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If you want to engineer
a better world...

a great place to start is with

one of the most diversified companies

in the world.

Westinghouse thinks its responsibili-
ties are as big as its capabilities—
and that’s big.

And when you're in everything from
computers to urban development, to
medical science, to mass transit, to
oceanography —there’s action. For
example...

Transportation: Our computerized
transit systems can operate on a 90-
second schedule, and meet the
transportation needs of many cities.

Urban Development: Our new con-
struction concepts will provide bet-
ter communities across the country.
Projects are planned or underway in
30 major cities.

Health Care: We are using a sys-

tems approach to provide better
medical care for more people. Ex-
ample: electronic equipment that
lets nurses monitor the hearts of
eight patients simultaneously.

Nuclear Power: Westinghouse
leads the way in nuclear power gen-
eration. Seven nuclear plants in 0p-
eration, 34 in various stages of de-
sign. We're working on a breeder
reactor to keep us ahead.

That's a sampling. We're just get-
ting started. If you'd like to h_elp us
engineer a better world, talk_wnth our
campus recruiter. Or write que
Noggle, Westinghouse Education
Center, Pittsburgh, Pa. 15221. An
equal opportunity employer.

You can be sure...if it’s Westinghouse @



A diversified and challenging career is

.. aC€
yours at Monsanto because the key to our

6“9 future rests with engineers of ability.

At Monsanto there is no ceiling on your future. A rewarding
and interesting career will be found by engineers who thrive
on engineering challenges.

Important opportunities are offered to chemical, mechanical,
electrical, industrial and civil engineers who are needed
to maintain our outstanding growth record. Your profes-
sional challenge can be found in engineering, manufactur-
ing. research or marketing at locations throughout the nation.

Excellent benefits and salaries are yours at one of the
nation’s largest chemical companies.

If you are interested in a career at Monsanto, ask your
placement director for more information and see the man
from Monsanto when he visits your campus. Or write to:
Manager, Professional Recruiting, Department CL 815,

Mo n Sa nto Monsanto, St. Louis, Missouri, 63166.
An equal opportunity employer



- | Colorado
S  Engineer

——

7 4

s

¥ i
COLLEGE OF ENGINEERING e UNIVERSITY OF COLORADO

Industrial Water p.16

VOLUME SIXTY SEVEN e NUMBER1 e OCTOBER 1970

IN THIS ISSUE

Fromthe BEAHor's desk .....vcoeuconsdorie i, Carl T. Newman 3
Dean’sColumn . ....ccoivieennrenennnnennannnan. . MaxPeters lg
PEEA BACK .. . . o cocmnomins = o o ikt Tt T (UL IRERRERERY 9
C leczm BATCATTRACE ... «.ocnin » = o 3100 sl TR IHIE I § LEPEIEN Fred .Sprague 15
Litérview: R.C. Johnson ... ...+ Saitauat or o S u.san‘.\!msel 12
INAUETIA] WHICT . .cvinin o o o0 o eon man s ST R Charlfc Shepard 1
Nidugied In THEINEWS ... .cccvnoiohns tnaiptim ) Dax'ld.Sal‘)a;lns 19
Chips ........................................:lel(uxcn 20
PREHGTUBE 5 ioavoneasannsesvieiiasr i U Fred Sprague o
STAFF
Idi Carl T. Newman
21111 Co | NN DR v, 1= o s, vy . o : '
ARStENt BAIOr ....convvenoncicsobs b olaoies ”13151’C0Ah:r2
Photography BALOr ............ccuesssiis ot s arilyn
Buosine MABSEEE . .......ccccecivieceal it Dcnms) S'u[);u;;;;
Advertising MRUBBET .-, . . v e crsos/omntora Tt SPGB B SRS iﬁ;;’ ”;.m[
LByt METABEE .......o0onesesnesssss ittt ol e
(‘ir};ulution M\anagcr ............................... John (Fql,r_zl:mc[
Cloonlation SUET « . . .o ocvvnne e fe ey SRS LTS & ‘b’ubgbu elrp
WHlting BRI .. oo i iionnanennnnnd il MR SRt : Fred A‘Pf,”.@
Charlie Shepard
David Szabados

Clean Air Car Race p.15

Ron Fattor
James Mateyka
I < o .« cwncann s 5 5 punimen b Y Davy Crocket, Pam Sedillo

