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Fresh water and electricity...from one Westinghouse super-factory

I 2 o ; Jectric rer—and at
Imagine a modern factory that can produce 500,000 kilowatts of electric power

. s a day.
- : . - By gallons a day
ater from the sea and make it drinkable at the rate of so million £
['hat’s enough power and warer for a population of half a million.
No such super-factory

the same time take w

7 exists anywhere in the world, Not vet. But a .\'[:1;1ll-wullcl\‘c.-r.smn nf‘- o et
the Westinghouse system is bcinr!:r buile by Burns and Roe, Inc. for an electric utility in rhr:‘ F:‘ll;;‘:it-;n
Waste heat from the electric power turbines will convert sea water to fresh by a flash dist

process, providing abundant electriciry
lower cost than now exists in m
Westinghouse can build |

and water for industry, agriculrure and home uses. And at
any parts of the world, o

arge or small sea water super-factories for electric utilities

N any coastal area. And as research continues,

. - . ey arvest
scientists may find a practical way to har
chemicals from sea w

ater in the same process.

You can be sure if it's Westinghouse

For information on a career at

Westinghouse, an equal op
write L, H, Noggle,

portunity employer,
Westinghouse Educational Departme

nt, Pittsburgh 21, Pa.



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

Arm yourself with facts about DuPont

TECHNICAL MEN WE'LL NEED FROM THE CLASS OF '64

These

ojginzzorlieigegmp‘?d persuade some 700 new B.S. graduates
For exampl| g It was mostly a matter of getting facts.

section of th%ec'olf you war)t to start your career in a certain

In 28 states .Iuﬂtry. you'll find that Du Pont—with facilities
If you're —Will try to accommodate you.

Personally ygf,eﬁe“e‘j_ in growth for what it can mean to you

Iﬂcreased'75{]°/ be interested to know that our sales have

expendityres aru Since 1937. You've probably heard that R&D

/e spend $90 €a good indicator of a company’s future success.

straight into million a year on it, $60 million of which goes

SCientific ¢ Ploneering research” — the discovery of new
Our bo :(Uths and new materials.

Later—q; 2\,51‘5 Will answer most of your preliminary questions.

0 now if you wish—we can talk specifics by letter,

I face tg fa
. ce- -
like to know abomozot write us or send our coupon? We'd

BETTER THINGS FOR BETTER LIVING
.+ . THROUGH CHEMISTRY

An equal opportunity employer

May, 1944
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Industrial Engineers

Chemical Engineers Civil Engineers
Mechanical Engineers Physicists
Electrical Engineers

Chemists

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

2531 Nemours Building, Wilmington, Delaware 19898
Please send me the literature indicated below.

[] Du Pont and the College Graduate O Reprint of Saturday
[ Mechanical Engineers at Du Pont Evening Post article
[J Engineers at Du Pont on Du Pont, July, "63.

[] Chemical Engineers at Du Pont
Also please open in my name a free STUDENT SUBSCRIPTION

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

Name,

Class, Major. Degree expected
College,

My address.

City Zone State

SO 5 e e o o e s - i e B )



What’s new at Bethlehem Steel?

e gl

osam A "_)-‘t‘(
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On the Indiana lakefront, we’re butl(hnb a new Steel plant

Looking for real opportunity ?
Bethlehem, Pa.,

laboratories

? On the crest of South Mountain, in

we have recently completed the industry’s newest research

» @ $40-million investment aimed at making Bethlehem the

leader in steel technology. And, at Burns Harbor, Indlana we're building a new
plant at an initial investment of $250 million. It will i

the latest advances known to metalworking science.

At Bethlehem Steel we he
and mmlumzmun const
This me

Incorporate

ave our w'hta set on continuous “hml]l
ant (le\elnpment of new

and 1!“])[’(!\9(1 products.
ans career opportunities for

alert and aggressive colle 2ge graduates
in steel plant operations, sales. research, mining, shipbuilding, fabricated
steel construction, and many other activities,

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

BETHLEHEM STEEL i oqus apportnty o
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False career starts are frustratin

g from both an achievement and an ady
ment viewpoint, Getting the right start the f

in your entire eng

ance-

irst time is often the most
gineering career.

important step

You can make the right st

art at Collins and yau'l] be working with t
men in the field. — Data Progcssi:'lg. Space Communi-

Antenna Systems and HF, VHF and UHF

he top
The scope of our work
Avionics, Microwave.

communicatior

canons,

)

1— offer grad

uates every opp
- .
neering which }

-
2,
]

C( 5
ortunity to follow areas of engi- \\//
vidual interests and capabilities, .

e ri

Dest suit indi

(

Start your career out on ¢} ghe foot by contacting your college placement |
Office tor full information,

COLLINS RADIO comp

ANY e Cedar Rapid
Newport Beach, Califor

llas, Texas o !

s, Iowa » Dy Hin
nin An_equal opportun
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DEVELOPING
NEW DESIGNS
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Everything we learned from

building 10,000 small gas turbine engines

has been packed into this new
600-horsepower turboprop engine

—and it shows!

ou’d probably expect the

world’s largest manufacturer
of small gas turbine engines to
turn out the world’s finest small
turboprop job.

And we have.

We call our new engine the
TPE-331. (The military version is
designated T-76.) It is a versatile
turbine capable of powering many
vehicles. Its 600-horsepower cate-
gory makes it particularly suitable
for the new generation of executive
and military fixed-wing aircraft.

More specifically, our new prime
propulsion engine is designed to fill
the gap between reciprocating
engines and larger turboprops.

And the reason we built it, is
because both civil and military
sources have asked for a simple,
rugged, reliable, easy-to-maintain,
economically-operated, light-
weight turboprop engine. >

The Garrett- AiResearch TPE-
331 more than fills the bill.

Obviously, building such an
engine is a specialized art that
dv.mnnds experience, especially in
miniaturization of controls, oil
pumps, and starter motors,

Manufacturin

: g tolerances are
precise and hay

€ a greater effect

The fuel system of the TPE-_331
consists of a fuel filter, single hlgh-
pressure pump, speed-governing
fuel control, manual shutoff valve,
flow divider and fuel nozzles.

