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If I join
the Timken
Company
after
sraduation,
what

will they do
for me?

The Timken Roller Bearing Company

Jn"“‘"v, 1964

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.tq invest in your growth, and ours, every young graduate engineer
who joins the Timken Company spends from one to four years in one of
22 individualized training programs.

Extensive training
lnslru?tion 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 Kaman Heli-
copters, a 400-foot crane boom and hundreds of automotive gear and die
applications.
We won't forget you
Advancement 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 vou are. too, we'd like to hear from you. Write to Department MC for

Career booklet. )
An equal opportunity employer.
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' |a man
likes to
gel
involved
in his j()b

Involvement is what you are offered at
Collins.

A chance to work on projects

you can get your teeth into. A chance
to work with some of the best engineers

in the business. A chance to learn, to de-

velop your talent and ability with guid-
ance from experienced, creative profes-
sionals,

This involvement is demanding—but
we are looking for the graduate who

won't settle for anything less..who won't
be satisfied unless he puts something of
himself into everything he does. We

o
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want the man who can come to grips
with a problem and solve it. Sometimes
alone. Using his knowledge, his initia-
tive, his imagination, his creative talent.

The scope of our work—Data Process-
ing, Space Communications, Avionics.
Microwave, Antenna Systems and HF,
VHF and UHF communication— offers
graduates of this caliber every opportun-
ity for growth, involvement,

job satisfac-
tion.

Contact your college place

ment office
for full information,

COLLINS RADIO COB-iPr}_I:Tc
Cedar Rapids, Iowa e Dallas, Le¥

Newport Beach, California

7
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HOW WELL DO YOU KNOW SANDIA?

. Smxd!aisapﬁmoont-actoroftheAtomicEnergyCom-

mission with laboratories in Alb
and Li ’ uquerque, New Mexico,

® Sandia is engaged in research and develo
t
ordnance phases of nuclear weapon design. TR

® Sandia scientists and engineers are doin

rela
in fields such as solid state physics, 1:11m:ma.gplztyssito:::fl::::;.:‘tlt'alf
rials research, explosives technology, pulse phenomena,

radiation damage, systems and com
and Somiient. ponent design, and test

® Our $140 million labora offers i ;
et tory the latest in scientific

e 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,
sunny and dry with year-round recreational opportunitié
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 achie?
ment in engineering or the physical sciences, the
Corporation would like to arrange an interview.

SANDIA

CORPORATION

AR ESUAL DFRORTUNITY EMPLOYER

ALBUQUERQUE NEW
MEXIC
LIVERMORE, C’ALIFOHNI:

——— The Sandia representative will be on campus Feb, 19, 20, 21, eu—
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LINDE Assignment:

Develop a new surgical tool
to freeze tissue...

hgt was the goal of Union Car-

bide's Linde Division.
Surg;;eeresglt: fully automatic cryo-
et aq;:pmgnt _that is easy to
tEmperatun ma_mtalns preselected
it numtr;es reluably._lt's been used
Wiad ¢ er of ‘hosp|tals. here and
Parkin.soiri'streatlng the symptoms of
mosement dir:ofdn;sther involuntary
tech:?:u;n d1961, a new cryosurgery
N N eveloped at St. Barnabas
e éo. Y.) under the direction of
mEdicai prgfper,'was announced to the

b iy ession. _

280 mai{thls surgical procedure in-
Patient's skmg-a -sma!l burr hole in a
i lull, directing a probe into
amic target; and using liquid

vol

Jonuary, 1944

nitrogen to cool the probe which
freezes the appropriate tissue.

Because of its extensive experience
and capabilities in cryogenic systems,
LinDE was called upon to develop and
produce the needed cryosurgical de-
vice—a precision surgical probe and a
complete system capable of furnishing
controlled cold to the probe.

Designated the CE-2 Cryosurgery
Equipment, and shown above, it per-
mits using the ultra-low temperature of
liquid nitrogen (—320°F.) as a surgi-
cal tool in a practical operating range
of 98° to —240°F.

Work with Linpe and you work with
heat, cold, pressure, vacuum. You have
a choice among programs in cryogen-
ics, plasmas, Flame-Plating, electron-

ics. biochemistry, crystallography. Be-
fore deciding on any job, get to know
all that's going on at LINDE.

For information, write Recruiting
Department, Union Carbide Corpora-
tion, Linde Division, 270 Park Avenue,
New York, N. Y. 10017.

A Linde assignment
poses a challenge

(T TLL'E LINDE
(W.1:1:{1’]1§ DIVISION

AN EQUAL OPPORTUNITY EMPLOYER
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COLLEGE OF ENGINEERING

and

JETS

ANNUAL ENGINEERING
EXPOSITION and CONFERENCE

will be held at

MICHIGAN STATE UNIVERSITY

tast Lansing, Mich.

MAY 15-16, 1964



From the ocean’s depths to outer space.

United States, and 12 subsidiaries and affiliates in Canada
and overseas. Our 1950 sales volume was $210 million.
Last year it was over $750 million.

Look over our materials in your placement office. Talk
to our representative when he'’s on campus. If you'd like
to have your own copy of our booklet *‘Build Your Career
to Suit Your Talents,” write to Dr. A. C. Canfield, Director
of University and Scientific Relations, The Bendix Cor-
poration, Fisher Building, Detroit 2, Michigan. An equal

opportunity employer.
INDIANA, MICHIGAN, PENNSYLVANIA, NEW YORK, NEW JERSEY, MARYLAND.

WHERE IDEAS
uNLOCK B

THE FUTURE

CRE 3
ATIVE ENGINEERING FOR: SPACE [0 MISSILES O AVIATION O AUTOMOTIVE O OCEANICS 00 AUTOMATION

(T:Z(:psocrg?le of projects under development at the Bendix
ST for Ion ranges from ac!vancec! oceanics to a landing
EEtween L(l:ﬂ’cllr surface vehlclgs and countless thingg in
SHialion (-:3' 0 Iege graduates find depth of technological
mlSsileg alvn' their assignments, whether it be in the space,
autoﬂ”laltlonlaf?ton’ e!ectrgmcs, automotive, oceanics or
tisaleiets ields. Bendix employs top-notch engineers,
Sl T , and ‘mathemahqans at all degree levels. They
Bendiy prestige of Bendix achievement and challenge.
operates 26 divisions and 8 subsidiaries in the

THERE
\RE BENDIX DIVISIONS IN: CALIFORNIA, MISSOURI, IOWA, OHIO,

Janvary, 1964 g
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This is the phase of the term during which many of us have a strong desire to
relax and ride along, We are not threatened with many tests and we have not
learned enough to prompt extra study hours.

This attitude will lead to failure,

Even if the instructor has no formal tests to give you, it is a wise man who pre-
pares his own, Through the use of these ‘‘personal tests,” the student will quickly
realize the large amount of knowledge that has already been presented and will
begin an awareness of how much has passed him by, Perhaps we have not learned
enough!

The usual course of students is to relaxnow and wait for mid-terms, When they
come, he feels he does not know anything anyway, so why study? Having done rather
poorly on the mid-term exams, he begins an all-night effort to catch up. This
lasts one night, He promptly lapses into the phase of not worrying. When the finals
appear, he once again does poorly and sometimes flunks the course.

Why follow this sorry course of events and attitude? Now is the time to put in

the extra hours so that when the exams come up, you have a firm base of knowledge

from which to work. This constant effort will surely lead to the ““B’! which is

dreamed of or even to the ‘A’ which is forgotten.
John B. Locke

I %%ge gyt 200"

Continyi
"tinuing Construction on

eW Science Complex at MSU.

J‘lnl.mry, ]964
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WHAT YOU COULD BE ENGINEERING AT
Hamilton Standard

Shown with an artist's conception of proposed Lunar Excursion
Module, a mockup of a typical spacecraft Environmental Control
System currently under development at Hamilton Standard.

One possible assignment: participate in the advanced
development program to produce the environmental

control system for the Lunar Excursion Module. Utilize
your training in:

heat transfer fluid dynamics
thermodynamics atmospheric supply for
control dynamics human life
(flow, temperature, contamination control for
pressure) human life

to develop a regenerable system to provide for life sup-
port on long-duration space flights.

Other ECS activities: optimization of atmospheric stor-
age methods « development of pressure control con-
cepts for two-gas atmosphere e testing of catalytic
oxidizers as a method of eliminating atmospheric con-
taminants « reclamation systems for water and oxygen
« fabrication and testing of heat exchangers, water
boilers, etc., under manned spacecraft conditions.

® ground support equipment
OTHER e advanced propeller systems
MAJOR e electron beam machines
HAMILTON e air inlet controls
STANDARD e electronic control systems
PROGRAMS: e physiological monitoring systems
®

space life support systems

See your placement officer for a campus interview, or write:

SUPERVISOR COLLEGE RELATIONS

Hamilton United

DIVISION OF

Standard Aircraft

WINDSOR LOCKS, CONNECTICUT

an equal opportunity employer
12
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This could be the start of something .. .BIG!

If you a .

Physics r:éiﬂ"’_’;ﬁ&tlng your BS or MS degree in EE, ME or

the pe’flef.‘.twln llwaukee's ‘‘Career Acceleration Program' is
ay to launch an exciting career . . . and keep it

muvingl Y .

: Tou ork .

Navigationa] SW!“ work on important inertial guidance and

NWig‘ationAc;u'yds-tem Projects for Titan Il and IlI, the Apollo
idance System, B-52C&D Bombing-Navigation

Syste
JSIEMSs and other guidance anc

'gehi 5 nroiacte n cnAar
cles, missiles and aircraft Projeciafor apese

1 navigation

In AC
: S "Car
hourdai%y in feer Acceleration Program,” you will spend one
N tormal class work, the remaining ¢ "W”‘_‘ o T
) gs hours on

2 specifi i
Dwmmégﬁxmq'(m“”95“*“ﬂc.AD\ANLH\1anmn
GUIDANCE' EQE?:TI’!E‘_LAN‘\*T“'"»'!..NW. DIGITAL COMPUTERS
and DATA ONS, BASIC ASTRONOMY, TELEMETRY
ANALYSIS- plus mathematics and |..=imn'rfl1“' 't::

disgip|j
Plines, ag required,

In additi
dition, AC-Milwaukee's —_—

to Im . y
j;51'0\.1’53 n }“‘f'.i" i Plan enables you

rE\mburSedyOfur skills through ¢ nal education. You will ¢
e or all tuition ¢ oril “ R i
oriy comp E’.("E;

AC alg
0 offer | A und yluntarily
. 5 “ i voluntarily.
addj an “in-plant” evening educational orogram for
s S 4 4 a Uk Al J

tiona| i
technical improvement

Positj
1ons a| ;
Conge, " SO exist for recent sraduat L. s

P Slaboratorips- ent graduates at AC's two advanced
BOST o

—~Adva .
On-the. g, anced Concepts Research Development
Al evelopment

Trainj
ning e A
€ Program—AC's Boston Laboratory is

Junuury' 1964

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-
s occupied with advanced guidance research for space

tory is
vehicles and ballistic missiles, plus research and development

in special purpose digital computers.

