within the organizational struc
ture of the University of Missouri 
as a separate entity. The various 
operating and service groups of 
the University can be divided 
into three major categories. One 
of the major categories is the 
academic departments, each of 
which is supervised by a dean. 
The second group of operating 
subdivisions within the University 
are classified as academic service 
organizations. This group includes 
the University library, television 
station, University Press, etc., and 
includes the Research Reactor 
Facilities. Each of these depart
ments has an assigned director 
who is responsible for the admin
istration of his particular division. 
The third category is termed non
academic services and includes 
such things as physical plant, bud
get, construction, auditing, etc. 

The Director of the Research 
Reactor Facilities reports direct
ly to the President of the Univer
sity. The Director will have over
all responsibility of the reactor 
and all associated laboratories. He 
will supervise, through his assist
ants, the operation, as well as the 
utilization and maintenance of 
these facilities. He will interview, 
negotiate with, and employ the 
necessary staff for operation of 
these facilities. He will be avail
able to faculty members for con
sultation on research proposals 
for the utilization of the reactor 
or associated laboratory facilities. 

A Reactor Advisory Committee 
has been functioning during the 
designing, planning, and construc
tion stages as a review and ad
visory committee. As construction 

progresses and is completed its 
function will be altered. After 
construction is completed it will 
serve 1) as a review committee 
for reactor operations, 2) in the 
review of unusual experimental 
proposals to evaluate the hazards 
associated with these proposals, 3) 
as an advisory group for the selec
tion of major staff personnel, and 
4) in the disbursement of a limited 
amount of research monies to 
faculty research people. Appoint
ments to this committee will be 
for a period of one year. This com
mittee will meet once monthly to 
review reactor operations a n d 
consider special problems. 

This committee will consist of 
the Director of the laboratory fa
cilities, the Supervisor of the re
actor, the reactor Health Physi
cist, and five faculty members 
appointed by the President of the 
University. The Director of the 
facilities will act as chairman of 
this group. 

The Reactor Supervisor will 
have responsibility for operating 
the reactor in a safe, reliable, ef
ficient, and economical manner, 
and in a manner such as to make 
the fullest possible services avail
able to experimenters. He will re
port to the Director of the lab
oratory facilities on all phases of 
reactor operation. 

The Laboratory Supervisor will 
supervise the activities being con
ducted in the various laboratories 
associated with the reactor. He 
will maintain film badges, he will 
teach and supervise the use of the 
hot cell, the gamma facility, and 
the pneumatic tubes. He will as
sist experimenters with 1) the de
sign of their experiments, 2) the 
selection of proper instrumenta
tion, and 3) the evaluation of 
radiation hazards. He will super
vise the decontamination, pack
aging, and disposal of radioactive 
waste. 

The Director, Dr. A. H. Em
mons, who is presently on the 
University of Missouri project, 
has had experience with a re-

( Continued on page 26) 
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Production Superintendent Carl W. Yost, 
B.S. Chemical Engineering, U. of Alabama, 
is now supervising Glycols and Polyols 
Production, Organics Division. 

Assistant to Vice President Thomas E. 
Watson, B.A., Earlham College, is currently 
helping to run Brass Sales, Metals Division. 

Senior Research Scientist Malcolm H. 
Von Saltza, Ph.D., U. of Wisconsin, is cur
rently working at the Squibb Institute for 
Medical Research, Squibb Division. 

They started with Olin 5 years ago. 

These men, and a great many of their colleagues, an idea doesn't pan out, they're encouraged to try 
have come a long way in 5 years. And they can and try again. Because here at Olin we believe 
expect to go a great deal further. Because at that trial and failure are integral parts of every 
Olin, how well a man does depends entirely on important success. 
his own character and abilities, not on age or These are the kind of men we need, and we're more 
politics or length of company service. (That's one than willing to go a long way to get them. If you're 
of the reasons these men and others came to Olin our kind of man, the same goes for you. Can we 
in the first place.) talk about it? Say when. 
These men think a great deal; they ~ 1• Call or write Mr. Monte H. Jacoby, 
wonder, they explore, they try. When w. • - ·.:10 College Relations Officer, Olin, 460 
they succeed, they're rewarded. When "" Park Ave., New York 22, N.Y. 

"An equal opportunity employer" 
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REACTOR FACILITY 
(Continued from page 24) 

search reactor at the University 
of Michigan, and prior to that, had 
health physics experience at Oak 
Ridge National Laboratory. Mr. 
D. G. Fitzgerald, the reactor su
pervisor has had reactor experi
ence at the University of Michigan 
and extensive experience in reac
tor instrumentation with Bendix 
Corporation before joining the 
staff at Missouri. The Director, 
the reactor supervisor, and the 
laboratory supervisor, will con
stitute the nucleus of the staff. 

It is expected that the Nuclear 
Reactor Facility will be an attrac
tion for social and professional or
ganizations in the State of Mis
souri. The reactor and related 
laboratories have been designed 
in such a manner that these guests 
can be handled. A lobby is pro
vided which will receive 50 
guests, permitting the registration 
and handling of these people and 
storage of their coats and hats. 
The various laboratories have 
windows so that it will be possible 
for visitors to view operations in 
these rooms. 

The research reactor facilities 
shall be available for research 
utilization by any member of the 
faculties of the University of Mis
souri and of the Universities com
prising of the Mid-America Asso
ciation of St ate Universities. 
Priorities for the use by the facul
ty members of any specialized fa
cilities on the reactor shall be 
established by the simple tech
nique of "who asked first." 

All reactor utilization by facul
ty members will be subject to the 
supervision of the Reactor Super
visor, and the Reactor Health 
Physicist. With respect to faculty, 
graduate students, other educa
tional institutions and industrial 
contract research, the priority for 
use shall be as follows: 

1) Faculty and graduate stu
dents of the University of Mis
souri and of other universities in 
the Mid-America Association of 
State Universities. 
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2) Faculty and graduate stu
dents of other educational institu
tions in the state. 

3) Faculty and graduate stu
dents from out-state educational 
institutions. 

4) Industrial contract research. 
Graduate students, under the 

direct supervision of a faculty 
member of the University of Mis
souri, will be urged to utilize the 
research reactor facilities in their 
research programs. Space and 
radiation facility assignments will 
be made by the Reactor Supervi
sor in consultation with the chair
man of the graduate student's re
search committee (or his advisor). 
Routine irradiations for graduate 
students who have demonstrated 
competency in the handling of 
radioactive materials will be per
formed without the approval of 
his faculty advisor. 

Experimental Programs 
The research reactor and its 

associated laboratory facilities will 
be available to any faculty mem
ber or graduate student interested 
in pursuing research involving 
radiation, radioisotopes, or the 
utilization of the reactor. Space 
assignments will be made oh the 
basis of order of application and 
degree of hazard associated with 
the proposed program. No per
manent assignment of space will 
be made. No laboratories have 
been designed for specific individ
uals. In every instance, an effort is 
being made to satisfy the require
ments of a cooperative research 
program fitting the needs of the 
total University. The research 
staff occupying these facilities will 
be semi-transient, leaving the lab
oratory and returning to their 
own departments when they com
plete their research programs. 

It is impossible to visualize the 
exact nature of the programs 
which will be undertaken with 
the installation of these facilities. 
A general survey has been made 
of all potential users of the reactor 
presently on the campus. T h e 
evaluation of the proposals sub
mitted indicates interest in the 

following areas of research: 
Radio biology; 
Treatment of malignant dis

eases with neutrons and with 
radioisotopes; 

Research with isotopes in soils; 
Food preservation studies; 
Genetic effects of neutrons and 

gamma radiation; 
Investigations in plant and ani

mal metabolism; 
The applications of tracers in 

drug studies; 
Neutron diffraction investiga

tions; 
Investigations in solid-state 

physics; 
Radiation and tracer studies in 

sewage treatment; 
Radiation damage to structural 

materials; and 
Activation analysis. 

General Comments on 
Facility Use 

Simple (routine) irradiations 
will be performed with a mini
mum of formality. To illustrate: 
The utilization of the pneumatic 
tu bes will be preceded by the 
filling out of a form indicating the 
identity, the weight, and the cross 
section of the particular material 
it is desired to irradiate, together 
with the experimenters name, 
pneumatic tube number, power 
level, and irradiation time. Sam
ples to be irradiated in insert bas
kets will utilize the same form. 
The reactor operator will indicate 
on this form the position of the 
sample in the reflector irradiation 

ENGINEERS 
(BS· ME; EE, IE, PE, MATH) 

Investigate career opportunities with 
one of the nation's fastest growing 
suppliers of natural gas and petmeh,mleal'rJ 

Northern Natural Gas Company 
General Offices: Omaha, Nebr. 

INTERVIEWS: 

MARCH 23 
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positions adjacent to the reactor. 
The experimenter must secure 

approval from the Radiological 
Safety Officer of the University 
of Missouri for the irradiation of 
materials to be removed from the 
confines of the laboratory to exist
ent laboratories on the campus. At 
the conclusion of reactor irradia
tion, the Radiological Safety De
partment will be notified, and 
they will remove the sample to its 
laboratory location on the campus. 

All experimenters carrying out 
research within the facilities will 
be equipped with film badges 
which will be changed on a bi
weekly schedule. A film badge 
pick-up station will be established 
adjacent to the lobby serving the 
reactors and laboratories. 

The Reactor 
The research reactor is of the 

heterogeneous type using highly 
enriched uranium fuel, cooled and 
moderated by light water. This re
actor consists of a pressurized 
tank, similar to the Oak Ridge 
Research Reactor, but with the 
addition of a flux trap position in 
the center of the core and control 
elements located as a shroud sur
rounding the pressurized tank. In 
turn, the pressurized tank is sur
rounded by a beryllium and 
graphite reflector. This reactor 
is designed for eventual operation 
at ten-megawatts thermal power. 

The selection of the annular 
core, flux-trap-type reactor for 
the University research facility 
was based upon a number of ad
vantages offered by this design. 
First, there is a position in the 
center of the core which offers a 
very high peak thermal flux; sec
ond, a study of the available 
beam-tube currents, relative to 
those attainable from an equiva
lent open-pool reactor, indicates a 
factor of two increase; and third, 
the thin-fuel annulus ( which one 
has in a flux-trap device) permits 
external rod control and elimi
nates rod penetrations and seals 
into a pressurized tank resulting 
in a considerable savings in cost. 
These three factors have resulted 

FEBRUARY, 1964 

in the decision for the reactor to 
be the flux-trap type reactor. 

The reactor, control room, three 
offices, and one laboratory will 
be housed in a square contain
ment type building having the di
mensions of approximately 60 by 
60 feet. The process equipment, 
including the demineralizers, the 
heat exchangers and pumps, as 
well as the delay tank will be lo- · 
cated in an adjacent below-grade 
room. The piping connections be
tween the process equipment 
room and the containment vessel 
will be led through a u-type water 
seal beneath the edge of the con-

tainment vessel. Adjacent to this 
gas-tight structure, and connect
ing it through a door which may 
be sealed, will be the laboratory 
and office building housing a 
variety of research facilities, in
cluding a hot cell, a Cobalt-60 
gamma irradiation facility, ma
chine and electronic shops, radio
active waste handling equipment, 
counting rooms, animal quarters, 
and research laboratories. 

(The author would like to thank 
Dr. A. H. Emmons, Director of 
the Research Reactor Facility, for 
his help in gathering and editing 
the information for this article.) 

THINK TOUCiH! 
Zip Zoldot can't stand himself. Years ago, when he was in college, 
he procrastinated away the opportunity to start a life insurance 
program. Today, at 41, he's very much aware of the many bene· 
fits he passed up. You see, the earlier you start life insurance, the 
lower your premium. And the policy begins to build cash values 
while you're younger. Also, if you wait, there is the risk of becom· 
ing physically ineligible for it. Or, you might choose an occupation 
that makes you ineligible. Take a tip from Zip: be tough with 
yourself about taking out life insurance. Now is the best time! 

VERN DOWELL 

~Ji9 
Campus Representative 

NEW YORK LIFE INSURANCE COMPANY 
1015 East Broadway Phone Gibson 2-4237 
Life Insurance • Group Insurance • Annuities • Health Insurance • Pension Plans 
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WHERE ARE YOU GOING THIS VOCATION? 

Young scientists and engineers "going places" investi
gate a variety of challenging engineering avenues 
before selecting one best suited to their goals. And 
they look for a professional climate with lots of indi
vidual recognition and advancement opportunity. If 
you are charting your career along this course, let 
Ling-Temco-Vought be your guide. 

As one of the nation's most versatile contributors to 
the aerospace, military electronics and communica
tions sciences, L 1V can offer you a personalized route 
to an exciting and rewarding future in such areas as 
aerodynamics • avionics and instrumentation • 
operations analysis • dynamics • systems design • 

servomechanisms • stress analysis • propulsion • 
communications design • reliability/maintainability 
engineering • reconnaissance systems • amplifier and 
computer systems • microwave components design • 
electromagnetic interference control • electronic sys
tems analysis • telemetry and tracking • trajectory 

,analysis • manufacturing r&d • industrial engineering 
• technical administration • • • plus many others. 
For a closer look at the numerous career directions 
available with Ling-Temco-Vought, ask your Placement 
Office for our brochure describing L 1V projects and 
products. Or write College Relations Office, Ling
Temco-Vought, Inc., P. 0. Box 5907, Dallas 22, Texas. 
Ling-Temco-Vought is an equal opportunity employer. 

11,..,-,-Vc;NGl•T"•MCO •VOUGIHT". INC. 

lb"i?V DIVISIONS AND SUBSIDIARIES: CHANCE VOUGHT CORP. / CONTINENTAL ELECTRONICS & MANUFACTURING COMPANY / LING ALTEC / LING ELECTRONICS 
LTV MICHIGAN/ LTV RESEARCH CENTER/ ALTEC LANSING/ TEMCO ELECTRONICS & MISSILES COMPANY/ ED FRIEDRICH INCORPORATED/ UNIVERSITY LOUDSPEAKERS 



ARE YOU INTERESTED IN ••• 

CONSTRUCTION ... 
WATER RESOURCES DEVELOPMENT. ■ ■ 

IN THE GEOGRAPHICAL AREA OF YOUR CHOICE 
WITH THE CORPS OF ENGINEERS 

DIVERSITY OF ACTIVITIES 
The Corps of Engineers embraces virtually the entire range of modern 
engineering in the construction field. Projects include research into 
basic science, engineering investigations and regional planning; design, 
construction, operations, maintenance, and management of hydro
electric power dams, flood control facilities, harbors and navigable 
streams; design, construction and maintenance of family housing, 
runways, hangars, roadways, hospitals, and nuclear power installations; 
and construction of intercontinental ballistic missile and space launch
ing sites. In addition are the allied fields of cartography, geodesy and 
engineer intelligence. 

OPPORTUNITY 
Opportunity is provided for progressive movement toward top positions 
for men with ability. You learn from top calibre professionals who 
have had many years of high quality experience. 

LOCATION 
Projects are located in every State and in many foreign countries. 

A CAREER NOT A JOB 
The Corps offers a well defined 18-month rotational training program 
for young graduate engineers covering all facets of the varied work 
program. This is followed by planned career development assignments. 
These assignments enable a young man to develop his special aptitudes 
in the engineering field. As he progresses, special attention is given 
to the development of managerial and executive abilities. 

ADVANCED EDUCATION AVAILABLE 
Attendance at special seminars, symposiums, and university courses 
and participation in professional societies and activities are encour
aged, and sponsored when possible. Fellowships for advanced study 
and awards for outstanding achievement are also available. 

FOR ADDITIONAL INFORMATION ... and an illustrated 
brochure "Your Career", write to the Chief of Engi
neers, Department of the Army, Washington, D.C. 
20315 

CORPS OF ENGINEERS 
DEPARTMENT OF ARMY 

AN EQUAL OPPORTUNITY EMPLOYER 



BULLARNEY 

"I can't marry him, Mother, he's 
an atheist and doesn't believe 
there is a hell. 

"Marry him, my dear, and be
tween the two of us we'll convince 
him." 

The science prof waked the 
sleeping student by shouting 
"John, what's electricity?" 

Staggering upright, John be
gan "Why prof, it's a source-it's 
a force-it's energy-oh, what's 
the use. I did know but I've for
gotten." 

"What a tragedy," gloated the 
prof. "The only man who ever 
knew and he's forgotten." 

A local policeman stopped his 
squad car and hailed an inebriated 
gentleman who was making his 
dubious way down the street. 

"Hey you!" he shouted, "Where 
are you going in that condition?" 

"Gonna work," mumbled the 
drunk. 

"Oh yeah," growled the officer. 

"What kind of work can you do 
in the shape you're in?" 

"Minin'." 

"Minin' what?" persisted the 
officer of the law. 

"Minin' my own damn busi
ness," the other snapped. "Why 
don't you do the same?" 
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A housemother complained to 
the dean of women that the boys 
in the fraternity house next door 
never closed their blinds and that 
it embarrassed the girls. When the 
dean went to the room of the 
particular girls who had made the 
complaint, she looked out the 
window and said, "Why, I can't 
see in their window from here." 
The girls said, "Oh you have to 
stand on that chair." 

"' A young couple about to be 
married were shopping for a 
house in the country and after 
satisfying themselves that they'd 
found a likely spot, drove back to 
town. A short time later, how
ever, the girl realized that their 
new home had no "water closet," 
or at least they hadn't noticed one. 

They wrote their landlord ask
ing where that most :µecessary of 
conveniences was located, but 
shyly referred to the water closet 
as a "W. C." 

Of course Pinch-penny Perry 
didn't have the foggiest notion 
what a- 11W, C." was; but he asked 
some friends who responded with 
this dilly: "W. C." stood for Wes
leyan Church! The landlord thus 
wrote this letter: 

"In reply to your letter, the 
"W. C." is situated about nine 
miles from your house. I'll admit 
the distance appears to be great 
but if you're in the habit of going 
regularly you'll be glad to know 
a large number of people take 

their lunch along and make a day 
of it. Others who don't have cars 
take chartered buses which arrive 
just in time. The last time my wife 
and I went was six years ago, and 
attendance was so good we had to 
stand. Of course it pains me not 
to be able to go more often. It's 
really a charming place with a 
seating capacity of 300 and stand
ing room for 50 more. It may also 
interest you to know that a bazaar 
is going to be held to raise funds 
for furnishing the "W. C." with 
plush seats, a longfelt need. 

Respectfully yours, 
Perry Pinkham." 

Political definitions: 
Socialism-You have two cows 

and give one to your neigh
bor. 

Communism-You have two 
cows; the government takes 
both and gives you the milk. 

Fascism-You have two cows; 
the government takes both 
and sells you the milk. 

Nazism-You have two cows; 
the government takes both 
and shoots you. 

New Dealism-You have two 
cows; the government takes 
both, shoots one, milks the 
other and throws the milk 
away. 

Capitalism-You have t w o 
cows; you sell one and buy a 
bull. 
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This . kind of engineer designs jobs instead of things 

Once upon a time there was a creature known to joke
smiths as "the efficiency expert." When he wasn't being 
laughed at, he was being hated. Kodak felt sorry for the 
poor guy and hoped that in time he could be developed into 
an honored, weight-pulling professional. That was long ago. 

We were then and are much more today a very highly 
diversified manufacturer. We need mechanical, electrical, 
chemical, electronic, optical, etc., etc. engineers to design 
equipment and processes and products for our many 
kinds of plants, and make it all work. But all the inanimate 
objects they mastermind eventually have to link up with 
people in some fashion or other-the people who work in 
the plants, the people who manage the plants, and the 

people who buy the products. That's why we need 
"industrial engineers," 

A Kodak industrial engineer learns mathematical model
building and Monte Carlo computer techniques. He uses 
the photographic techniques that we urge upon other manu
facturing companies. He collaborates with medicos in physio
logical measurements, with architects, with sales executives, 
with manufacturing executives, with his boss (G. H. Gustat, 
behind the desk above, one of the Fellows of the American 
Institute of Industrial Engineers). He starts fast. Don 
Wagner (M.S.I.E., Northwestern '61) had 4 dissimilar 
projects going the day the above picture was sneaked. He 
is not atypical. Want to be one? 

IKodakl 

EASTMAN KODAK COMPANY, Business and Techni~al Personnel Department, Rochester 4, H. Y. 

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



An interview 
with G.E.'s 

Dr. George L. Haller 
Vice President

Advanced 
Technology 

As Vice President-Advanced Tech
nology Services, Dr. Haller is 
charged with coupling scientific 
knowledge to the practical operat
ing problems of a Company that 
designs and builds a great variety 
of technical products. He has been 
a radio engineer, both in industry 
and the armed · services (Legion of 
Merit for development of radar 
counter-measures); physics profes
sor at Penn State and dean of its 
College of Chemistry and Physics; 
and a consulting engineer. With 
G.E. since 1954, he has been man
ager of its Eledronics Laboratory, 
and general manager of the De
fense Electronics Division. He was 
elected a vice president in 1958. 

For complete information on op
portunities for engineers at 
General Electric, write: Person
alized Career Planning, General 
Electric Company, Section 699-
09, Schenectady, N. Y. 12305 

GROWTH THROUGH TECHNOLOGICAL CHANGE 

The Role of 
R&D in Industry 
Q. Dr. Haller, how does General Electric define that overworked term, Re

search and Development? 
A. At General Electric we consider "R&D" to cover a whole spectrum of 

activities, ranging from basic scientific investigation for its own sake to 
the constant efforts of engineers in our manufacturing departments to 
improve their products-even in small ways. Somewhere in the middle 
of this range is an area we call simply "technology", the practical know
how that couples scientific knowledge with the engineering of products 
and services to meet customer needs. 

Q. How is General Electric organized to do research and development? 
A. Our Company has four broad product groups-Aerospace and Defense, 

Consumer, Electric Utility, and Industrial. Each group is divided into 
divisions, and each division into departments. The departments are like 
separate businesses, responsible for engineering their products and serving 
their markets. So one end of the R&D spectrum is clearly a department 
function-engineering and product design. At the other end is the Re
search Laboratory which performs both basic and applied research for 
the whole Company, and the Advanced Technology Laboratories which 
also works for the whole Company in the vital linking function of putting 
new knowledge to practical use. 
Having centralized services of Research and Advanced Technology does 
not mean that divisions or departments cannot set up their own R&D 
operations, more or less specialized to their technical or market interests. 
There are many such laboratories; e.g., in electronics, nuclear power, space 
technology, polymer chemistry, jet engine technology, and so on. 

Q. Doesn't such a variety of kinds of R&D hamper the Company's potential 
contribution? Don't you find yourselves stepping on each other's toes? 

A. On the contrary! With a great many engineers and scientists working 
intensively on the problems they understand better than anyone else, we 
go ahead simultaneously on many fronts. Our total effort is broadened. 
Our central, Company-wide services in Research and Advanced Tech
nology are enhanced by this variety of effort by individual departments. 

Q. How is Advanced Technology Services organized? 
A. There are three Advanced Technology Laboratories: Chemical and 

Materials Engineering, Electrical and Information Engineering, and Me
chanical Engineering; and the Nuclear Materials and Propulsion Opera
tion. The Laboratories do . advanced technology work on their own, with 
Company funds, and on contract to product departments or outside customers 
and government agencies. NMPO works for the AEC and the military to 
develop materials and systems for high-temperature, high-power, low
weight nuclear reactors. ATS is the Company's communication and in
formation center for disseminating new technologies. It also plans and 
develops potential new business areas for General Electric. 

Q. So R&D at General Electric is the work of a great many men in a great 
many areas? 

A. Of course. The world is going through a vast technological revolution
in the ways men can handle energy, materials, and information. Our 
knowledge is increasing exponentially. In the last five years we have 
spent more than half the money ever spent for research and development. 
To keep competitive, and to grow, industry must master that mountain of 
new knowledge and find ways to put it to practical use for mankind. Only 
by knowing his field well and keeping up with the rush of new develop
ments, can the young engineer contribute to the growth of his industry
and society as a whole. 

~gress Is Ovr Mosf lmporl-4nf Protlvcf 

GENERAL fj ELECTRIC 
An Equal Opportunity Employer 
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And the owner saves at least $1,000,000. 
Westinghouse has developed a computer
controlled system for doing almost every
thing on a cargo ship faster and better. 

It can be made to load and unload cargo 
faster. Control speed directly from the 
bridge with no help from below. Keep the 

ship on course. Steer clear of navigational 
hazards. Navigate so accurately it saves 
fuel. Keep an eye on all dials and gauges. 
Control valves in the engine room. Keep 
records of operations. Analyze emergency 
situations and take corrective action. Even 
check on how the cargo is doing. 

In this day of low-priced competition 
from ships under foreign flags, this de
velopment can add new strength to our 
Merchant Marine. 

The Westinghouse computer-controlled 
system significantly reduces the annual 
cost of operating a ship. 

You can be sure if it's Westinghouse 

@ 
For information on a career at Westinghouse, an equal opportunity employer, 
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh 21, Pa. 