3 i JP-5 is the normal fuel, but this
# engine will take all kinds of iu;lt.
ranging from AV-gas to lig
diesel fuel. )

If this new turboprop englfif]‘
sounds like something very specit
to you, we've made our point. .
The TPE-331 is an excep
tional engine. _
It’s the kind of a powe!
development you’d expect to COTE
from Garrett. For when it cn(r}r}] ﬂ
to turbine engines under 1000
horsepower...

Garrett .
7s experience

.......

on performance than in a large
engine. Scaling down big engine
techniques is not the answer.

The TPE-331 has a specific fuel
consumption of .62 pound per
shaft horsepower hour. Its

weight to power ratio is
.45 pound per horsepower.
Response rate from flight idle

to full power is approximately
1/3 of a second.

Single-casting turbine wheels
are typical of the simple, rugged
components of this new engine,

A two-stage centrifugal
compressor is
driven by a
3-stage axial
turbine,
Propeller drive §
is through a
2-step reduction
gear box offset for
ﬂexibility of aircraft design.

> » Phoeni
LT tel [.os Angeles

o
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CAORVIRVIRYINY GO VARTRIEOIN

This year’s Engineering Exposition is here, It is too late to enter any more
exhibits, A toast! ““To those who had the intestinal fortitude to take a whack at

communications,”’

This brick wall, laid across the success path of every engineer, is one of the
toughest to surmount. Few engineers have the time or ability to delve into the

art of explanation and communications, All of them need this knowledge.

Oh, what a glorious day when the liberal arts major, who can’t even repair a
radio, will understand the theories of quantum mechanics. That day is here.
Wandering through the Exposition, one sees many such theories and ideas put
Into layman terms and depicted by visual aids. All these people have worked long
and hard to find the best method to speak their thoughts and communicate their
knowledge,

Raise your glasses high then, and let us pay merry, boisterous tribute to the

conquerers----the 1964 Engineering Exposition exhibitors.

ext year,
Very silently now, shall we pray together that there be more n y

Johu B. Locke, Editor

May, 1964



elco Means
. Opportunity t
K- George

A Fitzgihbon

M George Fitzgibbon is a Senior Experimenal
Chemist at Delco Radio. He’s pictured here examin-
ing silicon rectifier sub-assemblies for microscopic
solder voids during the development stage.

George received his BS in Chemistry from the
University of Tllinois prior to joining Delco Radio.
As he puts it, “I found, at Delco, an opportunity ©0
take part in a rapidly expanding silicon device de-
velopment program. The work has proved to be
challenging, and the people and facilities secm 1
stimulate your best efforts.”

The young graduate engineer at Delco will al
find opportunity—and encouragement—to continue
work on additional college credits. Since our incep-
tion, we've always encouraged our engineers and
scientists “to continue to learn and grow.” O¥f
Tuition Refund Program makes it possible for &
eligible employee to be reimbursed for tuition costs
of spare time courses studied at the universi[}_‘ o
college level. Both Purdue and Indiana Universitics
offer educational programs in Kokomo, and ]’urd}JL‘
maintains an in-plant graduate training program i
Delco employees.

Like George Fitzgibbon, you too may fi
lenging and stimulating opportunities at Delco!
in such areas as silicon and germanium devic
velopment, ferrites, solid state diffusion, cré
packaging of semiconductor products, devclopm’-'”;
of laboratory equipment, reliability techniques, 3%
applications and manufacturing engineering.

If your training and interests lie in any of ,[h.u;
areas, why not explore the possibilities of 'l”””:;
this outstanding Delco—GM team in fanpes -[:'c
future of electronics? Watch for Delco lnter"u;.
dates on your campus, or write to Mr. C.D. Lnikl;
shore, Dept. 135A, Delco Radio Division; Gener™
Motors Corporation, Kokomo, Indiana.

S0

nd chal-
ORadi‘J-
e de-

ative

Joyer

selid state electronics @ 9

An equal opportunity emp

D :
/é A BLCO RADIO D1visioN o Grngrar MoTors CORPORATICY
/ A
v Kokomo, INDIAY
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With that slogan we introduce to you the MSU Engineering Exposition for 1964,
Engineers were responsible for changing yesterday’s dreams into machines or
systems which work and think for us today, While Leonardo da Vinci predicted
the airplane, Jules Verne proposed a submarine, and Dick Tracy popularized
the wrist radio, these were all made workable and useful by engineers who were
tired of riding a horse, rowing a boat, or getting busy signals on the dormitory
telephone, These were dissatisfied engineers, and all good engineers are dis-
satisfied. They saw that yesterday’s best was notvery good, they knew there must

be a better way, and they improved on nature for man’s benefit.

May I invite you to our Engineering Exposition, where you, too, can learn how
to become dissatisfied, how to be unhappy with today’s best (even that new Monza)

-- and how we make many fine students dissatisfied, thereby turning them into

Some of the world’s best engineers!

J. D, Ryder, Dean



i i i uires a
The groove on this Malleable iron cam for a packaglngdmachsigghr:imoom
rlnuifmr.ln, A shell core used on the ou_mde of the part produces ;
accurate surface that no machining is required.

ini ired to produce this
The machining once require
lever bracket included broaching the st.-lqutarg I:c:lge‘:
milling the slot, drilling and reamingt :H‘;qachmu-
bolt holes, and drilling the small hole. ey’
ing has been eliminated through the u
single shell core.

Shell coring produces such exact detail that the acme thread on this Malleable
iron trench brace wing nut is used without any machining. Previously pro-
duced with a standard oil sand core, it required reaming and tapping.

Solve Design Problems, Reduce Machining
with Shell Cored Malleable Castings

Shell cores are most often used to create interior surfaces but, in
addition, they can be utilized at other locations in a green sand
casting to impart smoothness, provide closer tolerances, reduce
machining, and solve a variety of design problems.

Shell cores create surface finishes of 50 to 250 microinch rms.