For further information on AC's “Career Acceleration Pro-
gram,’’ 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.

please note: Positions are available in all three AC
s, depending on concentration of study and
ou are invited to contact Mr. Raasch for

PhDs,
locations for PhD
area of interest. Y
further information

AC SPARK PLUG

THE ELECTRONICS DIVISION
OF GENERAL MOTORS
MILWAUKEE » LOS ANGELES « BOSTON = FLINT
An Egual Opportunify Employer

13



Come in-and bring your career questions

“Giving you the answers” is the job of the important to you. And remember, the more
Allied Chemical campus interviewer. He will

llied definite your questions, the more career hdﬁ
be here, on your campus, soon. He would like he can give you. Your placement office ca
to talk with you—to answer your questions— hemical tell you when he will arrive—and supply )'rou
to help you get the facts you need to make with a copy of “Your Future in All_le
a sound career decision. When you see him, Chemical.” Allied Chemical Corporatio?
feel free to ask him all the questions that are  8Asic To AMERICA'S PROGRESS Dept. 100, 61 Broadway, New York 6, N. Y.
DIVISIONS : BARRETT

UM
+ FIBERS » GENERAL CHEMICAL « INTEANATIONAL » NATIONAL ANILINE o NITROGEN « PLASTICS « SEMET-SOLVAY » SOLVAY PROCESS » UNION TEXAS PETROLE
AN EQUAL OPPORTUNITY EMPLOYER
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From
tend

One of the greatest experiences one can have is to feel his thoughts flowing through channels
of logic and grasping an idea, or with sudden insight, overrunning the defenses of a problem,
To find order in a seemingly heterogeneous mixture of ideas is of exceptional value to the mind
which appreciates the beauty of logic, It is an experience which a mature person will seek again
and again, for he understands that each time it is felt he will mature even more, It is a rewarding
experience because his mind has felt the impact of truth, and he understands this truth because
the reasoning of his mind has established it.

Reason was given us in order to discover truth, The discovery of truth alone would seem to be
sufficient motivation for the use of reason, but it is not the only reward, The greater reward is
the feeling of satisfaction that comes only when a man uses his abilities to overcome a challenge
that is before him. Some men spend the greater part of their lives searching for this particular
reward, No one who has ever found this satisfaction will wait long before seeking it again, per-
haps under new circumstances,

When insight comes to a person, he understands what confronts him and what he must do about
It. Often a sudden order and organization of thoughts will follow laborious moments of trial
and error, The electrical engineer who envisions the design of a system is not so far removed
from the freshman who discovers how to work a math problem, Each has to apply his abilities

fo the situation, and each feels the satisfaction of accomplishment.

Once insight comes to a man, however briefly, and he senses truth, he feels the need to pursue

it. He becomes an individual searching for truth, first because he understands that he has the

ability to find it, and second because he senses that when he does find it he will receive personal

Satisfaction, One who gains nothing from the university other than the experience of feeling his

thoughts fa1 together in a logical order is a highly educated person.

January, 1964 15



EKCITINGT;'HNGS HAPPEN AT FORD MOTOR COMPANY !

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 108 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

o

could stand the punishment dished out to parts and
components hour after hour, mile after mile. Brakes,
engines, transmissions, ignition systems—every single
part @ 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.

*Waorld Unlimited and Class C records, subject to FIA approval

<>

MOTOR COMPANY
The American Road, Dearborn, Michigan

WHERE ENGINEERING LEADERSHIP BRINGS YOU BETTER-BUILT CARS
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FACULTY

REVUE

by Phillip Kraushar

thél‘l;]is issue brings us another of
MSU’en responsible for creating
gram? Dwell—known Pilot Pro-
v r. Herman E, Koenig

mer chairman of the cur—

Ticulum Committee,

.J?'r.aléoaemg began his career in
ol n unde'rg;aduate at the
1955 3 t)l’]of Illinois in 1944, By
Spen't ae ad received his B.S,,
Gita Divygar with Delco Prod-
pir .earn 1glop of General Motors,
in Electfi hlS_M_s, and his Ph.D,
Miveras cal I;ngmeering at the
Sult of hisy F?f Illinois, As a re-
Tesearch w h,D, thesis and early
Joln the g‘rk he was invited to
Propram - Energy Conversion
Stitute. of %t Massachusetts In-

ey echnology (1954-55)

Sturned to Jllinois as an
Professor for two
accepting an ap-
8ar of Ellieas Asso;iatelalr’rofcls-
In lc(l)tirlc:al Engineering at

99, Dr. Koenig was

J“""‘"Y, 1964

ey
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i
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-
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Dr. Herman E. Koenig

promoted to Professor of Elec-
trical Engineering at Michigan
State University.

In addition to his teaching and
research activities, Dr. Koenig
served as a consultant with Re-
liance Electric and Engineering
Company from 1952 to 1956 and is
currently a consultant for Leer-
Sigler Co,

Dr. Koenig’s interests are di-
rected primarily in the area of
the design and synthesis of phys-
ical systems, In this area he has
written many technical articles
and (with Professor W, A, Black-
well) a book, ‘‘Electro-mechan-
ical Systems Theory,”” McGraw=
Hill Book Company, Inc., 1961.
This book presents a concept
which is applicable to all kinds
of physical systems made up of
discrete components, not only
electrical and electronic, butalso
hydraulic and mechanical, stratic
structures, and others, Doctors

Koenig and Blackwell developed
the concepts and methods needed
to formulate mathematical mod-
els of these many types of sy-
stems from the component mo=
dels and their interconnections.

In addition to this work, Dr.
Koenig helped establish a new
curriculum, Systems Engineer-
ing, in the Department of Elec-
trical Engineering at MSU. In
the Pilot Program, he chaired
the committee which integrated
such traditional courses as elec-
trical machinery, electrical net-
works, statics and dynamics,
control systems, and electronic
circuits into a unified discipline
designed to give the undergrad-
uate electrical engineering stu-
dent a background in the general
area of physical systems.

The results of these programs
have added to a growing interest
in new developments in engineer-
ing education.
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BEAM

! Egnﬁewg a beam of light, Aim
sile ;ndogl It at an attacking mis~
o estroy it with the speed
PErfogr 2 Au'_n it at a person and
thig eI: delicate surgery, Focus
b :ram at a receiver far away
World: Nsmit many times the
g S need of telephone, T.V
;‘adm messages, Een

Dru I_?ave conceived a laser,
e Q)f tirbert Trotter Jr,, chair-
ephone - edboard of General Tel-
fories Ix? Electronics Labora-
QnStrEL.tedc” of New York, dem-
eratioy angnd explained the op-
e Practical applications
U i er.(rhymes with razor)
Posium of MSU electrical

€ngine

and fa °ring graduate students
Wi:;uhy members, ‘

i“forma:}i]s use of Dr, Trotter’s

dEtailed e)?’lwe shall partake a
ager *Planation of the ruby

Stimuléltlght amplification by
€d emission of radia-

Junuq,y' 1964

LIGHT

tion). Let us begin with areview
of some related physics and the
quantum theory.

All matter is made of atoms.
An atom consists of a nucleus
and electrons in orbit about it.
According to the quantum theory,
the orbits or energy levels may
exist only at specific distances
from the nucleus, with none be-
tween, The farther out the orbit
appears, the higher the energy
level of the electron and the
closer to the nucleus, the smaller
the amount of energy.

An electron must absorb
energy before it may movetoa
higher level, and, in reverse, the
electron will radiate energy when
it falls to a lower orbit. In mov-
ing to a lower level, an electron
will radiate one photon of radia-
tion, which is exactly equaltothe
energy the electron loses. Thus,
if an electron absorbs a photon,

By John B. Locke

it will jump to one higher energy
level, thereby moving to the next
orbit away from the nucleus.
Also, following the spontaneous
emission of a photon, the elec-
tron will move one orbit closer
to the nucleus due to the lower-
ing of the potential energy level
of the electron,

In certain substances, another
phenomenon is possible which is
the basis for the laser, An elec~
tron may exist in a semi-stable
level, such that when a photon of
radiation of exactly the right
frequency triggers the electron,
it can cause it to fall to a lower
level, thereby emitting a photon
of radiation identical to, and in
phase with, the one that stimu-
lated the emission. Actually, this
is an amplification or doubling
of the photon radiation energy.

(Continued)
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TRIGGER
PULSE
GENERATOR

ARROW PASS FILTER
FOR REMOVING PUMP
RADIATION

¢ QO

OSCILLOSCOPE

[DETECTOR]

D.C.
POWER
SUPPLY

CAPACITOR

BANK

|- XENON FLASHTUBE
2-REFLECTIVE COATING
3-HOLDER FOR LASER ROD
4-PARTIALLY TRANSMISSIV

MIRROR

5-TRIGGER ELECTRODE
6- LASER ROD

Diagram of apparatus for flash excitation of solid state laser.

A ruby cystal laser, the com-
monest, utilizes allof these prin~
ciples, A ruby rod is enclosed
by a xenon flash tube, When ac-
tivated, the flash tube sends en-
ergy into the ruby rod. Some of
the chromium atoms within the
rod absorb some of this energy.
An electron of one of these atoms
absorbs a photon of radiation and
Jumps to a higher level, Then, by
spontaneous emission, it fallg
down to a partially stable level,
emitting some incoherent radia-
tion, A stimulation then causes
the electron to fall back to its
original level, emitting a coher-
ent radiation of 6943 Angstrom
units. The ends of the ruby rod
are polished and partly reflect-
ing, so that as the stimulating
Photon of radiation passes
through the rod it is amplified
t0 some very small extent and
then is reflected back through the
Tod to be amplified some more
and so on, Though the amplifica-
tion may be Very small on each
passage, the light ig traveling
back and forth with a speed of
3 x 10 em. per sec,, or 186,000
miles per second, This means
that, with respect to time, the
amplification becomes Very great
n a very short Period, and the

20

result is a very high energy light
pulse output,

Dr. Trotter also explained the
nature of coherent light which, in
essence, is what the laser was
developed to produce,

Incoherent light of the type a
light bulb generates, can be
broken down into a number of
rays or beams, According to the
quantum theory, radiation is a
large number of individual pho-
tons which comprise a beam,
Letting a ““A" represent a pho-
ton of energy, we can illustrate
the nature of incoherent and co-
herent light,

In figure 2 we see a beam of
incoherent light with the photons
in a disarray and having no order
at all, Figure 3representsa beam
of coherent light with the Photons
in phase and of the same number
in each row, which means the in-
tensity and, therefore, the ampli-
tude of the light is constant,

It is easily seen, as Dr, Trotter
pointed out, that to modulate in-
coherent light so it could carry
messages, would be impossible,
Coherent light such as the
laser’s, however, can pe mod-
ulated inthree different manners,
Amplitude modulation, phase
modulation, and frequency mod-

ulation of a laser have all beﬁg
achieved at General TelePhiOS
and Electronics Laborator fa .
Inc. These methods of modu o
tion enable the laser beam to g
used as a carrier wave to tran

mit messages, (See ffiguresi) o

The light waves given off Y11e1
laser travel in almost Pa;an ¢
rays. By virtue of this, Whe &
laser beam reached the moona,m
would have lost little ener SYmﬂe
be only a little more than a e
in diameter. With its abilitz’n o
carry huge amounts of infortr
tion, the laser makes terres i
communications a fantastic PO
sibility.

