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“They encourage us to
look for original solutions
to problems. This
sparks inventiveness’’

Bill Greiner’s problem: shaving 10-14 sec-
onds off one operation in the manufacture of inte-
grated circuits, while reducing error factor below
.001 inch.

Bill is a staff member at Western Electric's
Engineering Research ¢
Center, working primarily §
with the handling and test-
ing of integrated circuits.

Bill came to Western
Electric in 1968 after re- [ S
ceiving his MS from MIT.
He earned his BS in Me-
chanical Engineering at
Yale.

"My work here has
given me a better appre-
ciation of the problems in
manufacturing,” said Bill.
His automatic TV system
for the alignment of inte-
grated circuits is a good
example. .

At one phase of the manufacturmg process,
operators must correct alignment of integrated cir-
cuits by hand—a job that took up to fifteen seconds,
and was accurate to only .001 inch in x and y, and
to one degree in rotary,

Bill Greiner, Western Electric

What Bill did, essentially, was designand build
a small dedicated computer that completely auto-
mates the process. An operator can push a button
to align the integrated circuits automatically. A TV
camera enlarges the image in silhouette form,

: scans the pattern, and
i feeds the voltage signal
into Bill's computer. The
computer calculates the
position measurements
and triggers a stepping
table to correct the align-
ment.

The correction time is
reduced to one second,
the error factor to .00025
inch in x and y, and Y2 de-
gree in rotary.

Bill findsthe challenge
of electronics and logic
design extremely stimulat-
ing. "We're not channeled:
we have a chance to get
involved in a variety of fields."

What does he find most satisfying about his
job at Western Electric? “Well,”" said Bill, ““| look
for an amount of responsibility. And here I'm
encouraged to take it.”

@ Western Electric

An Equal Opportunity Employer




What | like about Celanese
is the professional elbow room.

You had offers from other good There were a lot of reasons. One thing I
companies. How did you come to liked —the recruiter I talked to was a

pick Celanese? Celanese project engineer, so he could tell

me about the kinds of jobs I'd be working on.

” How did you feel when you Nervous! I was afraid of being stuck on one
started? of those eternal company training pro-

grams. But at Celanese [ was treated like a
‘professional from the start. For a while,
knowing that results were up to me was a
little scary. But I found that when I needed
help, it was right there.

You think that so much indepen- It works. I think it’s one reason why some

dence is a good thing? basic ideas like epoxies, and an engineering
resin—Celcon plastic—that’s used to replace
metals, and fibers like Fortrel polyester and
Arnel triacetate all got their start at
Celanese. A lot of new things are in the
works, too. Right now I'm helping to scale
up production of a composite material that
will save weight in airplanes and rockets.

Expect to make a career with Who can say? All I know is I'm busy doing
Celanese? something worthwhile. I'm moving. I'm-
helping to make things happen.

Maybe Celanese is for you. If you have ques-
tions about how Celanese fits your plans for
the future, have your placement office set up
an interview. Or write to
Dr.S.T. Clark, Celanese Cor-
poration, 522 Fifth Avenue,
New York, N.Y. 10036. CELANESE

A mployer -

)

ARNELY AND CELCON® ARE TRADEMARKS OF CELANESE CORPORATION FORTREL' IS A TRADEMARK OF FIBER INOUSTRIES, ING.
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Can you cut costs
without cutting corners?

The designer of this six-wheel diesel locomotive
truck frame did...that's why he chose cast-steel.

Using smooth fillets and fairings possible
only with casting, he eliminated stress concen-
tration caused by the corners and angles of
wrought structures. To keep weight low without
sacrificing strength, he varied section thick-
ness, concentrating steel at the points of maxi-
mum stress.

And with cast-steel he got substantial sav-
ings in the bargain. One-piece construction
eliminated assembly costs. Holes, slots and
channels were cast-in directly. With the

®,

greater dimensional control inherent in casting,
finishing costs on the 8 x 18 foot frame were cut
to a minimum. ..Compare this with the tedious
assembly, machining and finishing work that
goes into a welded or bolted structure.

Want to know more about cast-steel? We're
offering individual students free subscriptions
to our quarterly publication “CASTEEL.” . ..
Clubs and other groups can obtain a sound
film “Engineering Flexibility.” Just write
Steel Founders’ Society of America, West-
view Towers, 21010 Center Ridge Road,
Rocky River, Ohio 44116.

STEEL FOUNDERS’SOCIETY OF AMERICA

Cast-Steel
for Engineering Flexibility
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ABOUT THE COVER:

COMPUTER CUBISM? —
No, it's a well known face
that has been precisely
blurred by a computer. It's
part of an experiment by
Leon D. Harmon at Bell
Laboratories to learn the
least amount of visual in-
formation a picture may
contain and still be recog-
nizable. The picture is divi-
ded into about 200
squares, with each square
rendered in an even tone
from one of 16 intensities
of gray. (If you still don't
recognize the portrait, try
looking at it from 15 feet
or more, or while it's in
motion, or while you're
squinting, or with your
eyeglasses removed.}
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“We are drifting toward a catastrophe beyond comparison. e
shall require « substantially new manner of thinking i mankind is
to survive.” — (Albert Einstein)

CONTENTS:

Derivation of Man's DEmIsSe . ... ..o in i s 5

Tothe Undergraduate . ...........c.ovnuiinenmnneannmnnnn e 6
C. L. Dean

Non-Destructive Testing . ... ......cvueuiinnn s 8

Conversion Factors .. ...t i i eee i 17

PURZZIBS e v vos 5 55 55 5 5 5 s Gaiasra i 6 v v @ n 6 @ ovinms v e v pon a8 e 8 RCHEIEE 8 8 B 20

EDITORIAL STAFF

DaNa YARGEE . o o o o o o e e e e e e e e e Editor
Ralph BErner . . . . ..ot ot o oo Associate Editor
CRESPADE. . . owcein o= 0 & 8 S80I & & @ & & Bl 8 % 5 8 6 0 SREE = w s 2% T e e Staff
David Dornfeld - . . v v v v o i e e s e e e e e e e s e e Staff
Carolyn Graff . . . . .o Staft
TOm FreemMAan . . o v v v o v v e v e e e Covers, Art Director
SEOtE LOOMET « o o v v v e e e e e e e e e Photography
BUSINESS STAFF
Don ROBDINSON « & v v e o et v e e e e e e e e Business Manager
JOFFOHOR  cxo i s w & o om0 w0 s somoime se o ow mow s h @ 0 Assistant Business Manager
STAN CHICK v o o o e e e e b e e e e e e e Staff