Thus, excellent detail can be obtained in Malleable castings for gear
teeth, holes, dove-tails, matin

gsurfacesand threads with this modern tric h handle @€
casting technique. interior details of this impact Wien®

- e casting by the 17

The internal air passages and chambers in the pneumatic wrench ‘;’{,‘;ﬁ“ﬁgi‘glﬁﬁﬁi'Ifaar?ety of ma9hé7;”foz_
handle, shown at right, are excellent examples of the amazingly tions is eliminated by this relativ
complex details which can be created accurately and economically technique.
in Malleable castings with shell coring. They are produced—complete-
ly finished except for tapping—in the basic casting,

The advantages obtainable from shell coring in
selected applications, combined with Malleable’s
high strength, ductility, easy machin

‘ ability and
reliable uniformity, make Malleable

: _ castings an
outstanding choice for high-quality, low-cost parts.

Send for your free copy of this 16-page ““Malleable

Engineering Data File.” You will find it is an excel-
lent reference piece,

her
: i Isandot
Precise dove-tails, intricate air channe

pe{a-
cost

castings:
For further information on Ma"iatbfjrs symbol~
call on any company that display

MEMBER

MALLEABLE

o 7

oc!'

YNobegrs S

MALLEABLE FOUNDERS SOCIETY

o 44114
10

I
* UNION COMMERCE BUILDING . CLEVELAND, OH

. r
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USAF F-105, unleashing air-to-ground
rockets at simulated enemy target.

L
»
L
4
)9
Right ng
yonder. gﬁtgi;?dUation seems way off in the wild blue
future, higred ls not too early to start planning. In the
ook back on decisions you make today

Wi i
ith Satisfaction ... or regret

What can ;
gain? Theaon Air Force career mean to you in tangible
bilities you Pportunity to take on executive responsi-
head-start ir:Tt]é)ght otherwise wait years to attain. And a
N the exciti one of a wide range of possible careers
S an Ajr Ing Aerospace Age.

Force officer, for example,

May, 1964

U.S. Air Force

.helping to keep

you may be flying a supersonic jet..
n Air Force

America’s guard up. Or you may be in a
laboratory, working to solve an intricate scientific or
technological problem.

Doing jobs like these, you can hold your head high. In
addition to being essential to your country, they're the
beginnings of a profession of dignity and purpose.

For more information, see the Professor of Air Science.
If there is no AFROTC unit on your cam-
pus, contact your Air Force recruiter.

11



At the 1963 stockholders’ meeting, Arjay R. Miller, President of
Ford Motor Company, emphasized the Company’s far-sighted recrui-
ment program and its accent on developing management talent:

DEVELOPMENT OF

ANAGEMENT
S OUR MOST
MPORTANT
UNGTION

“Obviously, our long-run future will be determined by the develop-
ment of our management. Here, every one of us—at all levels of
supervision—recognizes this as his most important function. Since 1946,
the Company has recruited widely varied talent—talent that can b
blended to give us the required combination of tight administration and
creative scope.

“Under a carefully conceived management development program, we try to
recruit the best personnel available, both in training and experience. Once wi
get them, we have a program for giving them varied opportunities and increasing
responsibility. This program is in force in all parts of the Company—in manufactur
ing, finance, styling, engineering and marketing.

“The program is paying off. We have developed a real depth of management talent
in the Company, and we are dedicated to seeing it continued and reinforced. Becaus
of this, I feel not only very fortunate in being associated with this management
group, but also very confident of its long-run success. We know our goals and how fo

achieve them.”

MOTOR COMPANY

Arjay R. Miller, President of Ford
.\‘lot.or Company, and Henry Ford II
Chairman of the Board, at 1963 .-\nnuai
Stockholders’ Meeting.

yer

An equal opportunity emplo

Spartan E“gmeer



THE BELL TELEPHONE
SALUTE: BOB BUCK

When a new microwave transmission system was needed
to connect Detroit, Flint, and Lansing, Bob Buck (B.S.E.E.,
1960) designed it.

Bob has established quite an engineering reputation in
Michigan Bell’s Microwave Group during his two years
there. And to see that his talent was further developed, the
company selected Bob to attend the Bell System Regional
Communications School in Chicago.

TELEPHONE MAN-OF-THE-MONTH

§
i
i
€
i
%

COMPANIES

Bob joined Michigan Bell back in 1059. And after
introductory training, he established a mobile radio main-
tenance system and helped improve Detroit’s Maritime
Radio system —contributions that led to his latest step up!

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

Engineering Exposition

S0 you're interested in en-
gineering? You wonder what a
transistor is or what engineer-
ing students learn at MSU, You
want to see some of the latest
developments from industry, If
50, the 1964 Engineering Exposi-
tion is the place to be,

The Exposition is the enter-
prise of the Engineering Coun-
cil, the coordinating body for the
vaious engineering student or-
ganizations at MSU, It is
Presented as a service to the
students and public and as g
learning opportunity for both,

The principal feature of the
Exposition is the student exhibits,

is presents a great challenge
of communication to the student,
How does he explain the opera-
tion of a feedback system to his
younger brother, parents, or the
Professor of Anthropology?

The individual’s contest ig
based more on theoretical know-
ledge than on the practieal aspect

of the project, The individual
entries will pe ju

general impression,

Thgre is also a group or
Organization contest open to the
engmeering departments,

By RUSS PERKINS

societies, and others. These
exhibits are judged primarily on
practicality, Originality on thﬁ,‘
group receives 0-1- points;
theoretical content 0-30, work-
manship 0-40, and general im-
Pression 0-20 points, il
Traditionally, there is rivalry
among the engineering depart-
ments for the Dean’s TIOPh{
which is given to that departmen
having the best overall dlsplayf
Departmental displays, group O
organizational displays, and the
individual student exhibits are
eligible for this prize. Algg
judged on the point scale, 0- 4
points are given for the over
all effect, 0-30 for applicability
to its department’s interest, 0;
20 for quality represenative 530
individual displays, and 0-
points for quality representative
of group organization displays.
Industrial exhibits are
Sponsored by each of the en-
gineering departments to ex-
emplify the work being done in
industry in their respective
branches of engineering. This
year, the National Aeronautics
and Space Agency, Ca_l'll'YSIefrt
Corporation, Douglas Aircra
Company, Consumers Power
Company, Ford Motor COI‘{lpany’l
and the Argonne Nationa
Laboratories are present.

