


Don’t be pigeonholed till you've had a chance to fly

Why settle for a limited choice of opportunity in your
field when you can choose from the whole world of
industry at Westinghouse? No matter what you like to
do, you're likely to do it better here.

And if at first you don’t find your niche in one of our
six operating groups,* there’s a good chance you'll
find it in another.

Want to be far out? Help us build our NERVA nu-
clear reactor for space propulsion or design aircraft
electrical power systems for tomorrow’s super trans-
ports. Want to be way in? Help us unlock the ocean’s
secrets in our Deepstar 4000 undersea exploration
craft. If you're a skin diver, bring your equipment.

Or come help us revolutionize communications,
radio and TV with more sophisticated microminiature
electronic devices. Or would you rather help us re-
build urban areas?

If you care about quenching the world’s thirst, you
can help build water desalting plants throughout the

world. To date, we have installations for communities
and industry from Key West to Kuwait. One of our de-
salting plants solved the Navy's fresh water problems
when Castro cut the water line at Guantanamo.

If you're interested in computers, we're a leader
in both their use and application. And not just com-
puters that do a payroll; we’re applying computers
to steel mills, rapid transit systems, oceanographic
research ships and automated warehouses.

Isn’t this the wide freedom of choice you want at the
start of your career? Talk to your Westinghouse re-
cruiter about it when he visits your campus during the
next few weeks or write: L. H. Noggle, Westinghouse
Educational Center, Pittsburgh, Pennsylvania 15221.

An equal opportunity employer

You can be sure if it's Westinghouse @

*The Westinghouse Operating Groups: Consumer Products: Industrial; Construction;
Electronic Components & Specialty Products; Atomic, Defense & Space; Electric Utility.
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David Lawrence

John Brooks

This month’s cover by Steve Franek contrasts the general technology
of North and South America. The problem of underdeveloped nations is

discussed in A Technology for Development’’ by John R. Hansen, beginning

on page 14.

The Colorado Engineer is published by the students of the University of
Colorado College of Engineering and does not necessarily reflect the

opinions of the faculty and administration.
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Dallas...home
of LTV Aerospace

As one of the nation’s social, cultural and educational AEC: XC-142A, the world's most successful V/STOL.
capitals, Dallas offers its residents a clean, modern city, ADAM |, a future generation V/STOL and many others.
temperate climate, abundant housing and living costs LTV Aerospace programs programs of today and
substantially lower than most cities of comparable size. better tomorrows . . . challenge the imagination ~f engi-
Dallas is also the home of LTV Aerospace Corporation, neers and create diversified career positions Ak your
one of the city’s largest industrial citizens and a major Placement Office, then see our representative v en he
participant in the United States’ defense efforts. visits your campus. Watch for interview schedu sour
Current programs include the Navy and Air Force A-7 campus newspaper. Or write College Relatior ffice,
Corsair ll, the new low-level, close support light attack P.O. Box 5907, Dallas, Texas 75222. An equal op nity
aircraft; SCOUT launch vehicle for NASA, DOD and employer.
LTV AEROSPACE CORPORATICON
Las

AMISSILES AND SPACE DIVISION B VOUGHT AEROMNA i~
A
UTICS DIVISION 8 KENTRON HAaw, - DIvISIS
Al LTD 8 RANGE SYSTEMS DV
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Opportunities at Anaconda

in mining and metallurgy here and abroad, at Anaconda American Brass Co.,
Anaconda Wire & Cable Co., and Anaconda Aluminum Co.

Talents and skills like yours will always 5.
be needed by Anaconda. But that’s only ©
half the story. The other half is what
Anaconda has to offer you: important
positions in exploration, mining, extrac-
tive metallurgy, manufacturing, scientific
research, sales and administration. For
example, take a look at only eight of the
hundreds of recent graduates who found
what they were looking for at Anaconda:
and vice versa.

Top: JUDITH HIHNALA (BS Bact., Montana State '63)
studies bacterial leaching of copper and zinc

ore and concentrates in extractive metallurgical
research laboratory.

p: GE Y IRELAND (BSME, U. of Louisville
'63) is assistant plant engineer at Louisville works
of Anaconda Aluminum Company.

Below: ROBERT SWIRBUL (BS Bus. Ad., U. of
Tampa '58), center, district manager of Dallas
sales office of Anaconda Wire and Cable Company,
reviews cable specifications with power

utility personnel.

Top: LUIS LOZANO (BS Met. E., Brooklyn Poly. '61)
is research metallurgist at Anaconda American
Brass Company's research and technical center.

Top: GLENN ZINN (BS Geol. E., Mich Tech. '66),
geophysicist with the geophysical department’s
southwest office in Tucson, Arizona, is studying
toward a master's degree in geophysics at
University of Arizona.

Below: FRANKLIN ANDREWS (BS Math., Northern III
U. '62), manager—quality assurance at Sycamore
plant of Anaconda Wire and Cable Company, checks
environmental stress crack test of polyethylene.

Left: PETRUS DUTOIT (8BS Mining Engrg., Montana
Tech., ’56), mining engineer, at the controls of

a raise boring machine in the Mountain Con mine.
This mine has the latest in underground

mining equipment.

Below: LAWRENCE KENAUSIS (BS Chem., Holy Cross
'53; MS Chem., Boston College '55; PhD Chem.,

U. of Penn. '61) is senior research metallurgist at
Anaconda research and technical center in
Waterbury, Connecticut.

If youwould like more information about

the opportunities at Anaconda, or would

like to apply for employment, write to:

Director of Personnel, The Anaconda

Company, 25 Broadway, New York,

N.Y. 10004. 67121
An equal opportunity employer.
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EDITORIAL:

THE SPIRITED ENGINEER

With E-Days, we once again hear cries of “Where is Engine School’s spirit?”
“How can we show the ‘other side’ of the campus, the group that lives on the
Hill, that we're here?” “We've got a new building—let’s build some new tradi-

tions.” O.K. So what?

Just this. Engine School has spirit—lots of it. No—not the kind that shows
up at a rally or a function. It's better than that. It shows up in classes, in labs,
in dedication to the study of reinforced concrete beams and chemical plants, of
integrated circuits and linkages, of guidance-control systems and wave guides.
It's quiet, subtle thing, but the excitement it generates is well-known to every

member of Engine School.

And it is this excitement, premeating the walls of our new building as it
did Ketchum and Hunter and Engineering I, that shows we are here. We haven’t

time for loud demonstrations of spirit—we’ve got more important things to do.

And it is this feeling that is the only true tradition that Engine School

has—or needs.

—Kathy O'Donoghue

Photograph at left by Dauvid Lester.
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THE ARMY CORPS OF ENGINEERS

offers you a challenging civilian career with:

Bl The world’s foremost and largest engineering o janiza-
tion in the construction field, pioneering new and inced
engineering practices and concepts.

B An organization whose work embraces virt the
entire range of modern engineering in the construc field.
Projects include research into basic science, engineerin >sti-
gations and regional planning; design, construction, o ions,
maintenance, and management of hydro-electric pow: ms,
flood control facilities, harbors and navigable streams ign,
construction and maintenance of family housing, ys,
hangars, roadways, hospitals, and nuclear power ins ns;
and construction of intercontinental ballistic missile a ice
launching sites. In addition are the allied fields of cart« phy,

geodesy, mathematics, and engineer intelligence.

B An organization that recognizes each enginee an
individual, providing well-rounded career development p ms
with on-the-job training; courses at government exp in
colleges, universities, and seminars as necessary to assur d
progression to top professional and managerial levels: enc je-
ment and assistance in attaining professional registrat nd
recognition; and an opportunity to win national and inter: 1al
awards.

M An organization with offices and projects in nearly «very
one of the 50 States and in many foreign countries that
encourages employees to further their development by acc ng

new and challenging assignments.

: . An organization which provides excellent rates of pay
with liberal fringe benefits, including generous retirement annuity.
complete health and life insurance coverage. paid vacation leave,
military training leave with pay, generous sick leave; and special
pay awards for outstanding performance and suggestions that
Improve operating efficiency.

If you're thinking this all too good to be true, you're
wrong! All of the above is available to you in a civilian engineer
career with the U. S. Army Corps of Engineers. If you are intér-
ested, you can get further information from the Chief of Engi-
neers, Department of the Army, Washington, D.C. 20315.

AN EQUAL OPPORTUNITY EMPLOYER

WRITE FOR AN ILLUSTRATED BROCHURE “"YOUR CAREER.”

; . el 067
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DEAN’S COLUMN:

"I AM AN
ENGINEER™

1 have been very pleased with the
approach Fred Stoppelkamp has been
using as president of A.ES. in an at-
tempt to encourage more direct in-
volvement of our engineering students
in activities for our College. Fred and
the Control Board have, in my opin-
ion, the right ideas about what should
be done in a real College of Engineer-
ing to develop student spirit.

For instance, 65 students partici-
pated in our recent Engineering
Career Day for the 378 prospective
high school students and parents who
attended. Cards handed in by the
visitors told of the outstanding job
our students did in promoting our

Our

guides, presented departmental dis-

college. students served as
plays, and served on paneISAaII of
which required many hours of their
time. My compliments go to these
students who are setting an example
for others to follow.

Student spirit in an undergraduate
student body at a major university is

very difficult to analyze. Just to

Cororaco ENGINEER—March, 1967

prove my age, I have very fond me-
mories of the type of student activities
we had in engineering and chemistry
when I was an undergraduate at Penn
State. 1 felt completely as one of the
group when I ran around campus
wearing my key hat and our special
senior blazers which we devised for
the chemical engineers. Without being
the least bit conspicious, I had drawn
a slide rule and a chemical flask on
the front vest pocket of my blazer,
and I had a pair of track shoes drawn
on the back. I permitted the profes-
sors to sign their names down my
right sleeve since I am lefthanded,
and there was a certain select group
I had sign their names and their
comments down my left sleeve. Be-
fore I was finished, the whole coat
was covered with names, notes, and
other items that still bring back fond
memories. 1 would go to student
meetings and get up and argue about
the value of having partial differen-
tial equations in an undergraduate
program in one breath, and in the

DEAN MAX S. PETERS

next breath I would bz complaining
about the fact that my seat at the foot-
ball game was not on the 50-yard line.
I am afraid these ideas are completely
out of date now, and I think our stu-
dent body is missing much of the fun
that goes along with this relaxed

approach to student activities.

The items mentioned in the preced-
ing paragraph would immediately
indicate to many of our present-day
students that T must have bzen totally
square, and no modern student would
think of doing this sort of thing or
wearing the type of apparel men-
tioned. 1 really wonder what is so
square about bzing willing to show
outwardly a few emotions and even
wearing a picture on your front vest
pocket to advertise with pride that
you are an engineer. In my case,
there was special pride because 1 was
advertising that I was a chemical
engineer. You should have seen some

of the fancy drawings the electrical

(Contimrcd on page 12)
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Come withus
and do

something meaningful. §

Rack up paper clip after paper clip. As you enjoy
the painful search for new ideas.

To what end? The satisfaction of getting involved in
a company already deeply involved in the world

and its people. :
Our Farm Centers help boost productivity at home

4
\!

and feed the world abroad. Our petroleum products \ A\

are prime movers on earth, in the stratosphere,
in the ionosphere. Our Total Energy applications
provide economical power, heat, and light to
more and more people.

The world-wide demand for new products and
applications is constantly accelerating. We're
meeting it with new answers to old questions
and unique solutions for unique problems.

We need your answers, your solutions. In
Research and Development, or Manufac-
turing, or Marketing, or Administration.

And we'll give you the time, the stimulation,

the opportunity you need.
And we don’t skimp on paper clips.

Do something meaningful now.

Write Harry L. Sheehy, Recruiting (

Coordinator, American Qil Company, 4l
Dept. 19-C, 910 South Michigan %‘““"
Avenue, Chicago, lllinois 60680 N>

An equal opportunity employer,
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What is it?