Is it true that the leading producer of oxygen 
for steelmaking had a hand in preparing 
Tricia McDonald's orange iuice? 

You'd expect that a company with 50 years' experience in ex

tracting oxygen from the air would lead the field. You might 
even assume-and you'd be right-that it knows a lot about 
how oxygen can speed the making of steel. As a result, the 
company sells oxygen by the ton to steelmakers to help them 
produce faster and more efficiently. 

You'd also expect that a leader in cryogenics, the science 
of supercold, would develop an improved process for mak
ing the frozen orange juice concentrate that starts Tricia 
McDonald off to a bright, good morning. 

For Union Carbide is also one of the world's largest pro

ducers of petrochemicals. As a leader in carbon products, it 
is developing revolutionary graphite molds for the continu
ous casting of steel. It is the largest producer of polyeth
ylene, and makes plastics for packaging, housewares, and 
floor coverings. Among its consumer .products is "Prestone" 
brand anti-freeze, world's largest selling brand. And it is 
one of the world's most diversified private enterprises in the 
field of atomic energy. 
In fact, few other corporations are so deeply involved in so 

But there might be some doubt that two such 
activities as helping to speed steel production and 
helping to improve frozen orange juice could come 
from one company. Unless you knew Union Carbide. 

UNION 
CARBIDE 

many different skills and activities that will affect the 
technical and production capabilities of our next 
century. 
We're growing as fast as Tricia McDonald. 

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



ONLY FORD-BUILT CARS MEET THE CHALLENGE WITH 
TOTAL PERFORMANCE! ment Award for engineering excellence which "superbly 

combines the prime essentials of great automobiles
performance, reliability, durability, comfort and safety." 

Something wonderful's happened to Ford Motor Total performance makes a world of difference. Bodies 
Company cars! Under the freshest styling seen in and frames are solid and quiet even on the roughest 
years, there's a new kind of durability and vigor that roads. The ride's so smooth, so even-keeled, it seems 
more than meets the demands of today's and tomor- to straighten the curves and shorten the miles. And 
row's high-speed turnpike driving conditions. nothing matches the spirit, sparkle and stamina of 
What's the secret? Quality engineering for total per- advanced Ford-built V-8's and thrifty Sixes. Total 
formance. Quality engineering so outstanding that performance is yours to enjoy in all our 1964 cars-from 
Ford Motor Company received the NASCAR Achieve- the frisky Falcon to the matchless Lincoln Continental. 

◄ 
MOTOR COMPANY 

The American Road, Dearborn, Michigan 
WHERE ENGINEERING LEADERSHIP BRINGS YOU BETTER•BUIL T CARS 
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Must you join a giant company to work on vital projects? 

Continuous steel casting could cause a revolu

tion in the steel industry. Babcock & Wilcox has 

led in its development in the United States, and 
installed the nation's first commercial unit. It has 

been operating successfully for more than a year 

at Roanoke Electric Steel Corp. 
You can share in such exciting work at Babcock 

& Wilcox, including projects like the reactor for 

the nuclear ship Savannah, burner automation, 

and hoods to control 3,500 F heat from oxygen
steel furnaces . Yet Babcock & Wilcox is small 
enough to give you a chance to work on such new 

projects early in your career. Its management can 
take a personal interest in your progress. 

B&W, with annual sales of more than $330 mil
lion, offers the advantages of a large company: in
doctrination training program, paid tuitions, wide 
variety of job openings (18 plants in ten states), 

security and other benefits. 
Growth opportunities are enormous. Yet only 

59 bachelor-level students will be hired in 1964. 

B&W has inter<;1sting positions for graduate and 
undergraduate engineers and scientists, including 

M.E., E.E., Ch.E., Met.E., Cer.E., Nuc.E., C.E. and 

physicists. For more information, talk to a B&W 

interviewer when he visits your campus, or to your 
placement director. The Babcock & Wilcox Com
pany, 161 East 42nd Street, N.Y. 17, N .Y. 

(I) Babcock & Wilcox 
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Our gasoline isn't 

good enough for 

some people . .. us 
We like to think that American Oil products are 

the best you can buy. And they are. We also like 

to think we can improve the quality of our prod

ucts without increasing the cost to the consumer. 

And we do. Consistently. 

A considerable amount of work is done in 

testing catalysts and searching for those which 

will help produce the types of gasoline our cus

tomers want at the price they can afford. 

One of the people engaged in the research and 

development of our manufacturing processes is 

John Mitchell, 24, a graduate Chemical Engineer 

from the University of Texas. 

The opportunities for bright young scientists 

like John Mitchell are virtually unlimited at 

American Oil. American Oil offers a wide range 

of new research opportunities for: Chemists

analytical, electrochemical, physical, and organic; 

Engineers-chemical, mechanical, and metallur

gical; Masters in Business Administration with 

an engineering (preferably chemical) or science 

background; Mathematicians; Physicists. 

For complete information about interesting 

careers in the Research and Development Depart

ment, write: J. H. Strange, American Oil Company, 

P. 0. Box 431, Whiting, Indiana. 

IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS, 

LUBRICANTS AND PETROCHEMICALS, AMERICAN OIL AND ITS 

AFFILIATE, AMOCO CHEMICALS, ARE ENGAGED IN SUCH DIVERSIFIED 

RESEARCH AND DEVELOPMENT PROJECTS AS: 

Organic ions under electron impact • Radiation-induced reactions • 

Physiochemical nature of catalysts • Fuel cells • Novel separations 

by gas chromatography • Application of computers to complex technical 

problems • Synthesis and potential applications for aromatic acids • 

Combustion phenomena • Design and economics: new uses for present 

products, new products, new processes • Corrosion mechanisms • 

Development of new types of surface coatings. 

STANDARD OIL DIVlSION 

AMERICAN OIL COMPANY 





From the Editor's JJesk: · 

A stranger walking around Fran;is Quadrangle during the week of 

March 14721 might think that he has wandered in on a costume party. Why 

else would bearded, button-studded students wearing green hats and neck

ties and wielding shillelaghs be running around? 

The actual answer is that the Engineering School is celebrating a tradition 

that began on the campus of the University of Missouri in 1903; a tradition 

that has spread to most other engineering schools across the nation; a tradi

tion that both the students and the faculty can be proud of. This tradition is 

known as Engineers Week. 

There is no other time of the year that the Engineers get together and 

work so enthusiastfoally. Why do they work with such fervor? One reason is 

that the numerous activities of Engineers Week are just plain fun, and fun is 

worth working for. Any engineer that hasn't taken part in the Serenade, the 

Bar-B-Q, and the St. Pat's Ball doesn't know what he has missed. All in all 

there are 23 different events that can be attended. 

Another and a more important reason why Engineers work so. diligently 

at this time of the year is that they believe that they have something to show 

off. Engineers have an engineering educationa.l system here at the Univer

sity that has a scope far wider than many students here (including some 

engineering students) realize. The lab exhibits and Engineering Convocation 

help to illustrate the size and complexity of the curriculum. 

Engineers Week is one of the very few times that an individual school 

here at the University shows its own personality by having a united cele

bration. It gives the Engineers a common bond of unity; it gives the alumni 

a chance to communicate with each other; it gives the non-engineering stu

dents and the public a_ chance to view the structural organization of the Col

lege of Engineering. A public view of engineering helps to alleviate miscon

ceptions about the educationaf and social characteristics of Engineers. 

Congratulations go to the· St. Pat's Board for accomplishing its goals and 

organizing the best Engineers Week yet. May the St. Pat's tradition live on 

and on -
Erin Go Bragh!!! 

R.S.F. 

FRONTISPIECE 

A few necessities for Engineers Week. 
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Queen anJ fler Courl 

QUEEN OF LOVE AND BEAUTY - ANN LEMMON 

A pretty miss indeed is Ann Lemmon. This sophomore in Edu
cation is from Miami, Missouri, and is a member of Alpha Delta 
Pi Sorority. 

In the past, being a queen has been a natural thing for Ann . 
She was "Fair Marshall Queen" and Homecoming Queen Finalist at 
her high school. Also she was President of the student body and 
Yearbook Co-Editor. 

Two of Ann's many college activities have been MSA Publicity 
Chairman and Social Chairman for her sorority. Ann is now Vice
President Elect of Panhellenic. 

All Engineers join in wishing Ann lots of good times and good 
luck in her year's reign as queen . 

MARL YNE HERMAN 

This charming and pretty miss from Waynesville, Missouri is 
a freshman in the College of Arts and Science. She is a pledge in 
Sigma Delta Tau Sorority. 

Concerning beards, Marlyne says, "I haven't felt a beard yet, 
but I would like to find out during Engineers Week how they feel." 
Any takers, fellows?" 

Page 10 THE MISSOURI SHAMROCK 



CLARICE BURNS 

A very lovely addition to St. Pat's Court is Miss Clarice Burns. 

This fall, Clarice transferred to M.U. from Drury College. Her home 

is in Springfield, Missouri. She is a junior in secondary education 

and is a member of Zeta Tau Alpha sorority. 

Doing well in beauty contests is nol a new thing for Clarice. 

In high school, she was Homecoming Queen and a cheerleader. 

Clarice can be seen on the Miss Mizzou Calendar. 

Clarice, when she was told that she had been selected as a 

queen finalist, said, "I am extremely flattered to have received such 

an honor." 

SUE TRIPPENSEE 

Charm radiates from this lovely lass who hails from Cedar 

Rapids, Iowa. Beauty and brains in one girl - Sue is a sophomore 

in the Honors College of the College of Arts and Science. Sue is a 

member of Gamma Phi Beta and handles the publicity for A.W.S. 

Upon being told that she was a finalist in the Engineers Queen 

Contest, Sue said, "I am so very flattered and honored to have 

been chosen as one of the top five - thank you very much." 

MARCH, 1964 

SANDY WILDERMUTH 

This eye-catching miss from Normandy, Missouri is a sopho

more studying microbiology in the College of Arts and Science. She 

is a member of Pi Beta Phi Sorority. 

In high school, Sandy was editor of the yearbook. Her beauty 

was recognized then as it is now - she was the yearbook queen . 

Sandy was also a Miss Mizzou Contest Finalist here at M.U. 

We don't have any microscopes in our labs, but we engineers 

certainly invite Sandy to bring her own microscope over to the 

Engineering Building to study any germs that might be around. 

(Photographs by Brad Bliss) 

Page 11 



Roy GRAY is currentLy the President 
of Engineers Club, having been elected 
after serving as Publicity Director for 
Engineers Club last year. During his 
very active five years in Engineers 
Club, Roy has been cm the St. Pat's 
Board for four years. He has worked in 
the following Engineers Week activities: 
Economy Run, Publicity, Sliderule Con
test, and Convocation. Rou .:,is .. a past 
Governor and Lt. Governor'in M.R.H.A. 
He has two scholarships: Curator's 
Scholarship and Merit Scholarship in 
Ch.E. He is an officer in Alpha Chi 
Sigma. Roy has been a member of th.e 
Student-Faculty Committee. Roy also 
has many activities in Army ROTC: 
He is a member of Scabbard and Blade 
and was Cadet Colonel last year to 
mention a couple. Roy married last 
summer and ,expects to receive his 
B.S. in Ch.E. this June. After gradua
tion, he will enter the Army Flight 
Training Program. 

_j(nighl:1 o/ 
St. Palricl 

ST. PAT'S HouRs are points awarded to 
engineers for work for the Engine,ers 
Club or the St. Pat's Board. One hour 
equals one point. The system: Knight 
requires at least 40 hours, Knight-
Cum Laude requires at least 60 hours, 
Knight-Magna Cum Laude requires 
at least 100 hours plus an elected office. 
Knight-Summa Cum Laude is an hon
orary knightship awarded to outstand
ing engineers who have graduated from 
M.U. and have distinguished themselves 
since. 

JoE WESCOTT is Vice-President of En
gineers Club this year. He transferred 
here from Joplin Junior College and is 
now a senior in Chemical Engineering. 
At Junior College Joe wa.s the Vice
President of the Mathematics Club. In
cluding both schools, Joe has been a 
member of Engineers Club for four 
years and has participated in four St. 
Pat's Weeks. Here at M.U. he is Vice
President of Phi Theta Kappa Honorary 
Fraternity, Master of Ceremonies in 
Alpha Chi Sigma and member of 
ALCh.E. Joe will receive his B.S. in 
Ch.E. this June. 

J<nighra o/ St Patrick 

BILL BURCHAM -
M.E., 70 St. Pat's Hours 

JAMES FLOYD -
M.E., 100 Hours plus 

DEAN TEANEY, Ch.E. 
JIM STEELE, I.E. 
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Cum, of:auJe 

LAWSON HART
E.E., 70 Hours 

LARRY IRMINGER -
M.E., 90 Hours 

LANNY MAGEE, E.E. 

JOHN PRIDGEON
C.E., 80 Hours plus 

RANDALL STONE -
M.E., 60 Hours plus 

GENE TEANY, Ch.E. 
JOHN PRIDGEON, M.E. 
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Are you ready tor a multi-million-dollar responsibililJ? 

If you are, there's a place for you on the Aerospace to show it in the Air Force. Your work can put you and 
Team-the U. S. Air Force. your country ahead. 
No organization in the world gives young people a You can earn your commission at Air Force Officer 
greater opportunity to do vital, responsible work. Training School, a three-month course open to both 
For example, just a short while ago a -23-year-old Air men and women. To apply, you must be within 210 
Force lieutenant made a startling breakthrough in days of your degree. 
metallurgy. And a recent All-America tackle is doing ad- For more information, contact the Professor of 
vanced research in nuclear weapons. u s 11·r Force Air Science. If your campus has no 
If you have talent, you'll have a chance ■ ■ AFROTC, see your Air Force recruiter. 
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fionorar';f _j(nightJ 

o/ St. Patrick 

MR. KENNETH J. KoLKMEIER .•. the 
young.est person to be presented an 
hono,rary knightship by the St. Pat's 
Board. In a quite short time Ken has 
attained a very important position right 
here in Missouri: Project Manager of 
the Gateway Arch. His future .wiH un
doubtedly be one of great .accomplish
ments. 

Ken was born at St. CharLes, Mis
souri, and graduated from St. Charles 
High School in June, 1949. He received 
his BSCE and Second Lieu.tenant com
mission in the Artillery in June, 1953 
here at the University. His wife, Bar
bara, is also a Missouri Univ.ersity grad
uate. Ken was a member of Phi Kappa 
Psi social fraternity and Chi Epsilon 
engineering fraternity. 

After serving two years in the Army 
-six months at Fort Sill, Oklahoma and 
eighteen months in Germany as a sur
vey officer-Ken returned in 1956 to 
M.U. to enroll in graduate school. In 
June, 1957 he received his MSCE. 

In July, 1957 Ken went to work for 
Pittsburgh-Des Moines Steel Company. 
In June 1958, he was appointed the 
Field Engineer for a project concerning 
fifteen, 200,000 bushel grain stora.ge 
tanks in Superior, Wisconsin. Following 
that project, he was sent to El Paso, 
Texas as Field Engineer of~three ele
vated storage tanks at White Sands 
MissiLe Range. 

Ken then returned to Des Moines as 
Project Engineer on the fabrication and 
erection of the cribs, launcher plat
forms, and flame shields on thirteen 
Titan I installations. He also served as 
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Project Engineer on the fabrication of 
the launch silo, cableways, and water 
storage tanks for the Titan II installa
tions at Wichita and Little Rock. 

At the completion of these con
tracts, he was appointed Project Man
ager of. the Gateway Arch Project in 
St. Lou.is. Kenneth Kolkmeier has 
launched a potentially great career 
right here in Missouri. 

MR. B. J. GASTINEAU .•• a farmer's son, 
one of twelve children, a boy destined 
to make his mark in this world. This 
was young Bert Gastineau., a lad whose 
life was dedicated early to science and 
learning. 

Bert was born October 12, 1920 in 
Ellington, Missouri. Though most of 
his early years were spent on a farm, 
Bert followed his calling toward bigger 
things. 

In his early years he was an excellent_ 
scholar, eager to learn, quick to com-"' 
prehend, and dedicated toward learn
ing. Time passed and Bert completed 
grammar school at Redford, Missouri . 
His high school education was acquired 
at Centerville High in Centerville, Mis
souri. 

Bert was married in 1942 and then 
went on to complete his higher educa
tion at Missouri State College and the 
University of Missouri at Columbia 
where he graduated with a BSEE in 
1944 and a MSEE in 1949 afrer having 
his education interrupted by World 
War II. He was one of the first married 
students to attend the University. His 
wife, Evelyn, was indispensable to him 
du.ring these years. 

Du.ring the time Bert attended college, 
he was a Tau Beta Phi, Eta Kappa Nu, 
Sigma Xi. His extra-curricular activi
ties included: Chairman of St. Pat's 
Board; Business Manager of the School 
of Engineering's publication the "Mis
souri Shamrock"; and President of the 
Stu.dent Branch of American Institute 
of Electrical Engineering; as well as 
being a member of the American Asso
ciation of Engineering Edu.cation. 

Du.ring the war years from 1944 to 
1946 Bert served his country in the 
capacity of First Lieu.tenant, U.S. Army 
Signal Corps, du.ring which time he 
established engineering groups for 
Headquarters Signal Services in Paris, 
Frankfort, and Mannheim in the 
European Theatre. 

Afrer the war, Bert returned to Mis
souri where, at Columbia, he was ap
pointed Assistant Professor of Electri
cal Engineering at his alma mater, the 
University of Missouri. 

From 1946 to 1952 he furthered his 
knowledge through numerous consult
ing tasks and a venture into the com
mercial business field. 

Bert joined Aerojet-General Corpora
tion in 1952. His position was a humble 
but re s p e c t e d one-that of a De
velopment Engineer. His ability was 
soon recognized and less than a year 
later he was appointed Head of the 
Electro-Mechanical Design Section of 
the Physical Measurements Depart
m.ent of the Research Division. 

Early in 1954 Bert advanced a step 
further and was appointed Head of the 
Engineering Department, Electronics 
and Guidance Division. 

Soon thereafrer he was made Chief 
Engineer of the Avionics Division 
where he made realities of dreams of 
futuristic infrared detection and fire 
control systems. 

From Chief Engineer to Division 
Manager was but one more step for 
Mr. Gastineau.. He is currently re
sponsible for all activities of the As
trionics Division of Aero1et-General 
where such programs as the design and 
production of space satellite infrared 
trackers and seekers for missil.e guid
ance and fire control, sophisticated sup
port systems, and extensive research 
activities are all part of his daily work. 
Many successful military as well as 
commercial programs owe their success 
to the leadership and ability of this 
man. 

This then is the story of Bert Gastin
eau-a man, a scholar, and perhaps 
most important of all . . . a leader 
dedicated to the betterment of man. 
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Your life at Du Pont I one of a series for technical men 

Arm yoursell with I acts about Du Pont 
These booklets helped persuade some 700 new B.S. graduates 
to join us in 1963. It was mostly a matter of getting facts. 

For example, if you want to start your career in a certain 
section of the country, you'll find that Du Pont-with facilit ies 
in 28 states-will try to accommodate you. 

If you're interested in growth for what it can mean to you 
personally, you'll be interested to know that our sales have 
increased 750% since 1937. You've probably heard that R&D 
expenditures are a good indicator of a company's future success. 
We spend $90 million a year on it, $60 million of which goes 
straight into "pioneering research" - the discovery of new 
scientific truths and new materials. 

Our booklets will answer most of your preliminary questions. 
Later-or even now if you wish-we can talk specifics by letter, 
or face to face. Why not write us or send our coupon? We'd 
like to know about you. 

<®!DID> 
lC4i. U. J .,AT. OJr. 

BETTER THINGS FOR BETTER LIVING 

... THROUGH CHEMISTRY 

An equal opportunity employer 

TECHNICAL MEN WE'LL NEED FROM THE CLASS OF '64 

Chemists Industrial Engineers 
Chemical Engineers Civil Engineers 
Mechanical Engineers Physicists 

Electrical Engineers 

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

Please send me the literature indicated below. 
D Du Pont and the College Graduate □ Reprint of Saturday 
D Mechanical Engineers at Du Pont Evening Post article 
D Engineers at Du Pont on Du Pont, July, '63. 
□ Chemical Engineers at Du Pont 
0 Also please open in my name a free STUDENT SUBSCRIPTION 

to the award-winning Du Pont Magazine-the official bi-monthly 
publication of the Du Pont Company. 

Name ___________________ _ 

Class ____ ,Major ______ Degree expected ___ _ 

College ___________________ _ 

My address. _________________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 

City _________ Zone ___ State______ l 
L--------------------------------------~ 



"Let the columns stand
let them stand a thousand 
years, a memorial to the men 
who in their magnificent 
presence, learned what life 
and duty are, to live the one 
and do the other. They will 
be a rallying point of future 
devotion and service to the 
University. And the sad col
umns will in future years 
prove of deep significance 
and impressive force upon 
the columns of new st-u,4ents 
growing ever longer as time 
proceeds. . . ." 

Hon. G. F. Rothwell 
The columns, the most photo

graphed objects in the Middle 
West, have indeed become a sa
cred symbol of college life and 
traditions to the students of Mis
souri University. The history of 
the columns and the College of 
Engineering is a single history; as 
the significance of one has in
creased, so has the prestige of the 
other. Join us as we retrace the 
story of the columns and the Col
lege of Engineering. 

Missouri was only 19 years old 
when the young legislature passed 
the Beyer Act in 1839 establishing 
a free institution of higher learn
ing. The site for the first build
ing, which was to become Aca
demic Hall, was selected by the 
Board of Curators. The corner
stone was laid in 1840, the first 
classes were held in 1841, and the 
first commencement was held in 
1843 with two graduates. 

The early history of the Uni
versity of Missouri and the early 
struggles of the College of En
gineering are closely linked; for 
in 1849 when the University was 
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ENGINEERING 

just entering its tenth year, Act
ing President William Hudson, 
professor of astronomy and nat
ural philosophy, offered a course 
in civil engineering which con
sisted of "Surveying, Leveling 
and Classical Topography." The 
University of Missouri was the 
first institution west of the Mis
sissippi to offer any distinctly en
gineering training. 

Formal engineering education 
dates from 1856 when the Board 

1856 
the Civil War by four years, the 
invention of the dynamo by ten 
years and of the telephone by 
twenty years. 

The course in civil engineering 
in 1856 offered "The Structure of 
Roads and Railroads (illustrated 
with instruments in the field in
cluding a theodolite for measur
ing angles in horizontal and ver
tical planes in land surveys, the 

· first · piece of laboratory equip
ment ever purchased by the Uni-

Bottoms up! A fine shot angle of the Grand Kowtow of 1905. 

of Curators approved a chair of 
civil engineering and named Dr. 
Hudson to head the department. 
This was only three years after 
the establishment of the nation's 
first engineering professorship at 
Rensselaer Polytechnic Institute. 
Creation of the chair in engineer
ing here antedated the laying of 
the Atlantic cable by one year, 

versity for the teaching of engi
neering). In addition, courses in 
physiology and anatomy, logic 
and rhetoric, intellectual philoso
phy and Christian evidence, moral 
science and political grammar, 
Latin, French and German were 
required of every engineering 
s t u d e n t. Such requirements 
would almost frighten the modem 
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engineering student to some other 
vocation. Yet classical educators 
of the time said that engineering 
which dealt with the production 
of wealth and with the securing 
of physical comfort and leisure 
could not be thought of as higher 
education and culture. 

In the fall of 1859 the curators 
approved a plan to reorganize the 
University into seven academic 
departments an d three special 
courses of study called "schools," 
namely: a School of Scientific 
Agriculture a n d Mechanics, a 
School of Civil Engineering and 
a Normal School. But the follow
ing year the State Legislature, ap
parently prejudiced against prac
tical education as opposed to 
classical education, removed the 
B o a r d of Curators, dismissed 
practically the entire faculty in
cluding President Hudson and 
elected a new board. The new 
board promptly reduced the num
ber of departments to five, caus
ing havoc in the entire education
al set-up. After this engineering 
education seemed doomed at Mis
souri. 

Then came the Civil War and 
utter disruption. Since most of 
the students left for service, all 
activities were suspended and the 
buildings were occupied by Civil 
War troops. Early in 1862 the 
curators, faced with a debt for 
faculty salaries and having no re
liable source of income, were 
forced to discontinue normal op
erations. 

Prospects brightened, however, 
when Congress passed the Morill 
Land-Grant Act. Terms of the 
grant were formally accepted bv 
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THE ORIGINAL BLARNEY STONE. Held in esteem and high reverence by all 
engineers, it made its appearance in 1906. At left is the front of the stone, at the 
right is the back. 

an act of the Missouri Legislature 
on March 17, 1863. Under its pro
visions the Federal Government 
provided 330,000 acres of land for 
the endowment of a college of 
agricultural and mechanical arts. 
This act eventually put an end 
to the prejudices against utilitari
an courses of study and the oppo
sition of the legislature to non
classical curriculums. President 
Lathrop and four professors re
sumed their instruction without 
pay so that the terms of the Morill 
Act could be fulfilled. 