- 4
Spartan Engine®
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FORGINGS
ELIMINATED
REJECTS ON
THIS
EARTHMOVER
HUB...

and cut cost 16%

Originally, this earthmover wheel hub

was not a forging. Now it is
forged in steel. Here's why . ..

While reviewing costs of the ori
facturer discovered that: (1)
rejection rates during machini
Inclusions; and (3) hidden fla

By converting to forged steel hubs, the manufacturer has saved
16%, has completely eliminated rejects and repairs of parts in
process, has achieved 1002, reliability of the part.

Forgings have greater inherent reliabj
they:

ginal part, the earthmover manu-
Cost of the hub was too high; (2)
ng were high because of voids and
Ws required costly salvage operation.

lity and strength because

1. Are sqlid, void-free metal
2. Have higher resistance to fatigue

3. Are strongest in withstanding impact and sudden load
4. Have high modulus of elasticity

5. Have low mechanical hysteresis
6. Have unique stress-oriented fiber structure

Memo to future engineers:

g
“Make it lighter and make it stroﬁ::kmg
the demand today. No other m€f3 gt -
process meets these two requrrersnure il
well as the forging process. .Be sign and
know all about forgings, their de No. 104
production. HMLCQQ’%
with engineering data on the ea
hub forging shown above.

DROP FORGING
ASSOCIATION

Ohio
55 Public Square e Cleveland 13'r |
- 'r ]
When it’s a vital part, design |

R




MSU At Poona, India

One would hardly expect tofind
Michigan State University staff
members working one-hundred
miles southeast of Bombay, In=-
dia but this is the location of one
of our far-flung international ac~
tivities, Since 1961 five engi-
neering professors have repre-
sented Michigan State as advisors
and teachers at Engineering Col-
lege, Poona,

Poona, with a half-million pop-
ulation has had an illustrious his-
fory as a center for the fearsome
Marathas who once controlled
much of India, Poona was also
Etlhe scene of the final defeat of

€ Marathas at the hands of the
British in 1817, Because of its
s foot altitude and the pro-
i1 on of the Western Ghats (the

g€ of mountains along India’s
C?ast) its climate is much more
% eiasant than that of Bombay. The
p;’rglsh capitalized on this su-
hereoih climate by establishing

i €monsoon residence of the
i €rnor of Bombay, a large
s );rcantonment, and an excel-
vt back for horse racing, These
e €en continued since inde-
portattIce in 1947, Good trans-
tads on has encouraged rapid

. strialization in the last dec~
in Eher%nches of industries based
Ital nited States, Germany

Y,OthHolland, Sweden, Japan:
% ot €I countries give Poona

Coll Opolitan atmosphere,

18 loc aetge of Engineering, Poona
ed on the northwest side
the Mulaty at the conflluence of

a

C Michigan State
engineer?’ It is one of the oldest
& g colleges in India,
hioke “?h years it has graduated
Standi, 0 later became out-
tion f01g- engineers so its reputa=
[ablished €xcellence is well es=
EleCtrica] DePartments of Civil,
b lechanical, Electri-
lul‘gica1 Munications, and Metal-
Engineering now grant

May, 1964

undergraduate and graduate de-
grees, An enrollment of 1300
(which includes only the final
three years of a five year under-
graduate program) compares fa-
vorably with that at Michigan
State’s engineering college,

Technical education is one of
the most important problems of
a developing nation, Recognizing
this, the Government of India
encouraged Engineering College,
Poona and other progressive in-
stitutions to utilize assistance
and advice available from na-
tions more technically advanced,
Such help is now being given
India by Great Britain, West Ger-
many, the Soviet Union, and the
United States, The United States
effort is being administered by
the Agency for International De=
velopment through contracts with
several of America’s outstanding
Universities,

In 1961 Michigan StateUniver-
sity accepted a contract to pro-
vide engineering professors to
serve as advisors and teachers
for selected departments at En-
gineering College, Poona, This
project is being directed by Dean
J. D, Ryder through Prof, John
U, Jeffries, campus coordinator
for International Programs inen=
gineering, Initially a lone pro-
fessor, Loren B, Almy, was sent
to Civil Engineering, The group
now consists of Maurice S,
Gjesdahl, Mechanical; Melvin A,
Thomas, Electrical; Ian O, Ebert,
Electrical Communications; and
David O, Van Strien, Civil, Pro-
fessor Almy has since completed
his assignment and has returned
to the United States, Activities
of this group range from consult=
ing with government officials on
broad goals for technical edu=
cation to advising an individual
student on a research project or
on his plans for overseas grad=
uate study. The greatest portion
of the time has been used in de=
veloping modern courses and
laboratories and in working with

By IAN 0. EBERT

Associate Professor of E.E.

the administration and faculty to
effect desirable changes,

The job of an American advisor
is complicated by the differences
in the engineering needs and in
the educational system of India
compared to those of the United
States, This means that he should
not advocate changing the Indian
college to fit the image of a sim=-
ilar United States institution un-
less the changes clearly fit the
needs of India, Some aspects of
the problem are discussed in the
following paragraphs,

India has an area of 1,2 mil-
lion square miles, one-third the
area of the United States, and a
population of 460 million making
it the second most populous coun=
try (after China) with one-seventh
the world’s total population, It is
a nation of villages with 70% of
the people engaged in agriculture
and more goods carried by bul-
lock cart than by truck and rail,
The average annual wage Is
around sixty dollars, Evenamong
white collar workers an income
above fifty dolllars a month is
rare, Common labor earns
around thirty cents a day for up
to ten hours work! Food, cloth-
ing, and shelter are quite inex-
pensive but little money is left
for anything else, Manufactured
items, particularly those having
imported components, are very
costly, In spite of this, producers
of automobiles, appliances, etc,
cannot meet the demand, (For ex-
ample, the waiting period for a
motor scooter is over four years
even though it costs twice as
much as in the United Statesl)