Not the op art discs — we're

not about to describe them. We

are interested in the micro-photo

just above — specifically the little

rectangle in the center. It's a minuscule chip of silicon produced

in Motorola’s semiconductor labs—on the verge of creating a
scientific revolution all its own.

The chip’s dimensions are 0.060” by 0.080”"—about the size of
a baby B-B. That tiny area incorporates 14 transistors, 10 resistors
and 2 capacitors—performing the same circuit functions as the
26 discreet components shown below. It's Motorola’s chip off a
new block of electronics—it's an integrated circuit.

But why all the fuss?

Because the integrated circuit is the key to untold electronics
marvels, hitherto impractical. Because its small size, weight, and
power consumption lessen the cost of complex systems and
improve performance. Because it's more reliable, to boot.

Integrated circuits already are used in design plans for amazing
new computers — computers which will, in effect, function as
special extensions of the human brain. Computers

PRODUCTS * GOVERNMENT ELECTRONICS * AUTOMOTIVE PRODUCTS # CONTROL SYSTEMS

CONSUMER PRODUCTS * COMMUNICATIONS * SEMICONDUCTOR

which, in time, will almost think. It's an / o

exciting business. It challenges everyone init. N\ \ W u S //

Within a year, the solid state art % ‘ é éi/

will develop the means to store the \“% S £ & =
content of the Encyclopaedia % Nb. o @
Britannica in a one inch cube—a solid = gg™ @ o T
state memory system. One day, every N |
important university library - nataa sz -

will have electronic knowledge = 3

banks connected, perhaps by satellite, e N

for instant exchange of information. < @ P S
People generally are impressed - i # @ % ‘

by the chip with 26 components. :
But hang on. We've now got g
one in the lab not much larger (0.120” \ k!
by 0.120”) . . . with 524 components!

Hip chip? You bet.

TRUST THIS EMBLEM WHEREVER YOU FIND 1T

MOTOROLA
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(Continued from page 9)
engineers used to prove there was
nothing as good as an electrical engi-
neer.

Perhaps one of the reasons we do
not currently see the outward indica-
tion of what I like to call “student
spirit” is that our modern students
often are searching for the right
clever words. Too often, the clever
words involve some sort of cynical
attitude. One typical example is the

oft-repealed complaint I hear that our
professors are too much interested in
research and not sufficiently inter-
ested in their teaching. 1 wonder if
this really holds water. “ertainly, our
professors are interested in their re-
search. I contend that an engineering
faculty must be active in research if
we are to be able to provide a modern
undergraduate program and meet our
other educational responsibilities for
the state. There are cases where some

Progress n
Engieering. i

o
DENVER: OUR CENTRAL ENGINEERING OFFICE

Headquarters for Design, Construction and
Manufacturing Services to Industry

To customers from the Gulf Coast to the Canadian Northwest
Stearns-Roger provides every needed service through one respon-l

sible source ... one contract.

Current projects include petroleum and chemical plants power
stations, metallurgical plants, sugar factories and defense-related

installations and equipment.

Possible openings for qualified engineers,
Send resume addressed to Personnel Department

Stearns-

DENVER

CORPORATION

P. O. BOX 5888

DENVER, COLORADO 80217

oger | ...

HOUSTON

PHONE 222-8484

R

professors become so involved in thejy
research that they do not pay ade.
quate attention to their IL‘;i(‘hil‘;g and
We to spot such
cases as soon as possible and correct

their students. try

them, but I dare say these

are rare.
From my observation ol our [aculty

A )

and the faculty at other universities
J P 2

the majority of the facultv members

are strongly interested in icaching
4 o

and in their students. Last -pring I
sent out 1,300 (]ll(_‘sli()llll‘r‘ to our
seniors, graduate students, : former
seniors and graduate studenis in en-
gineering, asking them to let 11e know
what they thought about the icaching

at the University of Colorado, and
requesting specific comments about
individual courses. 1 recel less
than 100 responses (about re-
turn) and concluded that stu-
dents probably regard our ching
as satisfactory. If it were otl wise,
[ am certain our students would be
anxious to help improve the s ition
by constructive criticism.

Our faculty is making eve ffort
to do the best job we can our
students, undergraduates and adu-
ates. We are always delighted 1o have
input from our students as our
activities, and I would like see
more input from our students 1nto
direct student involvement in o¢ngi-
neering affairs and other activites
that would be related directly 1o the
“student spirit” in the Collece  of

Engineering. As I have indicated be-
fore, it is clear I must be old-fash-
ioned, and it is totally obvious that
I am what you might call a “square’”’
because I would be delighted to walk
around campus wearing an orange
cowboy hat, telling everyone that 1
am an engineer. As a matter of fact,
I am so square and old-fashioned that
I shall end this little sermon by say-
ing
chemical engineer—and I am proud of
1 AR

Dlex o (Petone

Dean

i

I am a engineer—I am &

CoLorapo EnciNeer—March, 1967



and anything else that you might think of.

The 165-year history of Du Pont is a history of its
people’s ideas —ideas evolved, focused, and engineered
into new processes, products and plants. The future
will be the same. It all depends upon you.

You're an individual from the first day. There is no
formal training period. You enter professional work
jmmediately. Your personal development is stimulated
by real problems and by opportunities to continue
your academic studies under a tuition refund program.

You'll be in a small group, where individual
contributions are swiftly recognized and rewarded.

We promote from within.

You will do significant work, in an exciting
technical environment, with the best men in their fields,
and with every necessary facility.

Sign up today for an interview with the Du Pont
recruiter. Or mail the coupon for more information
about career opportunities. These opportunities lie both
in technical fieldss—Ch.E., M.E., EE.,
I.E., Chemistry, Physics and related
disciplines—as well as in Business
Administration, Accounting
and associated functions.

REG. U5, PAT. OFF
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E. L. du Pont de Nemours & Co. (Inc.)
Nemours Building 2500—1
Wilmington, Delaware 19898

Please send me the Du Pont Magazine along with
the other magazines I have checked below.

[] Chemical Engineers at Du Pont

] Mechanical Engineers at Du Pont
[ ] Engineers at Du Pont

[] Du Pont and the College Graduate

Name

Clasg__ Major Degree expected

College
My address
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JOHN R. HANSEN

Throughout the impoverished areas
of the world there are people who
look with marvel and envy at the
gleaming skyscrapers, glistening auto-
mobiles and shining modern factor-
ies, all of which form vital parts of
the America of today. It is indeed an
object of legitimate envy, for back of
this gleaming facade lie the character-
istics which, for most people, rich and
poor alike, make life both human and
enjoyable—a long life span, good
health, and the material goods and
gadgets that release people from the
drudgery of existence to pursue the
higher quests of life such as music,
literature, art and the many other
facets of culture—culture that is be-
yond the reach of the peasant work-
ing from dawn till dusk hoeing his
eroded plot of land, trying to scratch
out a meager crop which will keep his
family alive for a few more months.

How did the United States come to
be the budding cultural center of the
world? Many favorable factors have
helped—our historical background,
positive attitudes towards work and
thrift, an isolated geographical loca-
tion and abundant resources, wise
leaders in the early years, a fortunate
escape from the ravages of the World
Wars.

But ask the man on the street why
America is modern and gleaming.
What will he say? He will probably
give credit to the wonder twins of to-
day—Science and Technology. And
after considering the matter a mo-

14

TECHNOLOG

ment longer, he would give credit to
the men who created this great driv-
ing force—the scientists and engi-
neers.

No one could argue with the tre-
mendous impact science and techno-
logy have had on the development of
our country, vet one might very well
ask, “with all this great store of
scientific and technical knowledge
available, why haven't the underde-
veloped countries of the world bor-
rowed some of this know-how and be-
come developed as we have?”

A complete answer to the question
of underdevelopment would be long
and involved, ranging over a wide
realm of disciplines—history, socio-
logy, psychology, political science,
geography and many others. Here we
must content ourselves with one
small, but very important facet of the
answer: The technology that has
made the United States what it is to-
day just doesn’t work nearly as well
in other parts of the world. Why?
Don’t the laws of physics, and there-
fore the laws of technology, apply just
as much on the other side of the
world as on this?

The laws of physics certainly do
apply, but physics and physical pro-
cesses alone don’'t make a countrv de-
velop. These processes—scientificf and
technological—must take place in the
context of human society, and the
conditions of human existence virtu-
a‘ily defy all attempts at universaliza-
tion.

As a result, any technology ich
is used in a country must be adapted
to the needs of that country before it
can become an effective force for de-
velopment. Here lies the failu of
American technology in many ¢ the

underdeveloped —coun tries of he

world.

The Two Types of Technologv

The technology we know so 11
was developed here in the Unired
States to meet the needs of a socicty
where labor is scarce and expensive
compared to the abundance of other
natural resources; consequently

tends to be a labor-saving and capria
intensive technology. The goal of ;
American engineer may be called ef-
ficiency, automation, or many other
things, but whatever it is called, it
almost always results in getting the
job done better with less expendi-
ture of labor and with compamti\'vl}
little concern for the cost of the ma-
chinery required. The capital ex-
penditure has grown by leaps and
bounds, while the increase in the
labor force has been only gl"&(illéll-
As a result, the capital at the disposal
of each individual worker and the
production per man have grown
markedly over the past few decades.

This trend is fine in a country
where labor is a scarce resource and
capital is plentiful. But this techno-
logy just isn't appropriate in a coun-
try where labor 18 ox-'erwhehningl}'
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plen{iful: the last thing these coun-
tries need is an expensive machine
which will do the same job with
fewer men. This would not only fail
to solve the presently acute problem of
unemployment—it would aggravate it.
What is needed instead are new me-
thods which rely more heavily on the
additional use of men than of capi-
tal. In other words a labor-using or
labor-intensive technology is needed.

It sounds strange to talk of techno-
logy which uses more, not fewer, men,
for we are so culturally acclimated to
the capital-intensive type of techno-
logy that we think of labor-intensive
technology as the antithesis of “real”
technology. It sounds as though the
best example of a labor-intensive tech-
nology would be the caveman who
relied almost entirely on his own
labor, having an extremely limited
stock of capital equipment—perhaps
a stone ax, a shell scraper, a rough
spear, and a few other rudimentary
tools.

When economists cry out the need
for a labor-intensive technology, they
are not suggesting that the underde-
veloped countries return to more pri-
mitive forms of technology. On the
contrary, they recognize that a lot of
capital indeed must be invested if
progress is to take place. They only
are asking the innovations place more
emphasis on the saving of capital and
less on the saving of labor, reversing
the emphasis found in the United
States.

Cororapo EnGINEER—March, 1967

Capital and Labor

The lack of capital in these coun-
tries stems from a variety of social
and historical conditions. Looking at
the 1)1‘01)lcm as a whole, one can say
that “poverty breeds poverty” is the
basic explanation. These countries
are trapped in a vicious circle of pov-
erty and cannot escape. The circle
goes like this: The people are poor
and therefore can not save; they con-
sume all of their meager sustenance
and none is left over for investment.
With no investment there is no pro-
gress, NO NEW jobs. And without jobs
and impmvec[ produr[ion, the people
remain in their perpctual state of
poverty. And the circle goes reeling
on through another cycle.

There are of course many side ef-
fects or epi-circles to the vicious
circle of poverty. The epi-circle of
health dictates that when people are
poor, they can’t eat properly and do
not get the proper medical attention.
As a result their productivity is much
below that of their well-fed brethern
in the more d(:\'elope(l countries, or
they become so sick they can’t work
at all. In either case the vicious circle
of poverty continues as partial or
total unemployment helps drive it
along. Capital accumulation under
such conditions is virtually impossi-
ble.