BOARD OF ADVISORS

Prof. George R.Sell . ..o oottt vr i i s Chairman
Assoc. Prof. Howard J. Schwebke . . . .. ... ... ... ... Faculty Advisor
Assoc. Prof. C. A. Ranous . . . . .« v v o v v vt e e e e Electrical Engineering
Asst. Prof, Raymond B. Esser . . . ... ... Mechanical Engineering
Asst. Prof. R.A. Moll . .. ... oo Minerals & Metals Engineering
Prof. Wayne K. Neill . .. ... . ..o Chemical Engineering
Prof. Charles G. Salmon . . . . . . . o ot v v e e e e Civil Engineering
Asst. to Dean, Mrs. HOSMan . . . . .. . oo oo oo e Faculty Advisor

MEMBER OF ENGINEERING COLLEGE MAGAZINES ASSOCIATED

Chairman: DANIEL L. GRIFFEN.JR . lowa State University . Ames. fowa
Publishers Representatives: LITTELMURRAY-BARNHILL. INCL 300 Lesmgion Avenoe
New York, New York 10017,

Second Class Postage Paid at Madison, Wisconsin, under the Avt Matste 3. I87Y
Acceptance Tor mailing at a special rate ol postage provided tor i Section FHOA AC 0 O 3
1917, authorized Oct. 21, 191K,

Publisired monehiv from Getoher to Vv Diclesive: bv the Waeoisii Fomeerure Fonia!

Assi, Subscriptions: one year  S2000two years  SETEUUmee vears LI ol ye
$6.50. Single copies are 35 cents per copy 308 Mevlunica® Fogaeonn. BLL o Adson. Wy
53706, Office Phone (608) 2623404

Al rights reserved. Repraduction o sl o part v ithout waiites perr s piobilnt o

Copyright applied tor 1970,




Conserve it.

Respect it.

Mahke a career out of it.

More people are deriving more benefits from our
water resources than ever before in history. But to-
day we are facing a new challenge: enhancing the
quality of life by balancing the development of our
water resources with the preservation of our natural
environment. It is a big order, and it has to be filled.

That’s where you come in. The Corps of Engineers
needs engineers who are interested in the broad pic-
ture, who have a creative approach to today’s prob-
lems, and who want to work with economists,
planners, landscape-architects, biologists, and others
to build a better quality of life. This is a chance for
real involvement and achievement with an agency
committed to meeting changing public needs—a
chance to make it count,

Our challenges are not concerned solely with water

resources. We are also applying all the techniques
of modern technology to the improvement of our
construction capability — systems analysis, com-

puter technology, advanced materials research, and
many more. As a Corps professional, you will face
these challenges as a member of the largest en-
gineering/construction organization in the world.
Think about a career with us . . . and write today
for full information.

Corps of Engineers

Department of the Army
Washington, D.C. 20314

An equal opportunity employer m/f
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A Derivation of Man's Demise

Given An intelligent man
Who is only aware
Of Fortran IV
And the root mean square;
His Cartesian perception
By a function defined;
To external values
Voluntarily blind.

And: Consider a Prince,

A leader of the people,

Superficially righteous,
Accidently evil,

Who retains what he has
And gets what he can

By lying, and playing on
The passions of man.

Let:  The former display
The technical skill
That enables the latter
To efficiently kill.

Let:  Man's ethics be smothered
By his mechanical flair
To make death and carnage
Long-distance affairs.

Let:  Those who protest
And in agony view
This hideous strength
Remain weak and few.

Mankind will die
Leaving nothing behind
But an epitaph of Fossils
To tell future minds:

Then: “Here lies a species
That failed to arrive
At the level of morality
It required to survive.

1YAnon.; Cornell Univ,, Jan. 1971.
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TO THE

UNDERGRADU

BY C. L. DEAN

(This Article Was Written in 1905: Read 1t and
See How/If Engineering Education Has Changed)

When I consented to write an art-
icle for the WISCONSIN ENGINEER,
I did not anticipate the difficulty I
have experienced in choosing a proper
subject. But ol the number of things
that o graduate might write about, 1
decided that some practical advice to
the undergraduate would perhaps be as

acceptable as anything. In treating of

the work of under-graduates, one is
dealing with a delicate subject for |
may say something that will conflict
with the ideas and practice of men en-
gaged in teaching the theory and prac-
tice ol engineering work. I may also
criticise some parts ol the present engi-
neering education, but these criticisms
refer to the education in general, and
apply to no particular institution of
learning, for all have faults in com-
mon.

But from whatever criticism I may
offer. I do not mean to discourage the
young ol be-
coming un engineer. and ol availing
himsell” ol the opportunity to obtain
anengineering education. For any
voung man, intending to become an
engineer, would make a serious mis-
take il he did not avail himself of the
advantages of an engineering school,
and such g mistake would greatly in-
fluence his Tuture success as an engi-
neer. But years ol practice have shown
that some parts of our present engi-
neering education could be much im-
proved and upon these parts [ may of-
fer some criticisms.

But however great the advantages
ol un engineering education may be,
the importance  of  that  education
should not be overestimated. If the
student believes that it is thymost im-
portant of an engineer’s qualifications,
and that it alone will insure success.
the sooner he abolishes that idea the
better. Many o graduate has gone out
with the idea that his education was
the only necessary qualification for an

man  who is desirous

6

engineer, but he found that in order to
use his education to advantage, several
years of practical experience were ne-
cessary.

The education he has secured will
be of little use to him, unless he has
the ability to use it. In many cases our
higher education has this fault: It
makes the student overestimate the
importance of his college education,
and it makes him think that it is the
most important of an engineer’s quali-
fications. and that it alone will insure
his success. As previously stated, it is
his ability to use his education that
brings him success, and his ability to
use it, depends upon whether it has
been supplemented by several years of
practical experience.

I would say that the qualifications
necessary for an engineer were good
common sense and judgement, educat-
ion. experience and confidence. Practi-
cal experience is a supplement to edu-
cation, for it gives that which an edu-
calion cannot give, gives the engineer
confidence in himself, and commands
the confidence of those who may em-
ploy him. Without this confidence the
young engineer cannot expect to be
placed in positions of trust and respon-
sibility. 1 might take a practical exam-
ple. and as such, mention the special
railway apprentice.Why is it that so
few of our many college graduates
take up this work? Simply because
they will have to spend three or four
years gaining their practical experience
after graduating. and this the most of
our graduates refuse to do. If men are
to be educated in the railway profes-
sion, or any other branch of engi-
neering, they must be taught that
several years of practical experience
are necessary in addition to their theo-
retical training. At the present time
men graduate in the engineering pro-
fession, just as they do in medicine
and law. But what conclusion do you

come to when you compare the gra-
duate in law and medicine with the
graduate in engineering? Have you ever
stopped to think that there are greater
difficulties encountered in making a
special educational course applicable
to the engineering profession than to
any other? When a young man gradu-
ates in law or medicine, he has learned
enough of his profession to begin work
in a tentative fashion; he is able to
make a decent living from what he has
learned. A young man graduating from
the engineering courses is not likely to
be acceptable for any position except
a low one, which few of our college
graduates would care to accept. So
much of success in engineering work
depends upon practical experience,
that special training nmust necessarily
be of little use unless experience in do-
ing actual work is added to it.