The inability of industry to
meet the demand can utlimately
be traced to the shortage of for=-
eign exchange. Restrictions on
the importation of foreign goods
increases the demand for in-
digenous products but the be-
ginning, low=-production factories
are unable to meet the demand,
These industries are unable to
expand enough to quickly meet
the demand because such expan-=
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sion almost always requires ma-
chines and materials from
abroad! In this protected market
the emphasis is more on quantity
production than on quality, Engi=
neering designs are supplied by
parent companies abroad and al-
most no changes are made from
year to year, Engineers thus do
little reserach and designbutare
hired primarily for supervisory
and production work, Except for
Agricultural, Architectural,
Civil, and Railway engineers
there is a deficiency of engineer=
ing jobs, Eventually, increasing
product competition at home and
the desire to sell inforeign mar-
kets will force manufacturers to
do more engineering, The edu=
cational program for engineers
must allow for this as well as
for present requirements, For
many years though the emphasis
must be on more mundane things
than guided missiles or rockets
to the moonl

Indian education, which is pat-
terned on the British system,
differs in many respects from
ours., Prior to college the stu-
dent spends eleven years in pri-
mary and secondary schools,
Five more years must be spent
by the engineering student to get
his B, E, degree, Advanced de-
grees require two more years
for a Masters and a further two
or three years for a Ph,D,

In comparing the primary and
secondary schools to American
grade and high schools several
things are apparent:

1. There is more emphasis on
languages, This is because
India is a land of many
languages, Each student go-
ing on to higher education
must know three languages:
His local language which is
generally used in lower
schools; Hindi which is the
national language; and Eng-
lish which is essential for
science and is generally the
medium of instruction in
colleges and universities,

2. Mathematics ang science
material is introduced

sa:l:jer, more time is de-
oted to it, and g -
e fastas ubjects ad
More emphasig is placed
upgr} memorization and the
ability to reproduce lecture
material - - Jegs on eXperi-
mentation and Teasoning
4, Discipline, respect for .the
teacher, and seriousness of
attitude are greater, Part of
this seriousness stems

18

from the high regard for a
college degree and the prac-
tice of assigning the limited
number of college ‘‘seats”’
strictly on the basis of sec=
ondary school ‘‘marks’’,
The first two years of the five
year university degree program
are often taken at an institution
other than that for the final three
years, Students accepted by En-
gineering College, Poona must
have had top marks in the two
year interscience program con-
centrating on humanities, sci-
ence, and mathematics, In the
final three years the student
spends many more hours per
week in class than do our stu-
dents. Almost all the subjects
taken are related to his spe-
cialty = - no humanities or lib-
eral arts type courses are of-
fered these years,

If one were to make some
comparative observations at the
college level the following would
generally be noted:

1. Indian college buildings are
more austere and less well
lighted than ours, Class-
rooms and laboratories are
not so well equipped,

2, Emphasis is still on mem-
orization at this level,
There is little class parti-
cipation by the student and
almost no homework prob-
lems,

3. Class attendance and disci-
pline is often poor.

4, There are no periodic ex-
aminations or quizzes, An
end-of-year examination
administered by examiners
selected from outside the
institution determines the
grade for the entire year,

Present Michigan State University advisory group at Engineering College, Pooss.

L to R: Maurice Gjesdahl; Mr. Chari, project secretary; David Van Strien; lan

Ebert; Melvin Thomas.

Main Hall of Eﬂgineering Co“ege, Poona viewed from the POO"“'Bomboy

h‘ighWGY'
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Some feel that poor discipline
is largely caused by this *‘ex-
ternal’’ examination, Since the
instructor has no control over
the course grade, he may not be
taken too seriously, This is es-
pecially true if he deviates from
material listed inthe syllabus and
known to be on previous years
examinations! When examination
time approaches, students stop
coming to classes so they can
spend their entire time cramming
with the help of purchased copies
of previous years examinations
and often are coached by a paid
tutoring servicel!

Indian universities have no big
spectator sports program such
as our football and basketball,
Instead there is lively partici-
pation in cricket, rowing, bad-
minton, tennis, and other out=-
:{oor sports. Every student at
Engineering College, Poona is
4 member of the boat club, The
rowing team is nationally known,
Table tennis, carroms, bridge,
and chess are indoor games that
altract great interest and gen-
€rate many trophys, The average
student is in better physicaltrim
than his American counterpart
probably because bicycles are
the chief mode of transporta=
tion, No students and almost no
staff have automobiles,

In the foregoing, more em-
Phasis has been placed on differ-
:;‘Ces than on the predominant
is?&?rmes' The Indian student
. ht s aware of the challenges
i Cltiga?:eoge:n fworld, just as
country,  and 0 freedom and his
make 1 Just as anxious to
kin 18 contribution to man-
i -sg Oinjéthi?)g, these feelings
dences fg r Dbecause the evi=-
More g oL need surround him
cently Pgre;swely and only re=-
free, § his country become
gaghgt:gembe;s of the Michi-
group 1oc University advisory

. fb_h_a\'e been impressed by
Indiay Uity and dedication of the
and f, officials, administrators,
suck 1c:ulty We have met., With
o) w‘-’iaﬁlership current prob-
da neeq hbe Overcome and In-
fumre_ ave no fear for the

F -
amrier:ihf‘ess toward America
eVerywh eilcans is clearly seen
of studente' Further exchanges
tors, ang ? faculty, administra-
all Jeyeys EOVErnment officials at
ing mig Willhelp erase remain-
o gr conceptions and help our

for & €at countries work together
etter world,

May, 194

Motor-generator laboratory in Electrical Engineering Department, Engineering
College, Poona.

Running a Diesel engine test in Mechanical Engineering laboratory, Engineering
College, Poona.

master's degree candidate, makes adjust-

i mmunication _ )
Arun Wagle, Electrical Co for project. Engineering College, Poona.

ment on equipment he has constructed
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A JETE Edit

Belleville High School JETS
Report on Making Liquid Air

The Junior Engineering Tech-
nical Society of Belleville High
school explored the field of Cryo-
genics by designing, building and
operating a liquid air cryostat,
By undertaking this project, we
hoped to further our understand-
ing In the practical application
of cryogenics, This task began
in February 1963 and after much
research and experimentation
successful results were obtained
on March 28, 1964,