Another epi-circle is that of social
overhead capital or infrastructure.
Capital and investment are not at-

DEVELOPMENT

tracted to the improx-'crished coun-
tries because they lack the roads,
electric power, communications Sys-
tems, water supplies, educated labor
force, good schools, organized market-
ing system and many other types of
infrastructure which support and
make profitable the operations of in-
dividual corporations in the more
advanced countries. New investment
naturally gravitates towards those
areas where industrialization and
commercialization are already well
under way—where the social infra-
structure has already been built up.
The underdeveloped countries are
left out in the cold, and without new
investment flowing into these already
improverished countries, there 1is
little stimulus for these regions to
develop the necessary infrastructure,
and the vicious circle begins again.
And with each cycle, the gap between
the developed and underdeveloped
regions increases, Cver lessening their
chances to develop the infrastructure
necessary to break out of this vicious
circle and start up the long and tor-
tuous road of development.

It can be seen thtat there is a real
need for development of a technology
which 1is capital-sa\‘ing, for very little
capital can be saved and invested in
countries trapped in the vicious
circle of poverty, and what capital
there is has been shipped abroad due
to lack of incentives and opportuni-
ties for investment at home.

(Gontinued on page 17)

15




@ /e word Career implies

A course of continued advancement =
you get it at Dunham-Bush

We don't have to promise advancement oppor-
tunity and job security at Dunham-Bush—it's
built in!

Stop and consider the business we're in—air
conditioning, refrigeration, heating—it’'s a busi-
ness of continued advancement. The needs
are endless—the opportunities unlimited.

In food processing and preservation alone,
the need for refrigeration is never satisfied.
And you are certainly aware of the growth of
air conditioning in stores, restaurants, hotels,
office buildings, supermarkets, hospitals, ware-
houses—you name it.

Growth opportunities like this have made

our industry one of the most dynamic in t!
history of man.

Interested in a career in this exciting, explo
ing field? The first step is to write for
brochure, ‘‘Careers at Dunham-Bush.” N
step is to talk to us. You'll learn that the w¢
continued advancement are more than V
ster's definition of the word CAREER.

Write Director of Technical Services, Dunh:
Bush, Inc., West Hartford, Conn. Plants in V
Hartford, Connecticut » Michigan City, Indi
. Marshalltown, lowa e Riverside, Calif
Weston, Ontario  Portsmouth, England.
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(Continued from page 15)

Though a capital-saving technology
would represent a great step forward,
there is also a need for the technology
to be labor-intensive. A majority of
the currently underdeveloped coun-
tries of the world are suffering from a
population explosion. This means
not only more mouths to feed, but
more hands to keep busy.

It might be possible to feed the
population if massive investments
were made in heavy agricultural ma-
chinery and in plants for the synthesis
of artificial foods, but this approach
is impossible given the current sys-
tems of land holding, the topography
of many countries, and social customs
and traditions. Perhaps even more
important, though this would allow
large populations to be fed, it would
at the same time throw the small
peasant farmer off his plot of land,
and as he and his family migrated,
along with thousands of others fac-
ing the same fate, to the urban areas
hoping to find employment there,
teeming slums would arise, and the
social tensions bred in this squalor
could easily destroy all pretense of
social order. Without the security
and efficiency of a viable, orderly
social structure, no new investment
would come in, and the investment
already present would flee as starv-
ing mobs stormed the factories de-
manding work and focd.

No, it will not do to send our
beautiful Caterpillar tractors and our
glistening combines to these coun-
tries. This will solve neither their
food problems nor their employment
pr()blems.

What is needed instead is forms of
technology which will create more
jobs for more people. Make-work jobs
are of comparatively little value here.
Real jobs which  produce badly
needed goods and services must be
found instead, jobs which can employ
large numbers of people productively.

Interaction of Labor and Capital

The problem of excess population
ties in directly with the lack of capital
for investment in these countries, for
with 1'a])idl}' expanding 1)0pulations.
large investments must be made
simply to maintain the present stand-
ards of living. More money must be
spent on schools, llospilals. housing
and roads simply to take care of the
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expanding populatinn. This cupital
widening does not contribute to eco-
nomic progress andan expanding pros-
perity within the country, however.
This comes about through capital
deepening—increased capital stock per
inhabitant of the country. With capi-
tal deepening, every worker has more
capital equipment to work with and
can produce more during every work-
ing hour. This rise in productivity
raises the standard of living of the
country and helps it break out of the
vicious circle of poverty as more can
be saved and invested.

We have seen the twin problems of
the underdeveloped countries—too
little capital and too many people.
The next question is, “How can the
little capital that is now available (or
that will become available) be made
to go farther? How can this capital
be used to gradually increase the pro-
ductivity of almost all of the workers
rather that simply to jump the pro-
ductivity of a very few workers, in the
process throwing hundreds of others
completely out of work?”

Labor Intensive Technology—
lts Nature end Limitations

Let us return to the question of
what is meant by a labor-intensive,
rnp‘itzll-sa\'ing technology. We have
already recognized that new tech-
nology can not be implemented
without expenditure of at least
some capital. Monzy will of course
be spent, but the idea is to develop
a technology for increasing pro-
duction and productivit}' that will
substitute as much labor as possible
for mpital, a goal diametrically op-
posed to the goal of technological de-
velopment in the United States.

A distinction should be made here
between capital-saving inventions and
capital-saving innovations. The air-
plane, for example, is an invention
that allows a much lower expen(liture
of capital per ton mile of freight than
does a railroad train and can there-
fore be called a capital-saving inven-
tion. However, the innovation of air
freight, the actual investment of capi-
tal to establish an ()psruting system
of airlines which can carry freight
throughout a country is terribly ex-
pensive. Though in the longrun
considerable capital is freed from the
1rzmsp01‘tution sector for use in other
sectors of the economy by the intro-

duction of airplanes, in the short-run
almost prohil)iti\'c amounts of capital
must be invested to make the inven-
tion operable—the innovation per se
is definitely not capital-saving. Engi-
neers seeking to develop technology
suitable for use in developing coun-
tries must be conscious not only of
the long-run savings of capital possi-
ble. but also of the initial costs of
introducing the new technology—the
costs of innovation.

Engineers and scientists seeking to
develop a labor-intensive, capital-
saving technology should also be
wary of false economization of capi-
tal. For example, having several
hundred women working by hand
looms to weave a given quantity of
cloth instead of investing several
thousand dollars in a couple of large
modern looms might appear to be a
saving of capital. However, when one
considers the money costs of wastage
of materials by unskilled labor, loss
of markets due to inferior goods, and
the costs of maintaining large inven-
tories of new materials tied up in the
long and tedious process of pmducing
cloth on the hand loom, it may well
be that the modern machines actually
cost less in the short-run as well as
in the longrun and should be in-
stalled.

The Development of a Labor-
Intensive Technology

Engineers should not become dis-
couraged by the black picture painte(l
above of developing countries’ in-
ability to invest and their acute need
for labor-intensive forms of techno-
logy, for much can be done to remedy
the situation.

For the scientist or engineer will-
ing to accept the challenge of develop-
ing technology suitable for the under-
developed nations, several paths lie
open. Among the most promising
appear to be the modernization of
older machines and processes, the re-
duction or “houscholdization” of in-
dustrial tools, and completely fresh
approaches to old problems.

But as the inventor follows one or
more of these paths, let him keep in
mind the following criteria which
must be met if his invention is to bz
a truly useful weapon in the inter-
national war on underdevelopment

(Continued on page 19)




IDEA GOR

Right now, hundreds of engineers, chem-
ists, and physicists are exploring their own
ideas at NCR. We encourage them because
we consider idea-people as the backbone of
technological advancement in our field of
total business system development.

And it works. Business Management maga-
zine, in its list of “‘emerging ideas of
1966, credits NCRwith two out of seven:
pioneering in laser technology for record-
ing data, and development of our new PCMI
microfilm storage system.

Whether you're a seasoned pro, or an
ambitious self-starter, and whatever your
degree, if the excitement and satisfaction
of start-to-finish idea development appeal
to you, you'll go far with NCR. And so will
your ideas.

Here's a good idea to start with: write to
T. F. Wade, Executive and Professional
Placement, NCR, Dayton, Ohio 454089.
An Equal Opportunity Employer.

THE NATIONAL CASH REGISTER CO. ®
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(Continued from page 17)

and poverty: The invention should
(1) be capital-saving, (2) be labor-in-
tensive, (3) stimulate or make
possible the economical substitution
of locally produced goods for im-
ported goods, (4) make use of
raw materials available within the
country, (3) wuse labor skills avail-
able in the country or ones easily
mastered by relatively uneducated
people and (6). erhaps the most
idealistic of all these criteria, the in-
vention should stimulate the growth
of other complementary industries
and the development of social infra-
structure.

With these criteria firmly in mind,
the engineer can follow the path that
suits his abilities or fancy. Suppose
he takes the first. The modernization
of older machines and processes holds
considerable promise, for over the
years many methods of doing things
have been developed which were very
good at the time, but were soon super-
seded by more advanced technology
and forgotten. Many of the machines
abandoned in the United States have
been sent to developing nations where
they are well suited to the local needs.
The availability of used machinery
has been a big help to these countries,
but there is a limited number of old
machines left, and many are beyond
repair.

Computers Won't Do

Strange as it might sound to suggest
manufacturing today looms or lathes
or other machines that were originally
built 25 to 75 vears ago, these could
be used to great advantage in coun-
tries which are still striving to reach
the level of technological sophistica-
tion which produced these machines
so many years ago in our own coufl-
try. These countries don’t want big
computer-programmed. continuous-
weaving looms; a small, semiauto-
matic machine would be a great im-
provement over the hand looms they
are currently using and would meet
their needs for a good many years
to come. This process of manutactur-
ing old machinery again sounds
simple, so ridiculously simple in fact
as to insult the intelligence of any
trained, sophisticated scientist or
engineer. Here though is the catch;
here is my challenge to the engineer:
Take the new materials, the new

COLORADO ExcINEER—March, 1967

T

manufacturing processes, the refine-
ments of design, the cost-cutting tech-
niques that make today’s machines
so efficient and economical and in-
corporate them into the machines of
vesteryear. Yes, I agree, many times
this may seem impos.&.iblc. or the end
result may appear to be a machine
virtually identical to those today, but
the challenge is to incorporate these
modern features while at the same
{ime maintaining the original levels
of capacity, cost and simplicity. If
this is done, machines will be avail-
able to the underdeveloped countries
at a much lower cost, and these ma-
chines will better meet the needs of
these countries than the most modern
of machinery will, no matter how at-
tractive it may appear.

Householdization

The second line of appr()ach I have
suggested holds many fascinating pos-
sibilities. Within the past few years
there has been a startling revolution
in the United States. I have called it
the “householdization” of industrial
tools. This revolution was stimulated
in large part by the handyman move-
ment in our country. Scores of house-
hold tasks and minor repairs which
were once done by the village jack-
of-all-trades or the domestic servant
began to be done by the homeowner
and his wife as unskilled labor which
worked as domestic help became
scarce. To take on all these tasks
would have been unthinkable, even
impossible, had it not been for the
“householdization” of industrial tools
—saws, food mixers, sweepers, mowing
machines, and many other gadgets
common in households today which
were once found only in large institu-
tions such as [actories, restaurants,
hotels, and garages in much larger
and more expensi\'e form. However,
during the past decade or two, scores
of these tools have been scaled down
both in price and in size so that they
are available to the ordinary house-
hold. The modern American house-
hold is a veritable factory in minia-
ture with all its gadgetry.

What does this have to do with
the underdeveloped countries? This
process can be both paralleled and ex-
panded in the evolution of technology
for the developing nations. Take the
most modern and sophisticated of

machines or processes and scale it

down, both in size and cost, to the
needs of a smaller producer. In many
cases the same kind of equipment you
and I find around our homes in the
garage or the kitchen could find its
way into a small business or factory
in another part of the world and
meet a real need. This should be en-
couraged, for this type of technology
these 'pcoplc can use; it is compara-
tively inexpensive (capital-saving) ,
it uses more labor than other more
elaborate and so])ilisticu[cd methods
(_1;11)01'-intensi\'e), yet it is more effi-
cient and more producti\'e than the
primitive ways currently in use (it
helps raise the standard of living, in-
creasing the opportunities for in-
creased saving and further invest-
ment) .