A young doctor or lawyer may
walk on the edge of starvation for the
first year or two, but he is not requi-
red to do uncongenial labor. A gradu-
ate in the principles of engineering sci-
ence, in spite of the high title he may
receive from a university, must begin
work as an apprentice, and his educat-
ion in many cases tends to unfit him
for the hard work to be done. The ten-
dency for higher education is to fit
men for being officers rather than
workmen, and the (raining tends to
make them think that experience in
the ranks is unnecessary. Special col-
lege training will make a man more
useful in engineering work, if he goes
through the same practical experience
as all successful engineers have to un-
dergo; but unless he is willing to do
this, his education will be of little use
to him.

Graduates of engineering schools
are rapidly coming to the front in engi-
neering work at the present day, but
those who are succeeding are the men
who are not afraid to don overalls and

WISCONSIN ENGINEER




learn the details of the trade after they
have graduated from college. Most of
our engineering graduates refuse to do
this, and they drop into minor posit-
ions, as draftsmen and clerks, and are
rarely qualified for the higher posit-
ions.

Within a short time many of you
will have completed your education and
as you look back, you may ask yourself
this question: What have I accomplish-
ed during my four years’ course? The
answer (o this question can best be
given by the graduate himself, for he
alone knows whether he has applied
himself garnestly enough to warrant
the confidence necessarily due the suc-
cessful engineer. As to the future, you
may ask yourself this question: What
position am I capable of filling, and
what salary should accompany that
position? The anwer to this question
depends upon what your employer
thinks you ought to know, and what
your services are worth, more than up-
on what the graduate thinks he knows,
and what his services are worth. You
will find the men in charge of our large
manufacturing plants, or men in
charge of any work that pertains to en-
gineering, divided into two classes,
which we may call, the college-bred
man, who has had the advantages of a
college education, and the self-made
man, who has not had any educational
advantages, but has gained his position
by hard work and costly experiments.
The college-bred man has had the same
advantages that you have, consequent-
ly he has had very little difficulty in
understanding the college man when
he applies for a position. He knows
how to manage the graduate, and un-
der his management you will stand a
better chance for advancement than ap-
der the self-made man. When you ap-
ply for a position under the self-made
man, the first question he asks is:
What practical experience have you
had, and where was it obtained? In
the majority of cases the graduate has
obtained his practical experience at
some university, and is immediately
told that if he wants to begin work at
the bottom and work up, he can do so
by starting in as a special apprentice,
and gain sufficient practical knowledge
to make his advancement profitable to
himself and his employer. This is due
to the fact that the self-made man has
gained his position by hard work, or in
the manner just mentioned, and it is
very hard to convince such men that
other methods may be employed to
reach the desired end. He does not un-
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derstand, that the college man, due to
his special training, can learn more
readily, and hence his promotion be
more rapid. But in the end the
methods used by the self-made man
are that best for the young engineer in
beginning his career.

In regard to the young engineer’s
salary, many people have the erron-
eous idea that a college graduate
should draw a large salary immediately
upon graduation, and this thought is
entertained by many of our graduates.
In other words, they seem to think
that a college man ought to be paid ac-
cording to what he knows. They forget
the fact that a man’s salary depends
not upon his great amount of know-
ledge, but upon the practical applicat-
ion of the same. A schoolmate of mine
once made the statement, “That if he
did not receive fifteen hundred dollars
for his first year’s work after gradua-
ting, he would consider his four years
of college wasted.” He received a
much smaller amount to start with,
and if you were to ask him now about
the matter, he will not tell you that
his four years’ of college training was a
waste of time. This same idea prevails
among the undergraduates of all our
institutions. and the sooner we in-
struct them differently, the better it
will be for all concerned.

When the student enters college he
is told that in order to become an engi-
neer a knowledge of French or Ger-
man is necessary. The plea generally
made for the study of the modern
languages in our engineering schools is,
that many of the best engineering
works are in those languages. But you
will find that there is very little in
either language that will be of any
practical value to you as engineers. If
an article or treatise of merit does
appear in French or German, it is soon
translated into English, and there are
already more good books on engineer-
ing in the English language than you
can find time to read. And linally, not
one student in fifty learns a modern
language with sufficient thoroughness
to translate correctly a technical art-
icle. The study of the dead language
clings to our institutions too rigidly.
Most of the time spent by engineering
students in the study of lunguages is
totally wasted. In the first place, only
enough is learned to pass the exami-
nations, and if it should be well learn-
ed, there is no use for it. My experi-
ence has been that the time devoted to
studying French and German, or any
other language except English, could

be used to better advantage in study-
ing something more practical, Men who
are today engaged in the teaching of
engineering and who have made it
their life work, will strongly advocate
the study of languages for the engi-
neer, while our most prominent engi-
neers who have been engaged in actual
practice for 20 or 30 years, and many
of them are college men, say that the
time spent in the study of languages is
totally wasted, and should be replaced
by something of a more practical
nature. It is for you to decide who is
the better judge in this matter, those
who are teaching in our engineering
schools, or the men who are in actual
practice and have to apply their edu-
cation in a practical manner. For my
part I cannot help but agree with the
engineer in practice.

Instead of spending valuable time
on these languages, why not give the
students instructions in English, and
make them masters of their own lang-
uage? Of the large number of gradu-
ates, how many of them can spell cor-
rectly? How many of them can write a
good business letter? Very few have
had the right training along this line,
and you would have ample proof of it
if you were to look over a few exami-
nation papers or examine some of the
applications for work sent in by col-
lege graduates. In the study ol English
for engineers, why not do away with
the present methods, throw out the
fad of studying old writers. their
poetry and novels? It is engineering
papers, books and specifications that
the engineering students are likely to
write after graduating, and not poetry
and novels. In writing specifications
the engineer cannot get too much
practice during his college course. He
should be taught to write and express
himself clearly and emphatically. As
examples. why not take up the works
of some prominent engineer. selecting
those written in good English. and
study them. Our examples should ne-
cessarily be the work of some Ameri-
can engineer.

In addition to this I would suggest
that the undergraduate make good use
of the debating societics which are
well founded in our institutions. The
training received from debating. writ-
ing and reading papers will be ol maore
value to you than you suppose. You
will appreciate this fact when you have
to put up a good talk to get your first
contract,

There are many other things that

(Continued on page 13



NDT

“(NON-DESTRUCTIVE TESTING)

Although it existed in many recog-
nized forms for years, nondestructive
testing was formalized into a science
under the impetus of World War I
The demand for quality and safety in
aircraft and many other products,
complex and simple, resulted in a
steady growth. More recently, with the
nation’s acrospace and oceanographic
programs. this growth in NDT has
been astounding.

NDT has burgeoned because it had
to. The engineers, scientists and tech-
nicians in nondestructive testing have
no choice — they have to be good and
make good. This is a materials age and
the increasingly exquisite  demands
technology makes on materials, both
common and exotic, can only be met
if their performance can be assured by
testing nondestructively. The discip-
line has been hustling for more than a
guarter of o century and the men with-
in it find they now must hustle more
than ever.