Tht:y beam from a ruby laigfﬁ
lasting only one two-thousaem_
of a second, can produce 2 trees
perature of about 18,000 deg i
Fahrenheit upon a minute hSPbe
This means the beam mig tand
used to drill diamonds, Stnkean
destroy enemy m}ssilessur.
Planes, perform delicate 5
gery, and greatly increaseé
Precision of radar. lica-

The possibilities for app o
tion of a laser are almost beyfin
realization. Resear'ch t?wany
them is rapidly advancing. ! o
of the devices heretofore Sculaitjf
fiction are now becoming reality:

Spartan Enginee’



%,
o\

COHERENT LIGHT INCOHERENT LIGHT

e el N X »
AR IRINIRIL N NN RO
o R R T M R X »
N R W R AR Bl
b ;&
N iy
»
T A R, B s A 4
NSRS RSR TRt XK b Rl
PR RN W W B »
»\h\t\&\bb\ o A
O * R\

/\/\/\/\/\/\/\/\/\ COHERENT

PARTLY

\/\/\/\/\/\/\/\/\/ COHERENT

INCOHERENT
PHASE MODULATION N AMPLITUDE MODULATION FREQUENCY Mooumno\:
RN SN Nt
R IR R
IIVARTY Py M, IXIRINDN D AN AN
<N g R Pl A RN
R R P O
e T T S Do Nl hog B ONINIy S
1) i O S N RO TUNONINI 2
T g Ry RN »>
\;’\ D \W{X\ﬁ \\i\\
S

January, 1964 21



SWIMS... ORBITS...

BLINKS...

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,




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.

Iy == |l

I L
FOR ADDITIONAL INFORMATION . ... and an illustrated CORPS OF E NGINEERS

bl our Career”, write to the Chief of Engi- D E P A RT M E N 'l' 0 F A R M Y

rtment of th i
20315 e Army, Washington, D.C. AN EQUAL OPPORTUNITY EMPLOYER
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The key words are “eareer” and “management.”
The Bethlehem Loop Course is designed not to place a
man in a job, but {o start q man on a career. Although we

man we recruit for the Loop Cours
just the first step toward increasing levels of responsibility,

TheBethlehem Loop Course is designed to train men for
management. We seleet men whom we feel have the po-
tential; we start them out with an intensive five weeks’
course that gives them g 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

An equal Opportunity employer
24

BETHLEHEM STEEL

, ;8
be given general plant training for a number of t\;ei{tsual
sales looper trains for a full year before he star

ng, Ve
SEI'lll‘hignk it over. It should be abundantly cle;i.l‘ tkliito‘?lr
have a big stake in our loopers. We do everyt lﬂfhe rest
Power to assure that you make good progress—
i t ; ith
i llf]fp yguyg;le interested in a career in ma-nﬂ?‘”.‘wgis‘::jta
one of the nation’s largest and most dynaff'”c 4 rs wit
conceerns, we urge you to read our booklet, ,Careeﬁ get @
Bethlehem Steel and the Loop Course.” You ca steal
¢opy at your Placement Office, or by sending a po
to our Personnel Division, Bethlehem, Pa.

Spartan Enginee!



MULTIPLY

Abamperes
abamperes per sq cm
abampere-turns
abampere-turns
abampere-turns per cm
abcoulombs
abcoulombs
abcoulombs per sq cm
abfarads

abhenries

abohms per em cube . .
abvolts
abvolts

SRS
Umperes per sq cm. . .
Omperes per sq inch. .
Umperes per sq inch. .
Amperes per sq inch. .
ampere-turng
::pare-luma ........

Pere-turns per cm .
mpere-turns per inch
::re-lumn per inch

re- i

_— turns per inch

bushj "7 * Per min. .

Jonuary, 1944

FUDGE FACTORS

1/9x10~*
1.662x10*
10°
l 0—‘15
10~
10-*°
1/9x10~*
10~
6.015x10°*
1/3x107
10-°
43,560
4047
1.562x10~*
5645.38
4840
43,560
3.259x10°
1/10
3x10°
6.452
0.01550
0.1550
4.650x10°
1710
1.257
2.540
0.03937
0.3937
0.4950
0.02471
100
76.0
29.92
33.90
10.333
14.70
1.058
9.870x10

1
0.01020
2.089x10*
1.450x10~*°
0.2530

. 144 sq.inx 1 in.

777.5
3.927x10-*
1054
107.5
2.928x10*
12.96
0.2356
0.01757
17.57
0.1220
1.244
2150
0.03524
4
64

TO OBTAIN

amperes
statamperes
amperes per sq inch
ampere-turns
gilberts
ampere-turns per inch
coulombs
statcoulombs
coulombs per sq inch
farads

microfarads
statfarads

henries

millihenries
stathenries

mhos per mil foot
megmhos per cm cube
megohms

microhms

ohms

statohms

microhms per cm cube
ohms per mil foot
statvolts

volts

square feet

square meters
square miles

sguare varas

square yards

cubic feet

gallons

abamperes
statamperes

amperes per sq inch
abamperes per sq cm
amperes per sq cm
statamperes per sq cm
abampere-turns
gilberts !
ampere-turns per in
abampere-turnspercm
ampere-turns per cm
gilberts per cm

acres

square meters

cms of mercury
inches of mercury
feet of water

kgs per sq meter
pounds per sq inch
tons per sq foot
atmospheres

dynes per sq cm

kgs per square meter
pounds per sq foot
pounds per sq inch
cubic inches
kilogram-calories
foot-pounds
horsepower-hours
joules
kilogram-meters
kilowatt-hours
foot-pounds per sec
horsepower

kilowatts

watts

watts per square inch
cubic feet

cubic inches

cubic meters

pecks

pints (dry)

MULTIPLY

bushels

Centares
centigrams
centiliters

centimeters
centimeters
centimeters
centimeters
centimeter-dynes .....
centimeter-dynes
centimeter-dynes
centimeter-grams
centimeter-grams
centimeter-grams
centimeters of mercury
centimeters of mercury
centimeters of mercury
centimeters of mercury
centimeters of mercury
centimeters per second
centimeters per second
centimeters per second
centimeters per second
centimeters per second
centimeters per second
cms per sec per sec..
cms per sec per sec..
cms per sec per sec..
circular mi
circular mils. .........
circular mils
cord-feet
cords
coulombs
coulombs ............
coulombs per sq inch. .
coulombs per sq inch. .
coulombs per sq inch. .
cubic centimeters.....
cubic centimeters .. ..
cubic centimeters.....
cubic centimeters.....
cubic centimeters ... .
cubic centimeters.....
cubic centimeters.....
cubic centimeters.....
cubic
cubic
cubic
cubic
cubic
cubic
cubic
cubic
cubic
cubic
cubic
cubic

fool . .. ..o
feet per minute
feet per minute
feet per minute
feet per minute
cubic inches
cubic inches. ....... A
cubic i
cubic i
cubic i
cubic i
cubic i
cubic i
cubic
cubic
cubic
cubic
cubic
cubic
cubic
cubic

1.020x10*°
1.020x10*
7.367x10°*
980.7
10-°
7.233x10°*
0.01316
0.4461
136.0
27.85
0.1934
1.969
0.03281
0.036
0.6
0.02237
3.728x10*

7.854x10~
0.7854
dftxdftx]lft
ftxdftxdft
1/10
3x9°
0.01550
0.1550
4.650x10°
3.531x10"°
6.102x10*
10~
1.308x10"°
2.642x10*
107
2.113x10°*
1.057x10*
2.832x10*
1728
0.02832
0.03704
7.481
28.32
59.84
29.92
472.0
0.1247
0.4720
62.4
16.39
5.787x10~*
1.639x10°°
2.143x10°°
4.329x10°°
1.639x10-*
0.03463
0.01732
10°
35.31
61,023
1.308
264.2
10°

TO OBTAIN
quarts (dry)

square meters
grams

liters

inches

meters

mils

millimeters
centimeter-grams
meter-kilograms
pound-feet
centimeter-dynes
meter-kilograms
pound-feet
atmospheres

feet of water

kgs per square meter
pounds per sq foot
pounds per sq inch
feet per minute
feet per second
kilometers per hour
melers per minute
miles per Kour
miles per minute
feet per sec per sec
kms per hour per sec
miles per hour per sec
square centimeters
square inches
square mils

cubic feet

cubic feet
abcoulombs
statcoulombs
abcoulombs per sq cm
coulombs per sq cm
statcouls per sq cm
cubic feet

cubic inches

cubic meters

cubic yards
gallons

liters

pints (lig)

quarts (liq)

cubic cms

cubic inches

cubic meters
cubic yards
gallons

liters

pints (liq)

quarts (lig)

cubic cms per sec
gallons per sec
liters per second
Ibs of water per min
cubic centimeters
cubic feet

cubic meters
cubic yards
gallons

liters

pints (liq)

quarts (liq)

cuhic centimeters
cubic feet

cubic inches

cubic yards
gallons

liters

pints (lig)

quarts (lig)
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The Most Complete Conversion

MULTIPLY

cubic yards

cubic yards

cubic yards

cubic yards

cubic yards

cubic yards

cubic yards

cubic yards

cubic yards per minute
cubic yards per minute
cubic yards per minute
Days .6
Days

Days

decigrams

deciliters

decimeters

degrees (angle)
degrees (angle)
degrees (angle)
degrees per second
degrees per second
degrees per second
dekagrams
dekaliters
dekameters
dollars (U.S
dollars (U.S.
dollars (U.S
dollars (U.S.
drams
drams
dynes

dynes

dynes LI P by
dynes per square cm
Ergs it tarine )
Ergs MR R
Ergs

Ergs

Ergs

Ergs

Ergs

ergs per second
ergs per second
ergs per second
ergs per second
ergs per second
ergs per second
Farads
Farads
Farads
fathoms
feet
feet
feet
feet
feet SRy
feet of water .

feet of water

feet of water .. ..
feet of water ... .. ..
feet of water

feet per minute

feet per minute

feet per minute

feet per minute

feet per minute i
feet per second .. ...
feet per second .
feet per second . . .
feet per second .
feet per second

)
)
)
)

26

BY

7.646x10°
27
46,656
0.7646
202.0
764.6
1616
807.9
0.45
3,367
12.74
24
1440

1.020x10*
7.233x10**
2.248x10*

1
9.486x10°"
1

7.376x10"
1.020x10*
107
2.390x10°"
1.020x10-*
5.692x10*
4.426x10°*
7.376x10"*
1.341x10™"°
1.434x10*
lo—lll