The third path T have suggested 1is
probably the most exciting, yet at
the same time the most poorly de-
fined. The only guideposts here are
the six criteria mentioned above;
there are no designs to copy and
adapt as in the first two cases. To
follow this path requires not only
great imagination and an inventive
genius, but keen insight into the
problems faced by the underdeveloped
countries. Those who chose to follow
this path will inevitably find that it
Jeads them directly into the countries
where the problems arise. These prob-
lems can be only vaguely surmised
from the distance; to really know
them and to seek out realistic solu-
tions requires a first-hand knowledge
of the situation, the resources avail-
able, the bottlenecks, the cultural
traditions and mores. 1 can only
point in a general direction for those
who choose to strike out on their own
in totally new approaches to prob-
lems both known and unknown.
Those who accept the challenge must
explore what lies ahead on their own.

Positive Projects

For those to whom this paper has
seemed too idealistic and abstract
Figure 1 contains a sampling of posi-
tive proposals for action on specific
projects, projects which challenge the
ingenuity of each and all of the vari-
ous fields of engineering. Though the
projects are classed under several
specific fields of engineering, the gen-
eral interdisciplinary nature is ob-
vious. (See pages 20-21).

(Continued on page 24)




Agricultural Engineering

. Jungle Soil Technology: The soil of jungles 1s notor-

iously poor for raising crops on a long-term basi.s, in-
spite of the lush vegetation which it supports 1 its
native state. Work needs to be done to devise methods
of controlling the leaching of the fertility of jungle
soil and the water content of the soil. Someone needs
to develop fertilizers which will not wash out under
these conditions, yet be economical enough to use, and
to create breeds and species of plants which will sur-
vive better than those currently available. These pro-
jects are very important considering that most of the
underdeveloped countries lie within the tropical zone
of the world, and many of them have jungle or semi-
jungle conditions.

. Dry Land Technology: Though many of the under-

developed countries have tropical and jungle areas,
others suffer from exactly the opposite problem—they
have large expanses of desert or land so dry that crops
won't grow. Better systems of pumping water, con-
trolling soil movement, retention of surface and sub-
surface water, and of growing crops under these condi-
tions would be a great boom to these countries.

Architectural Engineering

1.

Housing Designs: The population explosion of the
underdeveloped areas has caused an acute shortage
of housing. Low-cost housing is of course available
if one could consider primitive construction methods
like wattle and daub or thatch, but these methods are
inadequate for urban areas; they are too unstable
and unsanitary. Architects need to devise completely
new designs of construction which will be fast, simple,
standardized, and sound.

Methods and Materials: There is not only a need for
better designs, but also for better methods and mater-
ials. The geodesic dome, prefabricated components,
modular plumbing and integrated electrical systems
are all possible cost-cutting and simplifying ap-
proaches.

Aeronautical Engineering

1.

Helicopter Development: Many very fertile and poten-
tially productive areas in underdeveloped countries
lie uninhabited because they are too far from the
centers of population and lack adequate access roads.
Improved helicopters (cheaper ones, more reliable
ones, and simpler ones) could be of great aid in open-
ing up these regions, not only by supplying the road
crews with needed supplies and machinery, but by
flving out produce to markets until zm'adequaté

transportation system was completed. If helicopters
were improved, they would also find much wider
use in developing the infrastructure of the poor coun-
tries—stringing electric and telephone lines,
poles in rugged, inaccessible country, etc. (111‘1*@1}(1},
initial cost and maintenance expense for helicopters
prohibit this.

. Development of Low-cost Cargo Planes: The I

as it 1s,

subject to evaporation to the atmosphere.

Chemical Engineering

setting

1C-3, old
still is very popular in many parts of the

world because it is cheap and reliable. Soon the last
of these will be gone, and the supersonic msport
certainly won't replace it, not with the primitive
landing fields available in these areas. Aeronautical
engineers should turn back for a while and develop,
with all the modern technology now availibic, low-
cost cargo planes which will fill the gap between
initial helicopter transport and later heavy commer-
cial traffic between the now remote areas il the
urban centers.
Atomic Engineering

1. Earth Moving: Operation Plowshare was desizned to
explore the potentialities for peaceful use of the atom,
but so far the technology is not sufficiently inced
to allow small scale use of atomic blasts such
purposes as earth moving. Though it might not be as
labor-intensive, atomic earth moving for s in
mountainous regions could represent a el 1dous
savings in capital expense and would greatly speed
up the opening of new arecas which would offcr wide-
spread opportunities for new employment.

. Reservoirs: Subterranean atomic blasts could create
underground reservoirs capable of storing large
amounts of water during rainy seasons, watel hich
could later be pumped out for irrigation during the
dry seasons. In the meantime it would be nu less

1. Fertilizers: Fertilizers hold the promise of fertility for

presently unproductive lands, but present methods

of producing fertilizers are still so expensive

as to

limit them far too severely in comparison with the
need. New and cheaper methods of synthesizing fer-

tilizers need to be devised.

. Tron and Steel: One of the hallmarks of deve

lopment

progress today, at least in the eves of the nationals of
the underdeveloped countries, is the construction of
a national steel mill. However, many countries lack

at least one of the raw materials needed (iron

ore,

coal and limestone), making production excessively
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1 expensi\'e. ‘To take a pzu‘ticul;lr example, Venezuela

| has good iron and limestone reserves, but lacks coal.
It has already built a steel mill, but must import coal
from the United States. 1f a new technology could be
developed using the carbon from the extensive petro-
leum reserves of Venezuela instead of from imported
coal, tremendous transportation costs could be saved.
This approach might also be used in the oilrich
Middle East.

3. Building Materials: Chemical engineers could cooper-
ate with the architects to develop new building ma-
: terials which would make construction cheaper and

more durable. Special attention should be given to |

the possibility of utilizing native materials and pro-

1 cessing them into building materials as has bzen done
in South America in certain areas where corn stalks
and other fibrous materials are crushed and 1)1‘essed
into composition building board.

Civil Engineering

1. Road Building: There is a shocking lack of adequate
roads in the underdeveloped regions. New technology
needs to be developed to make the opening of roads
easier. cheaper and faster, and systems must bz worked
out to stabilize road beds and surfaces so that the
roads do not become impassable. Research needs to
be done on the cause and prevention of washboarding

I of dirt and gravel roads.

9. Urban Design: As peasants leave the country seeking

employment in the cities, the problems of slums be-
\ comes acute. Something must be done to alleviate
the problems of inadequate housing and the spread-
ing of slums like blight across the face of Latin
America cities. Methods to make the extension of
existing water, sewer, and electrical systems cheaper
and more rapid should be developed.

Electrical Engineering

1. Communications: Many parts of the improx-‘erished
countries are completely cut off from outside contact
and hence stay in their ignorant, impm'erished condi-

tion. There is great potemiul for microwave com- 9

' nunication to these areas and perhaps even facsimile
news media. There has been some argument that
television is the next logical stage for these areas

! rather than newspapers, for teaching literacy can be
a long and costly process.

2. Computers: The use of computers, although initially
expensive, may well cut costs in many fields drastically
and immediately. Collection of customs and income

taxes is extremely difficult in most developing nations
due in large part to the totally inadequate systems of
accounting, record keeping and information retrieval.
Systems should be devised for tax collection and tabu-
lation within the country. A world-wide system for
customs clearing, billing and shipment notification
would help speed the international commerce which
gives life to these countries. This system would also
facilitate the collection of customs duties.

Mechanical Engineering

Transportation: As a country progresses through the
various stages of economic development, the people
require more and more mobility; they must get to
markets with their goods, they begin to work farther
from home, and as their horizons widen and their
incomes increase, they begin to travel for pleasure.
This increasing demand for transportation 1is met in
a series of steps—a horse, a bicycle, inter-city trucks,
then buses, and as income INCreases people begin to
buy their own private motorized transportation—
motorcycles and later, in the final stages of develop-
ment, cars.

Many of the underveloped countries today are at
the stage where motorscooters and motorcycles are
becoming very popular. However, only relatively
limited use is currently being made of these machines,
for in addition to use as basic transportation, these
machines with proper attatchments could become
much more than a source of transportation; they
could become a private supply of labor-saving mechan-
ical energy for everyone who owned a motorcycle.

Some of these attachments already exist; many
are yet unknown. Tt would be very interesting to see
a mechanical engineer develop attatchments such as
a small electric generator, a small irrigation pump, a
power take-off drum to drive small belt-driven thresh-
ers, corn shellers and grinders, shop tools like lathes,
drills, potters wheels, etc., and many other similar
small attachments which would help to raise the
productivity of the individual farmer working his
small plot of land and help to make the duties of his
wife around the home easier.

Land Clearing Equipment: Much of the underde-
veloped world suffers from a shortage of usable land,
and most of the virgin land is almost unusable be-
cause of the prohibiti\'e costs of clearing it on a large
scale. Though an American manufacturer has created
some giant machines for jungle clearing, they are still
more expensive to use than manual labor. If more
work could be done to improve the efficiency and
Jower the cost of these machines, the benefits to the
land-starved countries would be immense.

g Technology for Underdeveloped Countries.
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Continued expansion

of our military and commercial business
provides openings

for virtually every technical talent.

As you contemplate one of the most important decisions
of your life, we suggest you consider career oppor-
tunities at Pratt & Whitney Aircraft. Like most everyonée
else, we offer all of the usual “‘fringe” benefits, in-
cluding our Corporation-financed Graduate Education
Program. But, far more important to you and your fu-
ture, is the wide-open opportunity for professional
growth with a company that enjoys an enviable record
of stability in the dynamic atmosphere of aerospace

 PRATT & WHITNEY AIRCRAFT TECHNICAL POPULATION VS YEARS

il

PROJECTED GROWTH -

RECORD OF! s‘rma;u"r?r
| !

technology. L : -
(No dip in technical population
for the last quarter
. . 3 of a century) e
And make no mistake about it . . - you'll get a solid .

" TOTAL TECHNICAL PERSONNEL

feeling of satisfaction from your contribution to our
nation’s economic growth and to its national defense
as well.

Mz 16 1990 1954 1958 1962

Your degree can be a B.S., M.S. or Ph.D. in: MECHAN-

ICAL, AERONAUTICAL, CHEMICAL, CIVIL (structures

oriented), ELECTRICAL, MARINE, and METALLURGI-

CAL ENGINEERING ° ENGINEER!NG MECHANlCS, exciting growth, continuing challenge, and lasting sta-
bility—where engineers and scientists are recognized as

‘E\EZII-LEEDERTNA;HPEH%‘;-{(ECSS, CERAMICS, PHYSICS and the major reason for the Company’s continued success.

Take a look at the above chart; then a good long look at
Pratt & Whitney Aircraft—where technical careers offer

For further information concerning a career with Pratt
& Whitney Aircraft, consult your college placement SPECIALISTS IN POWER . . . POWER FOR PROPULSION—

officer—or write Mr. William L. Stoner, Engineering POWER FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS
Department, Pratt & Whitney Aircraft, East Hartford, INCLUDE MILITARY AND COMMERCIAL AIRCRAFT, MISSILES,
Connecticut 06108. SPACE VEHICLES, MARINE AND INDUSTRIAL APPLICATIONS.

Pratt & Whitney Aircraft oo Hﬂ

CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT
An Equal Oppertunity Employer
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(Continued from page 19)

The projects are not all original;
many of them have been thought
about before, and some have already
undergone considerable study, but all
(at least to my knowledge) are greatly
in need of serious work, for if devel-
oped they would be of great assistance
in many areas of the world. On most,
research will be needed; on the others,
it may simply be a matter of getting
the information concerning already
known solutions to the country where
the problems arise.