The Federal Government of
fered to detail Army Officers to 
the University to give instruction 
in civil and military engineering. 
To take advantage of this offer, 
the curators in 1868 established a 
department of civil and military 
engineering and provided that the 
degree of civil engineering be con-

£erred on a student "who com
pletes and passes satisfactorily 
examinations in algebra, geome
try, calculus, mechanics, as
tronomy, chemistry, mineralogy, 
g e o 1 o g y, descriptive geometry, 
military engineering, construction 
of common roads, pikes, gravel 
roads, railroads, bridges, canals, 
slack water navigation, and the 
improvement of rivers and har
bors." 

This "7as a milestone in the life 
of the University and marks the 
real beginning of the adaptation 
of scholastic education to the 
changing needs of society and the 
University's realization of the 
great service it could render the 
people of the state. 

Although the terms of the Mor
ill Act had been accepted in 1863, 
it was not until February 24, 1870 
that the legislature approved a 
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Without sanitary sewers, 
skycrapers would be 3 stories high 
Have you ever wondered just how many people realize that the height of 
buildings in our modern cities is determined by what's under the ground ... 
not above it. Sanitary sewers buried deep in the ground make it possible to 
meet the needs of expanding cities by constructing our buildings upward 
rather than outward. But .. . take away sanitary sewers and a building taller 
than 3 stories high would be practically impossible. 
This is just one of the many ways that sanitary sewers render a service to 
mankind, bringing a healthier, happier life to millions of people in communities 
of all sizes. And clay pipe sanitary sewers have rendered this service for 
many generations. 

People in countless cities and villages throughout the South, the Midwest and 
the Southwest have been, are, and will continue to be served by Dickey clay 
pipe sanitary sewers ... sewers that are completely unaffected by the changes 
which occur above the ground ... or the changes in wastes from each new 
generation. 

Providing improved sanitation for better living 

~ICKEV 
-.:;;Jlsanitary salt-glazed clay pipe 

W. S. DICKEY CLAY MFG. CO. 

Birmingham, Alabama 
Kansas City, Missouri • Meridian, Mississippi 

St. Louis, Missouri • San Antonio, Texas 
Texarkana, Texas-Arkansas 

3374 

If it's made of clay it ' s good ... if it's made by Dickey it's better 

formal act providing that a Col
lege of Agriculture and Mechanic 
Arts be organized specifically to 
promote "a liberal education of 
the industrial classes in the sev
eral pursuits and professions of 
life." The College of Agricultu11e 
and Mechanic Arts was to include 
a School of Engineering, a School 
of Analytical Chemistry and a 
School of Mines and Metallurgy. 
This step marked the transition 
of the University from the old-
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sty le classical college into a pro
gressive University. 

At this time a code of student 
conduct was formulated to pro
mote the good order and welfare 
of the University. Each student 
was required to be present at the 
morning Chapel services, to ob
serve definite study hours and to 
conduct himself at all times as a 
well-bred gentleman. The student 
was given to understand that the 
University was for the "good and 

industrious young men of the 
State and not for the idle and 
disorderly, the vile and the vi
cious." Students were strictly for
bidden to enter billiard or drink
ing places, to carry concealed 
weapons, to use indecent language 
or to whistle within the Univer 
sity building. 

As yet, the School of Engineer
ing had no faculty of its own. 
H owever, Professor Norwood 
seemed to be tireless in his ef
forts to secure funds for the pur
chase of laboratory equipment for 
experimental work. The records 
show no evidences of his success 
but in a report to the president 
in 1873 he mentioned the acquisi
tion of an induction coil, "the 
largest ever made," a Holtz static 
machine, an automatic arc lamp 
and a complete set of apparatus 
for illustrating wave motion. How 
he managed it is still an enigma. 

Other stout supporters of the 
progressive policy of the Univer
sity were Erastus L . Ripley, dean 
of the normal school who helped 
the new department by offering 
instruction in mechanical drawing 
and descriptive geometry and 
Paul Schweitzer, Prof. of Chem
istry and the first instructor to 
give a course in fuels, steam and 
the steam engines. A newcomer 
in mathematics, William A . Cau
thorn "Uncle Billy" provided stu
dents and faculty with many a 
chuckle. One day he failed to see 
the appearance of the Polaris dur
ing an observation for ·time with 
the meridan transit. After he 
had rechecked his calculation for 
the time and the setting of the 
vernier for the declination and 
still could not see the star he ran 
to Joseph Ficklin, professor of 
astronomy, and excitedly told him 
that the star failed to appear in 
accordance with the ephemeris. 
Professor Ficklin went to the ob
servatory, deliberately removed 
the lens cover from the transit 
telescope and held it up in front 
of Cauthorn. "Uncle Billy," not 
used to stronger language, said 

(Continued on page 20) 
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THE BELL TELEPHONE COMPANIES 
SALUTE: BOB DuBOIS 
Bob DuBois (B.S.E.E., B.S.B.A., 1957), Senior Engineer, 
Transmissions Group for Southwestern Bell in Topeka, 
Kansas, is part troubleshooter and part prophet. 

Bob's job is to maintain the standards of excellence in 
voice and data transmissions in Kansas. He must predict 
where trouble might occur so that preventive maintenance 
procedures can he set up to offset the problem. 

As a member of the Transmission and Protection Group, 
he studies the design and uses of communications equipment 
ranging from the telephone to complex microwave units. 

On earlier assignments Bob was an assistant engineer in 
inventory and costs, equipment engineering and special 
projects. After being named senior engineer, he was se
lected to attend a 12-week comprehensive course at the Bell 
System's Data Communication Training Program, Coopers
town, New York. 

Bob DuBois, like many young engineers, is impatient 
to make things happen for his company and himself. There 
are few places where such restlessness is more welcomed 
or rewarded than in the fast-growing telephone business. 

@ BELL TELEPHONE COMPANIES 



1856-1964 
(Continued from page 18) 

"I'll declare!" 
The School of Engineering was 

officially separated from the Col
lege of Agriculture in 1877 to 
become a division of its own with 
Thomas J. Lowry, professor of 
civil and topographical engineer
ing, named its first dean. The 
School held its own faculty of 
nine members. In 1879 the School 
introduced a p r o g r a m under 
which it brought noted engineers 
to the campus for special lectures. 
These included such famous per
sons as Capt. James E. Eads, de
signer and builder of the Eads 
Bridge in St. Louis, and George 
C. Pratt, noted railroad builder 
of that day who later became 
commissioner of railroads for Mis
souri. 

Electrical engineering as an in
tegral part of engineering educa
tion was introduced in 1880 by 
Benjamin E. Thomas, Professor 
of Physics. In his course in phys
ics .. he taught the few p; actical 
applications of electricity known 
at the time. This included infor
mation on telegraphy, primary 
batteries and signalling. Bell's 
telephone and Edison's incandes
cent lamp were .quite new then. 

Professor Thomas endeavored 
to get an appropriation for an 
Edison dynamo· and lamps for ex
perimental work and teaching, 
but the University had no funds 
for this equipment. However, Dr. 
Laws, the President of the Uni
versity and a personal friend of 
Edison, influenced him to give 
one of the dynamos he manufac
tured to the School of Engineer
ing. The College still owns this 
dynamo. A manufacturer donated 
a steam engine to power the dy
namo, and on January 10, 1883, 
Professor Thomas and some of his 
students staged the •first public 
demonstration of the incandes
cent lamp in Missouri and prob
ably the first in this part of the 
country. The full Board of Cur
ators was present for the exhibit. 

At the request of the curators, 
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Thomas and his students wired 
the University chapel in Academ
ic Hall for electric lights. Thomas 
also installed the first telephone 
line in Columbia, running a line 
from the Boone County National 
Bank to the home of its president 
about a mile away. 

Thomas' energetic and imagina
tive work in the new field stimu
lated interest and enrollment in 
physics courses more than dou
bled in the next year. To meet 
the growing demand for compe
tent men familiar with the scien
tific principles of electricity, the 
telephone, and allied lines, Pro
fessor Thomas recommended the 
establishment of a department of 
electrical engineering with a de
gree in that field. This was done 
by the curators in 1885. The first 
electrical engineering department 
in any American college was es
tablished just three years prior to 
this date at Massachusetts Insti
tute of Technology. 

In accordance with the provi
sions of the Morill Act a depart
ment of mechanical arts was 
finally established at the Univer
sity in 1891, but it was placed 
within the College of Agriculture. 
C. W. Marx, a well-known me
chanical engineer, was appointed 
by the Board of Curators as the 
"superintendent of the newly cre
ated School of Mechanical Arts." 

On January 9, 1892 tragedy 
struck. Academic Hall, the first 
and principal building of the Uni
versity, was completely destroyed 
by fire. Ironically, the fire was 

apparently started by a short cir
cuit in the electric wiring which 
Professor Thomas had installed in 
the chapel. By morning nothing 
was left of the building except the 
six stately columns which had 
graced the front entranceway. 
Fortunately, the new equipment 
was little damaged but most of 
the old equipment was destroyed. 

The fire proved a blessing in 
disguise-particularly for the 
School of Engineering. A sympa
thetic governor and a generous 
legislature, goaded by an aroused 
public, provided funds for new 
buildings. Of the six which were 
constructed immediately, one was 
the present Engineering Building, 
another was the Mechanical Arts 
Building, now a part of the en
gineering group and a third was a 
·irew power house. 

The session of 1892-93 was a 
momentous one in the College of 
Engineering. The department of 
Mechanical Engineering was es
tablished on the same plane as 
civil and electrical. The school 
now had three departments, three 
degrees and three buildings which 
provided spacious quarters. 

Once again, an adversity befell 
the school. Its dean retired and 
the School of Engineering again 
lost its identity, being placed back 
under the College of Agriculture, 
to remain there for ten years. 

Nevertheless engineering edu
cation had been accepted within 
the realm of higher education, 
and the School of Engineering at 

(Continued on page 22) 

A conspicuous entry in one of the parades of past years. 
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WHERE'S GARRETT? 

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

by Garrett-Ai Research: IN SPACE-Environmental control systems; auxiliary power systems; advanced 

space power systems; research in life sciences. IN THE AIR- Pressurization and air conditioning 

for most of our aircraft; prime power for small aircraft; central air data systems; heat transfer equipment 
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aircraft and missiles; standard generator sets; cryogenic systems; ground support instrumentation and controls. 

ON THE SEA-Auxiliary, pneumatic and electrical power for ships; auxiliary power systems 

and air conditioning for hydrofoil craft. UNDER THE SEA-Environmental systems for submarines 

and deep diving research vehicles; pressurization systems, computers 

and control systems for submarines and underwater missiles. 

For further information about many interesting project areas and career 

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

9851 S. Sepulveda Blvd., Los Angeles. Garrett is an equal opportunity employer. 
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the University of Missouri had re
ceived recognition from profes
sional societies and organizations. 
In 1902 the Alpha Chapter of Mis
souri of Tau Beta Pi was estab
lished at the University with 
eleven charter members. This 
honor society was a constant in
spiration to students in engineer
ing. 

N e w scientific developments 
were requiring introduction of 
new curricula. The University 
adapted its courses to the needs 
of professions and the demands 
of industry. Chemical engineer
ing was established as a depart
ment in 1903 and soon became 
one of the important divisions of 
engineering education at the Uni
versity. 

By 1904 the enrollment in en
gineering had increased to such 
an extent that the curators estab
lished an office of junior dean of 
engineering on a trial period of 
three years. The chairmen of the 
three departments, Professor H. 
B. Shaw of electrical engineering, 
Professor Putnam Spalding of 
civil and Professor A. M. Green of 
mechanical each served a year in 
this capacity. These men proved 
to the curators the wisdom of the 
separation and at the end of the 
three-year period the School of 
Engineering was again separated 
from agriculture with Professor 
Shaw as dean. 

Because of the vision and fine 
cooperation of these pioneer lead
ers, the College of Engineering 
was prepared to meet the ever 
multiplying demands of industry 
for men with a thorough knowl
edge of physical and chemical 
phenomena and of the laws gov
erning their relationships. The 
separation injected into the fac
ulty and student body a new spirit 
of self-reliance and strong deter
mination to make good. 

Just as the columns stand on 
the guadrangle in solemn gran
deur as a tribute to the superb 
contributions of the deans and 
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professors, the shamrock reposes 
above the main entrance of the 
Engineering building as a tribute 
to the superb contributions of a 
group of jovial students. 

In relating the story of the 
Shamrock and the Saint Patrick 
tradition, it is difficult to separate 
legend from fact. We have at
tempted to reconstruct the most 
probable sequence of events which 
occurred on that memorable day 
of March 17, 1903. 

It was a few days before St. 
Patrick's Day of 1903 and the 
young men's fancy had turned to , 
thoughts of cutting class. A group 
of senior engineers were gathered 
in front of the engineering build
ing. The conversation drifted to 
the same old subject for this was 
the time of the year when Pro
fessors seemed bent on working 
the engineers to death. They were 
lamenting the fact that it was a 
long time between holidays when 
some ingenuous soul came up 
with the idea that as St. Patrick 
had engineered the project of get
ting the snakes out of Ireland, he 
was the first engineer and it was 
only fitting that his birthday be 
observed as an engineer's holiday. 
"Erin Go Braugh" translated into 
English could only mean one 
thing, "St. Patrick was an engi
neer!" (Ed. note-It means "Ire
land Forever" in Ireland.) The 
idea was immediately recognized 
as being an inspired one and the 
group set out to notify the other 
engineers. Leo Brandenburger 
set forth the first St. Pat procla
mation which reads as follows:-

"WHEREAS, It has been the 
custom of certain uninformed 
ministers of the gospel to de
clare at various times the prac
tices and beliefs of our worthy 
St. Patrick, it was deemed ad
visable that the question of his 
origin and his life should be 
definitely and forever settled 
and 

WHEREAS, The investigation 
has proved eminently success
ful, the result of which was to 
establish beyond any doubt or 

council that St. Patrick was an 
Engineer, it is therefore 
RESOLVED, That it is the sa
cred duty of each and every 
engineer to observe in a man
ner most fitting the glorious 
memory of our most beloved 
disciple, and it is further 
RESOLVED, That every engi
neer, senior, junior, sophomore 
and freshman, do each year on 
the day of St. Patrick refrain 
from all duties and attendance 
upon classes and spend the day 
in observing the memory of our 
pioneer brother. It is therefore 

' RESOLVED, That each year in 
the Department of Engineering, 
on the day of St. Patrick a holi
day is declared. 
Signed: Senior, Junior, Sopho
more, Freshman." 
The reader will recall that at 

the time it was customary to have 
Chapel in the library every morn
ing. Inasmuch as St. Patrick was 
to be their Patron Saint the En
gineers went to Chapel. That was 
the first time most of them at
tended the service. 

After Chapel the hundred or so 
students participating gathered at 
the columns amid a great deal of 
yelling and cheering. A few stu
dents brought band instruments 
and joined in the noise making. 
Finally, President Jesse came 
charging down the steps from the 
President's House and declared 
that the holiday was illegal and 
the students taking part would be 
disciplined. Meanwhile, the band 
had started toward the Eighth 
Street entrance to the campus. 
President Jesse ended his har
angue by stating that gentlemen 
would return to their classes and 
rowdies would follow the band. 
Most of the engineers followed 
the band up-town. They also vis
ited the two girl's schools, Chris
tian and Stephens College. The 
originators, incidentally, got an 
additional "holiday" of one week. 

The 1904 St. Patrick doings 
were organized and directed by 
the 1905 class, then juniors. Pro-

( Continued on page 24) 
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■ L. D. Shotts, BSME Univer
sity of Illinois, 1963, inspects 
wear patterns on a herringbone 
gear after dynamometer test

ing. This gear is part of a new 

reduction gear assembly being 
developed for advanced ver

sions of the Allison T56 turbo

prop. 

OPPORTUNITY 
IS YOURS 

AT ALLISON 
■ For L. D. Shotts, the move from the University of 
Illinois was a natural. L. D. had learned of the work 
Allison is doing in advanced turbine engine develop
ment. Particularly, he was impressed with Allison's as
signment to develop the T78 regenerative turboprop 
engine. 

The T78-selected by the Navy for anti-submarine 
aircraft-utilizes turbine exhaust heat to raise the tem
perature of compressor discharge air, resulting in in
creased fuel economy for extended long-range and on 
station aircraft capability. 

Air-cooled turbine blades, another Allison achieve
ment, mark a significant advance in turbine engine 

- state of the art. And, the workhorse of turboprops, the 
Allison T56, continues to set new standards as our 

engineers find additional means of improving perform
ance and reliability. 

In addition to leadership in the turboprop area, 
Allison also is making great strides in the development 
of nuclear energy conversion projects, including a com
pact, mobile nuclear reactor and an energy depot con
cept which will permit manufacturing of fuel "on the 
spot" for military field units. 

Well-qualified, young engineers will find unlimited 
opportunities in the long-range, diversified energy con
version programs at Allison. Talk to our representative 
when he visits your campus. Let him tell you what it's 
like in the creative environment at Allison where En
ergy Conversion Is Our Business. 

An equal opportunity employer 

.Alliso:n. 
THE ENERGY CONVERSION DIVISION OF 
GENERAL MOTORS, INDIANAPOLIS, INDIANA 
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fessor Green, who had taken the 
demonstration of the previous 
year as a personal affront, threat
ened to fail any student in his 
classes who was not present on 
March 17. Many seniors who were 
taking his mechanics course for 
the second time could not afford 
the flunk. 

Months before March 17, 1905 
the engineering students began to 
lay plans for the celebration. It 
was decided that St. Patrick him
self would appear and receive the 
homage of his followers. That 
morning the Engineering Depart
ment marched to Chapel in a 
body. St. Patrick was there in 
his regalia carrying a primitive 
level made from willow sticks. 
After the c o n v o c a t i o n the 
'Guards' repaired to the Engineer
ing Building where the grand 
'Kow-Tow' was held. This formed 
the most impressive and imposing 
spectacle of the occasion. As St. 
Pat appeared the 'Guards' ·as
sumed an attitude of profound 
reverence-hats off, kn e e 1 in g 
down, with noses deep in the sod 
-while St. Patrick holding his 
transit in a solemn benediction, 
dedicated and forever consecrated 
St. Patrick's Day as an Engineer
ing Holiday for the observance 
of the ceremonies enacted and 
established on this occasion. Some 
enterprising photographer caught 
a fine rear view with all the stu
dent posteriors pointing skyward, 
St. Pat with his upraised cane and 
Professors Defoe, Williams, Shaw 
and other spectators in the back
ground with amused smiles on 
their faces. 

Possibly this ridiculous posture 
of the engineers in the Grand 
Kow-Tow served to divert the 
discipline committee from a posi
tion of sternness to one of amused 
tolerance. None of the engineers 
were disciplined this year and the 
St. Patrick's legend became firm
ly established. 

In 1906 the "Blarney Stone" 
bearing the marks of evidence 
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that St. Patrick was an engineer 
was "discovered" by Veit Aull 
Hain of the civil engineering 
class of 1906, during the excava
tions for the foundations of the 
engineering annex building. For 
this reason the festivities this 
year were more elaborate. A re
incarnated St. Patrick arrived by 
airship which, well guarded, was 
exhibited with great pride by the 
engineering students. P o s t e r s 
printed in green announced the 
arrival of the good old patron 
Saint of the engineers. After the 
Grand "Kow-Tow" was perform
ed, each senior came forward and 
as he knelt and kissed the Blar
ney Stone was properly dubbed 
a Knight of St. Patrick. The cere
mony was concluded with the 
singing of the well-known Mis
souri Engineer's song. 

The first issue of The Sham
rock appeared at the 1906 celebra
tion as a pamphlet in a green 
cover (about 4" x 7") and print
ed in green ink. It was dedicated 
on the flyleaf "To St. Patrick the 
perfect integral whose first de
rivative was an engineer." 

The high point in the 1907 cele
bration was that Professor Ar
thur M. Green, Jr., who had so 
fiercely resented the affairs of 
1903 and 1904, was dubbed as a 
Knight of St. Patrick, Honorary, 
summa cum laude, the first to 
receive this honor. President 
Jesse had so far relented by 1907 
that he not only approved the 
March 17 holiday for the engi
neering students, but he granted 
the whole University an hour re
cess during the morning cere
mony on the campus. 

The students who started the 
celebration in 1903 as a un
scheduled frolic did not suspect 
that there was a perfectly legiti
mate reason for making March 17 
a holiday. But perhaps the read
er will recall that it was on March 
17, 1863 that the endowment of 
land for a College of Agricul
ture and Mechanic Arts by the 
Federal government was unani
mously accepted by the General 

Assembly of Missouri. It was ap
propriate, therefore, to celebrate 
this date in a fitting manner. 

The setting aside of March 17 
as Engineer's Day and the ob
serving of St. Patrick traditions 
from year to year fostered a 
wholesome and enthusiastic spirit 
of cooperation among the stu
dents and faculty. It was this 
fine energetic spirit that enabled 
the College of Engineering of the 
University of Missouri to attain 
a position of prominence among 
the technical institutions of the 
Middle West. 

With the establishment of the 
Engineering Experiment station 
July 1, 1909 through the efforts 
of Dean Shaw the College was 
better able to serve the state and 
its citizens. Research work was 
organized on a more satisfactory 
basis', and bulletins were pub
lished describing the research 
projects. 

A department of agricultural 
engineering was established in 
1917 to be administered jointly 
by the divisions of agriculture 
and engineering. Its curriculum 
was planned to prepare the stu
dent to design, make, and operate 
farm machinery, to superintend 
irrigation, drainage and errosion 
control projects, and design and 
construct farm buildings. 

Continued expansion and prog
ress was halted by the great de
pression of the early 30's when 
many of the students and faculty 
were forced to leave the campus. 
The physical plant of the College 
and the laboratory equipment de
teriorated because of lack of 
maintenance. But with the re
turn of industrial activity and the 
aid of federal grants the College 
of Engineering began to progress. 

The new Engineering Labora
tories Building was constructed 
and has since received new addi
tions. New equipment and ex
perimental materials were ob
tained. As new products are 
invented and produced, the Col
lege of Engineering keeps abreast 
with or ahead of the new trends, 
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often aiding in their development. 
A well-equipped communica

tions laboratory had been in
stalled through the generosity of 
the American Telegraph Com
pany and its subsidiary, the 
Southwestern B e 11 Telephone 
Company, and as one of the re
sults the College of Engineering 
has trained and developed scores 
of top communications engineers. 
It may be significant that four 
out of the twenty major presiden
cies in the AT&T and Bell Sys
tem a r e held by engineering 
graduates of the University of 
Missouri, including the presidency 
of the parent Company. 

World War II was another se
vere set-back to the College of 
Engineering as it was to all other 
colleges, but in the post-war ex
pansion enrollment jumped to an 
all-time high of more than 1,500 
students on the Columbia campus 
and more than 2,700 in the Uni
versity's School of Mines and 
Metallurgy at Rolla. 

MARCH, 1964 

During the war, the College 
participated in the University's 
training of service personnel and 
also established and operated a 
special diesel training school for 
enlisted personnel of the U.S. 
Navy producing more than 5,000 
graduate diesel engineering spe
cialists for Navy service. In ad
dition the College participated in 
the Government's Engineering, 
Science and Management War 
Training program setting up an 
extension program under which 
it trained more than 3,600 war in
dustry workers in special pro
duction jobs. 

In September, 1951, some In
dustrial Engineering courses were 
offered as course options within 
the Mechanical Engineering De
partment. Industrial Engineering 
became a separate department in 
the College of Engineering in 1958. 
Dr. Eastman has been chairman of 
the department since its inception. 

Since the war the activities of 
the Engineering Experiment Sta-

tion have been greatly expanded 
and the College of Engineering 
has developed a greatly expand
ed extension and adult education 
program through cooperation with 
the University's Adult Education 
and Extension Service, providing 
scores of special schools, short 
courses, conferences, clinics, and 
other educational programs and 
refresher courses for practicing 
engineers and industrial workers. 

Yet, the primary obligation of 
the College of Engineering is to 
its students; to give them a thor
ough knowledge of the funda
mental principles of their profes
sion and the know-how to attack 
engineering problems. Each stu
dent as he assumes his position of 
an alumnus is an individual meas
ure of the success of the College. 

Acknowledgment: Portions of 
this article are based on "The 
University of Missouri" by W. J. 
Mente·er and "Engineering at The 
University of Missouri" by M. P. 
Weinbach . 

CIVIL ENGINEERS: 
Prepare for your future in highway 

engineering-get the facts about new 
DEEP-STRENGTH (Asphalt-Base) pavement 

Modern pavement engineering has taken a "giant step 
forward" with DEEP-STRENGTH Asphalt construction for new 

roads and streets. There is a growing need for engineers 
with a solid background in the fundamentals of Asphalt 

technology and pavement construction as new Inter
state and other superhighways in all parts of the 

country are being built with advanced design 
DEEP-STRENGTH Asphalt pavement. 