Some Definitions

First, a few definitions. To say that
nondestructive testing is testing with-
out destroying 1s an oversimplification
but a true one, even if it does use the
words of the term in defining it. NDT
can be as simple as egg candling or as
complex as checking on man-made
meteors by flash radiography to test
the durability of space suits.

Harold S. Berger, a physicist at Ar-
gonne National Laboratory, describes
a nondestructive test as “an examinat-
ion ol an object.”™ The purpose of the
test may be to detect internal or exter-
nal flaws, to measure thickness, to de-
termine material structure or compo-
sition, or to measure or detect any of
the object’s or the material’s proper-
ties.

Warren McGonnagle and Ford Park
give this estimation in International
Science and Technology:

“nondestructive testing is the use of

8

physical methods for evaluating mater-
ials without impairing their usefulness.
It plays an important role in a number
of industrial manufacturing areas: flaw
detection, process improvement, con-
trol and monitoring, measurement of
mechanical properties, as  well as
changes in them.”

These definitions were framed five
or six years ago and, although they are
exact and explain what NDT is, they
arc already showing their age. Nonde-
structive testing is going farther in
many directions: back to assessing the
quality of the raw materials and ores
from which objects are made (the lat-
ter definition only hints at this); far,
far forward to predict incipient failure
— that is detecting the gradual disar-
rangement of molecules in time to pre-
dict failure of a part in so many hours
or days. It has had to thrust itself
boldly by necessity into the field of
design, where it is just now making it-
self felt.

If there is nondestructive testing,
there also must be destructive testing,
but this is a mode that because of cost
and uncertainty of results is in decline
as NDT undergoes furious growth. For
example, a destructive test on castings
may saw up and break up every 10th
or 100th casting. The reasoning goes
that if these are without serious flaw
so are the other 9 or 99. But it is
doubtful if NASA would be willing to
fire a rocket or a commercial airline
would be willing to send up a plane if
either contained a component so test-
ed.

World War II saw a spurt in the use
of more sophisticated materials and
metals. The thrust into space saw an
even greater surge to exotic — and ex-
tremely expensive — materials. As the
cost of basic material grew, the cost of
destructive testing became prohibitive.
So, at great expense you either had no-
thing left at the end of your test, or

you weren’t sure of the reliability of
the items you had not tested. It is easy
to see why NDT was thrust to the
center of the stage and told to be
good, to be very, very good.
Many Methods of NDT

Mr. Berger points out that in spite
of the many different kinds of nonde-
structive tests, all methods have five
basic elements in common:

I. A source of energy is needed
which provides some probing
medium that can be used to in-
spect the item under test.

2. The probing medium must
change as a result of discontin-
uities or variations within the ob-
ject being tested.

3. A detector capable of revealing
the changes in the probing medi-
um is required.

4. A means of indicating or record-
ing the signals from the detector
is necessary.

5. A method of interpreting these
indications must be provided.

The basic form of inspection is vis-

ual and the basic tool is the human
eye, a versatile instrument capable of
discerning gross flaws and capable,
too, of reading indications from film
or instruments which the cye cannot
see. These instruments depend on var-
ious forms of energy to wrest the se-
crets hidden in materials and objects,
among them: penetrating electromag-
netic radiation, sound, ultrasound,
chemicals, electricity, magnetic forces,
light and heat, or temperature changes.

These energies have been harnessed

into formal modalities, each of which
fulfill Mr. Berger’s five points. Follow-
ing are brief descriptions of NDT re-
gularly used in industry today (Re-
searchers are constantly devising new
techniques in the laboratory to meet
new testing problems and a few of
these advanced methods will be touch-
ed on later):
(Continued on page 12)
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AT LEFT is the Centurion, the new, one-piece, magnesium alloy tennis racket designed and
nondestructively tested by aerospace methods. At right is a radiograph (x-ray) of the racket
showing its sturdy, single-unit construction.

g

SONIC “GROWLER” SEARCHES FOR VOIDS IN BONDING — The common
bulkhead of Satern stage S-IVB which is 22-feet in diameter, is subjected to a
nondestructive test using a sonic “‘growler” developed by McDonnell Douglas to search
out voids in the bonding.

INSIDE OUT — Top: An x-ray machine is set up inside a
TWA Boeing 707 cabin to “shoot” 147 by 17" films of
emergency exit framing. Bottom: Film is placed at the
emergency exit framing outside the cabin on the fuselage
skin surface. Note x-ray machine inside cabin.
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NEUTRON VIEW — Neutron radiography is an ideal NDT
means of inspecting such materials as explosives inside a
metal container, such as these explosive bolts. The arrows
point out the explosive material to prove that the bolts
are properly armed to do their job and that there are no
flaws or separations in their containers.
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could be the most
mportant year
of your life.

As you contemplate one of the most important decisions of your life, you will want to remember this:
it is not just “a job"” you are seeking—it should be the beginning of a career. And if it is to be
successful, both you and your employer must need and want each other.

To help you with your decision, we invite you to consider the opportunities at Pratt & Whitney
Aircraft. Currently, our engineers and scientists are exploring the ever-broadening avenues of
energy conversion for every environment . . . all opening up .new avenues of exploration in every
field of aerospace, marine and industrial power application. The technical staff working on these
programs, backed by Management’s determination to provide the best and most advanced facilities
and scientific apparatus, has already given the Company a firm foothold in the current land, sea,

air and space programs so vital to our country’s future.

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

Your degree can be a B.S., M.S., or Ph.D. in: MECHANICAL ENGINEERING ® AERONAUTICAL
ENGINEERING e ENGINEERING SCIENCE e ENGINEERING MECHANICS.

If your degree is in another field, consult your college placement officer—or write Mr, Len Black,
Engineering Department, Pratt & Whitney Aircraft, East Hartford, Connecticut 06108.

lratt & Whltney ﬂirc raft R UN.TEongcmpr ———

T HARTFORD AND MIDDLETOWN, CONNECTICUT I |

An Equal Opportunity Employer
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Radiography  Penctrating electro-
magnetic radiation, the most firmly es-
tablished and popular form of NDT,
emplovs X-rays or gamma rays to pene-
trate an object or material to detect
any flaws within it. After the expo-
sure, development ol the film and in-
terpretation, the radiograph can be
permanently stored as a record of the
Lest

Radiveraphy can be classitied by its
sources: x-rays are produced by ma-
chines. in other words are manmade:
gumma ravs are produced by radioac-
tive materiat. such as cobult-60. X-radi-
aton and gamma radiation are short-
wavelenght electromagnetic rays cap-
abue of passing through relatively large
thicknesses of material,

Neravs have wave lengths ranging
tron 110,000 1o 1/10.000.000 that
o visibie light and it is this shoriness
of wavelength which permits them to
penetrate material. They are produced
when electrons traveling at high speed
strike matter. In the usual type x-ray
e, an filament sup-
phies the electrons at high speed to the
anode, or target. usually tungsten. As
the clectrons are suddenly stopped at
or near the targel. x-rays are general-
ed. Voltages now in use may run from
4 kilovolts for the highly specialized
laboratory unit to 30,000 kilovolis
which may be produced by betatrons
and linear acceelerators.