The contents of the Colorado Engineer is
published by the students of the University
of Colorado, College of Engineering, four

times per academic vear in October,
December, February, and April. No part of this

magazine may be reproduced without the THE COVER: This month’s cover fea-
Entered as seconacrom on o Sdifor, tures graphic photography by Donald
1916, at the Post Office at Boulder, Kramer of the Northwestern Publishing
Colorado, under the Act of March 3, 1879, 5 . ML
Subscriptions:” Contrélied free distribution (Ompim.\’- Evanston, Ill. The pictures are ENGINEERING
to undergraduate students in the College 4 s Encineari snter : f Left
of Engineering: Otherwise 2.0 oer 25, of thn‘ Engineering Center and of NN
$5.00 for three years, Hand Canyon near Boulder and represent p—————
General Office: Engineering Center, oT1-7, g . - . RS 2n Dt o
gunt;}’ie:f”y RO, Colortactl?. Boultder. Colorado. 50111(; of the considerations in Engineer
shers Representative—Lit ell-Murray- ing the Fnvi Y i
Barnhill, Inc., 369 Lexington Avenue, g the Enviroment. i
New York 17, N.Y., and 737 North

Michigan Avenue, Chicago 11, Illinois . , . .,




From the
Editor’s
Desk

For the past two years publications of all kinds (COLORADO ENGINEER included)
have been reproducing pictures of polluted lakes and streams, mountainsides cluttered
with empty Budweiser cans and McDonalds hamburger wrappers, and myriads of shots
of Public Service Companys’ exhaust stacks, all featuring editorials with the
overwhelming theme: “Look what technology hath wrought upon the world.”
Although there are many factors which separate our present life style from that of a
Utopian Society, not all of the world’s (and specifically not the United States!)
problems can or should be directly attributed to science, but rather to the demands of
the people who are the consumers in this technical age.

In this issue of the COLORADO ENGINEER we will attempt to acquaint our
readers with the possible solutions to the world’s technological problems. It is our
hope that this will stimulate further interest in attacking our problems, resulting in a

higher quality of life.

CTN

P.S. As is stated on the previous page, the COLORADO ENGINEER is published by
the students of the College of Engineering. This also implies that the opinions
expressed in the COLORADO ENGINEER are those of the student body in general. If

you are a student at CU and would like to have your opinions expressed, applications

for the COLORADO ENGINEER Staff are still being accepted in ECOT 1-7




BASIC DESIGN DATA—Zinc Die Castings vs. Plastics
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To a man with emphysema, a flight
of stairs is Mt.Eve

#,xl“

If you have emphysema or other chronic
lung problems, you know what it’s like
to climb a flight of stairs. And you prob-
ably don’t know what it’s like to play a
round of golf or even take a walk.

Union Carbide’s Linde Division has
developed a portable liquid oxygen sys-
tem which many doctors prescribe for
their patients.

It weighs less than 9 pounds full. Set
the oxygen at the flow your doctor tells
you to. And you can do many of the
things you did before.

Sure, we've oversimplified the whole
thing. We're not going to go on and on
about all the Union Carbide technology
that makes the Oxygen Walker possible.

rest

with air.

We separate and purify nitrogen, argon,

neon and krypton for industry. We make
liquid nitrogen systems for everything
from refrigeration to surgery. We make
mixtures for underwater divers.

It makes sense that if we can help a
diver dive to 1000 feet, we can give aman
with emphysema the air to get to the top
of the stairs.

UNION e Tt
cARBIDE 270 Park Ave . New York, N.Y 10017

iditional information on our activities. write to Unton Carbide Corporation, Department of Umiversity Relauons, 270 Park Avenue, New York, New York 10017, An equal opportunity employer.

It's just one of the things we're doing




As we start our new school year, I welcome all of
our students and faculty and wish a successful and
productive year for each of you. In particular, I give
my best wishes for success to Carl Newman as the
new Editor of the COLORADO ENGINEER and to
Bob Powell in his position as President of Associated
Engineering Students.

Last year, our engineering students and faculty started to recognize their responsibility to speak out on
campus matters, and I was very proud of the way we handled ourselves in doing this. I hope this coming
year will be one in which we continue this responsibility with an emphasis on providing real “solutions.” As
engineers, we can do “our thing” by avoiding the arm-wavers and the weeping and wailing of the doom
forecasters while pointing out that it is time to look for solutions to our problems and we are equipped to
do this.