Most of the projects mentioned are
fairly major undertakings which will
probably require considerable time
and effort. There are however hun-
dreds of little projects which need
attention and solution every month.
An association based in New York
State called the Volunteers for Inter-
national Technical Assistance pub-
lishes a monthly newsletter which in-
cludes requests from all over the
world for simple devices such as a
hand-operated machine to weave light
gal\'anized wire into chicken wire, a
device to weigh children in health
centers, a low cost grass inhibitor
(herbicide) , a palm tree eradicator,
and information on simple industrial
processes like auto muffler produc-
tion, making tennis rackets, etc. This
is only a sample of the many requests
from only one month (October, 1966)
of the VITA Newsletter. Some engi-
neering professors have used these
newsletters as a source of design pro-
jects  for their students with very
good results. A good example of a
response to such requests was the de-
sign of a small tractor made primarily
from parts of abandoned automobiles.
The possibilities are virtually limit-
less—the challenge is waiting.

Meeting the Challenge

The challenge that faces engineers
and scientists is the development of
a technology that concentrates on us-
ing labor and saving capital as a
start, and the introduction of this
technology in the underdeveloped
countries.

This challenge can be met in a
variety of ways; domestic research and
production, foreign research, develop-
ment and investment, education, and
international service are among the
best.

Domestic research, development
and prochlction, guided by the needs

24

of the developing countries, can pro-
duce many of the processes and tools
needed for economic development of
the poor countries of the world. '_I‘l}is
will require a new outlook and dll‘f}C'
tion on the part of the companies
doing this work, but ] am not suggest-
ing at all that this dedication of men
and material is strictly a humanitar-
jan venture. It can be justiﬁed in
terms of hard cash, for the market
for these products is waiting in these
countries—they are willing to pay for
goods that really meet their needs—
and companies which begin investi-
gating this field now stand a very
good chance of financial success. An
interesting example of a pioneering
venture in this general direction is
the International Basic Economies
Corporation. Among its other ven-
tures which involve projects to help
economies develop, it designed a small
hand-operated press which can make
extremely hard and durable bricks
out of ordinary dirt mixed with a
very small amount of cement. These
presses are in use all over the world
and have had a big impact on hous-
ing programs.

The activities of the International
Basic Economies Corporation over-
lap into the second general approach
mentioned, foreign development and
investment. IBEC has gone into num-
erous countries and established pro-
fit-making industries which are great-
lv needed by the local economy.
Many other firms have been involved
for years in investment in foreign
countries, but far too often the invest-
ment has been more for exploitative
purposes than in the interest of long-
run development of the country. The
firms which do engage in overéeas in-
vestment have not only an opportun-
ity but a certain responsibility to in-
vest in ways that will be beneficial
to the host countries as well as to
themselves.

Opportunities in Teaching

For those who dedicate their lives
to the teaching of the engineering
sFiences, there are many opportuni-
ties to help develop programs of tech-
nical and vocational education to fill
the needs of the d=veloping countries.
The countries need good solid train-
ing programs in basic engineering,
and on an even more fundamental
level, in vocational education. Train-
ing manuals need to be written and

courses need to be taught.

Groups
such as the International Executive
Service Corps regularly handle de-
mand for pcrsonnel to help with such
programs.
Though the previous three ap-
proaches have in many ways implicd
work abroad, the fourth, internatio:
service, calls for a direct and perso
involvement in foreign cow
helping people in their own en
ment. The opportunities for inte

national service for qualilicdl engi-
neers and scientists are verv wide-

spread; international organis.tions
such as the Inter-American D -
Bank, United &
Agency for International Devel
meant, UNESCO, the Peace Corps

World Bank and many others

ment the

tinually need qualified scientists a

technicians to assist in [easibili
studies, specific project design, pre
ject management and other develop

all

science and engineering are neede

ment work. Almost areas O
badly in the field of international

technical assistance.

Conclusion

The technology which has been de
veloped in the United States 1s often
not very useful in the underdeveloped
countries of the world, for it was de-
veloped in response to the need to
save labor, and in these countries the
need is to save capital; comparatively
little importance is placed on the
amount of labor used, for labor is
very plentiful due to the vicious cir-
cle of poverty, lack of opportunities
for investment and other social and
historical factors.

There is a need for a new techno-
logy, based in part on our own tech-
nology and in part on completely new
labor-
Those

engineers and scientists who are will-

approaches, which will be

intensive and capital-saving.

ing to meet the challenge of develop-
ing this technology and of taking it
to the underdeveloped countries have
only to dadicate themselves to the

task.
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Last year, thousands of lawyers, bankers,
accountants,engineers, doctors and businessmen
went back to college.

And not just for the football games.

working for us. Over 6 thousand  Western Electric doesn’t make buggy
have attended schools in 41 states whips. We make advanced communi-
under this plan. We refund more cations equipment. And the Bell tele-
than $1 million in tuition costs phone network will need even more
to employees a year. sophisticated devices by the time your
To name another program: ad- fifth reunion rolls around. The state of

We'd like to clear up what appears to
be a misunderstanding. It is somewhat
popular on campus 10 decry a business
career on the grounds that you stop
learning once you start working for

Cliché Nuts & Bolts.
That idea is groundless.

We can’t speak for Cliché, but we
can for ourselves — Western Electric,
the manufacturing and supply unit of

the Bell System. 6 out of 10 ¢
graduates who have joined us oV

past 10 years, for example, have con-

tinued their higher education.
How’re these for openers:

vanced engineering study, under
the direction of Lehigh Univer-
sity, 1S conducted at our Engi-
neering Research Center in
Princeton, N.J. Selected employ-
ees are sent there from all over
the country for two year’s con-
centrated study leading to a mas-
ter's degree.

the art, neverstatic,iswhere the action is.

At Western Electric, what's happen-
ing is the excitement and satisfaction
of continued doing and learning. If this
happens to appeal to you, no matter
what degree you're aiming for, check
us out. And grab a piece of the action.

W E.'s Tuition Refund Plan lets You get the idea. We're for more

5 i v : i MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM
employees pursue degrees while learning in our business. After all, i

Wesrern Electric
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For two-thirds of a century, Bechtel Corporatio!
for many years a

service necessary for the complete realization of projects —

procurement, and construction or project management.

The Bechtel organization is large and diversified, with many staff specialists. It : worl
e fully effective for client service by the close integration of all activities

wide contacts, and capacity for work are mad
under the direct control of the company’s management,

COMPANY DESCRIPTION

Bechtel today is the outgrowth of a family construc-
tion business established in 1898. During its early years,
it played an important role in the development of the
West, participating in such projects as Hoover Dam and
the San Francisco-Oakland Bay Bridge. Headquarters
are in San Francisco, with major offices in various cities
of the world.

Activities are geared principally to the requirements
of such basic industries as petroleum, petrOChemicals,
chemicals, natural gas, electric and nuclear power, min-
ing, ore processing and metallurgy, food and paper, ce-
ment and other heavy industrial plants — and to land use
and development. In the public sector, the firm is active
in water use and conservation, rapid transit, and the
missile and space program.

Project responsibility is assigned to one of eight
operating divisions or to a specialized scientific depart-
ment. The divisions are Power & Industrial; Hydro &
Transportation; Mining & Metals; Refinery & Chemical;
Pipeline; International Power, Industrial & Metals; Inter-
national Petroleum & Chemical, and Vernon, California.
The Scientific Development Department provides service
to clients directly and also works closely with the com-
pany’s operating divisions.

Engineering offices are located in San Francisco, Los
Angeles, New York City, Washington, D.C., Houston,
Montreal, London, Paris, The Hague, and Melbourne.

Bechtel keeps pace with the growing hody of scientific
knowledge in all its areas of interest. The company will,
in the future, continue to meet the requirements of its
clients in a rapidly advancing world, with emphasis on
work of magnitude, complexity, and challenge.

SPECIAL FEATURES AND ATTRACTIONS

As Bechtel continues to grow, its responsibilities in-
crease, providing capable employees with opportunities
for advancement with commensurate financial rewards
and personal satisfaction. Bechtel has two separate plans
which enable eligible full-time technical and adminis-
trative employees to participate in the company’s suc-
cess: the Trust Plan and the Thrift Plan. Contributions
to the Trust Plan are made entirely by the company.
Participation in the Thrift Plan includes contributions
made by employees together with a percentage matching
amount by the company on a regular basis.

The Bechtel Group Insurance Plan combines high-
limit hospital, surgical, and extended major medical
benefits with liberal life insurance coverage for employ-
ees and their families,

All the company’s major offices are located in areas
offering outstanding opportunities for cultural, recrea-
tional, and educational activities.

n has been recognized as a builder for i

s a leading international engineer-constructor. Under single responsibility, : : ;
including economic and technical studies, engineering design,

ndustry and government, and
the company provides every

s deep and varied experience, world-

Bechtel is a large and dynamic organization. It is
highly competitive in the best sense of the word. An em-
ployee's future with the company is up to him. Increased
responsibility, accompanied by higher pay, depends upon
the combination of appropriate openings and the individu-
al’s demonstrated ability to move ahead. Increasing
knowledge and eifectiveness through participationinpro-
fessional societies, business study groups, and evening
classes can improve one’s readiness to assume more
responsibility.

OPPORTUNITIES

Assignments in estimating, design and construction
are available for engineers in the areas of the company’s
interest. These include hydroelectric, conventional steam
and nuclear power plants; metallurgical processing
plants; industrial plants; missile and space development;
refineries; petrochemical and chemical plants; pipelines,
and developmental researchin all these areas. Specialists
are employed from many branches of the engineering
profession including chemical, mechanical, electrical,
civil (structural and hydro), mining and metallurgical,
architectural, nuclear, instrumentation, and automatic
control engineers.

Engineers may receive, as applicable to their spe-
cialties and interests, such responsibilities as:

Estimating
Assist in the preparation of estimates, cost control,
and cost analysis of design and construction activities.

Engineeving

Assist in development of process design, flow dia-
grams , , . Prepare piping and instrument diagrams . . .
Calculate heat and chemical balance, mass transfer and
fluid flow . . . Sizeequipment.. . Write specifications . .
Requisition equipment . . . Design circuits, power dis-
tribution systems, lighting and instrumentation . . . Pre-
pare design sketches, drawings or portions of construc-
tion plans.

Construction

Pla.n and schedule field work inclose cooperation with
project sul:_)erintendent . . . Inspect equipment as received
and after installation . . . Perform quantity take off for

equipment, concrete work, structural steel, instruments
and piping, electrical conduit and wire. On the basis of
this information make preliminary manpower forecasts
e Read, review and follow job specifications and draw-
ings.

FORl MORE INFORMATION, WRITE TO:
Richard S. Jamar, College Relations
BECHTEL CORPORATION
P. O. Box 3965
San Francisco, California 94119
or contact your placement officer
— an equal opportunity employer —




TAU BETA Pl ESSAY:
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SOCIETY, GOVERNMENT

AND THE ENGINEER

Air pollution, water pollution. auto

1

and highway safety, urban sprawl and

decay—each of these is a glaring social
issue and each of these is the result
of technological changes fostered by
engineers. Therefore, do not engi-
neers have the ethical and moral re-
sponsibility for these problems and
others resulting from the technologi-
cal changes they introduce into soci-
ety? The answer to this question has
been a rather unresouding yes from
the engineers—unresounding because
the admission puts engineers in the
position of scapegoats for technologi-
cally uninformed political decisions.
And herein lies the paradox, engi-
neers have the responsibility for these
problems but lack the authority to do
anything about them-—a rather un-
comfortable position! Aside from the
discomfort suffered by the engineers,
these uninformed decisions can com-
ceivably have the cumulative result of
endangering the very existence of our
society.