MATERIALS AND ME THODS

The liquid air cryostat is based
on the theory that when air ex-
pands it cools, To obtain liquid
air, low temperature and high
pressure are needed, In the first
attempt, the apparatus was de-
signed and contructed as infigure
1, A compressor, which pumps
5.5 cubic feet of air at 1000 psi
was donated to our organization
by the R, B, Richardson Company,
This compressor, made by
Ingersoll-Rand, operates on 220
volts, three-phase current, The
air, compressed to 1000 psi, was
fed into a coil, 120 feet long
located in a deep freeze full of
ice water (figure pa), The pur-
pose of this was to cool the com-
pressed air from ’50° C to 0 C,
From here the air was put into
a heat exchange, the necleus of
the cryostat, This consisted of
3/8 inch OD high pressure cop-
Per tubing threaded through 11/4
inch OD copper tubing, Thege
coils were incased in 3 inches
of zonalite insulation inside of a
4x8x 1 foot plywood box, Thig

air to enter the expansion
(figure Ic). The expansion
chamber consisted of 6 3-foot
square metal sheets welded to-
gether, This was insulated by
6 inches of styrofoam and in-
cased in a plywood box, A drain-
ing valve was welded in the bot-
tom of the expansion chamber
allowing any liquid air to drain
off. The Joule-Thompson valve
previously mentioned was located
inside the expansion unit, The
cool air which did not liquify in
the expansion unit was sent back
to the compressor in hope that
this would cool down the com-
pressor, This machine, as ex-
plained above, ran for 12 hours
before shut down was necessary,

After much experimentation
with the above method, we
realized that modifications were
necessary, The results of these
modifications can be readily seen
in the displayed cryostat (figure
2). The principle ideas behind the
modifications were to decrease
the surface area and to propor-
tion the size to the output of the
compressor,

Using the same COmMpressor we
again compressed the air to 1000
Psi and fed it into a Pre-cooling
unit, This was a new introduction
Into our system, It consisted of
120 feet of coils 3/8 inch OD
high pressure copper tubing in-
side of a 30-gallon oil drum to
direct the air from the fan onto

€ coils, From here the com-
Pressed air was then put into
the deep freeze and run through
another 120 feet of coils, Coming

out of the deep freeze the com-
Pressed air wag at 0° C

which
was uch lower thap in our
Previous arrangement, To deal

with impurities, mainly water,

which would solidify inour pipes,
a desiccant chamber (figure 22)
was made, This consisted of 2
large steel cylinder 18 inches
long and 4 inches in diameter,
The walls of the chamber were
1/4 inch to insure safety at 1003
psi, To seal the cylinder léd
inch thick plates were insert
in the ends and welded, The
chamber was first tested at 200?
psi before being ins_talled 1r101ll1
system, It would f11\}er out ang
water vapor in the lines byﬂ?md
of two methods. The firstme .
is based on centrifugal forc:e[he
the air at 1000 psi enters ey
side of the chamber nearkea
bottom and is forced to t;aber,
sharp turn through the chilf o
thus forcing any droplets 0 st
to fall to the bottom. Thl?ich i
half of the chamber, W Jrated
filled with silica gol, issegcreen.
from the first by a fineh o
By passing air througr whi
fine granules, any watthe first
was not eliminated by chamber
stage of the desiccant licar
would be absorbe% iliy gf carbor

1. Also, any ol
ggposits would be stoppiihf the
further travel thrﬁlescaﬂ’
system, These tiny gran than 19
not be used for moTre
hours effectively. Th‘?i_’
baked to restore thel
ing properties.

ngI;)e I(J:onrlpressed ail‘:e l:)f -
cooled to 0° C and fl\-:ater 5
impurities, such as i throug?
o0il, was ready to be Siroush i
the heat exchange. T 128 wool)
sulated tubing (fiber gentered 8
the compressed am.‘t exchan®
newly designed hea ed o0 1
(figure 2b), Still basey
theory 1:)reviouslyW
(figure 1b), the n€

« pfl
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change was made more compact,
This was accomplished by run-
ning the threaded tubing (now only
3/4 inch OD tubing) in a paral-
lel sequence instead of a coil,
thus cutting down the volume of
the heat exchange to one-third of
its original size, By doing this,
we were able to reduce heat
transfer between the heat ex-
change and the air, Finally, the
compressed air (1000 psi) at an
ultra-cold temperature (-155° C)
reached the Joule-Thompson
valve (needle valve) and was al-
lowed to expand into a new ex-
pansion chamber, (figure 2c).
Our previous expansion unit was
a three foot cube, but more cal-
culations and discussion on the
matter proved this to be quite
wrong, Thus, we introduced into
our system a smaller expansion
chamber, This new chamber was
4 segment of copper tubing 3 1/2
inches in diamter and 12 inches
in length, It is sealed at both
ends with copper caps brazed to
the tubing, A baffle plate was
also installed in this compact
chamber to direct the expanding
Air to the bottom of the chamber
instead of allowing it to rush out
the escape valve, There was no
need for high pPressure tubing
to be installed here, as the 1000
Psl would diminish to a mere
0 psi once inside the expansion
chamber, It was suggested that
4 safety valve be installed in
€ expansion chamber to keep
p nz Pressure from building up
ot going over 60 psi, This was
of a > 2long with the installation
off Pressure gauge, both coming
- (if the expansion chamber, It
ar““ d be noted here that they
€ located in one oblong ply-
%ood box, th i
Cingta US reducing the
3 Soir of heat from the air into
. € entire box was in-
:ltlyligid With a rockwool and
inchesoam to a thickness of 4
Smaf] on all sides, Finally, a
the o Needle valve located on
auow‘;ltslde of the plywood box
the liquid air to flow,

To se
funetiroce i our system was
crloning according to theory,
ether it was at the
Mperature and pres-
thermog Iessure gauges and
N the Souples were introduced
Ladyar YStem, A pressure gauge
Stalled ed_‘ to 1500 psi was in-
pre_cOol_Hnmeqliately after the
Mg unit as well as one
cto 100 Psi on the ex-
COuples mber. Thermo-
the copper-
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constantan type, were another
new idea in our modified system,
Conventional thermometers
could not be used at these cold
temperatures,

By using the schematic
diagram (figure 3), the basic
theory of ther mocouples can
easily be seen, When unlike
metals are allowed to come in
contact with two surfaces of con-
trasting temperatures a weak
electric current is produced, Our
two sources of heat were an ice
bath and the 3/8 inch tubing car-
rying cold, compressed air, To
measure this weak current two
volt-meters scaled inmilli-volts
were used, This simple, yet ef=-
fective method, was used before
and after the Joule-Thompson
valve, According to milli-volts
V8, temperature charts, a read-
ing of 5,28 milli-volts designated
a temperature of -183° C, which
was needed to produce liquid air,