TO OBTAIN

cubic centimeters
cubic feet

cubic inches

cubic meters
gallons

liters

pints (liq)

quarts (liq)

cubic feet per second
gallons per second
liters per second
hours

minutes

seconds

grams

liters

meters

minutes

radians

seconds

radians per second
revolutions per min
revolutions per sec
grams

liters

meters

francs (French)
marks (German)
pounds sterling (Brit)
shillings (British)
grams

ounces

grams

poundals

pounds

bars

British thermal units
dyne-centimeters
foot-pounds
gram-centimeters
joules
kilogram-calories
kilogram-meters

Btu per minute
foot-pounds per min
foot-pounds per sec
horsepower
kg.-calories per min
kilowatts

ablarads
microfarads
statfarads

feet

centimeters

inches

meters

varas

yards

atmospheres

inches of mercury
kgs per square meter
pounds per sq ft
pounds per sq inch
centimeters per sec
feet per sec
kilometers per hour
meters per minute
miles per hour
centimeters per sec
kilometers per hour
knots per hour
meters per minute
miles per hour

MULTIPLY BY

feet per second . . 0.01136
feet per 100 feet. . . . 1
feet per sec per sec 30.48
feet per sec per sec. . 1.097
feet per sec per sec. . 0.3048
feet per sec per sec.. 0.6818
foot-pounds .. ... ..... 1.286x10°°
foot-pounds ... ....... 1.3561101
foot-pounds . ... ... .. 5.050x10°°
foot-pounds .. ... .. .. 1.356
foot-pounds ... .. 3.241x10*
foot-pounds .. .. ... ... 0.1383
foot-pounds . . ; 3.766x10°"
foot-pounds per minute 1.286x10°
foot-pounds per minute 0.01667
foot-pounds per minute  3.03x10°°
foot-pounds per minute 3.241x10-*
foot-pounds per minute  1.260x10~°
foot-pounds per second  7.717x10-*
foot-pounds per second 1.818x10-*
foot-pounds per second  1.945x10°°
foot-pounds per second  1.365x10*
francs (French). 0.193
francs (French) . 0.811
francs (French) 0.03865
furlongs 40
Gallons 3785
(éullons 0.1337

allons
Gallons 3.782.‘.'?:}10’3
Gallons 4.951x10"°
Gallons 3.785
gal!ons 8

allons St b 2
gallons per minute 2.228x10°
gallons per minute 0.06308
gausses 6.452
gilberts 0.07958
gilberts 0.7958
gilberts per centimeter 2.021
gills JLek ki) 0.1183
il AR (e T 0.25
grains (troy) 1
grains (troy) 0.06480
grains (troy) 0.04187
XN ol 980.7
grams 15.43
grams 10-°
grams 10*
grams 0.03527
grams 0.03215
grams 0.07093
grams .. ..., .. .. 2.205x10-
gram-calories 3.968x10°
gram-centimeters 9.302x10°*
gram-centimeters 980.7
gram-centimeters 7.233x10°*
gram-centimeters 2.344x10®
gram-centimeters 10
gram-centimeters 9.807x10*
grams per cc 5.600x10°
grams per cc ... . 62.43
grams per cc . 0.03613
grams per cc 3.405x10
Hectares 2.471
Hectares SN YR SR 1.076x10°
hectograms 100
hectoliters 100
hectometers ... = 100
hectc_swuttx ERCE L 100
hemispheres (solid angle) 0.5
hemispheres (solid angle) 4
hemispheres (solid angle) 6.283

TO OBTAIN

miles per minute
per cent grade

cms per sec per sec
kms per hr per sc
meters per sec per sec
miles per hr per sec
British thermal units
ergs
horsepower-hours
joules
kilogram-calories
kilogram-meters
kilowatt-hours

Btu per minute
foot-pounds per sec
horsepower
kg.-calories per minute
kilowatts

Btu per minute
horsepower
kg.-calories per min
kilowatts

dollars (U.S.)

marks (German)
pounds sterling (Brit)
rods

cubic centimeters
cubic feet

cubic inches

cubic meters

cubic yards

liters

pints (lig)

quarts (liq)

cubic feet per second
liters per second
lines per square inch
abampere-turns
ampere-turns
ampere-turns per inch
liters

pints (liq)

grains (av)

grams
pennyweights (iroy)
dynes

grains (troy)
kilograms
milligrams

ounces

ounces (troy)
poundals

pounds y
British thermal units
British thermal units
ergs

foot-pounds

joules
kilogram-calories
kilogram-meters
pounds per inch
pounds per cubic fool
pounds per cubic inch
pounds per mil-foot
acres

square feet

grams

liters

meters

watts

sphere

spherical right angles
steradians

Spartan Enginee’

~ Table Ever Compiled

MULTIPLY

ORI o e
T R
1 T
horse-power
horse-power
horse-power ... .. ...
horse-power
horse-power
horse-power
horse-power . ........
horse-power (boiler) . .
horse-power (boiler) . .
horse-power-hours
horse-power-hours
horse-power-hours
horse-power-hours
horse-power-hours
horse-power-hours

inches of mercury .
inches of mercuuﬁ. 5 5
inches of mercury. ...
inches of mercury. .
inches of mercury. . ..
inches of water
inches of water
inches of water
inches of water
inches of water

inches of water
oules

Klogramg = -
I:!l‘:‘ﬂ'l’tl'lll—4:1:!11:}!'ies St
Hogram-calorieg

o °grm~ﬂ!10l’ias
h.lugrm'ﬂllories
HIWW-culories

k ogram-calories .
kg-cd"i“ Per min. . .
kg-culuri“ pPer min . .
h‘l-caloria; Per min .
hg.m Squared
2°CMs squared
- °9Tam-meterg
. °9Tam-meterg
o C9Tam-meterg
.:gﬂm-lnelem
. JTdM-meterg
Kilogram.meters
98 per cubje meter .

kgg Per square meter

Per g
k quare meter
% Per square meter

Janugry, 1964
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10°
10°
1/9x10*
42.44
33,000
550
1.014
10.70
0.7457
745.7
33,520
9.804
2547
1.98x10°
2.684x10°
641.7
2.737x10°
0.7457
60
3600
2.540
10°
.03
0.03342
1.133
345.3
70.73
0.4912
0.002458
0.07355
25.40
0.5781
5.204
0.03613
9.486x10*

1.102x10-*
3.968
3086
1.558x10-*
4183
426.6
1.162x10~*
51.43
0.09351
0.06972
2.373x10°*
0.3417
9.302x10"°
9.807x10°
7.233
9.807
2.344x10"
2.724x10*
10
0.06243
3.613x10*
3.405x10-"
0.6720
9.678x10*
98.07
3.281x10®
2.896x10
0.2048
1.422x10~°

TO OBTAIN

abhenries
millihenries
stathenries

Btu per min
foot-pounds per min
foot-pounds per sec
horsepower (metric)
kg.-calories per min
kilowatts

watts

Btu per hour
kilowatts

British thermal units
foot-pounds

joules
kilogram-calories
kilogram-meters
kilowatt-hours
minutes

seconds

centimeters

mils

varas

atmospheres

feet of water

kgs per square meter
pounds per square ft
pounds per square in
atmospheres

inches of mercury
kgs per square meter
ounces per square in
pounds per square ft
pounds per square in
British thermal units
ergs

foot-pounds
kilogram-calories
kilogram-meters
watt-hours

dynes

grams

poundals

pounds

tons (short)

British thermal units
foot-pounds
horsepower-hours
joules

kilogram meters
kilowatt-hours
foot-pounds per sec
horsepower

kilowatts

pounds-feet squared
pounds-inches squared
British thermal units
ergs

foot-pounds

joules
kilogram-calories
kilowatt-hours

grams per cubic cm
pounds per cubic foot
pounds per cubic inch
pounds per mil foot
pounds per foot
atmospheres

bars

feet of water

inches of mercury
pounds per square ft
pounds per square in

MULTIPLY

kgs per sq millimeter.
kiloMfied oo iibanng
KleBtery: .. ..o cunmns
kilometers
kilometers
kilometers
kilometers
kilometers
kilometers per hour. ..
kilometers per hour. ..
kilometers per hour. ..
kilometers per hour. ..
kilometers per hour. ..
kilometers per hour. ..
kms per hour per sec
kms per hour per sec.
kms per hour per sec.
kms per hour per sec.
kilometers per min. ..
kilowatts
kilowatts
kilowatts
kilowatts
kilowatts
kilowatts
kilowatt-hours
kilowatt-hours
kilowatt-hours
kilowatt-hours
kilowatt-hours
kilowatt-hours
knots

T R M R L e
knots per hour.......
knots per hour. . .....
knots per hour. .... 5}
knots per hour .. ....
Lines per square cm .
lines per square inch.
links (engineer's). .. ..
links (surveyor's).....
liters
liters
liters
liters
liters
liters
liters
liters of
liters per minute. .. ..
liters per minute .. ..
bog™ Wi Ulus i dvens
log. NorIn N ...
lumens per sq ft. ... ..
Marks (German) ... ..
Marks (German) .....
Marks (German). ... ..
maxwells B N
megalines ..........
megmhos per cm cube
megmhos per cm cube
megmhos per cm cube
megmhos per inch cube
megohms
meters .........coeeen
meters .
meters ......
meters
meters
melers ..........-----
meter-kilograms ... ..

1
0.1550
12
7.92
10°
0.03531
61.02
10°
1.308x10~*
0.2642
2.113
1.057
5.855x10~*
4,403x10°°
2.303
0.4:?43

0.238
1.233
0.04890

1.0936
9.807x10°

TO OBTAIN

kgs per square meter
maxwells

liters

centimeters

feet

meters

miles

yards

centimeters per sec
feet per minute

feet per second
knots per hour
meters per minuis
miles per hour

cms per sec per sec
ft per sec per sec
meters per sec per sec
miles per hr per sec
kilometers per hour
Btu per min
foot-pounds per min
foot-pounds per sec
horsepower
kg.-calories per min
watts

British thermal units
foot-pounds
horsepower-hours
joules
kilogram-calories
kilogram-meters
feet

kilometers

miles

yards

centimeters per sec
feet per sec
kilometers per hour
miles per hour
gausses

gausses

inches

inches

cubic centimeters
cubic feet

cubic inches

cubic meters

cubic yards

gallons

pints (lig)

quarts (lig)

cubic feet per second
gallons per second
logo NorIn N

log” N

foot-candles

dollars (U.S.)

francs (French) .
pounds sterling (Brit)
kilolines

maxwells

abmhos per cm cube
megmhos per in cube
mhos per mil foot
megmhos per cm cube
o

centimeters

feet

inches

kilometers
millimeters

yards
centimeter-dynes
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THERE WILL BE AN EAGLEL KL A DL 0

.....

Spartan Enginee’

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
gngines to today’s rockets. Tomorrow will find that same Pratt &
Whitney Aircraft eagle carrying men and equipment to the moon and
toeven 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
imiting criteria. They are moving ahead in many directions to advance
Surprograms in energy conversion for every environment.