The betatron and linear aceelerator
do not need the high voltage input but
presently can carry the useful x-ray en-
ergyv level to 30 million electron volts.
Since the advent of atomic energy,
neutrons from nuclear reactors are be-
ing used for radiographic NDT. How-
ever, neutrons have different absorp-
tion characteristics than x-rays. For in-
stance, heavy clements such as lead.
bismuth and uranium are practically
transparent  to  thermal neutrons
wherecas  they  absorb  x-radiation
strongly. Conversely. hydrogen. lith-
ium. boron and other light elements
strongly absorb thermal neutrons but
allow xerays 1o pass freely. It is easy
with neutron radiography to fecord on
film a candle and its flame through a
fead brick. or to record the height of a
column of water in a lead tube. The
neutrons penetrate lead but are strong-
Iv absorbed by hydrogenous materials.

Gamma  rays similar in their
characteristic to x-ravs and are distin-
cuishied by their source, rather than by
their nature. Radium has been in use
For many years. but cobalt-60 and irid-
um-192. both radioisotopes, are the

incandescent
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most popular sources today. Others in-
clude thullium-170 and cesium-137.
Recently researchers have been investi-
gating the abilities of californium-252
as o radioactive source of neutrons,
but it is a rare and expensive source,
costing nearly S1 billion per gram.

Flaw detection can be accomplish-
ed because radiation entering the spec-
imen is absorbed less by the flaw than
by the rest of the specimen. This
shows up on the developed film as a
dark area, revealing the presence, lo-
cation and general shape of the flaw.

Fluoroscopy, image intensification,
motion picture units and television
chains have been adapted as sophisti-
cated additions to radiography.

Ultrasonies — Sound waves ranging
Irom 250,000 to 25 million cycles per
second, far above those audible by the
human ear, are employed in ultrasonic
testing, the fastest-growing NDT mo-
dality. These electronically-produced
sound waves are relatively weak and
are not to be confused with those used
in ultrasonic vibratory techniques such
as machining, cleaning or deburring.

High frequency sound, like audible
sound, does not transmit well through
air and in testing, oil or a column of
water is used as a couplant. Ultrasonic
equipment has a sound transmitter, a
receiver, an amplifying system for the
reccived signal and a means for pre-
senting the signal, usually an oscillo-
scope. Thus, along the way, sound en-
ergy is translated into electrical en-
ergy for display and interpretive pur-
poses. The system is related to the so-
nar submarine detector system where
the signal bounces off a submerged ob-
ject and returns.

Ultrasonic  flaw-detection  equip-
ment shows how thick a part is and if
and where it has an internal flaw. It
can accomplish this by any of three
methods; pulse-echo, through-trans-
mission and resonance.

The pulse-echo system employs a
piezoelectric crystal which throbs like
an ultrasonic drum when high frequen-
¢y alternating current is applied to it.
(Piezoelectric  crystals expand from
current in one direction and contract
when polarity is reversed). The pulse-
echo ultrasound striking an object re-
gisters a blip on the oscilloscope as it
meets the surface and is reflected; a
portion of the sound travels on
through the object to the opposite sur-
face and another blip is registered as
the sound bounces back. The space be-
tween the two blips represents the
thickness of material and can be calcu-

lated. A flaw anywhere in the sound’s
path will register another blip between
the original two.

In through-transmission, two piezo-
electric crystals are used one as a trans-
mitter and the other as a receiver. The
crystals are coupled to the part being
inspected as in the pulse-echo method.
with water or oil. and the results are
read on an oscilloscope but in a differ-
ent way because the information is dif-
ferent.

In the immersion method of ultra-
sonic testing. both the part and the
crystal or crvstals are submerged in li-
quid, usually water. This method a-
dapts well to production in aircraft,
turbine and missile industries
where large part-runs are encountered
and there is a demand for flexibility
because of the many different types of
parts.

Penetrants Radiography and ult-
rasonics can detect internal flaws in
material but various forms of the pene-
trant method are employed to reveal
surface cracks. It is basically an old
method going back to the “whiting”
technique, which involved chalk dust
and water, but has been refined and
sophisticated so that it is a widely used
and effective testing tool in industry
today.

Penetrants are used (o find surface
defects in connection with welding,
forging, grinding, fatigue, shrinking,
etc. A part to be inspected is thor-
oughly cleaned and then painted, dip-
ped or sprayed with a penetrating
chemical. After a suitable time, during
which the penetrant enters any de-
fects, the penetrant is washed off or
removed from the surface and a deve-
loper applied. The developer brings to
the surface the penetrant entrapped in
the defect. The part is then inspected.

There are two main types of pene-
trant inspection: (1) dye penetrant
which contains a visible dye, ususlly
red; the defects show up as red lines or
dots against a white developer back-
ground: (2) fluorescent penetrant
which  fluoresces brilliantly under
black light; defects appear as fluore-
scent lights or dots against a nonfluo-
rescent background.

Magnetic Particles — This is only
one of three NDT tests in use today
which uses the principle of magnetics
to detect flaws. Iron filings or particles
are distributed evenly over the surface
to be tested. These can be dry or in a
carrying liquid. The particles are at-
tracted to defects at or just bencath
the surface because of the local vari-
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ations in the magnectic field that such
defects produce. In some cases, the
particles are coated with fluorescent
material and subjected to black light.
Both direct and alternating currents
are used for magnetizing, and the part
is demagnetized after inspection.

Eddy Currents — This NDT method
employs the principle of magnetic in-
duction. When a coil carrying a high fre-
quency alternating current is brought
into the vicinity of an electrical con-
ductor, eddy or induced currents are
generated in the conductor. By Lenz’s
law, there is a magnetic field associ-
ated with the induced currents. Flaws,
as well as variations in mechanical,
chemical or physical properties, cause
resistivity changes in the specimen.
These affect the eddy currents and
consequently, the magnetic field in-
duced in the specimen. Detection and
measurement of distortions in this
magnetic field form the basis of the
test.

Two general types of probe are em-
ployed in this test: the encircling coil
which completely surrounds the speci-
men and interrogates a volume of ma-
terial determined by the coil geome-
try: and the point probe, which inter-
rogates only a volume of material be-
neath it that is essentially equal to its

cross section times a depth ol pene-
tration.