Your contribution-and reward-in our nation's 
vast road-building program can depend on your 

knowledge of modern Asphalt technology. So 
prepare for your future now. Write us today . 

THE ASPHALT INSTITUTE, College Park, Maryland 

~---------------------~ 
THE ASPHALT INSTITUTE, College Park, Md. 

Gentlemen: Please send me your free student 
libra ry on Asphalt Construction and Technology . 

NAME ___ ________ CLASS __ _ 

ADDRESS _________ _ ____ _ 

CITY _________ STATE _____ _ 

SCHOOL---------------

L---------------------~ 
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BUI.LARNEY 

E.E.-"You look very worried." 
C.E.-"I dreamed I swallowed 

a six-pound marshmallow, and 
now I can't find the bed pillow." 

• 
A group of prohibitionists look-

ing for evidence of the advantages 
of total abstinence were told of an 
old man of 102 who had never 
touched a drop of liquor. So they 
rushed to his home to get a state
ment. After propping him up in 
bed and guiding his feeble hand 
along the dotted line, they heard a 
violent disturbance coming from 
another room-furniture, dishes 
and glasses being smashed, and 
the shuffling of feet. 

"Good heavens, what's that?" 
gasped a committeeman. 

"Oh," whispered the old man as 
he sank exhaustedly into his 
pillows, "That's Pa, he's drunk 
again." 

• 
During the aircraft c a r r i e r 

Princeton's 1958 Far East cruise, 
the consumption of fresh water 
was greater than the evaporators 
could keep pace with. The execu
tive officer-, trying every means to 
curb consumption, put the follow
ing in the plan-of-the-day: 

"The U.S.S. Constitution (old 
Iron-Sides) as a combat vessel 
carried 48,600 gallons of fresh 
water for ner crew of 475 men. 
This was sufficient to last six 
months of sustained operations. 
Total evaporators i n s t a 11 e d : 
None." 
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The next day the Princeton's 
daily newsletter quoted the state
ment, adding this "historical" 
note: 

"On 23 August, 1779, the U.S.S. 
Constitution set sail from Boston. 
She left with 475 officers and men, 
48,600 gallons of fresh water, 7400 
cannon shot, 11,600 rounds of 
black powder and 79,400 gallons 
of rum. Her mission-to destroy 
and harass English shipping. 

"Making Jamaica on 6 October, 
she took 826 pounds of flour and 
68,300 gallons of rum. Then she 
headed for the Azores, arriving 
there on 12 November. She pro
visior.ed with 550 pounds of beef 
and 64,300 gallons of Portuguese 
wine. On 18 November, she set 
sail for England. 

"In the ensuing days she de
feated five British men-of-war 
and captured and scuttled twelve 
English merchantmen, salvaging 
only the rum. By 27 January, her 
powder and shot were exhausted. 

"Unarmed, she made a night 
raid up the Firth of Clyde. Her 
landing party captured a whiskey 
distillery and transferred 40,000 
gallons aboard by dawn. Then 
she returned home. 

"U.S.S. Constitution arrived in 
Boston on 20 February, 1870 with 
no cannon, no shot, no food, no 
powder, no rum, no whisky, and 
48,600 gallons of stagnant water." 

• Tomorrow-Today's greatest la-
bor saving device. 

Lady to police department: 
"Come quick. I just ran over an 
Engineering student." 

Police Department: " S o r r y , 
lady, this is Sunday. You will 
have to wait till tomorrow to col
lect the bounty." 

• 
Hard work is an accumulation 

of easy things you didn't have 
time to do when you should have. 

• "Your grandma still sliding 
down the banisters?" 

"We wound barbed wire 
around them." 

"That stop her?' 
"Nope, but it sure slows her 

up." 

• 
A modern country is one which 

bans fireworks' and produces H
bombs. 

ENGINEERS 
(BS · ME; EE, IE, PE, MATH) 

Investigate career opportunities with 
one of the nation's fastest growing 
suppliers of natural gas and ~~hom~•N 
Northern Natural Gas Company 
General Offices: Omaha, Nebr. 

INTERVIEWS: 

MARCH 23 
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\NE MAKE INDUSTRIAL ENGINEERS S~EAT 

Might as well scare off the ones who wouldn 't like it. 
Some of the unscared will in a few years be referred to as 
"they" when people say, "At Eastman Kodak , they can 
afford to do it this way-" 

The reason we can afford to do things the best way is 
that we are successful. The success can be attributed in part 
to a fear worth fearing: of failing to deliver the best possible 
performance that t he customer's hard-won dollar can buy. 

Sheer devotion on the part of the work force, though 
beautiful to see, will not of itself deliver the goods. Some
body must first come up with a sensible answer to the 
question, "Exactly what is it you want me to do, mister?" 

Thus a young industrial engineer may find himself acting 
as his own first subject in a study he has set up to find the 
physical and psychological conditions that tiest favor alert-

EASTMAN KODAK COMPANY, 

ness against film emulsion defects. If he saw the need , sold his 
boss on his a pproach , a nd has earned t h e approbation a like 
of the pretty psychologist who will be running the ex peri
ment, the industrial physicians (who study what is humanly 
possi ble, feasible, and healthful muscularly and percep
tually) , t he cold-eyed man from the comptroller 's office, t he 
Testing Division chief (who has dedicated his division to 
the descent of an asymptote), and the inspectors (who will 
find a month after switching to t he new method t hat at 
home they are shouting at t heir kids less often)-then we 
know ways to make him glad he chose to learn the profes
sion of industrial engineering at the company which t he 
leaders of the profession often cite as its ideal home. 

Naturally, industrial engineers a ren't the only technical 
people we seek. Not by a long shot. 

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



Define Your Career Objectivesl 

■ An interview with W. Scott Hill, Manager-Engineering Recruiting, General Electric Co. 

W. Scott Hill 

Q. Mr. Hill, when is the best time to 
begin making decisions on my career 
objectives? 

A. When you selected a technical 
discipline, you made one of your 
important career decisions. This de
fined the general area in which you 
will probably begin your professional 
work, whether in a job or through 
further study at the graduate level. 

Q. Can you suggest some factors that 
might influence my career choice? 

A. By the time you have reached 
your senior year in college, you know 
certain things about yourself that 
are going to be important. If you 
have a strong technical orientation 
and like problem solving, there are 
many good engineering career 
choices in all functions of industry: 
design and development; manufac
turing and technical marketing. If 
you enjoy exploring theoretical con
cepts, perhaps research-on one of 
the many levels to be found .in in
dustry-is a career choice to con
sider. And don't think any one area 

offers a great deal more opportunity 
for your talent than another. They all 
need top creative engineering skill 
and the ability to deal successfully 
with people. 

Q. After I've evaluated my own abil
ities, how do I judge realistically 
what I can do with them? 

A. I'm sure you're already getting 
all the information you can on ca
reer fields related to your discipline. 
Don't overlook your family, friends 
and acquaintances, especially re
cent graduates, as sources of informa
tion. Have you made full use of your 
faculty and placement office for 
advice? Information is available in 
the technical journals and society 
publications. Read them to see what 
firms are contributing to advance
ment in your field, and how. Review 
the files in your placement office 
for company literature. This can tell 
you a great deal about openings and 
programs, career areas and company 
organization. 

Q. Can you suggest what criteria I 
can apply in relating this information 
to my own career prospects? 

A. In appraising opportunities, apply 
criteria important to you. Is location 
important? What level of income 

would you like to attain? What is the 
scope of opportunity of the firm 
you'll select? Should you trade off 
starting salary against long-term 
potential? These are things you must 
decide for yourself. 

Q. Can companies like General Elec
tric assure me of a correct career 
choice? 

A. It costs industry a great deal of 
money to hire a young engineer and 
start him on a career path. So, very 
selfishly, we'll be doing everything 
possible to be sure at the beginning 
that the choice is right for you. But 
a bad mistake can cost you even 
more in lost time and income. Gen
eral Electric's concept of Person
alized Career Planning is to recog
nize that your decisions will be 
largely determined by your individ
ual abilities, inclinations, and am
bitions. This Company's unusual di
versity offers you great flexibility 
in deciding where you want to start, 
how you want to start and what you 
want to accomplish. You will be en
couraged to develop to the fullest 
extent of your capability-to achieve 
your career objectives, or revise 
them as your abilities are more fully 
revealed to you. Make sure you set 
your goals realistically. But be sure 
you don't set your sights too low. 

FOR MORE INFORMATION on G.E.'s concept of Personalized Career Planning, and for 
material that will help you define your opportunity at General Electric, write Mr. Hill at 
this address: General Electric Co., Section 699-10, Schenectady, N. Y. 12305. 

GENERAL fj ELECTRIC 
An Equal Opportunity Employer 





Polaris missiles are fired by Westinghouse launching systems 

Polaris subs are powered by Westinghouse-designed atomic reactors 
T wenty Polaris submarines have gone to 
sea. Eac h carri es 16 Pol ari s miss iles. They 
give t he U.S. a deterrent force that no 
enemy can hope to stri ke out of act ion. 

These subs can t ravel to any ocean in the 
world and stay hidden under water for 

months, because they are nuclear powered. 
Their atomic reactors were deve loped 

an d designed by West ing hou se, under the 
direct ion of and in technical cooperation 
with the Naval Reacto rs Branch of the 
Atomic Energy Commiss ion . 

The subs can fire their Polari s miss iles 
from far be low t he su rface. A remarkable 
deep-water missile launching system, de
ve loped and built by Westinghou se, makes 
th is possible. 

You can be sure if it's Westinghouse 

@ 
For information on a career at Westinghouse, an equal opportun ity employer, 
wri te L. H. Noggle, Westinghouse Educational Department, Pittsburg h 21, Pa, 



Is it news that a leading maker of 
spacecraft alloys had a hand in dolling 
up Mildred Kinne·s potting shed? 

It isn't really surprising that a single U.S. corporation pro
vided the metal for the outer skin of Mercury space capsules. 
It's perfectly natural to be called in on that kind of a job when 
you lead the nation in developing a line of alloys that resist 
extreme heat, wear and corrosion. 

You'd also expect that a leading producer of petrochemi
cals could develop a new base for latex paint-called "Ucar" 
latex-since paint makers are among its biggest customers. 
Now Mildred Kinne can paint right over a chalky surface with
out priming. It's dry in minutes. And her potting shed will look 
like new for many New England summers and winters. 

Union Carbide also leads in the production of polyethylene, 
and makes plastics for packaging, housewares, and floor cov
erings. It liquefies gases, including oxygen and hydrogen that 
will power rockets to the moon. In carbon products, it has been 
called on for the largest graphite shapes ever made. It is the 
largest producer of dry-cell batteries, marketed to millions 
under the trade mark "Eveready." And it is involved in more 
atomic energy activities than any other private enterprise. 

In fact, few other corporations are so deeply involved 
in so many different skills and activities that will affect the 

But it might indeed be surprising if both these skills 
were possessed by the same company. Unless that 
company were Union Carbide. 

UNION 
CARBIDE 

technical and production capabilities of our next 
century. 
It's already making things a great deal easier for 
Mildred Kinne. 

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



At the 1963 stockholders' meeting, Arjay R. Miller, President or 
Ford Motor Company, emphasized the Company's far-sighted recruit

ment program and its accent on developing management talent: DEVELOPMENT OF 
MANAGEMENT 

"Obviously, our long-run future will be determined by the develop
ment of our management. Here, every one of us-at all levels of 

supervision-recognizes this as his most important function. Since 1946, 
the Company has recruited widely varied talent-talent that can be 

blended to give us the required combination of tight administration and 
creative scope. 

"Under a carefully conceived management development program, we try to 
recruit the best personnel available, both in training and experience. Once we 

get them, we have a program for giving them varied opportunities and increasing 
responsibility. This program is in force in all parts of the Company-in manufactur

ing, finance, styling, engineering and marketing. 

IS OUR MOST 
IMPORTANT 
FUNCTION 

"The program is paying off. We have developed a real depth of management talent 
in the Company, and we are dedicated to seeing it continued and reinforced. Because 

of this, I feel not only very fortunate in being associated with this management 
group, but also very confident of its long-run success. We know our goals and how to 

achieve them." 

MOTOR COMPANY 
The American Road, Dearborn, Michigan 
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From the Editor's Desk: 

The National Science Foundation predicts that by 1970 the number of engineers needed 
will be double the total number of engineers in the United States today. 

What is the significance of this prediction to students enrolling as freshmen in col
lege? It points out the fact that engineering, which traditionally has been an occupational 
field with wide-open opportunities, will not only maintain its past record, but will improve 
greatly on it. The rewards, both materially and personally, will be substantial. 

A survey by the Association of Engineering Colleges of Pennsylvania of the graduates 
of a typical engineering college illustrates the career attainments of some engineering 
graduates. This surveY._-feund that about half of each 1000 group of graduates were en
gaged in the following capacities: 2 as chairmen of corporations; 23 as presidents of 
companies; 31 as vice presidents; 37 own their own companies; 42 are general managers; 
48 are assistant general managers; 75 are chief engineers; 38 are division heads; 22 are 
sales managers; 14 are research laboratory directors; 150 hold research positions. The other 
half, or younger engineers, eventually are expected to fill similar positions proportionately. 

There is every reason to expect that starting salaries will continue to rise as much, if 
not more, than general income levels rise. Certainly engineers can expect handsome financial 
rewards in the years to come. 

Of course, salary should not be the prime reason for anyone choosing a career in en
gineering, or in any other field, for that matter. Instead, the individual should consider the 
kind of work he will be doing and whether or not he will be happy doing it. While this 
might imply that only those who have deep interest in things mechanical, for example, 
would consider engineering, it should be pointed out that many jobs considered to be non
engineeririg in actual practice virtually demand an engineering background. Sales, production 
supervisor, management, and many other jobs have become exceedingly technical in nature 
and an engineering education is a real asset in almost any field. 

The individual who would enjoy a career in education and who has the ability and 
interest in engineering will find an extremely bright future in engineering education. The 

• demand for engineers will create more and more opportunities in the teaching of engineer
ing. Based on 1962 data the average full engineering professor earns a salary of $16,042 
which includes income from nonteaching activities such as consulting and writing. Also, after 
twelve years experience, both the teacher and the engineer in industry receive a median 
salary of about $11,200. 

There is some indication that high school students fear that engineering is very de
manding and that "too much" mathematics and science are necessary. No one will say that 
engineering is easy, but for those with any interest in the field the potential rewards in 
an engineering career certainly make it one of the most promising if not the very best 
career choices a high school student could make. 

R.S.F. 

FRONTISPIECE 

APRIL, 1964 

The twin booster engines of a space model Atlas are fired in 
unison on one of the two test stands for large rocket engines at 
Neosho, Missouri. Together, these boosters create about 
330,000 lbs. of t~-' -The large tank on the outside of the 
10-story tall structure contains added liquid oxygen for long 
duration runs. (Photo courtesy of ROCKETDYNE Division 
of North American Aviation, Inc.) 
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The Aniazing Properties of MHH 
The time required for one gram of material to dissolve in a few 
milliliters of solvent has been known to approach zero for certain 
powders. Recently a negative solution time was noted in a compound. 

In recent years the newly-de
veloped theories of resonance and 
mesomerism have afforded much 
insight into the basic mechanism 
of organic reactions. Various prop
erties of organic molecules, both 
physical and chemical, have been 
correlated to the very structure 
of the molecules themselves. A 
property that merits particular at
tention is that of solubility. The 
theories of solubilities of organic 
compounds in various solvents 
were shaken to their roots by the 
discovery of the recent endo
chronic ( endo-before; chrono
time) nature of MarvoHastenHy
droxyl (MHH) . 

It has lo:ag· -been accepted fact 
the solubility of organic com
pounds in polar solvents such as 
water is enhanced by the presence 
of hydrophylic~i.e., water-loving 
-groups, such as the hydroxy 
(-OH), amino (-NH2), or sul
fonic acid (-S03H) groups-on 
the nucleus of the hydrocarbon. 
Given that the physical character
istics of two compounds~particu
larly the degree of subdivision of 
the material-are equal, then the 
time of solution (seconds per 
gram material/milliliter solvent) 
decreases with the number of hy
drophilic groups present. Cate
chol, for example, with two hy
droxy groups on the benzene ring 
dissolves much more quickly than 
does phenol with only one hy
droxy group on the ring. Jones 
and Hawkins in their study of 
the problem have concluded that 
with increasing hydrophilism, the 
time of solution approaches zero. 
The apparent fallacy of this con
clusion was shown when the dis-
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covery was made that MHH will 
dissolve in water-in the propor
tions of 1 gm./ ml.-in minus 1.12 
seconds ... that is, it will dissolve 
before water is added. 

Having ascertained that the so
lution time of MarvoHastenHy
droxyl was indeed negative, the 
first attempt to measure the "neg
ativity" met with considerable dif
ficulty. The endochronic nature of 
MHH-that is, the fact that the 
chemical dissolved before the ad
dition of water-made the attempt 
natural to withdraw the water af
ter solution and before addition. 
Fortunately for the Law of Con
servation of Mass-Energy, this 
never succeeded since the com
pound never dissolved unless the 
water was eventually added. The 
question immediately comes to 
mind as to how the MHH can 
"know" in advance whether the 

· water will ultimately be added or 
not. Although not within the scope 
of the physical chemists, much re
cent material within the past few 
months has been published re
garding the philosophical and 
psychological problems involved. 

Nevertheless, the aforemen
tioned chemical difficulties lie in 
the fact that the solution time 
varies enormously with the state 
of mind of the experimenter. A 
period of even slight hesitation in 
solvent addition reduces the endo
chronic . property, not infrequent
ly causing the negative time . of 
solution to escape detection en
tirely. To avoid this source of 
error, a mechanical device---the 
endochrometer-has been con
structed to provide a means to ac
curately measure the negative so-

lution time. 
The device consists of a cell two 

cubic centimeters in size into 
which a specified weight of MHH 
compound is placed, making cer
tain that a small hollow extension 
beneath the cell-1 millimeter in 
internal diameter-is filled. An 
automatic, electrically triggered 
micro-pipette containing the sol
vent is located above the cell. Five 
seconds after the circuit is closed, 
this measured solvent is released 
to fall into the cell containing the 
MHH compound. During this time 
a photoelectric device has been 

DISSOLVED IMPURITIES 

PURE MHH SOLUTION 

In this apparatus, the MHH dissolves 
in the water still above it, and falls into 
the left receptacle. The dissolved im
purities then fall into the right recep
tacle. 

THE MISSOURI SHAMROCK 



focused on the small cell exten
sion and does not function due to 
the opaque qualities of the com
pound. When, however, the MHH 
"prematurely dissolves," the light 
bean penetrates the glass exten
sion containing the recently 
formed solution and triggers an
other timing device. 

Since both the instant of solvent 
addition and the instant of solu
tion ( as recorded by the photo
cell) can be determined with an 
accuracy of better than 0.01 per 
cent, if the second reading is sub
tracted from the first, the time of 
solution (T) can be determined. 

A thermostat enclosing the en
tire apparatus insures a tempera
ture constart at 25.00 C. 

Early experimenters had no 
method of synthesizing the sub
stance in the laboratory and MHH 
could be obtained only through 
tedious isolation from its natural 
source, the inner bark of the 
shrub Rosacea Karlsbadensris rufo . 

Painstaking purifications of the 
natural material were made 
through repeated recrystalliza
tions and final sublimations. 

As would seem plausible, an in
crease in the amount of solvent 
resulted in a decrease in the time 
of solution. This increase in en
dochronic properties, however, 
levels off rapidly after a volume 
of solvent of approximately 1.25 
ml. is reached. This interesting 
plateau effect has appeared for all 
varieties of solvents w h o s e 
volume was varied in the labora
tories, just as in all cases a de
creasing negative time of solution 
was observed for decreasing vol
ume of solvent. 

Further experimentation on the 
strange properties of MHH be
came immediately feasible when 
the prime factor which served to 
retard MHH research-inability 
to obtain pure substance-had 
been solved. The technique of 
endochronic filtration has been 
developed to simplify repeated 
recrystallizations and resublima
tions. 

As mentioned before, an extrac-
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tion of the inner bark of the 
shrub, Rosacea Karlsbadensris rufo 
with distilled water at 5°C, fol
lowed by lyophilization (i.e., 
freeze-drying) of the extract, re
sults in a faintly yellow powder 
one milligram of which will dis
solve in one milliliter of water in 
-0.72 seconds. (An important 
fact to be noted is that the extrac
tion should not be extended for 

too long a time as the gradual ex
traction of the less soluble, non 
endochronic components of the 
bark will rapidly destroy all 
traces of endochronicity in the 
final powder.) 

Once an impure powder with 
significant endochronicity is ob
tained, only one more step need 
be taken to obtain extreme purity. 

(Continued on page 12) 

AVERAGE " T" 
PURIFICATION STAGE " T" EXTREMES % ERROR 

(12 OBSERVATIONS! 

AS ISOLATED -075 -0.25; - 1.01 34. l 

FIRST RECRYSTALLIZATION -09'.:, -0.84; - 1.09 9.8 

SECOND RECRYSTALLIZATION - 1.05 -0.99; - 1. 10 4.0 

THIRD RECRYSTALLIZATION - 1.11 - 1.08; - 1.13 1.8 

FOURTH RECRYSTALLIZATION - 1.12 - 110; - 1.13 1.7 

FIRST RESUBLIMATION - 1.12 - 1.11 ; - 1.1 3 0.9 

SECOND RES\,JBLIMATION - 1.122 - 1. l 2; - 1 . 13 0.7 

Solution times of marvohastenhydroxyl at various stages of purification are 
shown here. For truly quantitative significance, a highly purified substance must 
be used. 

1.25 

1.00 

0.75 

0 

a.so 

0 

0 .25 

05 0 

TIME OF SOLVENT tSEC. I 

I I~ PLATEAU VOLUME -· 1.25 

1.00 

I 
I 
I 
I 
I 

ISO 2.00 

VOLUME OF SOLVENT IML.l 

Experiments have shown that increasing the volume of solvent enables the 
MHH to dissolve more quickly. However, above 1.25 ml., this property does not 
hold true. 
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Agricultural Engineering 
A Profession With Challenging Opportunities 

By way of definition, we can 
say that agricultural engineering 
is the art and science we've come 
to accept as engineering, applied 
specifically t<> the solution of agri
cultural problems. This field of 
engineering is involved with (1) 
optimizing growth environment; 
(2) operations for harvesting and 
1,toring plant and animal products; 
(3) optimizing systems. For effec
tive accomplishment, the agricul
tural engineer has need to under
stand the biological requirements 
and limitations of the basic ma
terials-soils, plants, and animals. 
Thus it is that the agricultural en
gineer must lay some foundation 
stones of biology in his training. 
The basic sciences of mathematics, 
physics, chemistry and biology 
are important. In like manner, 
basic engineering sciences are 
necessary. Agricultural engineer
ing is then unique, in that it is 
the application of engineering 
principles to the solution of prob
lems involving biological systems 
and materials. 

What is the nature of this agri
cultural industry which is served 
by the agricultural engineer? 
Agriculture is the world's largest 
and most important industry. It is 
much more than just farming. It 
includes the processing and dis
tribution of farm products to the 
consumer. Today in America, less 
than 10% of our working popula
tion produces our total food and 
fiber needs. The number of farm
ers is becoming smaller, yet our 
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total population is growing rapid
ly. Striking technological ad
vances make this possible and 
agricultural engineers contribute 
to these advances. This vast in
dustry needs engineers who un
derstand its problems-engineers 
uniquely trained both in physical 
and in ~ biological sciences-agri
cultural engineers. This need for 
agricultural engineers is great and 
will continue to grow. 

There are many fields of service 
and many kinds of jobs open to 
agricultural engineers. They are 
employed by commercial and in
dustrial organizations. They enter " 
foreign service in developing 
countries. They find attractive 
positions in government service 
and in educational work. They 
enter private business as consult
ants. The graduate agricultural 
engineer might be employed by a 
farm implement manufacturer to 
design and develop farm ma
chinery. He might be employed 
by a farm buildings manufacturer 
to design and develop farm build
ings. He might be employed by 
manufacturers of farmstead me
chanization equipment and of 
crop processing equipment to de
sign and develop such equipment 
or to develop systems of produc
tion involving such equipment. He 
might be employed ( often by the 
U. S. Government) to plan and 
design structures for the manage
ment of soil and water so as to 
prevent erosion or to provide 
drainage or to supply irrigation. 

HAROLD V. WALTON 

Not all engineers do design and 
development work, however, for 
some become research workers in 
a laboratory. Some become field 
or test engineers who work most
ly out-of-doors. Some become 
sales engineers and others become 
teachers. The engineer is truly 
trained for a variety of opportuni
ties, and agricultural engineers 
are especially suited to a wide 
variety of challenging and inter
esting work. 