Our progress on current programs is exciting, for it anticipates the
thallenges of tomorrow. We are working, for example, in such areas
#advanced gas turbines . . . rocket engines . .. fuel cells. .. nuclear
PoWer—all opening up new avenues of exploration in every field of
#r0space, marine and industrial power application.

The breadth of Pratt & Wh
nical talent . |

tribute toour

itney Aircraft programs requires virtually every tech-
- Téquires ambitious young engineers and scientists who can con-
0rPh.D, in: Miivances of the state of the art. Your degree? It can be a B.S., M.S.
NUcLEAR ‘ENG|:ANICAL * AERONAUTICAL » ELECTRICAL » CHEMICAL and
ICS « MATH EERING » PHYSICS » CHEMISTRY » METALLURGY » CE-
EMATICS « ENGINEERING SCIENCE or APPLIED MECHANICS.

CGTEEr boUnda
"#ion-financeq
*garding o
Ppo
%88 placement
Depar‘tme“t' P

ries with us can be further extended through a corpo-
Graquate Education Program. For further information
"tunities at Pratt & Whitney Aircraft, consult your col-
officer—or—write to Mr. William L. Stoner, Engineering
ratt & Whitney Aircraft, East Hartford 8, Connecticut.

Pratt &Whitney Rircraft

tONNEchUT ObER

AT'O EAST HARTH eln] YRR - -
FLORIp OPERATIQ NS EAST HARTFORD, CONNECTICUT

NS WEST PALM BEACH

FLORIDA

ig:ﬂ:“'“s IN POWER . .. POWER FOR PROPULSION—POWER

AIRCRE?ILIAHY SYSTEMS. CURRENT UTILIZATIONS INCLUDE

DUS T, MISSILES, SPACE VEHICLES, MARINE AND IN-
TRIAL APPLICATIONS.

jOnqury, ]964

DIVISION OF UNITED AIRCRAFT CORP.

An Equal Opportunity Employer
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elco Means
‘Challenge to
3 Ed Whittaker

B Edward G. Whittaker, III received his BS
Degree in Engineering Physics from Colorado
University in January of 1963. Shortly there-
after he joined the Research and Advanced De-
velopment Group at Delco as a Physicist.

As Ed puts it, “Believe me, it’s a real chal-
lenge for a guy fresh out of college to see an
idea through from the development stage to the
finished product. Here at Delco in my work on
materials for new semiconductor devices the
creative experiences are endless—and the at-
mosphere seems to encourage your best efforts.”

As a college graduate, you too may find excit-
ing and challenging opportunities in such pro-
grams as the development of germanium and
silicon devices, ferrites, solid state diffusion,
creative packaging of semiconductor products,
development of laboratory equipment, relia-
bility techniques, and applications and mant-
facturing engineering.

If your interests and qualifications lie in any
of these areas, you’re invited to write for our
brochure detailing the opportunities to shar.e
in forging the future of electronics with this
outstanding Delco-GM team. Watch for Delco
interview dates on your campus, or write ©
Mr. C. D. Longshore, Dept. 135A, Delco
Radio Division, General Motors Corporation
Kokomo, Indiana.

° A An equal opportunity i
solid state electronics @/

\'%Z’\' DELco Rapio Division oF GENERAL MoToRS CORPORATION

KokoMo, INDIANA
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AV 4
, Monsanto
NM

MONSANTO CHEMICAL COMPANY
Llw N Fﬁnn-;n BLYD ST. LOUIS 6§ wU WYDOWN 3-1000

also represents...

Now the Monsanto man. ..

He's ready to answer your career questions about
any or all of these outstanding organizations

Eai;egb[;rrzduct? range frorp chemicals to chemi-
Sourecs, T, ? & rgnn plastic bottles to nuclear
tunities iy ek 1} }izrse activities creatfe oppor-
B ot arch, development, ?ngmeering,
P g, ‘and marketing. Yet, because
Sitrats farlr)?il %ant. mer.nber of the Monsanto
mployment ;}, ‘t}le I\-In:msanto 'meessional
campus s quVeDT esentative coming to your
Yy prepared to give you complete

acts on g
ny or @
40 may £ él & all of them . . . show you where

You ws

will _

i aboiltave a b(;ttt\f opportunity to learn
Us...In a single interview. See

your Placement Director now to set up that
interview when we visit your campus SOOI.
Or, write for our new brochure, “You And
Monsanto,” to Manager, Professional Recruit-
ing, MON SANTO, St. Louis, Missouri 63166.

Monsanto

AN EQUAL OPPORTUNITY EMPLOYER

Janugry, 1964
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MISS ENGINEER

Carol Crupi

2] l I
I F‘fH'H.:’Ttv"fH‘r d by

Mark Krast )/

eer

Spartan Engin







TURBOPROP ENGINE FOR LIGHT
AIRCRAFT

Phoenix » Los Angeles

Spartan Engine®’



Must a big company be impersonal? We think not.

In fact .
urfmr‘:\ t?;’:tc:\o to great lengths to make
$ior the dTo ome‘ls ever “.rorst“ at Dow.
follow hrw'c; CJ‘ a.rndn. flrgt loins us, ‘we
certain 't‘*‘m% T_rleer with interest, make
'f/f?Dr)(;::t ”St assignments give him
alents 3;'3‘ y to deveiopqnd display
‘f:'—r-u‘ucr;:‘i;in enC_Ourage him to accept
UL e g responsibilities.
erc;_;‘f;‘i Dow is organized much like a
: .”N I small companies rather than a
V‘-Oiﬁo‘rate complex, re\:'cg::ruitn,n.w
. ral moves which aid the

Pme ;
vidua| -‘1\'”‘[ and growth of the indi-
val as well ae +
"‘Frr..n,'d well as the D¢ W oraa
LMotior p— X
¢ '0ns are made from within. Your
o v . You

future with Dow ic v
vith Dow is virtually limitless.

hat
ther

You're a chemist, engineer,

' f’“aihermtici.m physicist—or

of any of 3 o Sl
ANy of a hundred other educa-

Honal dige i
you'll Dow

Jist,

Ciplines,

that

January, 1944

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 than200 industries with some
700 items—ranging from chemicals and
plastics to new consumer products.
Sales have increased eightfold since
World War Il. Present plants are being
expanded, new ones built.

And Dow offers not only a stimulating

future, buta rewarding oneas well. Many

of our employee benefit plans are indus-

try models, including our periodic stock

purchase plans, sickness and accident
benefits, life insuranc 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, An Equal

Opportunity Em

California—Pittsburg * Colorado—Rocky Flats
« lllinois—Madison = Indiana—Pitman-Moore Divi-
Indianapolis » Louisiana—Plaguemine *
+ Michigan—Mid-

sion,
Massachusetts — Framingham
jand + Ohio—Packagi
Oklahoma—Dowell, Tulsa
Virginia—Williamsburg

« Texas—Freeport

35



WE'VE INSTALLED DIGITAL AND ANALOG COMPUTERS
FOR THE ECONOMIC GENERATION OF POWER

" has
neer
WE’I) LIKE F O At Detroit Edison, generation of ideas comes first. Here, an engi

) : P into action.
ample opportunity to put his training, his energy and his ideas in cooncepf for
TA'.K T0 A good example of this is Detroit Edison’s recent adoption of a new

e digitdl
YOU AB“UT T“E the economic generation of power. Combining analog and i

uni-
computers with a telemetering system for data coHecfion' o T: n:fr; siX
G[NERAT'ON cation is a concept that will insure peak operfoﬂg_emc'enczhoueng;ng
OF IDEAS' Edison plants. If you would fike fo see your ideas contribute to
® projects, yo

i : < Resegrch:
U may be interested in training as a Detroit Edison Engineer. fo you at
Electrical Systems and Production Engineering are three of the many challenging fields open
Detroit Edison. Write for our b

ik : mpany—
ooklet about professional opportunities for graduates in our comp
2000 Second Ave., Detroit 26, Michigan.

THE DETROIT EDISON CcOMPANY

AN INVESTOR-OWNED ELECTRIC LIGHT AND POWER COMPANY
36
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CHALLENGE IN CALIFORNIA

IN ALL PHASES OF CIVIL ENGINEERING

HIGHWAYS
BRIDGES
STRUCTURAL

SANITARY
HYDRAULIC

. . -time enterprises.
. . i rojects are no boom
California’s far-flung state engineering proj

. with the
They are sustained, long-range operations pianneci Takl)(ielzi?p gg; salaries,
continued growth of the West. We offer g o 5d ou )illllustrcx'red litera-
job rotation and professional advancement. Let us Sef"f.v);s Please state your
ture and campus interview schedule of our represeite s - bt o814,
field. State Personnel Board, 801 Capitol Mall, Sacramento,

37
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: ake chemical odhesives to
M d techniques and quip- PROBLEM: Develop fuels and lubricants for PROBLEM: M
PROBLEM: Find new tec e e L

ment to reach oil and gas now ini sible - ¥ r with- nd wing structures of the 2000 mph Mach
i inaccessibl space-age ehicles, such as greases to ith bo ld 1 t s
.I("f : stand 1000°F. temperature and almost ab- plane o e 5
under the oceans. f' d 100! F- t 3 f th 970

-

PROBLEM: Imprave the reliability and pre-
cision of automatic controls and new mate-
rials and equipment demanded by new oil
and chemical processes.

or-
row's petroleum transportation system to

handle greater volumes faster throughout
the nation.

Tough Problems Inspire
Top Performance

The problems facing Shell are diverse and tough. And Shell’s sclﬂl’.-l:;‘::;
ngineers, and other professionals prefer it that way. They know e,
their individual achievements and the success of the Company ‘1.”}3‘ 'ee
termined by the size of the problems they tackle and solve. They hav
5 set for themselves the highest standards
esign,

of performance.

PROBLEM: Broinchild the function, d These standards have enabled Shell to
and locations of marketing outlets which

[ . shore ex-
lead in advances in offshore
future populations,

cars and roads will ploration and production
demand.