Other Modalities Infrared and
thermal NDT techniques, which de-
pend upon heat as an indicator, are
gaining increasing acceptance. Choles-
teric crystals, which are in this cate-
gory, are able to detect a change in
temperature in less than one-fifth of a
second and find flaws measuring less
than one-thousandth of an inch.
Acoustic emission, the measurement
of sound (as differentiated from ultra-
sound), has had some fairly spectacu-
lar results in detecting incipient fail-
ure, that is sounding the alarm and
predicting a material or a part will fail
in the near future. Holography — lens-
less photography producing three-di-
mensional images — combined with
laser interferometry is emerging as a
widely applicable method. More new
modalities and more sophisticated and
refined variations of established mo-
dalities are appearing every year.

The foregoing only lightly touched
on the various NDT methods and are
far from being complete or in depth.
For more complete and technical in-
formation.

A Science for All Seasons

One of the fascinating attractions a-

bout nondestructive testing is that it

embraces nearly all the physical sci-
ences and technologies. It demands
knowledge of physics and chemistry.
[t is at home in the laboratory and in
the industrial plant. Its involvement is
wherever men are at work in the air,
on or below the surface of the sea and
on land. It applies its varied techniques
in a myriad industries, among them:
aerospace ., aircraft, automotive, casting
and forging, chemical and petroleum,
construction, electronics, food proces-
sing, marine and oceanographic, mater-
ials joining, metals, nuclear, ordnance,
railroad and utilities.

By concentrating on flaw detection
and classification at every state of
manufacture  from raw  material,
through design and the various pro-
duction stages to the final product
AND its maintenance, NDT has saved
untold lives and incalculable millions
of dollars.

Our day-to-day life with its depend-
ence on sophisticated machines all a-
round us and vehicles in in the air, in
space, on the ground and at sea, would
not have been possible without NDT.
Paraphrasing the old saying. if nonde-
structive testing were not in existence,
it would have been necessary to invent
it. [ #% )

UNDERGRADUATE (from page 7)

might be said to help the undergradu-
ate, but space and time will not permit
my mentioning them at this time. But
before closing let me impress upon
you afew important facts. Get over
that idea which still prevails to a cer-
tain extent in our institutions, that
you must study just enough to pass
your examinations. By following this
practice you are the looser, not your
instructor. Remember that your in-
structors are your friends after gradu-
ating as well as wherein college, and do
not hesitate to apply to them for ad-
vice at any time. They can very often
help you in starting right, and will
willingly help you over any obstacles
you may encounter. If you have an op-
portunity to take a post-graduate
course, by all means take advantage of
the opportunity, and you will not re-
gret the time spent. [ should advise go-
ing to some other good engineering
school for your post-graduate work, in
order that youay meet new instruct-
ors, and where your surroundings will
be of a different nature than those you
have become accustomed to during
your four years’ course. By all means
become a good draftsman. Even if you
FEBRUARY, 1971

do not take up this part of the work as
your profession, you will find constant
use for it in any branch of engineering
work. Spend your vacations in doing
actual engineering work. Do not take
into consideration the money value of
this work, for it is the experience you
are after. Remeber that in England
young men have to pay large sums just
for the privilege of working for several
years with prominent engineers. Our
graduates are to be congratulated on
the fact, that they are at least able to
get their expense. and in most cases
more when they start out.

To sum up some of the things previ-
ously mentioned: Do not over esti-
mate your education, and think it is
the highest qualification necessary to
the engineer. Do not get the idea that
practical experience in the ranks is not
necessary, and remember that you can
not expect to command a large salary
til you have added several years of suc-
cessful practical experience to your
theoretical training. Keep in mind that
you will have to deal with many and
different men. and that you will have
to study very carcfully their ways. in
order to gain your end. Keep in mind

what [ have said about the study of
modern languages, and determine for
yourself whether the statements 1 have
made are correct. Take special training
in your English even at some sacrifice,
and be able to write and express you-
self clearly.

Let me advise you, above all things,
to cultivate a liking for your occupat-
ion. You will find that the longer you
are engaged in enginecering work, the
more interesting it becomes. While it
becomes more interesting, your prob-
lems will become more difficult, but I
know ol no greater satisfaction than
the successful carrying out of a diffi-
cult problem, whether it be in theory
or actual construction.

The young engineer of to-day is fit-
ted to take up a variety of positions.
He can not be proficient in all. so each
much choose his specialty. But what-
ever position the graduate may choose,
it is hoped that by diligent application
he may soon rise to a position of trust
and responsibility, and thus reflect cre-
dit upon his Alma Mater.

EEEd

13







HIE
A s

;‘:kefi uﬁipafm Inc., One New York Plaza, New York N.Y. 10004. Districi Omces in Chi cago,
o Haztfard Houstoa, Los Angeles New York, Pittsburgh, Washington & Wilming on:




DRUG INFO CENTER OPEN

" 420 LAKE ST. J

263-1737 R |
"é:'“ ST s f@ | \

N 2 l !:-
\)M\*\\ WS, WS I \E ’\‘

L ANNGSRITRSY = N
16 WISCONSIN ENGINFE K




CONVERSION — NOI2AIVHNODO
FACTORS

Multiply By To Get Multiply By To Cet Multiply

pecks
Pty (dryv)
aquarts {dry )

statimprres
weres per sep inch

T
i yards cubic centimel

1 S sl e i)
o s per inch 0.01 srams Sl
clinhainne ool firers b
el bl 0.3937 it
abconlimbs per s on :."Ii:;l..m et s i 9% Sawibus i v fie
s i IERIEE 3907 cubic pints
abfarads mitrafarads 193 cwbic

quarts (i)
cuhic feet pe
wallons prr

liters. per second

10205107

vards per minute
vards per minute

stothenries
a5 per mil Toot

rivs
il E e e
el

em cube

abohms

deeiliters
decimeters

statohns

meters
s per em cubie

degrees (angle) e

abhitns ohis per il foot degrees (angle) ;

abrolts bl degees (angle) . seconds

abwalts centimiters per scenne degees per seeond cadins per second
actey degirees per secar cevolutions pee
wres degrecs per e revolutions per e
e I

ot see
e

s e
amperes per s inch I
whampenes per s em
nperes per s em T Ry
A s (it i o ; T
wilberts conlemlss g s o ¥ ,,.f].:l:.'.'l"""

et perin comloms per s om ¥ Eram-centunctios
> " cubie contimetn i

e s, s 2310w

eubie continel T

enhie centimet Frgs Lttt

ares i GBI i ergs per secomd 3602300

atimosglieres renry enbie N ers per secoml 142inl0e

atmuspl s o mereury s per secoml TAT 0

Winspal boab water s secand [IREIRY LS A

wmosphieres ke puer s6 mulir ergs per secomd Labiio

atmaospheres ponnds prer s ineh . ergs per second n

atmosphacres tats per s boot 1028352

nasT0d Faruly

Hars DATON0T Aoy 5 s

Hars 1 dvmes per s oom

Eatrs 001020 T SCpUATe meter pints (lig )

Bars ERRUNT ponds per s foot fuarts e )