Agricultural engineering is a 
relatively recent branch of engi
neering; however, such subjects as 
farm mechanics, rural engineer
ing, and agricultural physics ap
peared on the scene in the late 
1800's and early 1900's. Such 
courses were often taught in 
agronomy departments or civil en-

(Continued on page 14) 
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Industrial Engineering 

According to the American In- _ 
stitute of Industrial Engineers, 
"Industrial Engineering is con
cerned with the design, improve
ment, and installation of inte
grated systems of men, materials 
and equipment: drawing upon 
specialized knowledge and skill in 
the mathematical, physical and 
social sciences together with the 
principles and methods of engi
neering analysis and design, to 
specify, predict, and evaluate the 
results to be obtained · from such 
systems." 

In the last twenty years, the 
field has changed a within the 
framework of this definition. At 
this same time, the number of 
industrial engineering graduates 
has risen almost four hundred per 
cent in the United States. 

In common with other fields of 
engineering, Industrial Engineer
ing is constantly changing with 
engineering and scientific devel
opments and with the changing 
role of the engineer in our modern 
society. Some functions formerly 
performed by engineers are now 
relegated to technicians or to non
engineers. New functions have 
been added to cope with com
plexity of modern industry. 

The brand new field of human 
engineering has attracted many 
Industrial engineers. In human 
engineering, the system or sub
system is designed or modified to 
optimize the man-machine system; 
formerly, it was usual practice to 
optimize the machine only and 
to expect the man to conform to 
the machine no matter how diffi-
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cult this conformity was. An ex
ample is the design of visual in
struments to improve the speed 
of reading and the accuracy of 
comprehension. This has greatly 
improwed the airplane pilot's 
ability to read his instruments and 
to make quickly and accurately 
the decisions and actions required 
by his high speed aircraft. 

Computers have wrought a 
major revolution in Industrial 
Engineering as they have in many 
other fields. The computer is the 
tool the Industrial Engineer can 
use to gather masses of data 
quickly, digest and analyze this 
data quickly, and to furnish re
sults which can be used immed
iately for operating decisions. The 
time lag between event and action 
resulting action has been mater
ially reduced. 

The computer has opened new 
opportunities for the Industrial 
Engineer. Involved as he is with 
overall systems, he often has 
drawn the assignment of design
ing and operating an operations 
system based on the computer. 

One major development is the 
systems concept which is replac
ing the project concept. Under 
the systems concept, the Indus
trial Engineer examines the total 
operating system as a unified 
whole. Hy sets the goals of the 
system in terms of operating re
sults. He determines the operating 
parameters and limitations of the 
system. Using his engineering 
skills, he designs the operating 
system to meet the goals within 
the restrictions of the operating 

factors and limitations. This is a 
distinct change from the project 
approach in which the engineer 
examined only one sub-section of 
the entire system. He maximized 
the operations of the this sub-sys
tem often at the expense of the 
overall effectiveness of the entire 
system or some other project or 
function; often the. total result was 
a reduction of overall effective
ness. 

About one-half of all engineers 
in the United States are in super
visory or management positions. 
Some studies have shown that 
ninety per cent of all industrial 
engineering graduates will be in a 
supervisory position by his age 
forty. The increasing complexity 
of modern industry requires a 
higher degree of education and 
skill than formerly. Automation 
has brought vast opportunities for 
producing more goods at lower 
cost; it also requires a much 
higher degree of knowledge and 
skill to keep good quality produc
tion moving at a high pace. 

Every year, the Industrial En
gineer uses more advanced engi
neering and scientific methods and 
concepts to replace the outmoded 
empirical methods of an earlier 
generation. Probability and sta
tistics are used more and more to 
control quality and to design op
erating systems. New statistical 
methods are constantly being de
veloped to take care of industrial 
situations in which the system 
factors behave according t o 
chance rather than constant dis-

( Continued on page 14) 
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MHH 
(Continued from page 9) 

The endochronic filter is basically 
a device for rapid filtration by 
suction. 

In the illustration, stopcocks 1 
and 2 are automatically controlled 
by an electric circuit (not shown). 
Initially, stopcock 1 is closed and 
100 milliliters of distilled water 
are in vessel A. On the sintered 
glass filter of vessel B, not more 
than one gram of impure MHH 
powdered extract is placed. Stop
cock 2 (a two way model) is con
necting B and C. When the elec
tric circuit is closed the vaccum 
pump is activated. After a time 
lag of five seconds, a timer acti
vates a relay which opens stop
cock 1 and simultaneously turns 
stopcock 2 into its other position 
connecting vessels B and D. 

The results are easy to follow
at 0.72 seconas before stopcock 1 
was opened, the MHH molecules 
in the impure extract had dis
solved in the water that was about 
to fall upon it while the non
MHH molecules remained, of 
course, impervious to water 
whose existence for them was as 
yet only potential. The vacuum 
subsequently sucked the dissolved 
MHH molecules and their solvent 
through the glass filter and into 
vessel C. When stopcock 1 was 
opened, stopcock 2 was turned so 
as to allow any impurities that 
dissolved in the water which now 
actually fell upon the extract to 
be sucked into vessel D. 

After lyophilizing the solution 
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in vessel C, the white powder thus 
obtained was found to dissolve in 
one milliliter of water in -1.124 
seconds-a value somewhat more 
negative than that attained by the 
use of the most highly purified 
samples of MHH, as otherwise 
prepared. 

The scientific explanation for 
endochronicity escaped research
ers for a period of several weeks 
of concentrated investigation. 
Very recently the first assumption 
leading to an explanation was 
made. The property was found to 
lie in the structure of the versa
tile carbon atom. 

In the last century, it was 
pointed out that the four valence 
bonds were not distributed toward 
the corners of a square, but rather 
toward the four vertices of a tet
rahedron. Now once more the 
scope has been broadened. The 
idea of the "tetrahedral carbon 
atom" has been replaced by the 
"endochronic carbon atom," in 
which two planes of the atom are 
not three-dimensional in the or
dinary sense. One instead, is tem
poral-that is, it extends in time. 
In the temporal plane, one bond 
extends toward tomorrow a n d 
one towards yesterday. As far as 
is known, the only occurrence of 
such an unstable carbon atom 
is in the molecule of MarvoHast
enHydroxyl. As a result of the 
existence of the endrochronic 
atom, a small portion of the MHH 
molecule exists in the past and 
another small portion in the fu
ture. 

-0.75 -0.50 

ENDOCHRONIC INTERVAL 

The maximum of the male endochronic interval curve occurs at 0.62, and that 
of the female at 0.81, proving that females make up their minds more readily than 
males. 
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It is the small portion of the 
endrochronic atom which exists 
in the future which is dissolved by 
water which exists in the future 
(i.e., has not yet been added to 

the MHH molecules). The remain-
ing part of the molecule is 
"dragged" into solution in the 
process and thus "dissolves" in 
water which to all appearances is 
not there. The duality of many 
chemical reactions has led some 
scientists to believe that a MHH 
solution which is rapidly evapo
rated at a low enough temperature 
so as not to damage the molecule 
should exhibit exochronic (after
time) properties. It seems obvious 
that the MHH molecule should 
precipitate out of solution 1.12 sec
onds after all the water has disap
peared. Conclusive evidence has 
not been shown, however, for the 
validity of the above conjecture 
to be assumed. 

A vastly unexplored field has 
been opened by the discovery of 
the endochronic properties of 
MarvoHastenHydroxyl. The read
er has probably noted that the 
endochronic filter and the endo
chrometer were designed to op
erate with a minimum of human 
interference. This necessity is ob
vious. Problems running counter 
to the second law of thermody
namics have been brought up 
previously-for example, the pos
sibility of withdrawing water af
ter the MHH compound has been 
dissolved yet before the water had 
actually been added, thus "fool
ing" the compound into dissolving 
in the water which never arrives. 
Needless to say, only the experi
menters are fooled. 

With ample supplies of Mar
voHastenHydroxyl av a i 1 ab 1 e 
through endochronic filtration; 
however, it became possible to 
measure the effect of the human 
will on the negative solution time 
of MHH. Also, the converse meas
urement-that of determining the 
strength of the human will by 
means of MHH-became feasible. 

(Continued on page 24) 
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Chemical Engineering 

We have all read about how 
rapidly things are changing. Tech
nical obsolescence is one 0£ indus
try's most serious problems. Edu
cation in this world 0£ change 
requires a flexible, up-to-date 
curriculum such as chemical en
gineers take. They are trained to 
live with change. Applying funda
mental principles to new situa
tions, making new molecules for 
new applications-these have al
ways been part 0£ their life. How 
else could they produce over 2,000 
chemical products from petroleum 
and natural gas alone .... 

Chemical engineering has long 
been identified with producing 
"chemicals by the carload" using 
common raw materials such as 
coal, air, water and petroleum. 
In recent years there have been 
many new products-synthetic 
fibers and rubbers, polyethylene, 
uranium, urethane foam, rocket 
fuels. 

However, chemical engineers 
are also in demand for research 
and development as well as for 
production, and many go into in
dustries far-removed from the 
production of chemicals. Many 
also elect to go into sales and man
agement positions. All this makes 
for a wide choice of jobs open to 
the well-trained chemical engi
neer. 

Look over the curriculum that 
a chemical engineer studies and 
you will see some 0£ the reasons 
for his versatility. 

He studies mathematics, physics 
and chemistry more thoroughly 
then most other engineers. He 
learns about mechanics and ma-
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PROF. GERHARD BEYER 

Chairman, Chemical Engineering Department 

DEPARTMENT OF CHEMICAL 
ENGINEERING 

UNIVERSITY OF MISSOURI 
COLUMBIA, MISSOURI 

Curriculum 

Freshman Year 
FIRST SEMESTER CR. 

Math. SO-Anal. Geom. & Cale. I _______ 5 
Chem. 11-General Chemistry ___________ 5 
Eng. 1-Composition __________ ____ 3 
M. E.-Engr. Drawing _____ 3 
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SECOND SEMESTER 

Math. 175-Anal. Geom. & Cale. II ____ __ 5 
Chem. 12-General Chemistry ___ 3 
Engl. 2-Composition _____ _ 3 
Engr. 3-Frontiers of Engr. _ __ l 

Humanistic-Social ____ 6 

Ts 

Sophomore Year 
FIRST SEMESTER CR. 

Math. 201-Anal. Geom. & Cale. III ___ 5 
Phys. 23-General Physics ____ 5 
Chem. 27-Qualitative Analysis _________ __ _ 2 

Ch. E. 225-Chem. Process Calcns. I .. 3 
Speech. 175-Public Speaking __________ __ 3 

Ts 
SECOND SEMESTER 

Math. 301 Differential Equations _____ __ 3 
Phys. 24-General Physics ______ ____________ __ __ 5 

Ch. E. 170-Chem. Process Meas. _____ __ _ 3 
Ch. E. 226--Chem. Process Calcns. II __ 3 
Econ. 41-Industrial Economics ____ ___ 3 

17 

Junior Year 
FIRST SEMESTER CR. 

Chem. 231-Physical Chemistry _______ _____ 3 
Ch. E. 261-Chem. Engr. Thermo. I ___ 3 
Ch. E. 234 Prin. of Ch. E. I. ___ 3 
Ch. E. 204-Chem. Engr. Materials ______ 2 
M. E. 90-Anal. Mechanics _ __ 4 

Humanistic-Social ____ 3 

Ts 
SECOND SEMESTER 

Chem. 233-Physical Chemistry ____________ 3 
Ch. E. 262-Chem. Engr. Termo. II ___ 3 
Ch. E. 235-Prin. of Ch. E. II ___ 3 
Ch. E. 243-Chem. Engr. Lab. I ____________ 2 
C. E. 101-Mech. of Materials ____ __ ______ 3 
C-" E . ....;.:..Mech. of Materials Lab. __________ __ l 

Humanistic-Social __ _________________ 3 

Ts 

Senior Year 
FIRST SEMESTER CR. 

Chem. 210-Organic Chemistry ___ _________ 3 
Ch. E. 385-Chem. Engr. Design I ________ 3 
Ch. E. 244-Chem. Engr. Lab. II ___________ 2 
E. E. 119-Fund. Elec. Cir. Lee. __________ 2 
E. E. 120-Fund. Elec. Cir. Lab. ________ ____ l 

Technical Elective ___ _ 
Humanistic-Social ___________________ 3 

17 
SECOND SEMESTER 

Chem. 212-Organic Chemistry __________ 3 
Ch. E. 386--Chem. Engr. Design II ____ ____ 3 
K E. 121-Fund. Elec. Mach. Lee. ____ ____ 2 
E. E. 122-Fund. Elec. Mach. Lab. ________ l 

Technical Elective ____ 3 
Free Elective _____ 4 

16 
terials, about economics and elec
tricity. And also, he learns to 
write and speak effectively-to be 
able to communicate his ideas to 
others. 

The University 0£ Missouri in 
Columbia has a staff of seven pro
fessors in Chemical Engineering. 
Each has received his Ph.D. de
gree from a different school. Al
though a total of more than 150 
students are currently enrolled, 
chemical engineering classes re
main relatively small allowing for 
individual attention. Each student 
is assigned an adviser who helps 
him plan his courses in logical 
sequence. And each student 
chooses 25 hours 0£ electives, some 
humanistic-social (such as history 
and psychology) and other tech
nical (such as chemical reaction 
kinetics and thermodynamics) . 

It is significant that a higher 
percentage of chemical engineers 
take graduate work, than any 
other branch of engineering. They 
have always realized the need for 
preparing for technical compe
tence in a rapidly-ehaaging world. 
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AGRICULTURAL ENGINEERING 
(Continued from page 10) 

gineering departments. It wasn't 
until 1907 that a group of engi
neers (largely civil engineers and 
mechanical engineers) organized 
the American Society of Agricul
tural Engineers. From this organi
zational beginning, there devel
oped departments of agricultural 
engineering in many land-grant 
universities. Such departments of
ten splintered off from agronomy 
departments in colleges of agri
culture. This came about here at 
the University of Missouri in 1916 
and a degree curriculum was ap
proved in 1917. Today there are 
4 7 colleges and universities in the 
United States and Canada offering 
professional curricula in agricul
tural engineering. 

Today the Agricultural Engi
neering Department is one of six 
departments offering a curriculum 
in Engineering, through the Col
lege of Engineering, on the Uni
versity of Missouri campus at Co
lumbia. This curriculum and 
others on this campus are all ac
credited by<~CPD, the Engineers' 
Council for Professional Develop
ment. Students following the agri
cultural engineering curriculum 
receive a BS degree in Agricul
tural Engineering. In the event 
that students wish to continue 
their training beyond the BS de
gree, the Agricultural Engineer
ing Department does offer the 
MS and Ph.D. degrees. 

An invitation. Many people who 
read this article may be learning 
about agricultural engineering for 
the first time. If you are one of 
these people and would like to 
know more about this field of en
gineering, you are invited to cor
respond with the autor or to visit 
the department. We would be 
very pleased to show you our 
laboratories and to tell you of 
our research activities and to visit 
with you about the opportunities 
for studying engineering through 
the Agricultural Engineering De
partment here at the University 
of Missouri. 
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Engineers Awards and Elections 
ENGINEERS WEEK: 

SLIDERULE CONTEST WINNERS (upperclassmen) 
Edward Gladbach, Graduate 
Tom Picraux, E.E. 
Bob Anderson, M.E. 
Bob Lutman, Ch.E. 

SLIDERULE CONTEST WINNERS (underclassmen) 
Kim Bethards, Math 
Aubrey Ogden, E.E. 
Billy Salsman, E.E. 

ECONOMY RUN WINNERS 
Class A ( over 2500 lbs. st'd transmission) 

1. Gene Swartz-62.66 ton miles per gallon 
2. Frank W. Burcham-62.11 

Class B ( over 2500 lbs. auto. transmission) 
1. Randall W. Stone-59.19 
2. Miss Diana Trampe-27.14 

Class C (less than 2500 lbs.) 
1. Cecil Anderson-63.32 (winner) 
2. Edward Phillips-51.39 

CONVOCATION AWARDS 
Outstanding Freshman Engineer-Robert Ray Cole, Jr. 
Chi Epsilon Sophomore Award-Donald W. Garrison 
Pi Tau Sigma Sophomore Award-Jack Ray Carey 
Eta Kappa Nu Sophomore Award-Ernest Lenard Hall 
A.I.Ch.E. Sophomore Award-Robert N. Lutman 
A.I.LE. Junior Award-Samuel D. Davis 
Tau Beta Pi Senior Award-Robert M. Sandfort 

ELECTION OF OFFICERS-April 6 
President of Engineers Club-Wally Palmer 
St. Pat's Board Chairman-Don Flora 
Editor of SHAMROCK-Steve Vincent 
Vice-President of Engineers Club-Henry Sims 
Secretary of Engineers Club-Steve Rolwing 
Treasurer of Engineers Club-Bill Shanks 
Secretary of St. Pat's Board-Mike Williamson 
Business Manager of Engineers Club-Charley Dressel 

INDUSTRIAL ENGINEERING 
(Continued from page 15) 

tributions. Statistics can also be 
used to evaluate the risks involved 
in each alternative solution to an 
Industrial Engineering problem. 
Many Industrial Engineers work 
in reliability engineering in which 
the engineer analyzes and designs 
engineering systems to minimize 
operating failures. 

Operations research came into 
being during World War II when 
scientists and engineers combined 

their talents to solve military 
problems requiring a highly tech
nical and sophisticated analysis. 
Many of the methods and tech
niques developed in operations 
research have useful applications 
to Industrial Engineering prob
lems. The Industrial Engineering 
practitioner must now be able to 
use waiting-line theory, linear and 
non-linear programming, game 
theory and several other opera
tions research techniques in his 
Industrial Engineering work. 
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Tom Huck sought scientific excitement 

He's finding it at Western Electric 
uhio University conferred a B.S.E.E. degree on C. T. 
Huck in 1956. Tom knew of Western Electric's history 
of manufacturing development. He realized, too, that 
our personnel development program was expanding 
to meet tomorrow's demands. 

After graduation; Tom immediately began to work 
on the development of electronic switching systems. 
Then, in 1958, Tom went to the Bell Telephone Lab
oratories on a temporary assignment to help in the 
advancement of our national military capabilities. At 
their Whippany, New Jersey, labs, Tom worked with 
the Western Electric development team on computer 
circuitry for the Nike Zeus guidance system. Tom then 
moved on to a new assignment at WE's Columbus, 
Ohio, Works. There, Tom is working on the develop
ment of testing circuitry for the memory phase of elec
tronic switching systems. 

This constant challenge of the totally new, com
bined with advanced training and education opportu
nities, makes a Western Electric career enjoyable, 
stimulating and fruitful. Thousands of young men 
will realize this in the next few years. How about you? 

If responsibility and the challenge of the future ap
peal to you, and you have the qualifications we seek, 
talk with us. Opportunities for fast-moving careers 
exist now for electrical, mechanical and industrial 
engineers, and also for physical science, liberal arts 
and business majors. For more detailed information, 
get your copy of the Western Electric Career Oppor
tunities booklet from your Placement Officer. Or write 

• Western Electric Company, Room 6405, 222 Broad
way, New York 38, N. Y. And be sure to arrange for 
a personal interview when the Bell System recruiting 
team visits your campus. 

WeBt~,11 Electric MANUFACTURING ANO suPPL~ UNIT oF TH£ Bl=LL sYsT£M IJ' 
AN EQUAL OPPORTUNITY EMPLOYER 'e' 
Principal manufacturing locations in 13 cities • Operating centers in many of these same cities plus 36 others throughout the U. S. • Engineering Research 
Center, Princeton, New Jersey • Teletype Corporation, Skokie, Illinois, Little Rock, Arkansas • General headquarters. 195 Broadway, New York 7, New York 



The Electrical Engineering Student 
at Missouri 

The rapidly increasing number 
of both older and newly developed 
applications of electricity insure 
that the electrical engineering 
graduate will continue to do work 
which is both financially reward
ing and interesting. As most of 
the work requires professional 
knowledge and is non-routine in 
nature, a . thorough and rigorous 
academic preparation is required. 

The electrical engineer cannot 
actually see or handle electricity, 
the physical quantity with which 
he works. He therefore must use 
derived physical concepts and 
mathematical methods to obtain 
many of the desired results. The 
electrical engineering student for 
example will use complex num
bers and trigonometry quite a lot 
in his undergraduate studies. The 
sqq.are root.of a negative quantity 
may be an "imaginary" number 
to the mathematician. To the elec
trical engineer who can actually 
measure complex currents a n d 
voltages in electric circuits, the 
square root of a negative quantity 
is a very real thing. 

The undergraduate electrical 
engineering program at the Uni
versity of Missouri is a four year 
sequence. The first two years are 
spent largely in the study of basic 
sciences such as Physics, Chem
istry, and Mathematics along with 
other courses such as Engineering 
Drawing, and English. English is 
one of the most important courses 
and also one of the courses least 
liked by engineering students. 
However, engineering graduates 
of a few years out are almost 
unanimous in saying that they 
should have taken more English 
composition in College. 

The first two years of under-
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graduate engineering work are al
most the same for all branches of 
engineering. This common core of 
education enables the electrical 
engineer to work closely with 
other kinds of engineers and with 
physicists and other natural scien
tists. A mutual vocabulary is 
built up in the student's mind 
so that he can ask sensible ques
tions and understand the technical 
answers of fellow workers in other 
fields. 

The electrical engineering stu
dent is first introduced to his 
technical field by a two semester 
sequence of elementary E.E. 
courses in his sophomore year. 
This work is greatly expanded in 
the Junior and Senior years by 
courses in more advanced circuit 
theory, electromagnetic f i e 1 d s , 
electronic devices, electronic cir
cuits, control systems, electrome-

PROFESSOR JOHN F. LAMB 

chanical devices, and others. Addi
tional work in modern physics, 
thermodynamics, engineering me
chanics, and statics, is provided. 
Most of the courses in the last 
two years are taken in the new 
80,000 square foot Electrical En
gineering building which houses 
all activities of the Electrical En
gineering department teaching 
staff. 

Senior students can elect up to 
12 credit hours of technical elec
tive courses. This enables the E.E. 
student to take courses in the 
technical fields of his greatest in
terest. The undergraduate electri
cal ,engineering program at the 
University of Missouri is intended 
to give the student a basic educa
tion so he can start work in any 
of the areas of electrical engineer
ing whether in electronics or in 
electric power applications. 

The digital computer room in the E.E. Building. 
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The explosion of technical and 
scientific knowledge since World 
War II has caused many changes 
in our E.E. curriculum. The mod
ern engineer has to be willing to 
learn new ideas and techniques. 
This is a difficult process but 
makes life more interesting. 

For example, the Engineering 
College at Columbia obtained a 
new IBM 1620 digital computer 
for its exclusive use. This com
puter was installed in the Electri
cal Engineering building in Oc
tober 1963. By December, some of 
my Junior and Senior E.E. stu
dents were already using this com
puter to perform computations in 
connection with their laboratory 
test work. At present, an elective 
course in Computer Programming 
is being given not only to Juniors 
and Seniors, but also to some 
Freshmen and Sophomores in the 
Engineering College. 

During the Fall of 1963, the 
Electrical Engineering Depart.., 
ment also installed an Analog 
Computer Laboratory. This is orie . 
of the best University owned Ana
log Computer Laboratories in the 
middle west and includes five 
Model TR-10 Pace analog com
puters and two Model TR-48 com
puters, with associated equipment 
such as X-Y plotters. 

This Analog Computer labora
tory is now regularly used for 
instruction in several Junior and 
S e n i o r electrical engineering 
courses. Graduate students and 
others can use the equipment for 
course work and research pro
jects. The analog computer re
quires the use of concepts from 
calculus and electronics and so 
has not been used by Freshmen or 
Sophomore students. 

The Electrical Engineering de
partment also has an A-C Net
work Analyzer which cost over 
$200,000 and is used by many 
power companies both those from 
Missouri and outside the state. 
Power systems can be set up in 
miniature on this analyzer. 
Studies can be made of load flows, 
effects of adding proposed new 
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equipment, effects of short circuits 
on the system, and many other 
problems. This equipment is avail
able for instructional purposes 
when not in use by the power 
companies. We have used it in 
advanced undergraduate courses 
for the study of equivalent circuits 
of motors and for the study of 
complicated a-c power circuits. 

There are many advantages for 
the electrical engineering student 
at the University of Missouri in 
Columbia. He can associate with 
members of both sexes who are 
interested in other fields of knowl
edge besides engineering. This can 
be a broadening social experience. 
There are two women's colleges 
located in Columbia. There are 
many popular lectures on scien
tific and cultural topics given by 
off-campus speakers every year. 

If one starts his education in 
engineering and the going gets too 
tough, there is an opportunity to 
obtain information about the other 
possibilities available, such as 
Business Administration, History, 
Biology, etc. by first hand person
al interviews with other students 
and with faculty members in other 
disciplines. 