. .ses. new products
» hew manu fa(:tunn;_- processes, new prod z
efficiency in distribution

. P st sition as
and marketing, and to achieve a positio
one of the nation’s dynamic and progressive companies.
Shell’s continuing dedication to excellence assures a varie
highest standards of perform

geology, geophysies, phy

F Sk also have set
ty of rew arding careers for sraduates who als
for themselves the ance. Opportunities exist for ar

" : : ‘hermistry,
aduates in engineering, chemistr}
usiness,

sics, mathematics and I
Shell Representatives will be
Or a resume sent 1o Manager, Re
20, N. Y., will receive full c,
will be invited to visiy Sh

Pleased to tell you more about the Shell ¢

cruitment Division, Dept. E, The She
onsideration. Candidate
ell installations for inter

: o -qm pls.
ompanies when they visit your c zm;{l :
c 74 = reeot New York
U Companies, 50 West 50th Street, New b
] 1 : i (unities
$ whose qualifications and interests match Shell opportu

views,
The Shell Companies
RIS Shv]l 0il Company

Shell Chemical Company SHEI.I-
Shell Pipe Line Corporation

Shell Developme

An E.

nt Company

SICN OF A l!l-'.”l"I'El-_i
FUTURE FOR YOU

ineél
Spartan Engin®



The Engineer and Society

THE COMPUTER INSTITUTE

FOR SOCIAL SCIENCE RESEARCH

Since.their development, data
Le);oi:essmg computers have been
enploited and utilized mainly for
mg neers, The Computer Insti-
wae for So'cial Science Research

nf established by Michigan State
into\'gsity to stimulate research
e toe use of computers as an
rrell social science research
Fh: 0 encourage this type of re-

TJi"lc:h using computers,
tembg Institute was begun in Sep-
Socialrécligg& by the College of
ing Laboraco(;? .and the Comput~
scieggh of the research in social
ind al'?t’h psychology, sociology
o ropology, political sci-
tory, . igec:l_ogy, education, his-
Volvés Nguistics, and others, in-
o makmo much clerical labor
Many se ‘the research feasible,
Stalon, aocml Scientists have been
lﬂStituteteid by tpis problem, The
Tesenron S trying to unite these
itie €rs and the potential-

§ of computers,

January, 1964

In addition to teaching and aid-
ing researchers in the use of
computers, most of the staff
members of the Institute are en-
gaged in their own computer-
dependent studies,

The possibilities for the use
of computers are mammoth, The
Institute is stimulating research
into these possibilities.

In the near future, a student
may enter a classroom filled
with individual consoles. The
student will be assigned a con-
sole which will ‘‘ask’ him a
question, His answer will be re-
layed to a computer, analyzed,
and an appropriate second ques-
tion will be ‘‘asked.”’

A computer could be used to
aid in complex business deci-
sions, organizing libraries,
translating foreign languages, or
simulating complex social sys-
tems.

A psychologist would find a
computer a marvelous aid in or-

as told by Dr. Charles F. Wrigley,
Director of the Institute

to John B. Locke

ganizing large numbers of people
while making a survey of reac-
tions, His predictions could be
made much more accurate with
his ability to analyze larger
groups and more factors,

Regulating the flow of traffic
and examining traffic accidents
are also benefitted by the use of
computers,

Yes, the range of potential is
wide and greatly unexplored, The
Institute is the only one of its
kind known andfaces alargetask,

The research section of the
Institute is trying to obtain more
people who are engaged in social
science research, The technical
section is teaching these people
how to use the computer to en-
large their opportunities, Com-
bined with the 3600 computer
available at M.,S,U., research in
the social sciences should be
able to advance significantly.
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An ever-broadening curriculum at M SU

ENGINEERING 101

Computer Programming

A new course was Introduced
this fall for all Freshman en-
gineers, Running for three terms,
at 1 credit per term, it is de-
signed to provide an engineering
student with the capability of
writing his own basic computer
programs, Inaddition, it provides
the student with an introduction
to the types of problems with
which he will deal as an engineer,

Students begin in the fall with
an introduction to Fortran com-
puter language, During this first
term the most frequently used
portion of the Fortran Language
Is covered and students gain ex-
perience by writing programs for
5 assigned problems, Winter
term is devoted to furthering
basic programming skills with
only a limited amount of new
material added, Once again stu-
dents work on a set of assigned
Problems. In the spring the
course expands, In addition to
increasing the student’'s skill at
writing his own pPrograms, it is
planned to introduce him to the
use of programs out of the Pro-
gram Library, In this way the

40

student will become familiar with
the use of programs which would
be too long or complex for an
engineer to write himself, These
Library Programs (written by
professionals) serve as valuable
tools which the engineer can make
use of,

The formal classes consist of a
lecture once a week. Students put
in additional time on their own,
writing programs and punching
program cards, Room 372 En-
gineering Building, where cards
are punched, has been equipped
with 5 key punches and a taby-
lator, In addition there are 5
Graduate Instructors who assist
students with their programs,

Programs, once pPrepared, are
sent to the Computer Center,
twice a day, where they are run
on the 3600 Computer, These
Programs, the Final Examina-
tion, and the lecture attendance
determine the Final Course
Grade, There is no Midterm ex-
amination, There is also no re-
quired text for the course, how-
ever it is recommended that stu-
dents read the Fortran 60 Ref-

by John Callahan

erence Manual and the Fortran
prlir:n 25;1nec:tion with the courseé,
there is also a voluntary Pfg;
gram, Students of ability, “;ve
desire a more comprehensee!
ability in progra aming, md-
with Dr, M, C, Keeney for 2
ditional instruction sesswﬂ]S:
Some of these stu'ents are :rs
ready working as programm
on campus,

As a whole the course Pfoz'lﬁlez
the engineering student Wit No
basic ability in prograrnmmg-ro_
attempt is made to produce gver
fessional programmers, how i
the course does provide the fu;on-
engineer with the ability o !
verse intelligently with P(li"?t e
sional programmers, In ad’dl o
it gives the student some 1 e'tdo
what a computer can and canom-
and the knowledge to set up cable
plex problems in a re.atsonhem
manner before presenting lt it
to a programmer., Final yltam
gives him the skill to pl’ngill
many of the problems he
deal with as an engineer.

Spartan Enginee’



Do YOU Want

EXPERIENCE
2

&
The Spartan Engineer needs YOU

for these jobs—

Writing
selling

copy reading
layout

art

photography

Come to Room 144 Engineering Building

fonug 41
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EDDIE AND ANNIE
WERE LOVERS...

ived i ity i ielectic
Once upon a time when ¢ equals zero, there lived in a small ca;{lty msad;lewleyc i
medium, a poor struggling dipole by the name of Eddy Currer;ltt. :f \:i inﬂuimial
love with a beautiful coil by the name of Ann lon, the daughter
force in the town, Cat lon.

i a beauty
Eddy’s first contact with her came at a time ¢ equals a.d‘As he p.assi:(ih:;);d " he};
i iodi i her having a standing wave
arlor on his periodic orbit, he saw : . e
lf:lamcntq He made a fine sight in his beautiful doublet and it was a case of m
polarization,

“YOU SHOCK ME” o "
By a coincidence they met at a dissipation function of the following night. ! lt:::
a few oscillations to the strains of a number (n) played by Mo Mentum an
Incadescent Tuning Forks, the couple diffused into the field outside.

“Gauss, Ann,” he said, “You're acute angle; T am d (terrr:fned) that U shall
marry me for I sphere that I shall never be happy without you.

“Oh, Eddy,” she replied, “Don’t be so obtuse. Integrate out here in the alpha
rays tonight?”

: : v ‘m in a state of
“Ann, are you trying to damp my osculation? Can’t you see I'm in a
hysteresis over you?”

HE CAN’T RESISTOR
“Now, Eddy, be a discrete particle. What will father say?"” Alas, there was 3_150
in this cavity a mean dipole who was resolved to marry the beautiful Ar?l_m: using
coercive force if necessary. Hearing these murmurings of love, he went pi-i'd with

fury, and crept stealthily upon the couple with velocity u, his joules drooling with
the vestial erg that moved him.

“What the infra red are you doing here you flat-footed vial villain?” demanded
Eddy. The situation grew tensor.

THE VECTOR!
Schmidt advanced to choke the beautiful coil:
capacity C for absorbing the charge
work content in knocking him out to
charge. Eddy made a quick comeback
outer electrons. This so upset the villai
cosmic radiation and vanished into the
vector in the combat,

Eddy offered resistance R; His
was low, and Schmidt suffered little lost
infinity with a severe blow on his negative
with acceleration q, stripping off Schmidt’s
n’s equilibrium that he was converted into
realms of space, leaving Eddy the resultant

“Our love will not be transient,”
“Darling,
Ann happily.

And as time ¢ approached infinity,

said Eddy as he formed a closed circle around her.

we will raise a one parameter family of second infinitesimals,” murmured

they lived happily ever after.

(Editor's Note: Vi
Engineer, who took i
City IRE section P
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Wayne Engineer,
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dn't rememb er where

who took it from the California
tion, who took it from the Kansas
they got it,
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This is the answer to
November’s Crossword

MliuNITIZIRZ AT Il s U T
OV |AlL { I RIG|iN AlXI|E
5 W ERENM BB B
i‘\ i ’I T
olA I THEN[GINE[=]R
AVIEIRI TEICHEE S EN AP
REIATEBRED KIAME|S|S
==Y S N VRS
‘T NOSIL )N LN
El[AlS |EAITIE
BIAIS[IINIS ([
MIE| LT U ST

DO YOU KNOW WHAT YOU KNOW?

| The person that knows it all knows that he knows
it all and doesn’t have to tell anyone. The person that
c.l'o@m,t know it all doesn’t knmow that he doesn’t know
E.l all and has to tell everyone that he does know it all
1ust for fun. Therefore, there are twenty-six letters i
the alphabet.

by John B. Locke

Janugry, 1964
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Opportunities at Hughes for EE's— Physicists— Scientists:

from the ocean floor to the moon...and beyond

Hughes sphere of activity extends from the far reaches of outer space to the bottom
of the sea...includes advanced studies, research, design, development and produc-
tion on projects such as: (@ SURVEYOR —unmanned, soft-landing lunar spacecraft
for chemical and visual analysis of the moon's surface; @ SYNCOM (Synchronous-
orbit Communications Satellite)—provides world-wide communications with only three
satellites; ® F-111B PHOENIX Missile System—an advanced weapon system designed
to radically extend the defensive strike capability of supersonic aircraft; @) Anti-
ICBM Defense Systems—designed to locate, intercept and destroy attacking enemy
ballistic missiles in flight; & Air Defense Control Systems — border-to-border con-
trol of air defenses from a single command center — combines 3D radar, real-time
computer technology and display systems within a flexible communications network:
® 3D Radar—ground and ship-based systems give simultaneous height, range and
bearing data—now in service on the nuclear-powered U.S.S. Enterprise; @ POLARIS
Guidance System — guidance components for the long-range POLARIS missile;
Hydrospace — advanced sonar and other anti-submarine warfare systems.

Other responsible assignments include: TOW wire-guided anti-tank missile, VATE automatic check-
out equipment, Hard Point

Uil nse syste . R & D work on ion engines, advanced infrared systems,
associative computers ers, plasma physics, nuclear electronics, communications systems, microwave
tubes, parametric amplifiers, solid state materials and devices. . . and many others.

B.S., M.S. and Ph.D. c?“did;?cst
Members of our staff will con

CAMPUS mTERv;iws

ture, consult you

Director. Or wrile: COJIEG; ny, PO
Office, Hughes Aircraft Co ‘;iforr!ia'-
Box 90515, Los Angeles 9, Ca

=
HUGHES AIRCRAFT CumED
U. S. CITIZENSHIP REQ ity
An equal opportumty emp




Here are 6 reasons why you should
spend at least the next four years
with us...