Rary TA50x 0% pounds per sq inch Crtiviz e culne emper see

Toard 14 cidie fnd Bie fe i [N I

British thermal Shie Feet per mi ters per second

British thermal culic feet poer mi Ih of water per o
ineters

British thenmal nmits izabic inches 002950 “
I il it 08820 sty
et s Per s w o
British enlie mehes ubie yards 208 Py prr s ft
Bin eubie mehes illony (INREY e vich
culsic iiches 1639 Liters o300 o o
cubie mehey [EXTRRTN pints BOTEGT a
cnhic 001732 1529 kaometers por b
culs e s 0,30 1% meters por mi
m::» 153.31 0ol s per i
b e bk s 3 fitihie . 61023 enbie inches 0.4 . etens e e
lmj:ult g £ 03524 cubic meters cubic meters e 1.30% cuhic yards 1 Kilowiioters per Bonr

FEBRUARY, 1971

17



Multiply
Bort i e an
Vet g s

R
[ I IO T

N
e S TTIE
I SISl
|t dn
]

|
B s
W7

woizs
WoToNE
220500
(RN
PRNEN
BRI
§S0Tx 0 ¢
Zitidos
e
" S e
Hldi

e e

RIS R
s e e 00361
o A

231
1 sy 108
2hsix e
parls

[IRCRUI

g lw.\_u)'

e 2
e 01020
Tsan

980G
0

b '

b t

e v '

kit gre o

b b

K g

by Rt

b fie

' ot RN

a g e EROTINTT
Vo1t (2048

Tistich Aursial simte

¢ centaneters

i e
tuine
e per el
It
mwerzhts o

font
cutne anch
by per mil-foat

awres
sepanes Dt

roal vty

tinnpheres
ot water

Btk thermal units

ot s
Kaloerom meters
i -culorics

P s

T osee
MU T e
s

Multiply

Kl tas et inin

Kalosatt Junaes
Kalomatt B
Knests
knots
knuits

¥
003531
G102
10t

L08x10°
02642
2.113

7
3 HN10
4Aldxlo
2300
LEBEE
1

e, N or In N
Tawens et sy 11

manwells L.

wper om cul
o oper em cabe

wweinhios pee e cul
emhos per inch cube
shins
meters
meters

uns
uns
uns
minte
per mmnte
per m 0. n,am
5 per 16
P 1:_05.;5
per sevond 1965

per second
meters et second
ers per seeond
meters per see

per mil foot
il font

wcrohms
mwcrohms
e ol
microhins
iy per e

wulne
wiohany per em cube
wiohins per em cube
rubis per e eube
Imnons L.

iy per it
o per Danar

T osee

les ey howr per
per howt per sec
hour per see

a4
16093
[t

10
108
10
. 1 a0
milliliters . .. 169
millimeters 0.1
milhmeters 0.03937
7 ¥
e 0002540
. 1o

anuer’s wmches
nunntes Cangle
s
mwmths

135
290910+
Bl

voper wil Lo
fuat

Ft

« Bl o
o Hupd o
varen )
Pt
o 3
0.08 335
meh 625

pnts iy
N

v per enbie foor
Pt -fot
Pl -freg

el weh
R o

To et

s e
i e i

sonnds per
i e e

Rritish thermal umits
at-poninicls
horsepows

mehes
ulluo centin
1

o inches

enbie meters

cubie sards
e

Jints. 1)

quants high

e feet per second

lons per second

[
Tt N ar In N
foat-candles
Kilulines

maxwells

mhios peer il foot

thers' e - cube

e

v second
r per hour
¥ Tonr

P
er hour pe
s per hr per see
hos per e cube

et in. cube

ohms
statohms

abohms per em cube
microlims per in. cube
ms por mil foot
icrolms per em cube
1

ors
cntimeters

e
kilometers

meters per se
Fm'l per second
smeters per hour
'km.Ls

ters per minute
Cme per see per see
feet per see per sec
km per hour per sec
M per see per see
contimeters per sec

t per second
kilometers per min
miles per hour
grams

rhenries

henries

stathenries

liters

centimeters

inches

mils

abohms
mesohms

micsobimy

statohng

alohms per em cul
microhims per em cnbe
icrolms por in. cuibe
dram

wrans

Krans

pounds

entie nches

liters

v

¢ (troy !

Rrans
pronvwerghts (troy )
potiinds  tro

pounds per s meh
Mring o troy )
wrms
cubiic inches
e miehes
dynes
R
dviies
sapired
i
el

Multiply
pounds per cubie eh
pounds per fool L.
ponunils
pounds
pounds
poumls
P .
poutds per square inch
pounds per square inch
1:ul||nlx per square inch

square inch

s (angle)

8 ats (angle)
uacrants {angle )

quarts (dev )
quarts (liq) .
quintals e
quires .o
Radians .,
Hadians

per sec
prrosee
Pur s

revolutions ..
revolutions ..
ey olutions .
revolutions per minute
revolutions per minute
volutions per mi
0 per min

Per min
per min
per second

revolutions per second
Tevs per sec per bec
TeVs per see per see
Tevs per see per see
rods ...

Secands (ansle)
spheres (solid

ht angles
spherieal right angles .
spherical right angles

square
square

squ
square
square
saquare f

1 fect (fz-ed sad}
Srinare
square
square
square
square

che
||z-s {inches s.,(!}
kilometers ...
ilometers
ilometers

millimeters
millimeters
millimeters
mils

statimperos

statumperes
stuteonlomis
stateoulombs
statbarads
Larads

statfar
stathe
stathennes
statheny
statohims

statohms
statahms .
statoh

temp (dews Fyobo 460
teing (degs 1) 32
toms Clona) .

tons Ukengt)

tons (mete

tans metrie)
tons {shart)
tons (short) oL
tons cshort) per sq bt
tons (short} per sq 0t
tons sk por sq in
tons ¢ e sq in

Varas ...
Naras

volts pee iy
volts per anch

Warts
Watts
Wty
Wans
Woatts i

bt b
satt b

honrs
wati-huurs
watt b

Hy T Gt
54255100
1 a5

b per il foot

18 ki per meter
TRA it ¢ em

2 306x 108 per cubic em
01602 water
1.8 ke

52 or
B 6944510 prrosg ||:L||
006504 e n]ihl-n'
5 307 teet of water
3036 m(-he-. of mercary

031 ke g
144 monds por 5q Toot
degrees
minutes
Lians
cubi 1

cubie inches

degrees

minutes

quadrants

degrees per second
revolutions per second
revolutions per min

s per min per min
s per min per sec
wys per see per see

sheets

degroos

cuadrants

ans
e degrees per secand
radians per second

o nulsr'.' revolutions per sec
. 1.745x10° rods per sec per seo
L 0 01667 fevs per min per see
i Ve per see per sec
360 degrees per second
6.243 rachans per aceond
60 1evs per min
6283 nds per see per see
3600 1evs per min per min
& 60 revs per min per sec
iz 16.5 fect

rackians
steradiams

0.35 hemispheres

0.125 spheres

1.571 steradians
1

epenlar mily
1

s meters
100 separe millineters
hes (nches sqd)