The student at the University 
of Missouri who must earn part of 
his expenses while going to school 
will find many possibilities for 
jobs. Columbia is a growing city 
of over 40,000 population. Stu
dents are employed by many 
stores, supermarkets, restaurants, 
and construction projects. For the 
electrical engineering student, es
pecially after his sophomore year, 
there are many jobs open which 
require some training or special 
skill in electricity. Electrical en
gineering students have worked as 
assistant operators on the A-C 
Network Analyzer mentioned 
above. They have constructed and 
serviced electrical gadgets for re
search work with rats for the 
Psychology Department. They 
have worked in radio and tele
vision service shops around town, 
serviced electrical juke boxes, and 
worked with the local water and 

light department. They have 
helped build special electrical 
equipment for many departments 
of the University, including the 
Physics Department and the 
Medical School. Some of the en
gineering students have become 
very adept at programming Digit
al Computers and have obtained 
jobs as student assistants in vari
ous University departments as 
computer programmers for the 
University research computers. 
More openings in this field may 
well become available, especially 
in departments of the non-mathe
matical sciences such as Zoology, 
Agriculture, Psychology, and 
others. 

There are now more than 400 
undergraduate electrical engineer
ing students at the University 
of Missouri at Columbia. The E.E. 
curriculum has been accredited 
by ECPD. There are over 50 grad
uate students in electrical en
gineering. 

In summary, the Electrical En
gineering department · is a ·well 
equipped and important part of 
the rapidly expanding cultural 
and research activities of the Uni
versity of Missouri in Columbia. 

Lady of St. Patrick 
Receiving the honor this y.ear is Mrs. 

Shirley Campbell who has been a secre
tary in the Engineering Dean's office 
for two and a half years. She has helped 
considerably in the expediting of tasks 
for the Engineers Club. Shirley has 
been married two and a half years to 
Dan Campbell, a junior in the School of 
Social work. 
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Civil Engineering 

"Civil Engineering" is a name 
originally applied to all civilian 
engineering as distinguished from 
military engineering. More recent
ly, as civilian engineering became 
more and more complex, numer
ous specialists have found it ad
vantageous to join other engineers 
with similar interests to organize 
separate groups in such fields as 
electrical, mechanical, and many 
others. 

Today civil engineering still em
braces a wide variety of technical, 
commercial, and administrative 
work. Among the technical pur
suits should be mentioned the en
gineering planning and design of 
all kinds of structures such as 
buildings and bridges, highways, 
ships, railways, and airports; pipe 
lines, transmission lines, tunnels, 
irrigation works and dams; air
craft and construction machinery; 
water ways, flood control a n d 
clrainage, water supply, sewerage, 
and sanitation works; municipal 
engineering, construction and con
tracting, and the management 
which is necessary for the exe
cutron and operation of the above 
and countless other activities. 

The local, state and federal 
governments continue to · b e 
among the largest employers of 
civil engineers. Career engineers 
design and direct the construction 
of such projects as the flood con
trol and power dams and the navi
gation structures on the large 
rivers and harbors of the country. 
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DR. PAUW, Chairman of Civil Engineering 

The great irrigation and power 
structures of the Bureau of Recla
mation, the Tennessee Valley Au
thority, and the Army Corps of 
Engineers are largely the work of 
civil engineers. 

One of the major industries of 
the United States is construction. 
More and more the construction 
industry is requiring the scientific 
organization and control which 
civil engineering graduates are 
particularly well qualified to sup
ply. 

A very satisfying and remuner
ative occupation for civil engi
neers is found in the consulting 

practice. Here the engineer is 
called upon by prospective devel
opers of all varieties of structures 
to design and furnish the super
vision of the projects. This is high
ly professional service. Not only 
is the consulting engineer em
ployed on private developments 
but most of the major government 
projects require the services of 
private consulting specialists. 

Opportunities for the civil en
gineer in the military service are 
many· and varied. The top grad
uates from the U. S. Military 
Academy are assigned to the 
Corps of Engineers. The Civil En-

Full Scale Tests of a Composite Steel-Concrete Bridge Girder. 
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gineering Corps of the Navy is 
responsible for much of our mili
tary construction abroad. The 
Public Health Service is con
ducted by commissioned personnel 
many of whom have special quali
fications in sanitary and public 
health engineering. The Coast and 
Geodetic Survey also is organized 
on a military plan, drawing its 
officers from the civil engineering 
profession. 

Not the least of activities of 
civil engineers is found in re
search and teaching. In perhaps a 
majority of cases these two as-

signments are closely related in 
the engineering colleges. Follow
ing the completion of the Bachelor 
of Science program many graduat
ing seniors return for graduate 
study. Employment opportunities 
improve as the graduate student 
progresses to the Master's and 
then to the Doctor's levels. College 
teaching, coupled with direction 
of research, constitutes a reward
ing career calling for initiative and 
a degree of freedom of action not 
encountered in many occupations. 
Many avenues of financial assist
ance are available to assist stu-

A WIFE IN YOUR FUTURE? 
Whether she's tall or short, blond or brunette, you'll want to give 
her the best things in life. One thing you shouldn't put off pro
viding is the security she has when you're protected by modern 
life insurance. To help you , New York Life has designed excellent 
life insurance plans available for college students. After college, 
wherever you go in the U.S.A. or Canada , you'll find a New York 
Life Representative to serve you. Talk with the man from New 
York Life soon. He's trained to help college people ... and backed 
by a nationwide company over a hundred years old. 

VERN DOWELL 
<ey!!9 

Campus Representative 

NEW YORK LIFE INSURANCE COMPANY 
1015 East Broadway Phone Gibson 2-4237 
Life Insurance • Group Insurance • Annuities ·• Health Insurance • Pension Plans 
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dents in pursuing a graduate pro
gram in civil engineering. 

The Department of Civil En
gineering at the University of Mis
souri, Columbia, offers a basic 
curriculum leading to the Bache
lor of Science degree that covers 
the broad scope of Civil Engi
neering activities. Because of the 
diversity of technical interests, 
students are urged to specialize in 
a fifth year of study toward a 
Master of Science degree in order 
to obtain training in special areas. 
The Civil Engineering Depart
ment at Columbia has especially 
strong programs in structural de
sign and analysis, hydraulics and 
fluid mechanics, construction and 
management, and in sanitary and 
environmental engineering. There 
are many opportunities for grad
uate students to be employed as 
teaching or research assistants in 
the Department while working 
towards a Masters degree. Other 
financial aids, including National 
Science Foundation, National 
Aeronautics and Space Admin
istration, and Public ,Health Serv
ice traineeships or fellowships, are 
also available. A program leading 
to the Ph.D. degree is also avail
able for specially qualified stu
dents interested in a teaching or 
research career. 

One queen to another just after the 
crowning. Engineers Queen Ann Lem
mon (left) and last year's queen, Diana 
Trampe. 
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Mechanical Engineer"J.g, a Broad . Base 
for the Future 

The young man . who is ap
proaching his high school gradua
tion now faces an unusually broad 
and rich array of possible career 
opportunities. In a way the op
portunities are so num,erous that 
inevitably he or she finds . the 
selection of . a field of further 
study to be a very difficult de
cision to make. This is very un
derstandable because the fields of 
science, technology, and the hu
manities are exp~ding at such a 
rate that individually any one of 
us. can on)y . be reasonably well 
acquainted with one field. As a 
result the choice of a career is 
often based on insufficient and in 
some cases misleading informa
tion. 

Just what can the young man 
or young woman facing this de
cision do in order to make a more 
rational choice? It seems to me 
that there are three things that 
a person. can do to help make his 
choice intelligently. First, he can 
look within himself to see just 
what his interests, motivations, 
and abilities are. Second, he can 
look at as many of the fields and 
professions as he thinks may be 
of interest to him, investigating 
each one of these to see what the 
opportunities are and what the re
quirements are. Third, he should 
then match his own abilities and 
motivations to the requirements 
of the particular job so that he 
will select a job that he is capable 
of and in which he will be moti
vated enough to do a good job. 

The purpose of this article is to 
describe the field of mechanical 
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MILO BOLSTAD 

Chairman of Mechanical Engineering 

engineering with the hope that it 
will help potential young engi
neers to see the many opportuni
ties within the field of mechani
cal engineering and to help them 
decide if this is the field most 
suitable for them. 

Just what is the mechanical en
gineer? Just what does the me
chanical engineer do? 

To answer both of these ques
tions, let us consider a number 
of examples. First, the mechanical 
engineer may be a designer, using 
this term in the broad creative 
sense of designing new devices or 
new systems that have never been 
in existence before, or improving 
the design of existing devices or 
systems so that they will be bet
ter or easier and cheaper to pro
duce than they were before, or 
so that they will be safer or have 
a much higher degree of reli
ability. 

Consider here for example, the 
designer of a rocket engine or the 
designer of some of its important 
components. Here the job may be 
to make the system more power
ful or bigger, or lighter than ever 
before designed, or it may be de
sirable to design some entirely 
new type of a rocket motor, the 
like of which has never been seen. 
This is a highly creative phase of 
mechanical engineering and it 
gives its rewards in the satisfac,.. 
tion of seeing new things take 
shape or in · serving the needs of 
mankind with cheaper power, bet
ter automobiles, safer aircraft, 
more reliable rockets. 

The designer may work in 

fields not commonly suspected to 
involve mechanical engineering. 
For example, he may work with 
medical people in the design of 
new devices to help save and pro
long human life. Examples of 
these may be the designing of 
heart assist pumps, breathing as
sist devices, or mechanisms to 
help handicapped people live full
er and happier lives. The surface 
has just been scratched in the 
field of bio-medical engineering 
and the future will doubtless see 
many fascinating and unique ap-
1>1ieations of engineering to med
icine. 

The mechanical engineer may 
work in "development" where he 
takes existing ideas, old and new, 
and develops from them new and 
improved models of various de
vices which he then may subject 
to various operating tests to see 
how they will perform. Here for 
example, we may have a person 
working with the development of 
a new jet engine or a new model 
of an automobile where the prin
ciples involved are already known, 
but where there is need for im
provement in design and improve
ment of the ease of manufacturing 
of some device or system. This 
may also involve the carrying out 
of certain research programs to 
more effectively develop new and 
improved devices. Much of the 
work that engineers do in industry 
is of this variety. 

The mechanical engineer may 
also be involved in the production 
of various engineering devices. 
For instance, he may analyze an 
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automobile and decide how it can 
most effectively be mass pro
duced. To accomplish this in
volves a detailed knowledge of 
various industrial processes and 
machine tool operations as well as 
a good appreciation of the eco
nomics involved in the various 
processes. Usually by the time 
the problem reaches the produc
tion engineer, economics begin to 
assume major importance. It is 
not enough that an engineer be 
able to design a new device par
ticularly if it is for the civilian 
market. It is also necessary that 
the device be producible at a com
petitive cost which people can af
ford to pay. Thus, the production 
engineer not only has to know 
processes and economics, but he 
also has to be able to work with 
people in industrial organizations 
to catalyze their working together 
efficiently and effectively to pro
duce at the lowest possible cost 
while still maintaining the re
quired standards of quality and 
performance. This field has been 
of tremendous importance to the 
economic well being of our coun
try in the world markets. 

As many engineers develop, 
they often find that their inter
ests become more closely allied 
with the management of business 
enterprises. So today we see en
gineers up and down the lines of 
management in many large com
panies. This is because engineers 
have developed a logical method 
in the solving of problems and 
this approach to problems of all 
kinds has proved to be very ef
fective. In the broadest sense of 
the word, this type of work is cer
tainly still engineering. 

Other mechanical engineers 
may continue on with advanced 
schooling taking work ultimately 
leading to the Ph.D. People with 
this background then usually go 
into research or into teaching or 
into either research or into teach
ing, or into a combination of both. 
If they are involved in teaching 
they almost always are involved in 
research also. Their research then 
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may be in any of a number of 
lines. For example, they may do 
research in gas dynamics studying 
the effect of high speed air flow 
over wings or around various 
shaped objects such as rockets, or 
they may study the problems in 
the heat transfer that may be in
volved in keeping a large nuclear 
reactor at safe operating tempera
tures, or they may be studying the 
field of low temperatures called 
cryogenics. Others may do re
search in the field of engineering 
materials, trying to make stronger 
alloys that will stand higher tem
peratures and higher stresses. Or 
::hey may be studying the ways 
and means of preventing the dam
ages of severe vibration on various 
mechanisms. 

To be a mechanical engineer, 
what will I study in college and 
why? The best answer to this, I 
believe, is obtained by first real
izing that the future is largely un
known. We have no way of know
ing what new things will be 
created in the years ahead that 
will markedly change our methods 
of living, our means of transporta
tion, our methods of generating 
power, etc. Then how can we best 
prepare for this unknown future? 
I believe that the preparations 
that have most handsomely paid 
off in the past will continue to pay 
off for the future. Namely, these 
are the studies of the basic courses 
on which engineering of the past 
and engineering of the future will 
in all probability be based. In 
other words, the student should 
study those courses which will 
give him the broadest and most 
fundamental background for un
derstanding the new things yet to 
come. This means that he should 
study as much mathematics and 
physics as possible. Coupled with 
this he should study the basic 
courses in engineering science per
taining to his chosen field, taking 
a selection of electives which will 
help him to get a glimpse into 
more than one field of mechanical 
engineering so that he can more 
wisely choose his field of work 

after leaving college. 

Furthermore he s h o u 1 d be 
good at the art of communications 
with his fellow men. He should 
therefore be a good student of 
English because much of what he 
will learn will be obtained by 
reading and by studying, and 
much of his success will depend 
upon his ability to communicate 
effectively with others. 

Also, while he is in college, he 
should study something about the 
world around him taking courses 
in history, government, geography, 
political science, and other related 
things. Certainly, the more a per
son knows about the world around 
him, the more effectively he will 
be able meet the problems of the 
day and to help change the world 
in the best ways. 

With such a broad field how 
can I tell whether or not I am 
suitable to be a mechanical engi
neer? Because the field of me
chanical engineering is so broad, it 
is possible for people with widely 
varying talents to do well in the 
field. You might wish to check 
yourself on some of the following 
questions: 

1. Do you have a natural curi
osity as to how complicated ma
chines operate? Do you wonder 
what the theory is behind new, 
things, for example, do you won
der just how is the thrust in a 
rocket engine actually developed? 

2. Do you actually like to 
work with equipment? While this 
is not an absolute must, in gen
eral it is probably true that most 
mechanical engineers like to get 
their hands on actual engineering 
equipment so that they can have a 
"feel" for the devices that they 
are looking with on paper. The 
best engineers seem to be those 
who not only have a good theo
retical understanding of things, 
but who also have a feel for the 
physical ways in which things 
work. Furthermore, they have in 
their minds a clear connection 
between the theoretical and the 
actual. 

3. Do you like science and 
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mathematics? Most engineers 
have a good facility with mathe
matics and are usually eager to 
extend their knowledge of it. They 
think of mathematics as being a 
language, a means of communica
tion of abstract ideas to other peo
ple. 

4. Can you communicate your 
ideas to others? The engineer ac
tually has a very wide range of 
means of communication avail
able. For example, much of 
engineering communication is car
ried on through sketches, draw
ings, and graphs which can convey 
much meaning between two dif
ferent people who may be miles 
apart. The engineer may com
municate by means of the written 
word through clear engineering 
reports written in a concise man
ner that are a pleasure to read. 
As was mentioned before, he may 
also communicate through math
ematical equations and symbols. 
The common factor in all of these 
different methods of good com
munication is to make certain that 
the communication is clear and 
that it conveys the maximum 
amount of information with the 
minimum amount of confusion. 
The engineer who is effective at 
his communication must, there
fore, realize the need and impor
tance of good communication, and 
he must look upon it as somewhat 
of a game and be willing to ex
plore the various ways in which 

he can communicate more effec
tively and clearly with other peo
ple. 

How can I choose a school 
which will help me achieve these 
goals? Probably the first question 
to ask is what sort of a faculty 
does the prospective school have. 
Do they have people who have 
themselves had as much training 
as possible? Do a number of the 
staff have Ph.D.'s? Do the various 
members of the staff have their 
degrees from a wide variety of 
schools, or are they inbred with 
degrees only from the school 
where they are now teaching? Do 
the people carry on research pro
grams, are they taking part in 
various summer institutes and 
means of continual self improve
ment? 

A second thing to investigate 
are the facilities of the school that 
you have in mind. Do they make 
an effort to have the best facilities 
available for student instruction. 
It is important to keep in mind 
that the best does not always 
necessarily mean the newest. It 
is important, however, that the 
various laboratories be designed 
to allow the study of the impor
tant fundamental phenomena in
volved in mechanical engineering. 
Do they have good shops for the 
making of new equipment so that 
if a student wants to work on an 
experimental project he is able to 
do so? What are the attitudes of 
the staff in this regard? 

A third question to ask is, does 
the school have other areas that 
are strong? An engineer needs a 
background in things other than 
just engineering. This means that 
one should ask, is the department 
of political science strong, are the 
English courses strong, is there a 
good variety of arts and sciences 
courses available, and are these 
taught by people who are well 
qualified in their fields? Does the 
school provide a continual group 
of outside lecturers, musical pro
grams, plays, and other things of 
a cultural and intellectual inter
est? 

Another point that is certainly 
worth considering is the total en
vironment of the school. Here the 
student should consider student 
attitudes, social opportunities, and 
the-general facilities of the com
munity around the school. He may 
need also to consider the avail
ability of student employment, 
student loans, and scholarships. 

As a final remark, it is, I be
lieve, very appropriate to empha
size that while all of the foregoing 
things are of great importance, 
the one factor that is by far the 
greatest in importance is the 
energy, enthusiasm and initiative 
which the student himself is will
ing to invest in his school work. 
It is probably a safe bet to say that 
no effective substitute has yet 
been found for hard work intelli
gently applied. 

SUMMER JOBS JOBS ABROAD 
for STUDENTS 

NEW .5'64 directory lists 20,000 summer job 
openings in 50 states. MALE or FEMALE. Un
precedented research for students includes 
exact pay rates and job details. Names em
ployers and their addresses for hiring in in
dustry, summer camps, national parks, resorts, 
etc., etc., etc. Hurry!! jobs filled early. Send 
two dollars. Satisfaction guaranteed. Send to: 
Summer Jobs Directory-P. 0 . Box 13593-
Phoenix, Arizona. 
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STUDENTS & TEACHERS 
Largest NEW directory. Lists hundreds of 
permanent career opportunities in Europe, 
South America, Africa and the Pacific, for 
MALE or FEMALE. Totals 50 countries. Gives 
specific addresses and names prospective 
U.S. employers with foreign subsidiaries. Ex
ceptionally high pay, free travel, etc. In ad
dition, · enclosed vital guide and procedures 
necessary to foreign employment. Satisfaction 
guaranteed. Send two dollars to Jobs Abroad 
Directory- P. 0 . Box 13593-Phoenix, Arizona. 
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Must you join a giant company to work on vital projects? 
Continuous steel casting could cause a revolu

tion in the steel industry. Babcock & Wilcox has 
led in its development in the United States, and 
installed the nation's first commercial unit. It has 
been operating successfully for more than a year 
at Roanoke Electric Steel Corp. 

You can share in such exciting work at Babcock 
& Wilcox, including projects like the reactor for 
the nuclear ship Savannah, burner automation, 
and hoods to control 3,500 F heat from oxygen
steel furnaces. Yet Babcock & Wilcox is small 
enough to give you a chance to work on such new 
projects early in your career. Its management can 
take a personal interest in your progress. 

B&W, with annual sales of more than $330 mil
lion, offers the advantages of a large company: in
doctrination training program, paid tuitions, wide 
variety of job openings (18 plants in ten states), 
security and other benefits. 

Growth opportunities are enormous. Yet only 
59 bachelor-level students will be hired in 1964. 
B&W has interesting positions for graduate and 
undergraduate engineers and scientists, including 
M.E., E.E., Ch.E., Met.E., Cer.E., Nuc.E., C.E. and 
physicists. For more information, talk to a B & W 
interviewer when he visits your campus, or to your 
placement director. The Babcock & Wilcox Com
pany, 161 East 42nd Street, N.Y. 17, N.Y. 

Cl) Babcock & Wilcox 



MHH 
(Continued from page 12) 

This study has become known as 
willometry. 

As is to be expected, strong
willed, decisive personalities 
achieved the full endochronic in
terval when adding water by 
hand. Having made up their minds 
to pour, these subjects achieved 
almost identical results as their 
mechanical counterpart. 

Others, not so decisive, achieved 
solution times which decreased 
markedly from that of the ma
chine. Some of these, having a 
hesitating, unsure personality, ac
tually achieved a positive endo
chronic interval. 

In a mass willometric experi
ment involving 93 male students 
of the freshman class of Salivary 
Plains Teachers College (Sewer 
Springs, South Dakota) were used 

The day clean water sold 
for $10 a gallon 

It started in the middle 1960's. No one seems to remember exactly where ... 
just in some small town. But gradually, more and more cities and villages 
encountered a new-type opportunist ... the man who sold clean water. 

It was a strange paradox ... the amount of available water remained the same 
as always, yet little or none of it was fit for human use. Wastes from homes 
and industry had turned a great natural resource into a tragic national 
emergency. 

Could this have been avoided? Yes ... by building adequate sanitary sewage 
treatment facilities. Some communities started to build them back in 1963. 
People who live in these towns don't know what it's like to buy clean water. 
Other communities are just now starting on crash programs. 

Did you lend your support to your local anti-pollution program in 1963 ... did 
you help bring adequate sewage treatment facilities to your town ... or will 
you be paying $ IO a gallon for clean water? 

Providing improved sanitation for better living 

£&Be., ICKEY 
sanitary salt-glazed clay pipe 

W. S. DICKEY CLAY MFG. CO. 

Birmingham, Alabama 
Kansas City, Missouri • Meridian, Mississippi 

St. Louis, Missouri • San Antonio, Texas 
Texarkana, Texas-Arkansas 

3371 

If it's made of clay it's good ... if it's made by Dickey it's better 
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as subjects. It was noted that the 
endochronic interval varied in a 
normal, bell-shaped probability 
curve with three students achiev
ing -1.10 seconds or better on all 
occasions and with a few students 
achieving positive times. Of the 
57 females also tested, the prob
ability curve was slightly skewed 
in the direction of stronger will. 
While the mean time of the males 
was -0.625 that of the females 
was -0.811, showing an inherent 
sex difference which surprised no 
one. 

0 n e particular experiment 
seemed to prove that the endo
chronic interval could vary with 
the state of mind of one particu
lar individual. One student, J. L., 
having yielded intervals of from 
-0.55 to -0.62 in 37 experiments, 
suddenly jumped the interval to 
-0.92. This father surprising 
boost in self confidence seemed 
remarkable. When questioned, the 
technician in charge of the experi
ment insisted no unusual event 
had taken place, and, indeed, the 
subject had done nothing more 
than suggest a walk in the coun
try~ide that evening and that the 
technician had agreed to accom
pany him. Not seeing what effect 
the prospect of a walk would have 
on the will power of a subject, the 
director himself asked J. L. if it 
would be suitable if he, instead 
of the technician, took the walk 
with the subject. Unaccountably 
the endochronic interval dropped 
to -0.14 on the very next test. If 
this author is allowed some specu
lation, his guess would be that the 
sex difference of the subject, who 
was male, and the technician, who 
was female ( and very pro
nouncedly so, in fact) had a great 
bearing on the outcome. 

April fools; This article 
came from the Purdue Engi
neer's parody issue on The 
Scientific American entitled 
The Synthetic American. 
The real author of the article 
is Jack Lienesch, M.E., '65, 
at Purdue University. 
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oeROP ENGINE FOR LIGHT 
:'.f.':',-:ti~ 

AIRCRAFT 

This 600 horsepower turboprop engine is designed to power the new generation of light, fixed wing 

aircraft for both civil and military applications. • The Garrett-AiResearch TPE-331 has a specific 

fuel consumption of .62 pound per shaft horsepower-hour, and a weight to power ratio of .45 pound per 

horsepower. The engine has a response rate from flight idle to full power of approximately 1/3 of 

a second. A military version has been designated the T76 by the U.S. Navy. • Designed specifically as a 

prime power plant, the model 331 is backed by the company's experience in producing over 10,000 gas 

turbine engines. • The Model 331 engine is programmed for additional performance growth. The turboshaft 

version (TSE-331) has been flight tested as a power plant in rotary wing and vertical lift vehicles. 

For further information about many interesting project areas and career 
opportunities at The Garrett Corporation, write to Mr. G. D. Bradley at 
9851 S. Sepulveda Blvd., Los Angeles. Garrettis an equal opportunity employer. 