These considerations seem O leave
litde doubt that engineers should be-
come active in government. Now the
question is, in what capacit}-‘? Are
they to be advisors, administrators, Or
decision makers? At present there are
many engineers in go\'ernmental ad-
visory and administrative positions,
but few in a position to have any say
in the decisions made by the govern-
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ment, whether local, state or ederal.
\nd those that are in a position to
push for technically sound decisions
seldom have the organized backing
necessary for serious consideration of
their criticisms and proposals.  In
Jhort, I am saying that engineers are
necded in voting positions in com-
munity, county, state and federal
sovernment, and that these engineers
must have the backing of the engi-

neering profession.

The backing of the engineering
profession alone, however, will hardly
be sufficient to bring about this tran-
sition of the engineer from an ad-
visory to a decision-making position.
This transition will also require the
support of the various other profes-
sions and of the general populace.

Perhaps one of the main steps in
gaining the support of these bodies
should be the destruction of the im-
age of the engineer as a technically
competent, but uncultured and soci-
ally uninterested This

could be done by drawing public at-

gadgeteer.

tention to engineers who are also
artists, writers or musicians and who
are active in pul)lic affairs; and by
increased encouragement from engi-
participation by
In addi-

neering societies for
engineers in these activities.
tion, a joint professional council com-
prised of ph}'si(tal. medical and social

JACK QUENTIN REES

scientists, engineers, businessmen and

Jawyers could provide a means for
interdisiplinary discussion of the need
for technically informed pzople in
government and could also provide a
means of disseminating interdisipli-
nary information to the various pro-
fessions. This type of discussion and
dissemination of information could
also be provided by the engineering
societies’ encouragement of local radio
and television forums and university

discussion groups.

The growing technical complexity
of our society and the clfects of this
technical complexity upon our society
require that engineers take a greater
role in the decision-making aspects of
government. In order to do this, the
public, the engineers and the other
professions need to be awakened to
two main 1hings#technically unin-
formed decisions are becoming more
and more dangerous to society, and
engineers arc competent both socially
and technically to handle decisions
affecting the public well-being. Hope-
fully, action now by the engineers
and their societies can bring under
control and eliminate those social
problems for which they have the
ethical and moral responsibility but
which they currently do not have the

authority to solve.




Tl ALSO MO\I{IES AHEAD FAST
1

B

SEMICONDUCTOR MATERIALS

SIGNAL PROCESSING COHERENT OPTICS

28

metallurgical materia

move ahead fast

...so can you!

How do you make coin material — without silver —
a vending machine can’t tell from a conventional
silver quarter? How do you make a piece of wire with
electrical conductivity of copper and the tensile
strength of steel? How can you provide a wearing su:
equivalent to diamond at a small fraction of the price.
These are the kinds of material problems you might
on at Texas Instruments. Materials scientists solve
problems like these by cladding dissimilar metals
together to form a new material that has properties
unattainable with any monolithic alloy. Applied to
products as thermostats and controls, TI metallurgic:
<kills solve problems like knowing when to turn off
your coffee pot or when to stop a large industrial n
Creative skills in materials and many other
technologies have helped TI double in size about
every three years for the past two decades. You mi;
interested in other TI technologies, a few of which
are illustrated here. All have as a common bond a
high level of innovation... by creative people Wt
in a creative environment. TI’s growth and diversity
offer exceptional opportunities for outstanding colls
graduates at all degree levels and in many
disciplines. For information about metallurgical
materials at Texas Instruments — or any other
technology illustrated here — write Jack Troster,
indicating your area of interest. To obtain

information about current professional openings,
consult your college placement director, or

send your confidential resume to Jack Troster,

Dept. C-482, P. 0. Box 5474, Dallas, Texas 75222.
An equal opportunity employer.

TEXAS INSTRUMENTS

INCORPORATED
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NUMERICAL
CONTROL

The Electronic Industry Associa-
tion defines numerical control as “a
system in which actions are control-
led by the direct insertion of numeri-
cal data at some point. The system
must automatically interpret at least
some portion of this data.” Howevel
it usually is assumed to be a versa-
tile means of automatically control-
ling machines through the use ot
punched or magnetic tapes. This does
not mean that numerical control is a
new form of automation which can be
used only in the production of large
quantities of parts. This is exactly
what numerical control is not. In-
stead it provides the means of produc-
ing only a faw parts economically.

There are two basic types of numer-
ically controlled machines, point-to-
point machines and contouring ma-
chines. At the present time, point-
to-point machines are the most exten-
sively used, but because of advances
in this field, contouring machines are
rapidly becoming important.

As the name implies, the use of
point-to-point machines involves a
process by which the tool is positioncd
over a certain place on the workpiece
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id then the ol)eralion is performed.
fter the operation has been com-
.ed the tool automatically moves
the next position. Since the tool

nothing to the workpiece while
wing trom one point to another
he path it takes is immaterial, pro-
iding, of course, that the tool does

it collide with the part or the hold-
ing fixture. Usually the path taken is
cuch that a minimum amount of time
clapses during the traversing period.
Examples of such machines are drill
presses, boring machines, pumihes,

spot welders, and Tiveters.
Method of Control

One interesting thing about posi-

tion control which 1s easy to under-
stand is the method of punching in-
structions on a tape. A point in one
dimension 1is usually controlled by a
1x4
measurements
sandths of an inch) . The columns of
given the following

dimensional (providing

are made 1in

EHTH}'
thou-

the array are
values:
g
column s e 3

value

BRUCE BEYERS

The first, second, third, and fourth
rows are for the units, tenths, hun-
dredths, and thousandths place re-
spe(:ti\'cl}'. A value for one of these
places is obtained by summing all the
values pun(hed in that particulm'

TOW.

For example, suppose We had the
value x—4.239 inches. The punched
tape would bz made up as follows:

first rm\'—punches in third column

second mw—punches in second
column
third row—pun ches in first and

second columns
fourth r(‘n\'—punclms in second and

fourth columns. (See Figure 1.)

As opposed to point-to-p()int con-
trol. in contour control the tool works
on the part all the time it is moving.
The entire travel must be controlled,
both as to position and velocity, and

therefore contouring machines are

more ('omplicalcd and expensive.
Some examples of this kind of ma-
chine are profilers, lathes, milling
machines, grinders, and torch cutters.

Because of its special characteristics

(Continued on page 31)
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TheAir Force doesn'twant
towaste your college education
any more than you do.

Are you afraid of becoming part
of the woodwork on a job? Your
career stunted by boredom? Few
promotions in sight?

You didn’t go to college for that.

And it needn’t happen, either.
Because you can pick the United
States Air Force as your employer.
Career opportunities are so vast...
you'll get a better chance to spe-
cialize where you want...in the
forefront of modern science and
technology.

UNITED STATES AIR FORCE
Box A, Dept. OEC-72
Randolph Air Force Base, Texas 78148

Name,

Suppose, just for example, you
wanted to be involved in Elec-
tronics. This area alone includes
Communications-Electronics, Mis-
sile Electronics, Avionics, and
others. And these, in turn, involve
administrative, research, and other
technical aspects.

That’s just a tiny part of the
whole Air Force picture. Just
one brilliant opportunity area
among many.,

(please print)

College Class

Address

City.

You'll enjoy good pay, prom:
tions, chance to travel, active soc
life, fine retirement benefits. A
you'll be serving your country, tc

Or maybe you want to fly? Tha
great. The Air Force is certainly t
place to do it.

As a college graduate you wa
something extra out of life—to ai
at an exciting goal. So send
this coupon,

Make sure you don’t get stuc
where nothing much is happening
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(Continued from page 29)
several things must be taken into ac-
count when a contouring machine is

being programmed. These are:

1. The contouring machine must
be capable of moving along a
specitied path with the required
precision.

2. Side forces on the tool are more
severe in contouring.

3. The data fed into the machine

for contouring must be carefully

planned so that the machine
will not be called upon to make
sudden

sharp turns or stops

where accuracy is important.

1. The size and shape of the cut-
ting tool must be taken into

consideration while writing the

p‘rogram.

Data for the control of a contour-
ing machine can be presented in sev-
eral ways: the coordinates of each

Figure 1 — Segment of punched tape used for control. (Continued on page 33)

FREEDOM
OF SHAPE...

One of the outstanding advantages
of Malleable Iron Castings

casting also helps to make parts stronger.
Metal components tolerate loads better
if they are designed to distribute stresses
efficiently. Sharp corners or other abrupt
sectional changes tend to restrict the
uniform distribution of these stresses.
The corner thus becomes a logical site
of fatigue failure. In a casting, itis a sim-
ple matter to round out corners, blend
sections and taper connecting members
to achieve a design which will distribute
stresses.

The illustration shows how stresses “set
up” at sharp corners. A much smoother
transfer of stresses was achieved when

Casting is the simplest and most direct
way of creatingform and shape with metal.
Casting offers almost unlimited freedom
to the designer. A cast design is not re-
stricted by sizes or shapes of mill stock,
accessibility of tools, withdrawal allow-
ances for dies, or other limitations.
Complex shapes, interior cavities, and
streamlined contours, which would be
difficult or impossible to create with other
methods, are simple with a casting.

For instance, consider the complexity
ofcreatingthe dozens of teeth, lugs, holes
and collars on this pipe repair clamp. It

MALLEABLE FOUNDERS SOCIETY - UNION COMMERCE BUILDING

would be prohibitively expensive to pro-
duce by any method other than casting.
By usingthe casting process for economy,

and Malleable iron for strength and ducti-
lity, these clamps combine service and

value.
The design freedom made possible by

CLEVELAND, OHIO 44115
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this part was switched to a Malleable
casting (shown on the right).




Order number Coordinates
i 3 s (X1,¥1)
l (—“2,)'2) ’ (an3) i)
(Xe¥4) s (X5.¥s5)
(xg,¥e)
2 (x2:¥7)

Meaning

Drill hole

radius r, at
(X1y1)

Starting at
(X2,¥2) mill
a faired path
through the
points given
Lo (XgYe)

Cut a sharp
corner at
(Xg,ys) and
mill a straight
line to (x;,y;)

(XS:YS) » T3

(Xq.¥0) » AB,
B B8]

Mill a circle
of radius r,

to (Xg,Vs)

Mill a conic
section with
parameters
A,B,C,D&E
o (Xy.¥s)

Cut a sharp
corner at
(Xp,Vy) and
mill a straight
line to (x.,v.)

Figure 2 — The program explained
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AND TAPE
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/\

Figure 3 — Example of use of numerical control

(Continued from page 31)

point on the surface can be given, an
approximation using a series of
straight-line segments can be given, a
higher order approximation of seg-
ments can be used, or a family of
curves might be adopted and their
parameters specified. The first me-
thod is seldom used because it would
require such a large amount of data
to be fed into the machine, and the
third method isn't used because of
the complicated calculations involved.
Most often a combination of straight
line segments and a family of curves
is used.

An example of the type of part that
can be made on a contouring ma-
chine, along with the program for
producing it is shown in Figure 2.

A numerical control system is made
up of six major components:

1. The electronic control system
2. The machine tool

3. The drive unit

CoLorapo ExciNeer—March, 1967

ATOR

4, The feedback or servo-com-
ponents

5. The electrically operated con-
trol equipment such as starters

and relays
. The manual controls

Tape instructions are read into the
control system and after processing,
electrical commands are sent to the
drive units and to the control equip-
ment. Commands sent to the drive
units determine the lengths of move-
ments and feed rates while those sent
to the control equipment control
spindle speeds, coolants, and tool
changes. Servo-components are used
to indicate the position of the tool so
that a check can be made on the

machine’s performance.

The easiest way to understand the
particular functions of these parts is
to look at the schema in Figure 3

This machine is a PTP drill press
with numerical control used to regu-
late movement in two dimensions.
The tape is first passed through a

tape reader which converts the infor-
mation on the tape into electronic
signals that can be used by the ma-
chine. The reader is generally one
of two types, either mechanical or
photoelectric, although the slower
mechanical type can be used in most
PTP systems.