You'll find that at least a few of
these six advantages are exclusive
with the civilian Navy generally,
and especially with the world-
renowned Naval Ordnance Labo-
ratory because of its perenially
powerful role in government weap-
onry research. No “Blue Sky”
promises here—you’ll soon see
yvhy these advantages make sense
individually, and why collectively
they represent a career develop-
ment opportunity you really
should consider. )

1 Vital assignments of national
importance

Whatever programs you may work
on ... missile guidance, weapons
Systems, re-entry components,
underwater ordnance, fire control,
sonar,.fuzes, sonobuoys, nuclear
EXplos!ves, propellants, solid state,
acoustics, infrared . . . you see
f!n_dl follow the big picture, from
Initial concept to fleet acceptance.
More than 95 major weapons de-
vices developed at NOL are in
fleet use todqa Y.

2 Training programs encourage
Breadth of Experience

i reseaTOEgh four assignments
eva]ualionrc T éngineering, and
inders " This enables you to

stand the whole and to help

select g .
area. Permanent assignment

3
. ;\fholly- or Partly-Paid
aduate Education Programs

Various -
OUs accredited graduate pro-

Yonuary, 1964

grams, both with local institutions
or the university of your choice,
permit you to attain your ad-
vanced degrees. Many courses are
held right at NOL, and enable
young professionals to work full
time while participating. Most
such programs provide for reim-
bursement of tuition. Stipends, in
some cases, are available.

4 Professional Stature and
Future Opportunity

NOL retains patents in the em-
ployee’s name for professional
purposes, and for commercial
rights in some instances. Attend-
ance at professional meetings is
encouraged, and there is ample
opportunity to conduct founda-
tional research. At the end of
these four years, many doors to
the future will be open to you . . .
as a professional engineer with an
unusually strong R & D back-
ground.

5 Top-Flight Equipment &
Facilities

Because so much in-house work

—$30 MILLION annually—goes
beyond the existing and known,
NOL has many of the finest re-
search and development facilities
available anywhere. NOL head-
quarters spread over nearly 1,000
acres of suburban Maryland just
outside Washington, D. C. (now
one of the nation’s leading R & D
centers). You may also work at
NOL test facilities elsewhere in
Maryland, in Virginia, and Florida

. . as well as with the operating
units of the fleet.

B Reach the $10,000 to $12,000
level within 4 years

New and virtually unknown is
the fact that the new government
salary structure lets you earn more
than $10,000 within four years. ..
PLUS all the benefits of Career

Civil Service.

Watch for the NOL
representative on campus

If you would like to contact NOL
directly, write to Mr. Emil Kranda,
Personnel Officer.

NAVAL ORDNANCE LABORATORY

WHITE
OAK

SILVER SPRING, MARYLAND

An Equal Opportunity Employer
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ingineers

In Choosing a Career,
Constder these
Advantages—

Location: Fisher is basically an “Engineering”’
company with 1,500 employees located in a
pleasant midwest community of 22,000.

It’s less than 10 minutes to the Fisher plant
from any home in Marshalltown.

Type of work: You’ll become a member of
an engineering team that has produced some
of the outstanding developments in the field
of automatie pressure and liquid level controls.

Growth : Fisher's products are key elements
in automation which assures the company’s
growth because of the rapid expansion of
automation in virtually every industry.

Advancement: Your opportunity is

unlimited. It is company poliey to promote
from within; and most Fisher department
heads are engineers.

If you want to begin your engineering career
with one of the nation’s foremost research and
development departments in the control of
fluids, consult your placement office or write
directly to Mr. John Mullen, Personnel Director,
FIsHER GOVERNOR CoMPANY, Marshalltown, Ia.

If it flows through pipe
anywhere in the world
chances are it's controlled by...

SINCE 1080
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Your life at Du Pont | one of a series tor technical graduates

How to tell a career from a job

Ajobisa j ;
A job “Vegog-orf; t;:jareer Is a place to grow. A career has a future.
What you myst Inay to day. In a job you get what you can, do
We're a ca;e a career, rewards parallel your contributions.
EMployees haveebr company. More than a third of our 90,000
than 25 years ™ een with us at least 15 years; 10,000 for more
Invest oyer 39'0 m_ﬁ;'r_e are reasons for this. To assure growth we
Year's sales ($2.4 lb.'ﬁ,” a year in research. Fifty percent of last
Years agq, 'Bec;u':n) came from products unheard of just
gm‘;“ 7150% since 193? customers like these products, we've
Ur career - :
all respongible oo 2r€ in this growth because we fill virtually
Severa| areas tODgSItlcns fror_n within. Our young men work in
ange positio evelop their capabilities. This way they can
ere are ~ozs Without leaving the company.
like to g iou n;i” and career men. If you seek a career, we'd
rite s aOrt an !ntefesting and rewarding one at
etter or clip and mail our coupon today.

BmER T I
HIN —
GS FOR BETTER LIVING ... THROUGH CHEMISTRY

A 2
" equal opportunity employer

J
unuary' ]964

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

Metallurgists

Chemists

Chemical Engineers
Mechanical Engineers
Electrical Engineers

E. . du Pont de Nemours & Co. (Inc.)
2519-A Nemours Building
Wilmington, Delaware 19898

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

Please rush me more information about how | might fit

in at Du Pont.

Name.

Class Major Degree expected

College_______ . ———————

My address______



GREAT MOMENTS
IN MICHIGAN STATE ENGINEERING

: u to quit making
And here, gentlemen, is where the yellow went! **John, how many times have | told yo

paper dolls on that machine?”’

No, Chet, | think it needs a little more Vermouth!

ineering
It says, ““Help! I’m trapped inside the Enginee
101 Keypunch machine!”

o hy
- Spartan Engin



This i . -
is is the last chunk of salami you're going to get
You monster!

]

Gee, look at that funny engineering student reading

:-\‘35'}-" SQ“
Y+ we have sure raised a lovely family! :
the Spartan Engineer.

Jcnuury' 1964 .



” How to plan
a course
leading to
career achievement
and satisfaction
3 to 5 years
from now?

Where to find
the field of
electronic systems
of greatest
interest to
you NOW?

Questions
germane
to your
career

) et b it iverse programs
At Sylvania Electronic Systems you can achieve both these objectives. To begin wnth, :tli‘;ns' olectronic
give you a chance to enter practically any field in electronics: space-earth communic ’

ilitary
: . : . A tems for m
reconnaissance, detection, countermeasures; information handling; and complex sys

command and control,

lopment
Here you can move about within the community of 20 interrelated research and advanced dj‘;aanp;:raﬂ'
laboratories located in a number of different locations including suburban Boston, Buffalo anFurthermore.
cisco. Or you may prefer SES's Product Support Organization at sites throughout the world. al manage’
three parallel advancement paths provide ample opportunity to further your career as a technic

technical specialist, or pProgram/project manager—with equal rewards.

ical
! , technica
This major electronics division of Sylvania Electric Products Inc. coordinates for defense all
personnel and facilities for General Telephone & Electronics Corporation.
For the talented young engineer or scientist eage

For
- open-
r to progress, career opportunities are now
further information see your college placement o

fficer or write to Mr. Robert T. Morton.

SYLVANIA ELECTRONIC SYSTEMS

Government Systems Management

for GENERAL TELEPHONE & ELECTRONICS

40 Sylvan Road —Waltham 54, Massachusetts
An Equal Opportunity Employer

P
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A student put a bottle of Scotch
in his pocket. On the way across
the street he was knocked down
by an automobile, Picking him-
self up, he started to walk away
when he felt something trickling
doy‘rn his pants leg.

Oh, gosh,”” he groaned, ‘I
hope that’s blood,”’

Charlie Reynolds had been
complaining to his wife for sev=-
eral weeks about all the new,
mysterious aches and pains he
t\x{aq recently fallen heir too,
; either one of them could account
é)r his troubles. Then one night,
luifilrlie came home with the so-
: on to his problem and in-
Cl’rmed his darling wife, “I fin=-
zle found out why I've felt so
o ffsr-all lousy the past few weeks.
irurgm some new modern furn-
agoe at the office about a month
tim:e and I found out for the first
e today that I’ve been sitting

€ wastebasket,”’

A hamburger b
any other name
Costs a lot more,y ¥

i "Were you a b
10 Wall Seiamsy 3 DUl OF @ bear

either, I was a jackass.”
A cage

court,
fense

T was being tried in

wa};e liWYeI for the de-

making his plea to th

co P 0 the

splé(l;t and in the course of his
eech said to the judge:

Boke (;wéawyour honor, just sup-
ga{?glmg hmif:g Ccoming out of a
258ing by onel” i
hastily interrupted. the judge

Jonuary, 1964
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The conversation ataparty was
being monoplized by a self-styled
war ‘‘hero’’ who insisted on going
into great detail about his ex-
ploits, He seemed to be catching
the attention of a quiet, elderly
looking woman and was soon ad-
dressing his remarks toher,

‘““Why, after I got into the Air
Force I shot down two bombers
and four fighters, I also blew up
three ammunition dumps,” he
boasted,

“‘And what happened then?”’ the
lady inquired quietly, ‘‘Did you
get sent overseas?”’

This sign was recently posted
on a golf course near Fairbanks,
Alaska, “‘If ball is picked up by
a bear, player may replace and
add one penalty stroke, If player
gets ball back from bear, take
automatic par for the hole.”

Daffynitions . . .

Coed: A sweater with an IQ.

Engagement ring: A learner’s
permit,

Middle age: When you start
changing your emotions for
symptoms.

Ash tray: Where you put your
ashes when there is no floor.

An engineer of a large instru
ings and specifications for a ne
by one of the firm’s largest cl
coded instruction,
ignations the enginee

able to find them, Finally he placed a
1ling me what ‘MIL TDD-41’ means?’’ he asked.

tomer.
““Would you mind te

“Sure, I’ll tell you,’’ the customer sai

the damned drawing for once’.”’

The big day was here. The
wonderful, gigantic bridge con-
necting two of the country’s larg-
est cities was being formally
opened, At the height of the fes-
tivities, when thousands of people
had thronged onto the bridge, the
center span, with a crash heard
for miles, fell into the bay, a
mass of twisted girders and hu-
man bodies, The frenzied mayor,
seeing the engineer, dashed up
to him, ‘‘Look what you've done!”’

The engineer, scratching his
ear, replied, “‘I told Joe that
decimal point was in the wrong
place.,”

A Texas oil man was visiting
New York, His city friends
showed him all of the sights in-
cluding the Empire State Build-
ing.

“Isn’t that a gigantic struc-
ture?’’ asked the friend.

“Naw, that isn’t so big,”
drawled the Texan, ‘“We've got
outhouses in Texas bigger than
that,”’

““Well,”” drawled back the New
Yorker, “‘I guess you need'em,”’

ment company was looking over draw-
w instrument which had been ordered
ients. Attached to the paper was the
«MILTDD-41.”” Not being familiar with these des-
r looked in his technical journals, but was un-

long distance call to the cus-

d. ““It means, ‘Make it like

51



Wheo 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 37 foreign countries,

52

Who is Olin?
What does Olin make?