THE FUTURE IS BUILDING NOW AT Al RESEARCH 

Phoenix • Los Angeles 



Engineering News 

INCREDIBLE NEW DEVICE: 
THETURBOENCABULATOR 

For a number of years now 
work has been proceeding in order 
to bring perfection to the crudely 
conceived idea of a machine that 
would not only supply inverse re
active current for use in unilat
eral phase detractors, but would 
also be capable of automatically 
synchronizing c a r d i n a 1 gram
meters. Such a machine is the 
"Turboencabulator." Basically, 
the only new principle involved 
is that instead of power being 
generated by the relative motion 
of conductors and fluxes, it is 
produced by the modial interac
tion of magneto-reluctance and 
capacitive directance. 

The original machine had a 
base-plate of prefabulated amu
lite, surmounted by a malleable 
logarithmic casing in such a way 
that the two spurving bearings 
were in a direct line with the 
pentametric fan. The latter con
sisted simply of six hydrocoptic 
marzelvanes, so fitted to the 
ambifacient lunar waneshaft that 
side fumbling was effectively pre
vented. The main winding was of 
the normal lotus-a-delta type 
placed in panendermic semi-soloid 
slots in the stator, every seventh 
conductor being connected by a 
non-reversible tremie pipe to the 
differential girdle~spring on the 
"up" end of the grammeters. 

Forty-one manestically spaced 
grouting . brushes were arranged 
to feed into the rotor slip-steam a 
mixture of high S-valve phenyl
hydrobenzamine and five per cent 
reminative tetryliodohexamine. 
Both of these liquids have specific 
perlcosities given by p = 2.5n6·7 

where n is the diathetical evolute 
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of tetrograde temperature phase 
disposition and C is Cholmodeley's 
annular grillage coefficient. In
itially, n was measured with the 
aid of a metapolar refractive pil
frometer (for a description of this 
ingenious instrument, see L. E. 
Rumpelverstein in "Zietschrift 
fur Elecrotechnistatischs--Don
nerblitze" vol. vii), but up to the 
present date nothing has been 
found to equal the transcendental 
hopper dadoscope (see "Proceed
ings of the Peruvian Academy of 
Skatological Sciences," June, 
1914). 

Electrical engineers will ap
preciate the difficulty of nubing 
together a regurgitative purwell 
and a supramitive wennel-sprock
et. Indeed, this proved to be a 
stumbling block to further de
velopment until, in 1942, it was 
found that the use of anhydrous 
nangling pins enabled a kryp
tonastic bolling shim to be tank
ered. 

The early attempts to construct 
a sufficiently robus spiral decom
mutator failed largely because of 
a lack of appreciation of the large 
quasi-plastic stresses in the grem
lin studs; the latter were special
ly designed to hold the roffit bars 
to the spamshaft. When, however, 
it was discovered that wending 
could be prevented by a simple 
addition to the living sockets, al
most perfect running was secured. 

The operation point is main
tained as near as possible to the 
h.f. rem peak by constantly from
aging the bitumogeneous spand
rels. This is a distinct advance on 
the standard nivel-sheave in that 
no dramcock oil is required after 
the phase detractors have re
missed. 

Undoubtedly, the turboencabu-

CHUCK SWETT, I.E. '66 

lator has now reached a very high 
level of technical development. It 
has been successfully used for op
perating nofer trunnions. In addi
tion, whenever a barescent skor 
motion is required, it may be em
ployed in conjunction with a 
drawn reciprocating dingle arm 
to reduce sinusoidal deplenera
tion. 

From the State University of 
Iowa Transit. APRIL FOOLS! 

PREDICTING LOCATION 
OF LIGHTNING STRIKES 

Scientific efforts to make light
ning strike always in the same 
place may result in more reliable 
and therefore more efficient and 
less expensive electric service to 
consumer and industry. 

Whitehead has invented a 
simple, low cost instrument which 
registers the path taken by elec
tric current following a lightning 
stroke to a power transmission 
system. Describing the instru
ment's purpose, Whitehead said, 
"It should give us information 
about the path of lightning 
strokes, which will lead to the 
redesign of that part of the power 
transmission system which most 
frequently causes power failures 
due to lightning." 

Working inductively, by analyz~ 
ing lightning data yielded by the 
pathfinder, scientists should ar
rive at a general law describing 
how lightning strikes power trans
mission systems. Electrical engi
neers could then design future 
high voltage lines in accordance 
with such theory to insure that 
lightning strikes only on one in
sulated area of the tower. 
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After McNair designs it, 
Kelly has to manufacture it 

In the broad spectrum of engineers and scientists we con
stantly seek, we can use more manufacturing engineers like 
Edward Joseph Kelly (right, six years out of Tufts this 
June). Mark well the distinction between Kelly's responsi
bility and that of his opponent in the debate pictured. Out 
of it upon completion of their differing assignments will 
come a photographic information storage and retrieval 
device that will bear our "Recordak" trademark, well known 
in banking and other businesses. 

Dave McNair has determined how the mechanical, optical, 
and electrical components and subassemblies have to work 
and fit together for the equipment to do its job. He has 
come up with a working model. Management likes it. 

Enter Kelly. His task: to tell us exactly down to the last 

EASTMAN KODAK COMPANY, 

detail what we have to do to multiply McNair's working 
model by x, a number chosen by the marketing people. To 
make the production-run machines work not merely as well 
as McNair's hand-built one, but better. To decide which 
parts we should buy and which we should make. To specify 
the tooling for the parts we make. To specify also the tools 
for assembly and inspection. To design the fabrication proc
esses. Better than just designing the processes, to see the 
need for a process which no previous manufacturing engineer 
had realized was needed and which happens to make the 
product an irresistible bargain for the ultimate user and a 
money-maker for us. 

We need that kind of manufacturing engineer so that we 
can teach him how to run a big business. 

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



Define Your Career Objectives! 

■ An interview with W. Scott Hill, Manager-Engineering Recruiting, General Electric Co. 

W. Scott HIii 

Q. Mr. Hill, when is the best time. to 
begin making decisions on my career 
objectives? 

A. When you selected a technical 
discipline, you made one of your 
important career decisions. This de
fined the general area in which you 
will probably begin your professional 
work, whether in a job or through 
further study at the graduate level. 

Q. Can you suggest some factors that 
might influence my career choice? 

A. By the time you have reached 
your senior year in college, you know 
certain things about yourself that 
are going to be important. If you 
have a strong technical orientation 
and like problem solving, there are 
many good engineering career 
choices in all functions of industry: 
design and development; manufac
turing and technical marketing. If 
you enjoy exploring theoretical con-

': cepts, perhaps research-on one of 
· the .many levels to be found in in

dustry-is a career choice to con
sider. And don't think any one area 

offers a great deal more opportunity 
for your talent than another. They all 
need top creative engineering skill 
and the ability to deal successfully 
with people. 

Q. After I've evaluated my own abil
ities, how do I judge realistically 
what I can do with them? 

A. I'm sure you're already getting 
all the information you can on ca
reer fields related to your discipline. 
Don't overlook your family, friends 
and acquaintances, especially re
cent graduates, as sources of informa
tion. Have you made full use of your 
faculty and placement office for 
advice? Information is available in 
the technical journals and society 
publications. Read them to see what 
firms are contributing to advance
ment in your field, and how. Review 
the files in your placement office 
for company literature. This can tell 
you a great deal about openings and 
programs, career areas and company 
organization. 

Q. Can you suggest what criteria I 
can apply in relating this information 
to my own career prospects? 

A. In appraising opportunities, apply 
criteria important to you. Is location 
important? What level of income 

would you like to attain? What is the 
scope of opportunity of the firm 
you'll select? Should you trade off 
starting salary against long-term 
potential? These are things you must 
decide for yourself. 

Q. Can companies like General Elec
tric assure me of a correct career 
choice? 

A. It costs industry a great deal of 
money to hire a young engineer and 
start him on a career path. So, very 
selfishly, we'll be doing everything 
possible to be sure at the beginning 
that the choice is right for you. But 
a bad mistake can cost you even 
more in lost time and income. Gen
eral Electric's concept of Person
alized Career Planning is to recog
nize that your decisions will be 
largely determined by your individ
ual abilities, inclinations, and am
bitions. This Company's unusual di
versity offers you great flexibility 
in deciding where you want to start, 
how you want to start and what you 
want to accomplish. You will be en
couraged to develop to the fullest 
extent of your capability-to achieve 
your career objectives, or revise 
them as your abilities are more fully 
revealed to you. Make sure you set 
your goals realistically. But be sure 
you don't set your sights too low. 

FOR MORE INFORMATION on G.E.'s concept of Personalized Career Planning, and for 
material that will help you define your opportunity at General Electric, write Mr. Hill at 
this address: General Electric Co., Section 699-10, Schenectady, N. Y. 12305. 

GENERALfj ELECTRIC 
An Equal Opportunity Employer 
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Fresh water and electricity ... from one Westinghouse super-factory 
Imagine a modern factory that can produce 500,000 kilowatts of electric power-and at 
the same time take water from the sea and make it drinkable at the rate of 50 million gallons a day. 
That's enough power and water for a population of half a million. 
No such super-factory exists anywhere in the world. Not yet. But a small-scale version of 
the Westinghouse system is being built by Burns and Roe, Inc. for an electric utility in the Canary Islands. 
Waste heat from the electric power turbines will convert sea water to fresh by a flash distillation 
process, providing abundant electricity and water for industry, agriculture and home uses. And at a 
lower cost than now exists in many parts of the world. 
Westinghouse can build large or small sea water super-factories for electric utilities 
in any coastal area. And as research continues, scientists may find a practical way to harvest 
chemicals from sea water in the same process. 

You can be sure if it's Westinghouse 

@ 
For Information on a career at Westinghouse, an equal opportunity employer, 
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh 21, Pa. 



USAF F-105, unleashing air-to-ground 
rockets at simu lated enemy target. 

School's out. 

Right now, graduation seems way off in the wild blue you may be flying a supersonic jet ... helping to keep 
yonder. But it's not too early to start planning. In the America's guard up. Or you may be in an Air Force 
future, you'll look back on decisions you make today laboratory, working to solve an intricate scientific or 
with satisfaction . .. or regret. technological problem. 
What can an Air Force career mean to you in tangible Doing jobs like these, you can hold your head high. In 
gain? The opportunity to take on executive responsi- addition to being essential to your country, they're the 
bilities you might otherwise wait years to attain. And a beginnings of a profession of dignity and purpose. 
head-start into one of a wide range of possible careers For more information, see the Professor of Air Science. 
in the exciting Aerospace Age. u s llr Force If there is no AFROTC unit on your cam-
As an Air . Force officer, for example, ■ ■ pus, contact your Air Force recruiter. 



False career starts are frustrating from both an achievement and an advance
ment viewpoint. Getting the right start the first time is often- the most 
important step in your entire engineering career. 

You can make the right start at Collins and yau'll be working with the top 
men in the field. The scope of our work- Data Processing, Space Communi
cations, Avionics, Microwave, Antenna Systems and HF, VHF and UHF 
communication - offer graduates every opportunity to follow areas of engi
neering which best suit individual interests and capabilities. 

Start your career out on the right foot by contacting your college placement 
office for full information. 

COLLINS RADIO COMP ANY • Cedar Rapids, Iowa • Dallas, Texas • 
Newport Beach, California 

~ 
COLLINS 

~ 

An equal opportunity employer 
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Editorial 

DO ENGINEERS MAKE GOOD MANAGERS? 
This question cannot be answered simply by a "yes" or a "no." However, generally 

speaking, engineers can and do make good managers in many fields. The engineer's in
dividual make-up, of course, makes the final decision as to whether or not he will make a 
good manager. 

Why do some people believe that engineers cannot make. good managers? It has 
been said that both the engineer's technical education, which demands 100% accuracy, 
and the engineer's desire to solve problems mathematically make him incapable of arriving 
at any answers except definite black or white ones. It is true that in many managerial situ
ations a definite answer is not always possible, but the point is that the definite answer is 
always the goal, and the engineer will consistently take a desirable action which is to strive 
to approach the definite answer. This approach can be made by the engineer through 
objective analyses using tools of mathematics such as statistics, probability or sampling. 
Computers can be utilized to carry out these analyses. 

A misconception concerning engineers is that they generally have job interests 
strictly in their own technical fields, and that these interests are considered to be outside 
of the management field. However, a test measuring vocational interests of engine~ring 
graduates which has been administered at the Stevens Institute of Technology shows that 
engineers have their highest scores outside engineering. Of the. graduates in the l 920's, 
29. l % had their highest interest in engineering; l 930's, 21.6%; l 940's, just 15.6%. On 
the other hand, nearly 60% of the 1940 graduates had their strongest vocational interests 
in some field of management. 

Engineers as managers have been criticized for not being able to make a decision un
less they have all the facts. But, turning the tables, we engineers can say that non-engineer
ing managers make decisions based on too few facts . In other words, there are just as 
many insufficiently researched decisions made by non-engineering managers as there are 
too heavily researched decisions made by engineering managers. 

Practically speaking, engineers do make managers. In the Stevens Institute survey, it 
was found that 14 years after graduation 32% of the Stevens graduates were managers 
and 42% were straight engineers. But, l O years later, there were more in management 
(37.5%) than in any other job category. The next largest group was doing engineering 
work (30.2%). 

In many managerial situations it has not only become be'1er to use managers with an 
engineering background, it has become the only possible action. The management of com
plicated man-machine relationships has been becoming a more complex problem con
stantly. No longer, in many cases, can a manager without a mathematical background 
optimize the complex industrial managerial problems. Tools of the engineer such as linear 
programming, calculus, probability and statistics, competitive strategies, and others have 
given the engineering manager a distinct advantage over the non-engineering manager. 

FRONTISPIECE 

MAY, 1964 

Modified North American Aviation X-15 rocket plane shows 
new elliptical windows that are designed to better transform 
thermal stresses into more uniform loading on the glass. Other 
X-15 ships utilize trapezoidal shape in windows. Material 
making up outer window panel is fused silica, one of the 
purest and most heat-resistant glasses known to man. Not 
melted like conventional glasses, it is made by Corning Glass 
Works by spraying a silicon-containing vapor compound 
through a flame. The fused silica panel has an operating 
capability of 2400°F, well beyond expected maximum flight 
temperature of 1200°F. 
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They do the impossible-

SUPERFLUIDS 

This article disC'USses the dis
covery of superfluidity and su
perconductivity, the amazing 
properties of a specific superfluid 
(helium), and the theories that 
offer explanation of superfluidity. 

In additionJftJ the material con
tained in the articles' text, it is 
well to know that recently the 
superfluid, helium, has been utili
zed to make S'Upermagnets. Super
magnets, in turn, can be utilized 
in magnetohydrodynamic power 
generation which was one of the 
four methods of unconventional 
power generation discussed in the 
feature articles of the December 
and January SHAMROCK. 

For quite a long time, experi
ments at low temperatures were 
aimed at reaching absolute zero. 
Absolute zero, as such, is a 
rather old concept. Two hundred 
years ago Amontons had already 
visualized some state of matter at 
which all motion would cease, 
thereby constituting a lower limit 
to our temperature scale. The con-
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cept of the ultimate cessation of 
molecular motion was maintained 
in this form until 50 years ago, 
when Nernst, by enunciating the 
third law of thermodynamics,· 
somewhat modified it by substi
tuting for the zero point of energy 
the zero point of entropy. 

Although entropy is a compli
cated concept, it, in simple terms, 
measures the degree of disorder• 
in a physical system. Thus, with 
the advent of the third law of 
thermodynamics, a change oc
curred in the approach to abso
lute zero. Absolute zero became 
the point of complete order in
stead of the point of complete rest. 
The paradox of a negative volume 
illustrated by the dotted line ex
tension of the line plotted by the 
bead exemplifies the necessary 
end to the lowering of the tem
perature. However, the third law 
of thermodynamics contained the 
provision that absolute zero can
not be reached by any physical 
process, and thereby the empha-
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sis of research has been shifted to 
the question of approach rather 
than the question of attainment 
of a final point in the temperature 
scale. 

Recent low-temperature re
search has been therefore direct
ed toward better understanding 
of the state of ultimate order 
rather than that of ultimate rest 
in matter. As such, the low-tem
perature research has revealed 
properties of matter which are 
unique. These strange phenomena, 
which now have been classed un
der the general term superfluids, 
have no counterpart in the ob
servational world of everyday 
physics. They stand entirely on 
their own and, possibly, for this 
reason, have so far resisted com
plete theoretical explanation. 

It seems quite clear that these 
phenomena must be related in 
some way to the amount of energy 
remaining at absolute zero in any 
substance--the zero point energy 
--or rather to the ratio between 
zero point energy and thermal en
ergy. We can expect on the basis 
of first principles that the region 
in which the zero-point energy is 
large compared with the thermal 
energy will be distinguished as 
the region in which energy quanti
zation assumes an ever larger part 
in the aspect of the physical 
world. In fact, in the phenomena 
of superfluidity, quantization of 
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energy, which at normal tempera
tures is restricted to particles of 
interatomic or perhaps intermo
lecular size, now transcends into 
large-scale phenomena, and this 
is a condition which is alien to our 
observational experience. 

Superconductivity 
The first of the superfluid 

phenomena, superconductivity, 
was discovered by H. Kamerlingh 
Ormes in 1911, three years after 
the first liquefaction of helium. 
What Ormes did was to investigate 
the dependence of a metal's re
sistance on the absolute tempera
ture. One school of thought theor
ized that the resistance should 
rise to infinity as the temperature 
approached zero; however, Onnes 
found out differently. He used 
mercury as the first metal to· be 
investigated for the simple reason 
that he could obtain it in a very 
pure form. His findings were 
r a t h e r astonishing. The re
sults showed that the resistance 
dropped constantly at first until, 
at 4 degrees K, it attained an 

Figure 2-. All superconductors have 
similar atomic volume. The black cir
cles are superconductors. 
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Figure 3. The change in specific heat 

of tantalum at the occurrence of super
conductivity. 
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immeasurably small resistance. 
This was the first observation of 
super conductivity, a phenomena 
that has since been found in a 
great number of metals and even 
in compounds. 

If a person takes a closed ring' 
of a superconductive metal such 
as lead and induces a current in 
it, then this current will run as 
long as the ring is kept in liquid 
helium. The following experiment 
illustrated the above fact: In a 
Dewar vessel containing liquid 
helium, such a current was in
duced in a set of rings, and a lead 
sphere was dropped into the sys
tem of rings. As the sphere ap
proached the rings, the persistant 
currents in the rings induced a 
system of persistant currents on 
the surface of the sphere. These 
currents being mutually repellent, 
the sphere was slowed down in its 
fall until it came to rest at a 
position where the mutual re
pulsion of the currents just coun
terbalanced the weight of th e 
sphere. There it hung suspended 
in space by this strange and un
usual phenomena. It does not take 
much imagination or detailed cal
culations to see that this is a 
phenomenon which has no coun
terpart in the other domains of 
physics. 

For a little while it looked as if 
superconductors were grouped in 
two regions of the periodic table, 
but, now, other superconductors 
have been discovered between 
these regions. One thing is certain: 
the monovalent metals are not 
superconducting. A diagram can 
be made when we plot the atomic 
volume against the atomic num
ber (fig. 2). Then the supercon
ductors are all in a belt in which 
the atoms have intermediate vol
umes. An interesting region of this 
diagram is the superconducting 
series, lead, thaluim, and mercury. 
Bizmuth is just a bit too large to 
be a superconductor, and gold is 
just a bit too small. But, if an in
termetallic bond of gold and biz
muth is made, then this compound 
will be a superconductor. This 

indicates that superconductivity 
cannot be a property of the atom, 
but must be due to some re
arrangement of the free electrons 
in the energy spectrum of the 
metal. Superconductivity is con
fined to rather low temperatures, 
which means that the energy dif
ference is of the order 10 electron 
volts, and it would be difficult to 
find energy transitions of this or
der in an individual atom. Figure 
3 shows that the transition is con
nected with an anomaly in the 
specific heat which, by its small 
absolute size, cle~ identifies it 
as an electronic phenomenon. 

This very strange and unusual 
phenomenon of superconductivity 
has been known for 45 years, and 
quite a number of attempts have 
been made to explain it. Before 
hazarding opinions on what kind 
of state the electrons in the metal 
pass into when the metal becomes 
superconducting, we will first 
have a look at a superfluid, liquid 
helium. 

Liquid Helium 
One of the first indications that 

helium is a superfluid was found 
when the density of helium was 
investigated by K a m e r 1 i n g h 
Onnes. The density first increases 
with falling temperature, but 
then, at 2.2 degrees K, there is a 
change in direction of the density 
curve, and the density decreases 
again. Helium has the density 
maximum at about 2.2 degrees K. 
There are other substances, 
among them . water, which have 
density maxima in the liquid 
phase because of some secondary 
effect. Also experimental results 
lead to the concept of two states 
of liquid helium,,,which are sep
arated from each other by a large 
anomaly, (fig. 4), known as the 
lambda point. On the basis of 
these measurements, the form of 
the liquid below this temperature, 
helium II, and the one above, he
lium I. As is evident from the 
specific heat curve, there is never 
a co-existence of helium I and 
helium II, since there is no latent 
heat separating the two forms. 
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Everything we learned from 
building 10,000 small gas turbine engines 
has been packed into this new 
600-horsepower turboprop engine 
-and it shows! 

You'd probably expect the 
world's largest manufacturer 

of small gas turbine engines to 
turn out the world's finest small 
turboprop job. 

And we have. 
We call our new engine the 

TPE-331. (The military version is 
designated T-76.) It is a versatile 
turbine capable of powering many 
vehicles. Its 600-horsepower cate
gory makes it particularly suitable 
for the new generation of executive 
and military fixed-wing aircraft. 

More specifically, our new prime 
propulsion engine is designed to fill 
the gap between reciprocating 
engines and larger turboprops. 

And the reason we built it, is 
because both civil and military 
sources have asked for a simple, 
rugged, reliable, easy-to-maintain, 
economically-operated, light
weight turboprop engine. 

The Garrett-AiResearch TPE-
331 more than fills the bill. 

Obviously , building such an 
engine is a specialized art that 
demands experience, especially in 
miniaturization of controls, oil 
pumps, and starter motors. 

Manufacturing tolerances are 
precise and have a greater effect 

on performance than in a large 
engine. Scaling down big engine 

techniques is not the answer. 
The TPE-331 has a specific fuel 

consumption of .62 pound per 
shaft horsepower hour. I ts 

weight to power ratio is 
.45 pound per horsepower. 

Response rate from flight idle 
to full power is approximately 

1/3 of a second. 
Single-casting turbine wheels 

are typical of the simple, rugged 
components of this new engine. 

A two-stage centrifugal 
compressor is 
driven by a 
3-stage axial 
turbine. 
Propeller drive 
is through a 
2-step reduction 
gear box offset for 
flexibility of aircraft design. 

The fuel system of the TPE-331 
consists of a fuel filter, single high
pressure pump, speed-governing 
fuel control, manual shutoff valve, 
flow divider and fuel nozzles. 

JP-5 is the normal fuel, but this 
engine will take all kinds of fuel , 
ranging from AV-gas to light 
diesel fuel. 

If this new turboprop engine 
sounds like something very special 
to you, we've made our point. 

The TPE-331 is an excep-
tional engine. 
It's the kind of a power 

development you'd expect to come 
from Garrett. For when it comes 
to turbine engines under 1000 
horsepower ... 

Garrett 
• • is experience 

For furth er information about many interesting project areas and career opportunities at The Garrett Corporation, 
write to Mr. G.D. Bradley at 9851 S. S epulveda Blvd., Los Angeles. Garrett is an equal opportunity employer. • 
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Bob Turley, on right, American 011 Company Sales Engineer discusses 

cutting oil problem with Walter Binkley of Schwinn Bicycle Company. 

When you 

·drill• tap• form• mill• shape 

all in 22 seconds ..• 

That's the kind of problem a sales engineer here at 

American Oil comes up against. It actually happened to 

Bob Turley when the Schwinn Bicycle Company asked 
him what oil he'd recommend for this complicated metal 

cutting problem. He had the answer-one of our special 

cutting oils-he solved the problem, and made the sale. 
Bob's a graduate of Purdue-and the American Oil 

Company Sales Engineering School. He knows machines 

and oils. He's our "outside" man with the inside track 

on lubricants. And, he likes meeting people. That's why 

he's a sales engineer, combining two fields into a suc

cessful career. 

what do you 

use for oil? 

Bob's a mechanical engineer. Yet, he might have been 

working for us if he were a metallurgist, chemist, math
ematician or physicist. Petroleum takes on a multitude of 

uses and requires people of every skill. For information 

regarding a career in sales engineering or other fields, 

write to C. L. Wells, Room 1036, American Oil Company, 

910 S. Michigan Avenue, Chicago, Ill. ZIP Code 60680 

ii 
~Tr~ 

STANDARD OIL DIVISION STANDARD 

AMERICAN OIL COMPANY @~m~ 
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Fipre 4. The lambda point anomaly 
in the specific heat of liquid helim-.; 

For awhile, it was hoped that 
there would be a conventional ex
planation-such as, perhaps, the 
appearance of liquid crystals-for 
helium II. One has to remember 
that, owing to its high zero point 
energy, helium remains a liquid 
down to absolute zero. External 
pressure is necessary to transform 
it into the solid phase. Therefore, 
the idea was entertained for a 
little while that the anomaly was, 
after all, the lost triple point. 
Then, X-ray investigation showed 
unmistakably that the form below
the lambda-point, helium II, was a 
liquid showing none of the or
dered structure · of a solid. 