RESULTS

Our first attempt at build-
Ing the cryostat failed as a result
of many mistakes in calculations,
but the experience we gained
proved to be a priceless item,
Our second modified cryostat
proved a success, Starting the
long involved process at 10:00
am,, March 26, 1964, we ran
our compressor between 1000
psi and 12000 psi for fifteen
hours, The Pre-cooling unit was
4 success from the start ag it
cooled the hot compressed air
from 150° C down to room tem-
Perature of 20° C, This enabled
the freezer to perform more ef-
ficiently as it cooled the com-
pressed air to 1°C, Then the
air entered the desccant
chamber and the water was re-
moved, Draining this vessel
every hour a greenish, mi
solution was filtered out of the
System. This consisted of water
oil, carbon, and impurities fron,l
the copper tubing,

The heat exchange lowered the
temperature of the System to 4.8
millivolts, This we consideréd
4 major achievement as our new
heat exchange proved its ef-
ficiency, No leaks were found in
the system, thus assuring us bet-
future Tunnings,

running it th
first day we haq cooledgthe ir:

sulation, The next da
5 » M
27, work began at 8:00ya.m.a{'§g
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system, showing no signs of
fatigue, operated 16 1/2 hours
without stopping. All valves and
pipes were wrapped in fibe_r-
glass insulation to prevent gains
in heat into the system. Starting
at 0 millivolts (O° C) the system
decreased in temperature until
4.9 millivolts were reached, At
this point the system remained
constant, After much calculation
and debate, it was concluded that
this was the reading at which
liquification took place. This
proved to be the answer as 1 1/2
pints of liquid air were obtained
after the cryostat for four hours
at 4,9, Later we realized that our
voltmeter was not sensitive
enough to read the millivolts.

The following Monday we again
ran the cryostat. Although we did
not get liquid air this time, we
did encounter a unique ex-
perience, The pipe leading from
the compressor to the pre-
cooling coils literally peeled like
a banana at 1000 psi, This break
in the line was a result of the
copper tubing being heated and
vibrated by the ¢ ompressor,
Since the copper tubing could
not take both abuses for a long,
period of time, we have changed
this tubing periodically since then
to insure safety, Seeing that our
compressor was taking a beating
48 a result of long hours of
running, we decied to shut down,

On Friday, April 10, we again
ran our cryostat in hopes of
obtaining more liquid air for
further experimentation. To
speed up the production of liquid
air, we ran the compressed air
coming from the desiccant
g:hamber into 50 feet of 3/8
inch OD copper tubing submerged
In a dry ice bath, We felt since
we had produced liquid air al-
ready, the only problem which
lay before us was to speed up
the production, We did not in-
c;lude this part in our system as
It ‘was only installed as a time
saving device and was not neces-
Sary in producing liquid air.

Starting at 6.00 P.m,, Friday
night, our Problems seemed to
come as fast we could solve
them, First, carbon deposits
developed ip the lines all the
Way to the freezer, This was
caused by oi] coming from the
compregsor, After blowing out

€se lines ang cleaning them
with methylene chloride, we again
Started the system running only

to encounter more difficulties,
This time the ice deposits we
had feared might develop in the
120 feet of tubing in the freezer
became a reality, By wrapping the
tubing in hot cloths we were able
to warm the tubing and blow out
the ice, Finally at 2:30 a,m, ve
were able to start up the cryo-
stat, With the help of the dry ice
bath we obtained 1 1/2 pints of
liquid air in about 9 hours,

Many experiments were made
to determine the characteristics
and uses of liquid air, In all
six experiments were tried when
this report was written, We will
continue to do experimentation
as long as time permits,

In the first experiment, a rub-
ber eraser was supended in the
liquid air for approximately 30
seconds and then shattered with
the rap of a hammer, Other
articles such as carrots an
cork were shattered in the same
manner giving us our first idea
as to how cold this liquid really
was,

Next came a balloon experi-
ment, This consisted of placihng
liquid air in a pyrex testutu!1
and sealing it with a ba ool..
Thus, after 2 minutes the ba
loon had inflated to its capacigs-
To determine how much hed
liquid air expanded a controa :
expansion experiment was I t.hn;
This was done by 1ettlg¥e 5
expanding liquid air bubc1 &
into a 1000 ml flask fille .
water and turned upside dm;r i
a pan of water until allf'f)me
water in flask had been 10
out by the incoming a%e po:
of liquid air in a testmI Al
panded producing 2350 Jumes
Thus liquid air and air v e
were in the ratio of over 1
respectively.

id

To see how good 2 fll‘altl)iql;:re
air makes (oxidizing age" in
put 10 ml of liquid al:nected
pyrex test tube and COPFEC
the test tube to th
lit smoking pipe by li‘-iu‘lidaiI
rubber tubing. As the T
boiled off it went 0 % e
producing a four fooot of ¢
originating from the P

ipe.
J IA)bmol’.her experiment Wh
tried was a mercury ‘= g
This consisted of dipPing = fc.r
into a dish of mercurgéer the
pouring liquid air pecam®
mercury, the mercuﬂ'bmerged
a solid with the stick 84
in it,

means 0

ich W
el.
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As of May 18, subscriptions for the 64-03
publishing year of the SPARTAN ENGINEER
may be obtained at 144 or 116 Engineering Bldg.

Rate: $1.00.

Students wishing to apply for art, photo-
graphy, proofreading, and layout work during the
04-65 year should leave letter of application i

the SPARTAN ENGINEER mailbox in Room 110
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lusions,

Father: ‘‘When Abe Lincoln
Was your age, he was making his
own living "

Son: ‘‘Yes, and when he was
your age, he was President.”