What are the types of work at Olin?

What are the opportunities at Olin?

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 devel-
oping new ones. Men with
liberal arts and business
backgrounds find rewarding
career opportunities in the
administrative functions,
marketing, and some areas
of manufacturing,

Ulin

3

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

What are the oppor:tunitlel
at Olin? Olin recognizes peo-
ple as its greatest asset, Your
future growth and career 1§
as important to the cc?mpalrgf1
as it isto you. Begipr_ung with
corporate and diwswnall ori-
entations, you will be given
thorough on-the-job tramu'lﬁ
in your first job. You Wi ]
learn and progress, accor
ing to your ability, working
with skilled and experien
men in various assngrxmefltl-
For additional informatloc!:
about Olin please contd i
yvour Placement 0ff1ceczl-
write Mr. M. H. Jacoby, ?
lege Relations Officer, 01;::
460 Park Avenue, New Yor
22, N.Y.

Spartan Engine€’



An idea grows from one mind to another.

" egin with nothing important. Just a word. Or a notion. But as each succeeding mind brings a fresh viewpoint, the idea begins
UW and mature.

\ g . ) 1 | ) oi.
you like working in an atmosphere that breeds ideas, you'll like working at Northrop. Stimulating minds and stimulating proj

oot .
Wy, : : z i lines of
s V@ Part of the climate here. We have more than 70 active projects in work, and we're constantly evgluatmg hew

bl | guidance, aerospace deceleration and landing, man-

Jects cover such fi . 1 . - .inertia

7 Ch fields as interplanetary navigation and astro-ine :

sand |i s iction s [ | techniques and
and life support systems for space, automatic checkout and failure prediction systems, laminar flow contro q

W0 (I.j e
Td-w
'de co Unicaticms.

For m
il ific | i wri ) r
. ® Specific information, see your placement counselor. Or write to Dr. Alexande Non
AN E E R

ort , alas g
hrop CorpOratmn_ Beverly Hills, California, and mention your area of special interest.

53
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Picture of
a committee
at work!

The man in the picture is a committee of
one having a big meeting—with an idea.

He is working independently in one of
nine modern engineering and research cen-
ters established by International Harvester
—~a company which has doubled its re-
search and engineering budgets in the past
ten years.

Few other companies have created so
many new opportunities for college gradu-
ates with scientific ambitions.

If you are a mechanical, industrial, elec-
trical, agricultural, chemical, ceramic, met-
allurgical, general or civil engineer...or a
mathematician, computer technologist or
program analyst, you are invited to learn
more about new and challenging engineer-
ing assignments at IH now,

We are now interviewing men interested
in careers in the design, development, engi-
neering, manufacturing and testing of more
than a thousand different IH products.

The men chosen will be recognized
members of a team that is first in world
production of heavy-duty trucks, farm trac-
tors and agricultural equipment, a world
leader in the manufacture of earthmoving
and construction equipment and a pioneer
in gas turbine development.

Would you like to get better acquainted?
Just send the coupon below,

Using a mile of wire and 320 str

ain gages, a
young engineer sets up static stre

s§ tests in the
new IH Construction Equipment Laboratory.

[ . SN e —
m International Harvester Company

An Equal Opportunity Employer

New booklet describes our engineering and research
centers. For your cop

Supervisor of Emplo
Company, 180 N.

¥, mail this coupon to: General
yment, International Harvester
Michigan Avenue, Chicago 1, 111,
AN INTERNATION
REPRESENTATIVE WILL
SOON. IF YOU
INTERVIEW,

AL HARVESTER

BE ON YOUR CAMPUS
WOULD LIKE A PERSONAL
PLEASE CHECK HERE [

L
54 .

-
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NAME
(Please Print)
ADDRESS
cITY - sT.\TE,"'_/
-—
MAJOR

scnoor_w/

YEAR GRADUATING

1964
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CIVIL ENGINEERS:

The AASHO Road Test findings
¢an help you build better
highways... get the latest facts
about DEEP- STRENGTH
(Asphalt- base) pavements
Out
impo?-i;he AASHO* Road Test have come a number of
DEgp gnt findings on the structural superiorities of
¢ "STRENGTH Asphalt, pavements.
Iv'uur;(;:r career is in Civil Engineering, you owe it to
d&sién ’Itf’.SEt the latest facts about modern highway
STREN.(; . hirty-four states have already used DEEP-
highwa H Asphalt pavements in their new heavy-duty
Sﬂ‘ﬁdin Yfmnstruction. Prepare now for your future by
.y B 10r a free student library on Asphalt Construc-
and T'«'ft'l'lnology_

*Ame
Tican Ag WEP STREMGTH
Associq ASPHALY PAVEMENTS

tion of State ”{’,‘_,_;m,”y Officials.

.
"E ASPHALT INSTITUTE

College Park, Maryland

January, 1964

mcnes of asenaut sase JJJJj]
INCHES OF CEMENT-TREATED Bast [ |
INCHES OF CRUSHED. STONE BASE [

2.1

| 18
| SINGLE AXLE LOAD, KIPS

| 32 ]
TANDEM AXLE LOAD, KIPS

I
1

Chart based on data in Highway Research Board Spe::if'al
Report 61 E shows greater effectiveness of Asphalt bases in
terms of relative pavement t.hicknessfeu to support typical
single and tandem axle loads (12 kips = 12,000 pounds).

THE ASPHALT INSTITUTE
College Park, Maryland

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

CLASS,

NAME

ADDRESS

STATE

CITY.

SCHOOL

—— —
— — — — —

— — — — ——

— — — —



I 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 a
639, increased horsepower for the
same engine envelope.

We think you, too, will like the
creative climate at Allison, as well 3
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 yo
what it’s like at Allison where Energy
Conversion Is Our Business.

An equal opportunity employer

Al]ls o1n

THE ENERGY CONVERSION DIVISION OF
GENERAL MOTORS, INDIANAPOLIS, INDIANA

CM

Spartan Enginee’



W .
deziare the .chemlcal company that an electromechanical
sner might be operating some day

T .

t f‘\;n_chemlstry of photog

i }lj(tirv t_hat concerns

o) Ing inside such m
£ssors for hospitals, s

We
it eed elec »
kinds of tromechanical engineers to design all

i automatj .
Ideas fop._ ig one.;C ﬁhot(’g"“llh“' apparatus that we have
8, little ones, simple ones, super-sophisti-

raphy is far from being all of
us. Actually, it is rapidly going
achines as these automatic x-ray
een here under construction.

Cated
Ones, in
; 3 Sy ex
“Xpensive opeg fol;e;sws ones to sell by the millions, very
S aybe intern: :
We neeq Yybe internal use only.

Process .
n e - .
ngineers, by which we mean those

Whn h
Bure oyt
} the b o
ave dreamed up est way to make what the designers

EAST
MAN KODAK COMPANY

An
e‘lual-oppmtunity

Bl.lh'i aaQ « a8 .
ness and Technical Personnel Department, Rochester,

em - p s . ; .-
ployer offer ing a choice of three communities:
Rochester, N.Y., Kingsport, Tenn.,

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
and maybe you join us and maybe you turn

you are one
out to be such a whiz at your profession that after a while
plant for us.

ou to operate an electromechanical

Kodak

we ask y

N.Y. 14650

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 Divisien. He was
elected a vice president in 1958,

el e U
For complete information on op-
portunities for engineers at
General Electric, write: Person-
alized Career Planning, General

| Electric Company, Section &99-

09, Schenectady, N. Y. 12305

GROWTH THROUGH TECHNOLOGICAL CHANGE

The Role of
R&D in Industry

Q.

A.

A.

B

. There are three Advanced Technology

. Of course. The world is

. ’ Re.
Dr. Haller, how does General Electric define that overworked term,
search and Development? ] el
At General Electric we consider “R&D” to cover a \\hc.u. Spec r.li[w .
= . . . - . . - A 4 sak
activities, ranging from basic scientific investigation for its own il
the constant él‘furts of engineers in our manufacturing d_e[l.ll]tmtnlrjdle
improve their products—even in small ways, hnmq:'\\ht’n.' in l'lt-ln]llm,\.,-.
of this range is an area we call simply “technology s 1hr.[ulul;la e
how that t'inu]nleq scientific knowledge with the engineering of pr
and services to meet customer needs.

How is General Electric organized to do research and development? A
Our Company has four broad product {_’I'ull}'[S***;\t‘l‘t,l‘i)(ltf' ;I-[]]'d’[[Dfth;Elﬁ::
Consumer, Electric Utility, and Industrial. i‘.au"ll group is divide e
divisions, and each division into departments, The d<-|-urlnwn.l.- lbu.‘r'n;il"‘r
separate businesses, responsible for engineering their ilrndml-ls .J]ll‘l -e[ i
their markets. So one end of the R&D spectrum is clearly a l't—[,dll IIH.‘.
function—engineering and product design. At the :ll|l(‘l'l end is l!'i’ [(:r
search Laboratory which performs both basic and applied Thony l‘i"h
the whole Company, and the Advanced Technology I.:.l])ul'.litt)l'lt'h W l.l.Lr‘
also works for the whole Company in the vital linking function of putting
new knowledge to practical use. o e
Having venl:‘alimi services of Research and Advanced Im-l_nmlugy EED
not mean that divisions or departments cannot set up their own e
operations, more or less specialized to their technical or market Amtere'r-;-e.
There are many such laboratories : e.g., in electronics, nuclear power, spac
technology, polymer chemistry, jet engine technology, and so on.

Doesn’t such a variety of kinds of R&D hamper the Company’s P"“E“":,!
contribution? Don’t you find yourselves stepping on each ?fhers I:f!;
On the contrary! With a great many engineers and scientists V\El-)l' 1::
intensively on the problems they understand better than anyone eae! d
go ahead simultaneously on many fronts. Our total effort is broa 'f‘m:h:
Our central, Company-wide services in Research and Advanced Etiq
nology are enhanced by this variety of effort by individual departments.
How is Advanced Technology Services organized?

Chemical and
Materials Engineering, Electrical and [nformation Engineering, and ?IE
chanical Engineering: and the Nuclear Materials and Propulsion Ol",?“;
tion. The Laboratories do advanced technology work on Ih(‘_ir own, ““1
Company funds, and on contract to product departments or outside ‘:":‘l[’ll,lelr‘}
and government agencies, NMPO works for the AEC and the military &
develop materials and
weight nuclear reactors,
formation center for
develops potential ne

Laboratories:

; < : oy, low-
systems  for high-temperature, lllg:h'll‘”“*r'[ i
ATS is the Company's communication anc e
disseminating ney technologies. It also plans @
w business areas for General Electric.

So R&D at General Electric is the w

i eat
ork of a great many men in a gr
many areas?

going through a vast technological n.\.'.lnllor;,.
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 :‘I"'l!l for tesearch :and '[t.\,‘l..lu.m'nl.
"o keep competitive, and to grow, industry must master that mountain ]1‘
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.
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