Mpuare o Fibes

sequare miles
seuare varis
s ards

. ~ inchies sad)

circular mils

: recentimeters

i} [J-HxIU‘
1

. 455
4164
1 K20
f 2471 Cres
; 10.36:00° souare fuet
100 meters
03K61 nles
1 10 vardls

3 2471s10~

[T
27 .M8x10¢
2500
3.613.040.45
3.0sb 0
Lyael (2

0
. |')UAIU‘
. IL‘Ju‘

IIIIIIJ 71

TTIE044
,0111141[}03,7(;3
g

Abamperes

nperes
wheanlombs
contlombs
abfarads

1

N
verofarads
hahenries

henr
millibenries

shins
microhms

hemispheres

spheres

sphenical right angles
liters

I temp ¢

i Ldews
b tonp valig )
g degs Cont

Faninds
walograms

per sq
it per sequa
prids per s

itz

(R TE
1 sevond
5106 pra n

0T i ose

Loithans

G e RiCdinems per i

. [SITAEN
Baarsh theermad

WISCONSIN ENGINE

EF



b

Westinghouse the teacher?

Westinghouse Learning Corporation has launched a
computerized teaching system that lets each child
learn at his own rate.

Our studies for the Defense Department will lead
to the “hospital of the '70s,”” and a level of efficiency
and economy unknown today.

Houses? We're not talking about the thousands of
units completed or under censtruction. We're talking
about the new plant we're building to mass-produce
modular houses.

Our computer-based information systems improve
police efficiency, speed up court administration.
We're marketing electronic security systems for
homes and plants.

We've developed waste-disposal units for neigh-

the medic?

the builder?

the crime fighter?
the urban planner?
the ecologist?

borhoods, sewage treatment plants for cities, a
smokeless refuse plant that reclaims rather than
destroys.

We're transforming 16 square miles of Florida into
a new city. It’s the bellwether for hundreds of thou-
sands of acres, bought or leased, here and abroad.

The list goes on. Everything electrical, of course—
from nuclear power plants to light bulbs. And aero-
space, oceanography, broadcasting, rapid transit.

It all means that Westinghouse has openings for
skilled engineers—electrical, mechanical, chemical,
industrial. And we also offer job training for the un-
skilled as another step toward increasing productive
employment for the disadvantaged people of our
country. An equal opportunity employer.

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

fEBRUARY. 1971




(1.) A young man was once asked
his age. He replied as follows: “My
grandfather was sixty-five when I was
born. Gramp’s age when he died this
year, on his birthday, was the square
root of the year in which he was born
added to the square root of a recent
presidential election year.” How old is
this obnoxious young man?

EE I O

(2.) A railroad runs straight from
Punkton to Junkville. Mainfield is on
this line just half the the way between
Punkton and Junkville. Hotberg is just
as far from Punkton as it is from Main-
field and Mainfield is as far from Hot-
berg as it is from Junkville. If it is
twenty miles from Punkton to Hot-
berg, how far is Hotberg from Junk-
ville?

EOE S S

(3.)A group of women bought a
number of items at a bargain counter.
All of the items sold for the same price
and the total amount paid by the
women was $2.03, exclusive of the
tax. If each item cost more than 10
cents. how many women were in the
group and what did each item cost?

EE I S

(4) Here is a question from the an-
cient philosophers to test your ability
in logic. 1t halt of 5 were 3, what
would be a third of ten be?

EE I

(5) A number of chickens and
horses are standing in a barn. The total
number of heads and wings equals the
number of feet. What percentage of
the total number of animals are
horses?

20

(6) A locomotive watering tank is
to be located alongside a straight sec-
tion of railroad and supplied with wa-
ter from two wells located on the same
side of the railroad and located respec-
tively 1 mile and 3 miles from the
track. The distance between lines
drawn through the two wells perpendi-
cular to the railroad is 3 miles. What is
the minimum total length of pipe re-
quired to connect the two wells to sep-
arate inlets on the watering tank?

Next to an open window are two
baskets. One contains an infinite num-
ber of balls numbered 1,2, 3, etc.; the
other one is empty. At 11:00 o’clock 1
take the ten balls numbered 1 to 10
from the full basket and place them in
the empty basket. At 11:30 I throw
one of these balls out the window. At
11:45 T take balls 11 to 20 from the
first basket and place them in the se-
cond. At 11:52:30 I throw another
ball from the second basket out the
window. If I continue in like manner,
how many balls will there be in the se-
cond basket at 12:00?

(a). 27

(b).9

(¢).0

(d). An infinite number

(e). Any of the above

(f). None of the above
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For additional information on our activities, write to Union Carbide Corporation, 27

When Union Carbide sends its pe

Asia, Africa, South America and even
Europe, they represent a coun
as a company.

So while we're ot to make money
abroad, we're also out to make friends
abroad.

Sometimes, it's as simple as knowing
local customs.

In Singapore, our Eveready battery
plant has a cafeteria that serves three dif-
ferent menus. To meet the dietary, ethnic
and religious needs of our Indian, Chi-
nese and Malaysian employees.

Othertimes, making friends and mak-
ing money 1s a little more complex.

as well

When they look at us, they see alittle of you.

To mine huge manganese deposits in
Ghana, we built a whole town. From the
ground up. Later, we put a plastics plant
in Ghana. And then a battery plant. And

de even more friends.

None of this is our newest idea. It's
something Union Carbide discovered
long before international business was
fashionable.

And it's all quite simple.

Overseas, we're you.

UL ©c oiscovery company
CARBIDE

0 Park Avenue, New York, New York 10017, An equal opportunity employer.




engineer can

cutcrime aswell
as any cop.

Maybe better

Last year, murder was up 7%. Rape was up 17%.
Robbery was up 14%.

It's getting to the point where a woman can’t show her
face on a dark street. And grown men are running scared.
Sadly, crime has become a part of our everyday lives.

Where do we turn for help? To police, of course. But
why not also to engineers?

Engineers at General Electric set out to develop a more
efficient streetlight. And they came up with one of
the most efficient crime fighters ever invented.

It’s called the Lucalox® lamp. It puts twice as much light
on a street as any other lamp without any extra operating
cost. And wherever Lucalox has gone up, crime has gone
down. By 50% or more in city after city,

But that’s not all an engineer can do. He might design
communications equipment that enables one patrolman to
do the job of two. Or a complex of traffic monitors that
puts twenty cops back on the beat. Or even a patrol car to do
its special jobs in a better way.

It’s sometimes hard for people to realize that engineers,
with their technology, can solve social problems. But, in
fact, some social problems can’t be solved any other way.

So if you're an engineer who's bothered by social
problems, you're in a unique position to help.

General Electric could use your help. We see more
problems around us than we know how to solve, So what we
need is more engineers,

GENERAL &3 ELECTRIC

An equal opportunity employer
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