The farmer was ‘‘assisting”’

at the birth of his latest child--
he was holding the lamp. When
the doctor delivered three fine
babies, the farmer suddenly left
the room,

‘‘Come back with the lamp!”’
yelled the doctor,

“Nope,”” was the reply, ““Ain’t
comin® back Docl It’s the light
that’s attractin’ them,’’

D f 2 "
’\—R N
"“ LJ

Opera is where a man is
stabbed in the back and instead
of bleeding to death, he sings,

A woman went to a doctor to
complain about her husbands de-

‘“It’s terrible,”’ she com~-
plained, ‘‘All the time he thinks
he is a refrigerator.”

‘“Well,”” consoled the medical
man, that isn’t too bad, Quite a
harmless delusion, I'd say,”’

““The delusion I don’t mind,
doctor, But when he sleeps with

his mouth open, the little light
keeps me aw

ake.“

A young engineer got a job in
4 remote mining camp, On his
first day off, he approached his
boss and asked: ‘‘Say, boss, what
do you do around here for amuse-
ment?‘*

The boss replied, ““Well all of
us usually watch Sam, the cook,
drink a gallon of whiskey, gaso-
line, and red pepper juice, It’s
the funniest thing you ever saw,
Why don’t you come along?*’

The young engineer was ob-
viously shocked, ‘‘No thanks,’’
he said, ‘‘I don’t go for that
kind of amusement,’’

“Well,”” answered the boss, ‘I
Sure wish you’d come. We really
need six men for this thing.”’

“Why is that?’’ asked the new
man,

‘‘Some of the boys have tohold

Sam, He doesn’t go for that kind
of amusement either,”’

Q
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“Hold on . - -

San Jose 51

aetl?
On the tombstﬂneff}, ot
““All dressed up 2

»

go.
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After McNair designs it,
Kelly has to manufacture it

In th
e broad s
i spectr ' engi
Stantly seel, WI; Uatlum of engineers and scientists we con-
Edward Joseph K“};Jbe more manufacturing engineers like
elly (right, six years out of Tufts this

.June’ \1
e o ark w, < L.
bil well the distinction between Kelly’s responsi-

Ity and th

5 at of his :
of it upgp CUmpl:tl'b opponent in the debate pictured. Out
‘d"rn.]e a photogra ;1(.)“ _Ufltht‘il' differing assignments will
:l’;k&lha[ will he:‘) 1c Information storage and retrieval
N bank; rour “Recordak” tr:

“f"kmg and other busi \(‘Olddl\ trademark, well known
' ave ML'N slnesses.
ind elecric
and fit )

!'U[‘[.P u

air has .
o1 Cm:;f:]‘-zzltljlllnerl how the mechanical, optical,
together for e 8 d!l.(l subassemblies have to work
- P with a worki t‘f_llllpment to do its job. He has
nter Kelly. i Ing model. Management likes it

Y. Hs task: to tell us exactly down to t.he last

EAST
MAN KODAK COMPANY,

An Bqus
.]Udl~nppur’[unit\-‘

Business : g
- ;}t‘bb and-Tefxuhmc-al Personnel Department,

ployer offering a choice of three communities:
Rochester, N.Y., Kingsport, Tenn., and Longvi

detail what we have to do to multiply McNair’s working
To

model by x, a number chosen by the marketing people.
make the production-run machines work not merely as well
as McNair's hand-built one, but better. To decide which
parts we should buy and which we should make. To specify
the tooling for the parts we make. To specify also the tools
for assembly and inspection. To design the fabrication proc-
esses. Better than just designing the processes, 1o se€ the
need for a process which no previous manufacturing engineer
had realized was needed and which happens to make the

product an irresistible bargain for the ultimate user and a
money-maker for us.
We need that kind of manufacturing engineer so th

can teach him how to run a big business.

at we

Rochester, N.Y. 146560
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Advancement in a Big Company:
How it Works

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

C. K. Rieger

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

Q. How can 1 be sure of getting the
recognition | feel I'm capable of earn-
ing in a big company like G.E.?

A. We learned long ago we couldn't
afford to let capable people get lost,
That was one of the reasons why G.E.
was decentralized intg moare than a
hundred autonomous operating de-
partments, These operations develop,
engineer, manufacture ang market
products much as if they were inde-

pendent companies. Since each de-
partment is responsible for its own
success, each man's share of author-
ity and responsibility is pinpointed.
Believe me, outstanding performance
is recognized, and rewarded.

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

A. We regard each man individually.
Whether you join us on a training
program or are placed in a specific
position opening, you'll first have to
prove your ability to handle a job.
Once you've done that, you'll be given
more responsibility, more difficult
projects—work that's important to
the success of your organization and
your personal development. Your abil-

ity will create a “promotional ladder”
of your own.

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

A. Not at all! Here’s where “big com-
pany” scope works to broaden your
career outlook. Industry, and General
Electric particularly, is constantly
changing — adapting to market the
fruits of research, reorganizing to
maintain proper alignment with our
customers, creating new operations
to handle large projects. All this rep-
resents opportunity beyond the limits
of any single department.

Jectric,
FOR MORE INFORMATION on careers for engineers and scientists at Geneﬂ:|| E;. .
ning, General Electric, Section 699-11, Schenectady,

GENERAL &3 ELECTRIC

An Equal Opportunity Employer

Personalized Career Plan

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

A. To give you some idea, 25 percent
of G-E's gross sales last year camer
from products that were unknm
only five or ten years ago. Th.ese ‘
products range from electric
brushes and silicone rubber COMS
pounds to atomic reactors gnd ml.
planetary space probes. Th!s ch_;_
ing Company needs men with am_
tion and energy and talent who arél E
afraid of a big job—who welcome ti&
challenge of helping to start R
businesses like these. Demons!
your ability—whether to handle ~'-‘ .‘
plex technical problems or to manag ‘3
people, and you won't have !ons y
wait for opportunities to fit yoU
needs.

Q. How does General Electric ‘
me prepare myself for advanceme
opportunity?
A. Programs in Engineering, Man ;
facturing or Technical Markf_eti'ﬂﬂ
you valuable on-the-job tramlrri:s -
have Company-conducted cou'w m"
improve your professic_mal abi : Tui-r
matter where you begin. Unde e
tion Refund or Advanced Degm;r |
grams you can continue your ol
education. Throughout yo'ur et
with General Electric you'll :
frequent appraisals to help Y0 il
development. Your advanceme

be largely up to you.
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