The electronic instructions are then
distributed to the drive units and
equipment controls by a central con-
trol board. This control board is
made up of solid state printed cir-
cuits, which greatly improve the re-
liability and efficiency of the entire
system over previously developed sys-
tems.

The servo-mechanism, which can be
likened to the comparator in the
schema, gives the machine a way to
determine the position of the tool and
also an indication as to the direction
the tool must move to reach the de-
sired position. Once the tool position
is determined, the proper signal is
sent to the drive mechanism. The

(Continued on page 35)
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Get off the ground with
Iinternational Harvester...

L i in Viet Nam are equipped with International Solar
Ie All military transport helicopters in : J : i
?ltaijwag!! mprgweosgauxifiary power for takeoff, landing and hydraulic operations. Gas turbines are one more

i i i ' re many dif-
part of our growing world of power at IH. While our farm equapmen:} bum;zssislspgménén%\l;h:;;]; mg}chafm&
ferent kinds of opportunities for you at IH. With us, the' name of t;a gae s Imarine i 1 e
power to do an endless number of jobs. We'r;eha leac{jjeurt;r;rﬁggsstruc ion equip :

nd the world’s leading producer of heavy KS. ' _ -
SteelTl—?ﬁfréfs Snore areas for you topgrow in than you can imagine. We needlagrtcLiitltérnatlseanr?&r}?fgfégsecvf\}aenci%i
industrial, metallurgical, general, civil and electrical engineers \fvx.th many dzvers;e f{ow = Gl you Cum}';
you an ideal combination of opportunity, responsibility and individual treatment.
at International Harvester will be pretty much up to you.

Interested? Contact your Placement Officer to see an IH representative when
he visits your campus. Or write directly to the Supervisor of College Relations,
International Harvester, 401 North Michigan Avenue, Chicago, Illinois 60611.

AN EQUAL OPPORTUNITY EMPLOYER

. . - ap’7
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TEACHING vs. RESEARCH

Some Thoughts On

Student-Faculty Relations

An editorial by Kathy O’Donoghue
in the January issue of the Colorado
Engineer has stirred me to record
some thoughts on the problems of
teaching versus research and the
student-to-staff relationship and to
present them from the point of view
of one who has been involved in mak-
ing decisions with respect to this issue
over a period of several years.

My first reaction with regard to
this problem is the formulation of the
problem, as teaching versus research
iIs an oversimplification which is a
convenient catchall to blame for all
of the problems that occur in the
complex area of student-faculty re-
lations. '

First of all, I find very little cor-
relation between the student’s opin-
ion of a particular professor and the
professor’s research activity. There
are professors in the Electrical Engin-
eering Department who are highly re-
garded by students and who are not

domg research and also who are do-
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inu yesearch. There are also profes-
o5 who rank at the bottom of the
students’ popularity lists who do re-
«circh and who do not do research.

I'lie second observation is that the
student evaluation of a given profes-
sor changes from year to year. A pro-
fessor who is highly regarded one year
may be in the “student doghouse™ one
or two years later, and vice versa. In
my short period of tenure as De-
partment Chairman, I have seen at
least five cases in which student opin-
ion has changed very significantly
over a period of less than three years

and in both directions.

As a means of examining this ques-
tion a little closer, let us ask what we
mean by teaching and what one ex-
pects to accomplish by means of stu-
dent-faculty interactions. First of all,
from the student’s point of view, he
wants to leave a class at the end of the
semester with a sense of accomplish-

ment, that is, the mastery of some

DR. FRANK S. BARNES

material or the feeling that he has
learned something significant which
will be of value to him later. How-
ever, much of what he hopes to at-
tain from the classroom deals not with
his present living, other than in the
form of grades, but with his expecta-
tions of how it will bear upon his
future professional activity. The ex-
pectations with regard to this future
professional activity vary as widely in
a given classroom as the number of
students. Additionally, because of the
rapidly changing technology and the
limited student experience in the pro-
fessional areas they expect to enter,
the student’s estimate of these needs
is probably at best only approximately
50 percent accurate.

Now let’s look at some of the prob-
lems from the faculty point of view.
First of all, with today’s job market,
no faculty member takes a job at the
University of Colorado unless he
wants to be involved in teaching.
Salaries are running 25 to 50 per cent
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higher in industry than they are in
universities. I can vouch for this, as
one of my students last summer re-
ceived an offer in excess of the total
salary of all but two or three mem-
bers of our department. Additionally,
it should be noted that the professor
does not come to the university purely
to deal with research, as there are
places in which provide
more equipment, better supporting
facilities, and the opportunity to do
research on a full-time basis. Again,
men do not come to the university for
a soft job, as our faculty workweek

industry

varies from 50 to 65 hours. I can only
conclude from this that when they
say they want to teach, they mean it.
The question is what and how.

The joker in this situation is the
very rapid pace at which technology
is changing. Nearly every part of
electrical engineering has changed
radically in the last five years. Sub-
jects such as tunnel diodes, lasers, and
integrated circuits were virtually un-
known five years ago, so that if a pro-
fessor is to teach the things which he
knew upon entering the university, he
would surely be obsolete. Thus, a
professor must continually acquire
new knowledge, refine it, and present
it in a form useful to students if he is

to be effective.

This acquisition of new knowledge
is closely related to research. It is
time consuming, inefficient, and de-
manding; but without it, new mater-
ial would not get into the curriculum
in the way which is necessary if stu-
dents are not to be obsolete before
they graduate. Virtually every major
change in our curriculum since 1960
has been initiated by faculty members
who have been involved in research
activity. However, this is not to say
they have been most effectively car-
ried out by these faculty members, as
frequently these changes have been a
two-stage process in which the refin-
ing of material was carried out by
faculty members who had little or no

the

gram. It is extremely difficult, if not

involvement in graduate pro-
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impossible, to recruit faculty mem-
bers whom you expect to contribute
to the development of the program
in today’s academic market who are
not going to be involved in a gradu-
ate program. The quality of the fac-
ulty in all phases of activity and the
easy way in which faculty can be ac-
quired are directly proportional to
the strength of the department’s grad-
uate program. In short, if you want a
staff which will generate new under-
graduate programs, you need a gradu-
ate program which is demanding new
skills from the undergraduates, and
faculty members who are aware of

the demands.

In addition to this, research pro-
vides very real inputs to the under-
graduates outside the lecture room.
First, it provides financial support for
about 10 students per semester. These
students are having a chance to learn
engineering  skills earning
money, which I believe is more valu-
able than carrying groceries, working
as a janitor, etc,, and I would like to

while

be able to expand our opportunities
for undergraduate employment. Sec-
ond, the research activities have fi-
nanced equipment and facilities, such
as part of the building, the hybrid
computer, and the machine shop,
which could not be justified for teach-
ing purposes alone.

In the classroom, the faculty mem-
ber, as I see it, is in the following
situation. First of all ,he is no bright-
er than his best students; however, he
has more experience in judging what
is significant material than does the
student. Thus, one of his important
functions is the selection of appropri-
ate material for study from the vast
array of literature being published to-
day. A bright student on his own,
who has access to a good library, could,
learn all of the material he is likely to
get in the classroom and a great deal
more; that is, if he knew what to read
and had sufficient self-motivation and
drive to do it without prodding. A
second function of the professor in
the classroom is to help with the

transfer of information. This may be

done either by lecturing or by answer-
ing questions, although it is my feel-
ing that any well-prepared lecture
could bz written down and passed oul
and students at the college level
should be able to read it. The third
function of the professor is to provid=
inspiration and drive by means ol
tests so that the student can acquire
a working knowledge of the relevan:
material and set standards of perfor-
mance. A fourth function, and po.
sibly the most important one, is
provide the student with insight int
how to go about discovering and o:
ganizing information for himself.

It the foregoing includes wh:
might be a statement of goals of bo

the student and the professor, let

look at some of the processes whi

make the accomplishment of the.
objectives difficult. First of all, wir
respect to any given course, there

competition for both the professor
and the student’s time. The studen:
has competing courses, competis
social interests, and possibly family «
financial problems, plus an unc

tainty as to how significant a part
cular course is to his overall ol
jectives. Thus, he would like to g:
the maximum out of the course wit!

the least amount of time and effort

The professor’s situation is somni
what similar. In addition to teachin:
any particular course, he is beine
asked to teach other subjects and
help with the administration of the
university, either in devising new
curricula, serving on various cou-
mittees which decide matters such as
the structure of new building, the
layout of laboratories, the admission
of students, disciplines, etc., or service
to the community, industry, or the
local
addition to this, he is probably carry-

federal or government. In
ing on research which involvas train-
in3 graduate students whom he must
(It is

to b= noted that graduate students

keep financed and equipped.

now represent more than 20 percent

(Continued on page 41)
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Responsibility? Professional Recognition? Financial
Reward? We know of no company better able, or more
disFJOSed,‘cosatisfythesegoalsthzatnCeIameseCorpora’cimn.
Why Celanese? You'll be working for a young company
that'’s growing fast—and “plans’ to keep growing. 1965
sales rose 23% to over $860 million. Our future planned
growth depends on our ability to attract top-notch people
who can grow with us.

Sound good? If you feel you can perform in
moving, intellectually demanding environment,

our fast-
it should.
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hat turns you on?

If you’re ambitious, flexible and imaginative, well trained in
chemistry, physics, chemical, electrical or mechanical en-
gineering, marketing, finance, accounting or industrial re-
lations, we’d like to talk to you—regardless of your military
commitments. And you'll like what you see at Celanese.

Discuss us with your faculty and Placement Officerand see
our representative when he is on your cam-
pus. Or write fo: John B. Kuhn, Manager of
University Recruitment, Celanese Corpora-
tion, 522 Fifth Ave., New York, N. Y. 10036.

CELANESE
AN EQUAL OPPORTUNITY EMPLOYER
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(Continued from page 38)

of our students, and they are trained
by inefficient, tim2-consuming me-
thods.)

Additionally, he finds that, inde-
pendent of how the local university
operates, there are two kinds of cur-
rency with regard to his job market-
ability: one, his local performance on
campus in teaching and administra-
tive service, and two, his research con-
The

latter is marketable across the entire

tributions to his profession.
country or world, whereas the former
is of value only in one institution.
These demands make the typical fac-
ulty workweek from 50 to 60 hours.

It is to be noted that the gecnera-
tion of new courses and new l=ctures
is frequently responsible for a large
fraction of . his time. I find that i1
typically takes 10 hours to prepare a
lecture in a subject for which a text-
book does not exist. However, if the
subject matter is well in hand and a

good text is available, about an hour

is required. It is also true that the
lecture over the well-described mater-
ial is better and more easily learned
by the students. However, it is much
more [requently obsolete and there-
fore of less value.

To conclude these observations,
may I make the point that competi-
tion for time, both that of the student
and that of the faculty member, is
probably the most frequent source of
ineffective information transfer in a
iven course. Both students and fac-
ulty are going to have to make com-
rorises with respect to their ex-

tations in these areas. The faculty

2r is going to have to make the
mpromise between the use of his
in acquiring additional and new
ninterial and its organization and pre-
ntation for students. The student is
coing to have to accept the com-
omise 1n the fraction of the profes-
r's time which is spent in organiz-
ing and preparing material specifi-
I1v for him with the up-to-dateness
quality of information which he

PRINTING

COMMERCIAL

DEPARTMENT

For All Your Printing Needs

Phone 442-1202
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gets. On the average the newer the
information and the more active his
professor is in acquiring it, the less
time he is going to spend in its pre-
paration for the individual student,
and the less efficient will be the trans-
fer of information to the student. The
student is going to have to expect
that, on the average, he will have
some faculty members who spend too
much time on research and not
enough on classroom preparation, and
some faculty members who have spent
too little time acquiring new material
and too much time presenting it.
Additionally, students are going to
have to take som= responsibility in
finding a way to utilize professors’
talents as they find them, because very
few professors are going to provide all
of the characteristics they would like
to see simultaneously. Faculty mem-
bers are also going to have to take re-
sponsibility for balancing their time
in competing activities to yield effec-
tive performance.
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PUZZLES:

“Morning, boys. Having fun?”