It was soon discovered that the 
heat conductivity of helium II de
pended on the temperature grad
ient, on the size of the capillary 
in which it was measured, on the 
shape of the vessel, and on other 
factors. The same kind of behavior 
was discovered when the viscosity 
was investigated. Moreover, it was 
found that helium flows through 
quite narrow channels at a very 
high rate and largely independent 
of pressure. This was the dis
covery of superfluidity. In addi-

Figure 5. Film flow of liquid helium 
n in and out of a glass beaker. 

Page 12 

tion to these phenomena, there 
exist other peculiar effects; one of 
them is that of film flow. 

Film F1ow 
All substances in contact with 

liquid helium II are covered by a 
film 10-6 centimeter thick, and this 
film acts as a vehicle for "super
flow ." Figure 5 shows what hap
pens in a very simple experiment. 
An empty glass beaker has been 
dipped partly into helium. Helium 
is then seen to appear in the bot
tom of this beaker, and it slowly 
rises until the same level is at
tained on the inside as on the out
side. If the beaker is :now with
drawn, the level will drop until 
it has reached the level of the 
bath. If the beaker is pulled out 
completely, the level will still 
drop, and one can see little drops 
of helium forming at the bottom 
of the beaker and falling back into 
thel>ath. 

A very striking aspect of film 
flow is that if one withdraws the 
filled beaker he will find that the 
outflow with respect to time is 
quite constant. As the level in the 
beaker falls, a number of condi
tions change. First of all, the dif
ference in height, and with it, the 
pressure, varies. Second, the 
length of the path over which the 
helium has to travel changes. 
Third, the height of the barrier 
over which the film passer varies. 
However, all those variations 
leave the outflow quite unaltered. 
If we look arou:nd for physical 
phenomena similar to this, the 
best one we can find is a lump of 
radium in which, influenced by 
external conditions, the nuclei 
break up at a given rate. One is 
tempted to look at superfluidity 
in the same way and to re
gard the outflow simply as the 
q u an tum statistical probabil
ity of finding a helium atom 
outside rather than inside the 
beaker. Whereas the uncertainty 
principle in the case of radium 
atoms does not operate over very 
large distances, here, as a result of 
the disproportion between the 
zero-point energy and thermal 

energy, it will transgress into 
these large scale dimensions. 

In the case of an individual nu
cleas of radium, one ca:nnot, of 
course, say whether or not it will 
explode in the next millionth of a 
second or will not explode for a 
hundred million years. All one 
knows is that, of the large number 
of atoms in the lump half will have 
decayed in 1600 years. It is 
thought the same considerations 
must be applied to the phenomena 
in helium. One should not try to 
look at one helium atom as a bil
liard ball running up one side of 
the wall and down the other. The 
helium atoms are packets which 
leak out over the beaker. 

Coming back to our starting 
point-namely, the postulate--t 
as absolute zero is approacheq, 
the order in the system increases 
-we can now ask whether the 
order is increased when these 
superfluids occur. The question 
can easily be answered by simply 
measuring the specific heats and 
deriving the entropy diagrams; 
As Figure 6 shows, the two en
tropy diagrams for helium and 
for the superconductor are re
markably similar. There is a lineaJ" 
drop toward absolute zero in the 
normal state-in the metal before 

o .5 2. 2,5 3 5-5•1( 
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Figure 6. Entropy diagrams of the 
electrons in a superconductive metal 
(a) and of liquid helium (b). 
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it becomes a superconductor, or 
helium I. This is followed by a 
much more rapid decrease in en
tropy as superfluidity sets in. It 
is tempting to connect this drop 
in entropy with the phenomenon 
of superfluidity; this can be done 
because superfluids seem to be 
mixtures of a curious kind. The 
so-called two-fluid model for 
superfluids has been used exten
sively, and, in spite of certain 
shortcomings, it is useful in ex
plaining the properties. In this 
model the superfluid is considered 
.as being made up of the same 
particles-that is, electroms, di
luted in electrons in the super
conductor, and helium atoms di
luted in helium atoms in the 
lambda phenomenon. As, on cool
ing, the transition temperature is 
p~ed, sm:ne of these particles 
pass into a state of lower energy, 
and finally, at O degrees Kelvin, 
the whole assembly is made up 
of these lower energy particles. 
So, as the temperature is de-
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creased, the superfluid constit
uent in both cases increases all 
the time at the expense of the 
normal one. Such a mixture model 
will have exactly all the requisite 
properties. For instance, if one 
has an oscillating disk in helium, 
it will be impeded by the normal 
part of the fluid, but if one has a 
capillary, then the superfluid part 
will run through the capillary and 
give the impression of a much 
smaller viscosity. 

As long as we talk about the 
normal and the superfluid part 
without going into any atomistic 
explanation, the model is compar
atively innocuous, and we can use 
it as a working• hypothesis. For 

instance, we can make experi

ments on the flow of the super

fluid constituent, measuring its 

entropy separately. In a persist

ent current only the supercon

ducting electrons take part in the 

motion, and in flow through a 

capillary only the superfluid part. 

By making a suitable type of 
measurement, we can determine 
the entropy of that part of the 
two fluid model which moves 
without friction. It turns out that 
this entropy is zero in both cases. 
The drop in entropy is thus due 
to the growth of the superfluid 
phase at the expense of the other 
phase, and to the fact that the 
superfluid phase has no violation 
of the third law of thermody
namics for the simple reason that 
we cannot separate these two 
phases without a change in tem
perature. 

Thus, although we cannot say 
much about the way order is in
creased because the concept of en
tropy is unfortunately so general, 
we can say that the order is in
creased and we can determine the 
amount it is increased. 

(The information for this arti
cle was condensed from an article 
by K. Mendelssohn published in 
Science magazine). 

CIVIi. ENGINEERS: 
Prepare for your future in highway 

engineering-get the facts about new 
DEEP-STRENGTH (Asphalt-Base) pavement 

Modem pavement engineering has taken a "giant step 
forward" with D EEP-STRENGTH Asphalt construction for new 

roads and streets. There is a growing need for engineers 
with a solid background in the fundamentals of Asphalt 

technology and pavement construction as new Inter
state and other superhighways in all parts of the 

country are being built with advanced design 
D EEP-STRENGTH Asphalt pavement. 

Your contribution-and reward-in our nation's 
vast road-building program can depend on your 

knowledge of modem Asphalt technology. So 
prepare for your future now. Write us today . 

THE ASPHALT INSTITUTE, College Park, Maryland 

~---------------------, 
THE ASPHALT INSTITUTE, College Park, Md. 

Gentlemen: Please send me your free student 
library on Aspha lt Construction and Technology. 

NAME __________ ,CLASS __ _ 

ADDRESS _____________ _ 

CITY _________ STATE ____ _ 

SCHOOL---------------

L---------------------~ 
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Engineering News 

CONTACT - BEND - STRETCH 
A major innovation in the tech

nology of metal rolling, invented 
at the General Electric Research 
Laboratory, will be developed 
further by the U.S. Steel Corp. 
The new process, in which metal 
strip is squeezed, bent, and pulled 
simultaneously, is called "Contact
Bend-Stretch" (C-B-S) rolling. 

The technique is the result of 
fundamental studies of the effects 
of cyclic plastic strain on metal. 
It was discovered that metal strip 
could more easily be made thinner 
and longer if plastic bending was 
added to the forces of pressure 
and tension that are usually ap
plied in a rolling mill. 

In conventional rolling, the met
al is deformed by the contact 
pressure of two rolls, while the 
strip is pulled between them un
der tension. This operation might 
be described as "contact-stretch" 
rolling. If the metal is bent plas
tically at the same time, "contact
bend-stretch" rolling takes place. 

In C-B-S rolling, the easier de
formation of the strip, with the 
smaller forces that are involved, 
may make it possible to use smal
ler, lighter, less expensive mills. 
In addition, larger reductions in 
thickness can be achieved on each 
pass through the rolls, or stronger 
--or wider--or thinner materials 
rolled than on conventional mills. 

A variety of metals have been 
rolled with the C-B-S technique 
including carbon and alloy steels, 
Rene 41 and other nickel-base al
loys, copper, and molybdenum. 
Since C-B-S rolling permits 
greater reductions in thickness 
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without intermediate annealing, 
the process appears especially 
advantageous in rolling materials 
that harden in working, such as 
stainless steel. 

This new rolling process is one 
of the major innovations in the 
field in a century. It was 1866 
when the first reversing rolling 
mill was introduced. Modifications 
have been made since then, of 
course, but the , basic principles 
have remained the same: contact 
pressure alone, or contact-plus
tension. Now C-B-S takes the two 
traditional forces and adds plastic 
bending. 

In one form of C-B-S rolling, 
a small roller with strip wrapped 
around it lies in the "saddle" be
tween two work rolls. The latter 

CHUCK SWETT, I.E. '66 

revolve in the same direction, 
rather than in opposite directions, 
as in conventional rolling mills. 
Folds in the entry strip can't be 
drawn in and crushed between 
rolls, thus roll damage from "cob
bling" is avoided. 

Strip up to 12 inches wide kas 
been rolled during later stages of 
the development of the process. 
During a reduction of Type 301 
stainless steel, thickness was re
duced from 0.090 inches to 0.012 
inches in four passes without in
termediate anneals. With conven
tional rolling mills, about a dozen 
passes and several intermediate 
anneals would generally be re
quired. 

(Continued on page 17) 

FOUR-HIGH ROLLING MILL 
THREADED FOR C-B-S ROLLING 

TENSION 
REEL 

FLOATING~ 
BEND ROLL 

TENSION 
REEL 
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THE BELL TELEPHONE COMPANIES 

SALUTE: DON ESTES 
Seven positions in four years indicate Don Estes (B.S., 
1959) is a man on the move. But as Don observed when 
he joined the telephone company-the future was unlimited 
-and he means to prove it. 

Don's very first job carried the responsibility and chal
lenge he wanted. As Frame Foreman, he was in charge of 
12 people responsible for the connections which linked 
50,000 telephones to the central office switching equipment. 

Don found more responsibility and greater job satis
faction in larger assignments as he moved up to higher 

jobs-Plant Foreman, Wire Chief, Repair Foreman, Divi
sion Records Engineer, Installation Foreman. 

Today, Don is Test Center Foreman for Southwestern 
Bell at Wichita Falls, supervising the work of 51 people. 
His work brings him in daily contact with some of the 
latest technical developments in the communications field. 

Don Estes, like many young engineers, is impatient to 
make things happen for his company and himself. There 
are few places where such restlessness is more welcomed 
or rewarded than in the fast-growing telephone business. 

@ BELL TELEPHONE COMPANIES 



The psychiatrist was testing the 
intelligence of a hopeful candidate 
for discharge from the asylum. 

Doc: "What would happen if I 
cut off your ear?" 

Joe: "I couldn't hear." 
Doc: "And if I cut off the other 

ear?" 
Joe: "I couldn't see." 
Doc: "Why?" 
Joe: "Because my hat would fall 

over my eyes." 
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Name ---------------------------
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in the Shamrock mailbox-Rm. 7 (Ex
periment Station) or mail to 233 Engr. 
Bldg. 

Why strength is so important 
to satellites . .. and sewer pipe 

To withstand the fantastic force applied to it during launch, a satellite must be 
exceptionally strong. Strength must be an inherent part of its design and manu
facture .. . and, it must retain this strength. 

So it is with sanitary sewer pipe. The health of a community depends to a large 
extent on how well municipal sanitary sewers and house sewers do their job. They 
must not fail because of inadequate pipe strength. Strength must be an inherent 
part of the pipe. 

Strength is an integral part of Dickey Perma-Line Clay Pipe. It's built right 
in. Nothing can take it away. The pipe body is so dense, there is strength to 
spare in all sizes, from 4-inch through 36-inch diameters. 

And the patented Dickey Coupling is a perfect work-mate for Dickey Perma
Line Glazed Pipe. This Coupling is made of the finest material available ... 

urethane. Together, this Coupling and Dickey Perma-Line Pipe 
assure you strong, tight, low-cost sewers . 

. k 1C ey sanitary glazed clay pipe 

If It's made of clay It's good .•• If It's made by Dickey It's better 

w.a. DICKEY CLAY MPG. COMPAKV Birm ingham, Alabama. Kansas City, M issouri 
Meridian, Mississippi • St. Louis, Missouri • San Antonio, Texas • Texarkana, Texas-Arkansas 
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HA\VJ 
EDITOR'S NoTE: Mr. Truman 

was one of four Honorary Knights 
of St. Patrick that were knighted 
during St. Pat's Celebration of 
1934. 

JUDGE HARRY S. TRUMAN 
Judge Harry S. Truman was 

born at Lamar, Mo., on May 8, 
1884. His early childhood w a s 
spent at Independence, Mo., and 
he attended the elementary and 
high schools there. 

In 1906 Judge Truman joined 
the National Guard, serving as a 
private, corporal, and sergeant. In 
June 1917 he was made a first 
lieutenant, and in April 1918 pro
moted to the rank of captain. 
From 1918 to May 1919 he was in 
command of Battery D, 129th F. 
A. When discharged from the Re
serve Corps he was ranked as a 
major. At the present time he is 
a Colonel in the Reserve Corps. 

In 1922 he was elected judge of 
the County Court, Eastern Dis
trict, Jackson County. He was de
feated for re-election in 1924, but 
in 1926 he was elected Presiding 
Judge and in 1931 he was re-elect
ed to the office. 

During the past 75 years about 
150,000,000 pounds of nickel have 
been used for coinage. 

THE M:rssouRI SHAMROCK 



ENGINEERING NEWS 

(Contiued from page 14) 

NEW TECHNIQUE AMPLIFIES 

ACOUSTICAL SIGNALS 

A new way of amplifying acous
tical signals, by using one signal to 
"pump" energy into another, has 
been achieved here by a scientist 
of International Business Ma
chines Corporation. 

In the new technique, a crystal 
of magnesium oxide, MgO, is used 
to transfer energy from an ultra
sonic pump wave to an ultrasonic 
signal wave. As both waves travel 
the length of the crystal, the non
linear acoustical or vibrational 
properties of the material break 
down the pump wave into fre
quency components, some of 
which add to the signal, building 
up the signal strength. 

In addition to its scientific in
terest as the first demonstration 
of acoustical parametric amplifi
cation, the technique may find use 
in the laboratory or in advanced 
radar or computer applications 
for amplifying ultrasonic signals 
in the microwave range. The con
cept of parametric amplification, 
an energy storage and transfer 
process, has been used widely for 
amplifying both electrical and 
electromagnetic signals, but never 
before for acoustical signals. 

IBM has succeeded in amplify
ing a pulsed signal at 8.5 giga
cycles by as much as 3 db over a 
length of 2 cm in the crystal. A 
pump frequency of 16.45 giga
cycles was used. Higher gains 
could be obtained by increasing 
_ the pump power or the length of 
the crystal. The technique might 
be used for amplification over the 
entire range of available acousti
cal frequencies by changing the 
pump frequency, geometry of the 
crystal and other parameters. 

Amplification is made possible 
by the nonlinear acoustical or vi
brational properties of the MgO 
material. These properties cause 
interactions to take place between 
the pump and signal waves as 
they travel through the crystal. 

MAY, 1964 

When the signal frequency is 
lower than that of the pump, part 
of the pump energy is converted 
to energy at the signal frequency, 
thus adding power to the signal 
wave. Another wave, the "idler," 
is generated in this interaction, at 
a frequency equal to the differ
ence between the pump and sig
nal frequencies. 

In addition to the above effect, 
which leads to amplification, the 
nonlinear interactions may also 
generate waves at multiples of the 
pump frequency and sums of the 
pump and signal frequencies. 
These waves would draw power 
from the pump wave and are un
desirable. They are suppressed by 
altering their phase velocity. Af
ter undergoing a small phase 
change they become "out of step" 
with the pump and signal and are 
unable to grow further. 

Change of phase velocity is ac
complished by using the interac
tion of a wave with impurity ions 
of iron or nickel in the crystal 
lattice. An interaction occurs 
when the electron spin resonance 
frequency of an ion is adjusted, 
with a magnetic field, to match 
the frequency of the wave. 

In the experimental set-up, 
pump waves are generated in a 
quartz crystal, which is bonded to 
the MgO crystal. The end of the 
quartz crystal is housed within a 
microwave cavity, producing ul
trasonic pump waves within the 
material. A separate microwave 
cavity is fitted over the junction 
between the quartz and MgO 
crystals, where the signal waves 
are generated. Amplification of 
the signal takes place within the 
MgO crystal. The entire assembly 
is submerged in a bath of liquid 
helium to reduce thermal vibra
tions, which would otherwise 
mask the amplifying effect. 

$17.50 TEST KIT CONTAINING 

TWO MICROCIRCUITS 

Two evaluation microcircuits, 
each containing a dozen thin film 
tin oxide resistors, are being 

marketed by the Electronic Prod
ucts Division of Corning G 1 a s s 
Works in a test kit selling for 
$17.50. 

Each 12-resistor microcircuit is 
on a wafer 7 / 16 x 11/16-inch. Sub
strate material is alumina, glazed 
with a special aluminosilicate 
glass. The resistors have values of 
.5, 5 and SOK ohms. 

The kits give designers the op
portunity to try microcircuits un
der their own operating conditions 
at low cost. 

Besides the two microcircuits, 
the kits include a schematic dia
gram of the test circuit, a photo 
of the circuit before coating and 
lead attachment, and technical in
formation listing typical microcir
cuit performance and specifica
tions. 

The technical information in the 
kit reports that no catastrophic 
or degradational failures occurred 
during 1,400,000 part-hours of thin 
film resistor load life testing. 

Thin film resistor networks are 
made by a non-vacuum process 
used for more than a decade in 
manufacturing conventional tin 
oxide film resistors. The process 
lends itself to economical mass 
production and product reliability. 

Evaluation kits of th.in film tin oxide 

resistor test networks have been in

troduced by the Electronic Products 

Division of Corning Glass Works. Each 

kit, priced at $17.50, contains two wafers 

that each carry a 12-resistor micro

circuit, plus a schematic diagram of the 

test circuit, a photo of the circuit be

fore coating and lead attachment (see 

wafer on finger), and technical infor

mation listing typical Corning micro

circuit performance and specifications. 
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BULi.ARNEY 

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. 

Every day the guards in the 
Russian work camp checked out 
the workers as they left th e 
grounds, to prevent stealing. For 
several days a guard had been 
watching one particular man 
pushing out a wheelbarrow full 
of straw. Every day he examined 
the straw suspiciously but could 
find nothing hidden in it. 

One day, after inspecting the 
wheelbarrow, he said, "Look, 
Comrade, tomorrow I am being 
transferred to Siberia. I'll never 
see you again, and I promise to 
keep your secret-what in the 
devil are you stealing?" 

The worker looked around 
cautiously; "Wheelbarrows," he 
whispered. 

Two men, neither very bright, 
were helping to build a house. 
One kept picking up nails, looking 
at them, keeping some and throw
ing others away. 

"Why are you throwing away so 
many nails?" asked his compan
ion. 
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''Because they are pointed the 
wrong way. They have the head 
on the wrong end." 

"You fool. Those are for the 
other side of the house." 

• 
What U or N instructors mean 

when they say: 
"See me after class" (It has 

slipped my mind). 
"Pop quiz" (I forgot my lec

ture notes) . 
"Thorough quiz" (One covering 

materials not presented in class). 
"I will derive" (Formula has 

slipped my mind). 
"Closed book quiz" (Memorize 

everything, including footnotes). 
"Open book quiz" (Oil your 

slide rule and wind your watch) . 
"Honor system" (Alternate 

seats) . 
"Briefly explain'' (Not less than 

1,000 words). 

• 
A little old lady on the train 

was passing the time by working a 
crossword puzzle. Turning to the 
man beside her, she asked: "I 
wonder if you would help me with 
my puzzle?" 

"I might," he replied, "what's 
the matter?" 

"Well," the lady said, "I need a 
four letter word ending in i-t, and 
it says here it's something found 
in the bottom of a bird cage." 

"Hmmmmmm," said the man, 
"that would be grit.'' 

"So it is," exclaimed the little 
lady, "do you have an eraser?" 

"Whoa, Sam; What's all the 
hurry about?" 

"Just bought a new textbook, 
Willy, and I'm trying to get to 
class before they switch books." 

M.E. Pro£.: "If you were at the 
top of a tall building, how could 
you measure the height, using a 
barometer?'' 

Student: "I would tie a rope on 
the barometer, lower it to the 
ground, and then measure the 
rope.'' 

Overheard at the cafeteria: 
First cook: "Hey, the garbage 

man is outside.'' 
Dietician: "OK, tell him to 

leave three cans today." 

After feeling his way around 
the lamp post a few times, the 
sozzled C.E. muttered, "It's no 
use; I'm walled in.'' 

Now go back and read the rest 
of this magazine. 

THE MISSOURI SHAMROCK 



TURN OUT THE LIGHTS AND PRESS THE BUTTON 

No preconceptions, please. Too often they point you 
away from the buried treasure. Because Kodak is 
properly known as a grand place for chemical engineers 
and chemists, fledgling electronic engineers may over
look us. All the better for those who don't. Particularly 
for those who would rather apply ideas than dream 
them, unfashionable as candor compels us to sound. 

It takes all kind of electronic engineers to make to
day's world, but we think we clearly see the ones likely 
to wind up nearer the helm here 25 years hence: 

When his projects are evaluated, he'd rather be right 
than ahead of his time. 

He works few if any miracles with sealing wax, old 
shoestring, and new developments in plasma harmonics, 
but when they turn off the lights in the big darkroom, 
his machine from the very first crack starts inspecting, 

processing, or otherwise handling light-sensitive prod
uct smoothly, bugless, and at the miraculous rates he 
had promised in the preliminary design report. He ac
complishes this by keeping abreast of the state of his 
art instead of considering his diploma an exemption 
from learning anything new. 

He deals with people as smoothly as with things. 

He would rather put his roots down in the community 
where he lives than root himself in one narrow box of 
engineering specialization. He welcomes changes of pace 
more than of place. 

He finds it cozy to know that if times change, our 
diversification leaves dozens of directions to go without 
fighting the cold world outside. 

Care to talk to us? Above remarks apply to more than 
just electronic engineers. 

EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rocheilter 4, N. Y. 

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



Advancement in a Big Company: 
How it~orks 

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

C. K. Rieger 

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

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

A. We learned long ago we couldn't 
afford to let capable people get lost. 
That was one of the reasons why G.E. 
was decentralized into more than a 
hundred autonomous operating de
partments. These operations develop, 
engineer, manufacture and market 
products much as if they were inde-

pendent companies. Since each de
partment is responsible for its own 
success, each man's share of author
ity and responsibility is pinpointed. 
Believe me, outstanding performance 
is recognized, and rewarded. 

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

A. We regard each man individually. 
Whether you join us on a training 
program or are placed in a specific 
position opening, you'll first have to 
prove your ability to handle a job. 
Once you've done that, you'll be given 
more responsibility, more difficult 
projects-work that's important to 
the success of your orgenization and 
your personal development. Your abil
ity will create a "promotional ladder" 
of your own. 

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

A. Not at all! Here's where "big com
pany'' scope works to broaden your 
career outlook. Industry, and General 
Electric particularly, is constantly 
changing-adapting to market the 
fruits of research, reorganizing to 
maintain proper alignment with our 
customers, creating new operations 
to handle large projects. All this rep
resents opportunity beyond the limits 
of any single department. 

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

A. To give you some idea, 25 percent 
of G-E's gross sales last year came_ 
from products that were unknown 
only five or ten years ago. These new 
products range from electric tooth 
brushes and silicone rubber com
pounds to atomic reactors and inter
planetary space probes. This chang
ing Company needs men with ambi
tion and energy and talent who aren't 
afraid of a big job-who welcome the 
challenge of h~lping to start new 
businesses like these. Demonstrate 
your ability-whether to handle com
plex technical problems or to manage 
people, and you won't have long to 
wait for opportunities to fit your 
needs. 

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

A. Programs in Engineering, Manu
facturing or Technical Marketing give 
you valuable on-the-job training. We 
have Company-conducted courses to 
improve your professional ability no 
matter where you begin. Under Tui
tion Refund or Advanced Degree Pro
grams you can continue your formal 
education. Throughout your career 
with General Electric you'll receive 
frequent appraisals to help your self
development. Your advancement will 
be largely up to you. 

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

GENERAL. ELECTRIC 
An Equal Opportunity Employer 
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