Our Uncle Simon stepped into our
lab with his usual cheerful greeting.
His recent trip to Arabia must have
agreed with him, for he was chipper
as ever, and loaded with stories of the
trip. My brother and I listened to
him for hours that day, engrossed the
whole time. One particularly interest-
ing part of the conversation went like
this:

“You ask about the Arab king I
stayed with. Ah, his was a grand court,
and as soon as I arrived I found
puzzles and humor on every side. You
see, the Arabs, being mathematically
inclined, don't have jesters for their
courts; they have puzzlers. The puz-
zlers spend most of their days enter-
taining the palace coterie with puz-
zles.

“‘Are they talented?’ you want to
know. Well, let me tell you about the
selection of the court puzzler. When
the present one dies or loses his
charm, the post becomes available.
Applicants from all the kingdom are
required to undergo an initiation test.
The quality of the applicants is
raised, by the way, by the stipulation
that all those failing the trial puzzles
lose a finger. But those passing com-
pete farther for the post, until the
court can agree on a single one. It’s
a charming procedure, and it does
produce the sort of people who can
do the job.

“What is the test like? Ah, that's a
secret, known only to the king and
the applicants, who never tell. But
I'll give you a sample puzze, one
which used to be in the test, until it
leaked via a discouraged applicant
who soon disappeared into the king’s
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dungeon. The puzzle goes like this:

“The prospective puzzler is shown
a bowl of twelve pearls and told that
they are all exactly alike, save one.
Eleven are cultured, balanced pearls.
The twelfth is natural and worth a
fortune, The problem is, if the eleven
are all of equal weight and the twelfth
is either lighter or heavier than the
others, in three weighings with a bal-
ance, find the priceless pearl.

“The applicants were given ten
minutes to think about the problem,
then one minute to perform the three
balances. If they required more time
or failed to solve the problem, off
went their fingers. If they succeeded,
the job was possibly theirs. A fine
test—ah, and why don’t you boys try
it for size. Go ahead, think about how
you'd do it. You've got ten minutes.

(It’s all yours. I lost one of my
fingers on it, but my brother sur-
vived. DL)

“Yes, the puzzler was a competent
man, and his ingenuity kept the king
on his throne once. You see, every
vear the twelve nobles of the king’s
domain come together to present a
tribute, a sack of fifty gold five-ounce
pieces. As they arrive, they place their
treasure in the king’s vault, a strong,
heavily-guarded room. They then
retire to their guestrooms to rest for
the ceremony the next day. The cul-
mination of it all comes when the
twelve of them pour their gold pieces
into a large ceremonial bowl. Ah, it’s
an impressive sight.

“At any rate, all was peaceful on
this particular night, the nobles were
in their beds and the king was sleep-
ing. It was sometime past midnight
when there came a loud pounding on

DAVID LAWRENCE

his door. In staggered the captain of
his guard, pierced many times by
swords and dying.

“‘Sire,” he gasped, ‘there’s a plot
against you. One of your nobles is
spreading distrust and rebellion. Even
now, he has substituted alloyed gold
pieces weighing an ounce less than
the usual ones in your tribute sack.
He plans to weaken your power by
showing that you naively accept false
goods for tribute, and anyone may
cheat you without your knowing.
Sire, it is only a step from that to
rebellion, and . . .

“The captain died before the king
thought to ask the name of the
treacherous mnoble. Thinking hard,
the king walked about his room for
an hour or so, then called for his
puzzler. He explained the situation
and asked for advice.

““You know, it seems to bz our
fate to depend on our puzzlers at
times like these. Heiro 11 used Archi-
medes to find whether a crown given
him was pure or alloyed. The puz-
zles you were required to pass to be-
comz a puzzler have their origin in
actual situations. The pearl puzzle,
for instance, originated in a situation
much like this one. But now I don't
know what can be done. Logic and
math have changed a good deal since
the days of Archimedes, but the na-
ture of loyal subjects is still the same.
Could a puzzler save a king, once
again?’

““You need to know the identity
of the traitor before the mixing cere-
mony tomorrow. Could you get them
to agree to a weighing, sire?”

““There is precedent in custom.
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The king may demand one weighing,
if he suspects one of his nobles has
cheated him. But I don't know which
one of them is the traitor, and one
weighing isn't enough to determine
the false gold pieces. If T ask for more,
I will destroy what faith in me they
have now. If I don’t accuse the traitor
tomorrow, the others may likely go
over to him. What am I to do?

_“The puzzler thought for a few
minutes.

“‘Are you allowed to place the
coins on the scales, sire?’

“Yes

“‘And all weight the standard five
ounces, except for the counterfeits?’

= Ves’

“ “Then your troubles are over, sire.
YO:I will arrange things like this. . .

And the traitorous noble was dis-
C(.)VGITEd, unity re-established, and the
king’s position strengthened. Oh, yes.
The puzzle of the gold coins was
added to the intiation tests soon after,
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also. Why don’t you boys try it for
funz”

(Why indeed? And so it passes to
vou also. Good luck. DL)

ANSWERS TO

CIRCUS CRYPTICUS

Uncle David laid down the paper
he was reading. The story of the
circus ringmaster who had given him-
self up for murdering our Aunt
Martha (the trapeze artist Collette)
after the police had called it an ac-
cident was on the front page.

“It is interesting to note that people
picture things wrongly,” said Uncle
David. “Philosophers sometimes try
to get to reality through mental pic-
tures, holding that pictures are more
real than words. But here was a case
where peoples’ pictures were wrong.

“Remember how the trapeze rope
snapped when your aunt was poised
in the air, at the top of a swing?

Figure out the force on a pendulum
rope at all points of its swing, and
you'll find that the stress is greatest
at the bottomn of the swing, least at
the top. In other words, if Collette’s
rope had been frayed, the probability
that it would have broken after pass-
ing through a heavy stress, with less
strain on it then, was very slight. Yet
the picture people have of pendulums
involves the most force on the rope at
the top of a swing. Hence, the crowd,
as well as the ringmaster, the man
who cut the rope, saw the ‘accident’
occurring naturally. But the picture
didn’t look right to someone who had
basic physics, and I deduced that the
improbable point of breakage indi-
cated murder.

(About the lion—Well, Uncle Percy
is due back from his adventures in
South America next month and the
May issue of the Engineer should
have the answer. DL.)
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He: “Why is it the most important
men on campus have the best look-
ing-girls?”

She: “Why, you conceited thing!”

Frank: “My wife worships me.”

Charles: “Oh, really?”

Frank:
offerings before me every

“Yeah, she places burnt

night.

“I don't like Bill,” confided a coed

to her roommate. “He knows too
many dirty songs.
“Does he sing them to you?”

“Well, no—but he whistles them.”

Conscience—The thing that hurts

when everything else feels so good.

“Frequent water drinking,” said
the specialist, “prevents you from be-
coming stiff at the joints.”

“Yes,” 1'e]_)lied Harold, “but most

joints don’t serve water.”

The trouble with lving around and
doing nothing is that you can’t stop

to rest.

The mama broom and the papa
broom had a little whisk broom, but
they couldn’t understand it since they
had never swept together.

Don’t start any vast projects with
half-vast ideas.

The boss was chasing his secretary
as usual.

“Why don’t we go up to my apart-
ment tonight?” he asked.

“I am very didactic and pithy in
my refusal of your very derrogatory
vituperative and vitulic proposition.”

“I don’t get it,” her boss replied.

“That’s right.”

The teacher was telling her junior
high charges the merits of owning a
yearbook and having one’s picture in
(8

“Just think, thirty years from now,
you can look at it and say, “There’s
Bobby Maxwell-he’s a pilot now.
And there is Sandy Williams. She’s
a nurse. And there's s

“And there’s teacher. She's dead.”

“I'm glad I have a sense of humor,

Every time I see something funny,
I laugh and laugh.”
“Boy, you must have a helluva time:

shaving.

The little tyke took his ten cents
allowance to the candy store to buy
some little chocolate babies.

“And T want all bov babies,” he
told the clerk.

“Why is that?”

“More chocolate.”

Frosh Engineer: “I hate this place.”

Sophomore: “It could be worse.”

Junior: “It’s rough, but it'll be well
worth it.”

Senior: “I hate this place.”

Tourist: “I'm starved. What's for
dinner?”

Waitress:  “Today's special is
broiled beef tongue. Would you like
some?”

Tourist: “I'm not going to eat any-
thing that came out of a dirty cow’s
mouth. Just give me a couple of eggs

sunny-side up.”

—John Brooks
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Some say that the campus has become
too academic to meet industry’s
engineering manpower needs.

Orisit?

Semiconductor catalysis Polyelectrolyte complex films  the payoff (to the individual chemical, mechanical,
Diffusion rates in molecular  as reverse 0smosis membranes . . . . .
electrical, or industrial engineer) from our size and

sieves Rheology of non-Newtonian
Surface diffusion of chemi-  fluids =~ diversification. He gets choice.
?ﬁ?ﬁifﬁfﬂeif antagonistic I}ilt?s: i The first job he chooses may seem to represent his
polyelectrolytes Mass and momentum transfer  personal bent. It may represent nothing more than
A DRy a direction in which he has been pointed by his pro-

Above are a few of the research projects under way  fessors. A few years of actual experience may show
in the chemical engineering departrcrt of one of the  a young engineer that he is less “thing”-oriented
prestigious science universities. Once up o 2 time that  than he thought he was and more interested in re-
institution was considered an encico ring school.  lating “things” to people than he was taught to be—
Now look at it. supervision, marketing, technical liaison, etc.

The reason we print the list is & appens to To offer choice at the outset and choice later fits
name some topics for which we need ¢ cinical engi- in well with our principle that a man or woman isn’t

just part of a department or project but is working
for a far more important entity known as Eastman
Kodak Company, which had better make the biggest
possible personal success of him or her if it wants to
realize a fair return on its investment.

By the way, you may not realize that we are in-
volved in a lot more than photography (which hasn’t
stopped booming for 80 years) and find the other
businesses pretty good, too.

Correspondence welcomed by EASsTMAN KODAK
CoMPANY, Business and Technical Personnel De-

partment, Rochester, N.Y. 14650.

neers to solve some all too real probicms of our
photographic business.
We would be less
than candid, how-
ever, if we implied
we require all our
chemical engineers
to be academically
minded. We have re-
warding work for
many types of minds.
That simple fact is

ographic products. In Kingsport,
lastics, and industrial chemicals.
hemistry. All in all, an equal-
1 work and living conditions.

In Rochester, N. Y., we make photographic and non-phot
Tenn., our Tennessee Eastman Company makes fibers, p
In Longview, Tex., our Texas Fastman Company does petroc
opportunity employer offering a broad choice of professiona



General Electric
engineers and scientists
are helping to satisfy the
needs of society...

like beautiful cities

A technical career at General Electric can put
you in the position to help beautify our cities.

Inquisitive minds in research and advance
development at G.E. are evolving many concepts

to give our cities a clean, all-electric look.

Design engineers are translating concepts into
components and systems, while manufacturing
engineers are developing the methods and machines
that bring designs into being as useful products.

Technical marketing specialists are working with
electric utilities and city planners to give
mushrooming urban landscapes like Phoenix,
Atlanta and Chicago, a bright, all-electric face.

Urban living has already begun to change as a
result of the contributions made by General

Electric engineers and scientists, contributions

like air and water purification systems, underground
power equipment to preserve nature’s beauty,
all-electric heating facilities, rapid-transit

systems, and a hundred more.

You can help develop new products and concepts,
new facilities, processes, and manufacturing
systems, or new applications and markets in
your technical career with General Electric.

For more information write: D. E. Irwin,

Section 699-20, Schenectady, New York 12305.

GENERAL @B ELECTRIC

An Equal Opportunity Employer