The technology of my generation has permitted us to develop an amazing level of efficiency in areas such
as transportation comfort, living comfort, and recreation facilities. While developing these good aspects of
life, we have also caused problems. However, once the decision is made to seek a solution to these
problems, there is absolutely no question that these solutions will be accomplished effectively and rapidly.
A technology which put a man on the moon, once the decision to do this was made. can certainly solve the
other problems of man-made pollution, overpopulation, transportation snarls, ete. We engineers are the
ones equipped to solve these problems, and we can and will do it.

I hope all of you students recognize that the education you are receiving here at the University should be
the most important aspect of your present activities. Certainly, you must remain aware of and be involved
in the national and world situation to some extent. However, your education must come first so that you
will be prepared on graduation to make the necessary technical contributions to the solutions needed, as
well as to be involved with society in considering our national and world problems. When I speak of your
education, I am therefore including not only the essential engineering and other technical courses but also
the vital humanities and social sciences courses to give you the necessary overall perspective to do the right
job in the future as an engineer. :

I assure you that our engineering faculty will be doing its very best to provide the appropriate education
foryouat all levels here at the University. Let us make this the year when we fix our goals on working
together for solutions,

W%JJ 7

Dean




Hughes:
the prophet-minded
electronics company.

Hughes developed the world's
first operational laser.

Hughes designed and built
the world’s first synchronous
communications satellite.

Hughes pioneered the three-
dimensional concept in radar—

through electronic scanning.
The pioneering work
continues. In new uses for the

o ---——--3 November 10, 1970
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laser. In a new generation of L HUGHES ' i
computers. From major systems '
to tiny components and basic
materials, Hughes is there.

What is Hughes really up to
today?

Tomorrow.

For information on opportunities offered
graduating engineers and scientists at Hughes,
and to arrange for an interview with Staff
representatives, contact your College Placement
Office. Or write: Manager, Personnel
Administration, Hughes Aircraft Company,
P.O. Box 90515, Los Angeles, Calif. 90009.

An equal opportunity M/F employer.
U.S. citizenship is required.
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PROF’S

by Dr Drietlein

EDITORS NOTE: Dr. Drietlein holds a Ph.D. in Physics and
last vear originated and headed the Ecology Studies class. He
was voted “‘Best Teacher of the Year™ by this same class, and
is an “Aware Prof”” who can see both sides of a problem.

The human species appears to be an example of poor genetic
engineering, just as the dinosaurs ultimately proved to be. Not
only do we destroy the mother earth that nourished us but we
delight in destroying each other with the most tenuous of
justifications. With these apocalyptic thoughts in mind, one
might wonder what there is left to say.

The ability to change still resides in the individual, because
mutations occur in the individual and not in the silent
majority. Since the technological man has effectively shaped
the social conditions by establishing a scientific milieu in
which it grows, he shares a major responsibility in directing its
evolution.

How does the engineer view society? Perhaps a viewpoint,
skeletonized by a technical description, is his first
oversimplified approach. It would go something like the
following:

Society is a fluid composed of individuals. Clearly it is not
an ideal fluid since it exhibits friction and turbulence. The
analytic difficulty of dealing with turbulence forces a
simplistic point of view. It is “well known™ that the Reynolds’
number characterizes the flow of a non-ideal fluid. The
expression for the Reynolds’ number is

V ¥ D
1%

R =

with v=velocity ol progress, d=size of society, and v=viscosity

(coefficient of conservatism). When R exceeds a critical value.

CORNER

Re, turbulence and unrest result. The problem becomes one of
maximizing the velocity of progress V, minimizing the frictio
characterized by v and, at the same time, avoiding turbulence,
Obviously a compromise must be reached since the demands
as usual, are incompatible. Both a society moving too fast 4:;@.
a society with no conservatism is demonstrably unstable. The
only unambiguous conclusion to be drawn seems to be that
“d” should not be too large, an argument favoring local
government and disfavoring bureaucracy. )

Now the above picture has serious failings as nowhere is the
role of the individual as an innovator and steersman of society
intimated. Most people seem to be content to be carried along
in the current of events down the drain to extinction. The
average pliant engineer, perhaps willingly, perhaps uncon-
sciously, subscribes to one or more of the following:

1) Planned obsolescence —running through the earth’s
resources recklessly by designing disposable items and
programming finite lifetimes in order that idle hands be left
busy.

2) Useless gadgetry—devices preventing natural human
functions, such as walking, from occurring. The final result is
not only atrophication of the limbs but also of the brain.

3) Energy abuse—designing overpowered products which are
changing the biosphere irremedially. This overkill is designed
to be used on both animate and inanimate objects.

How much better it is to believe that man can live
harmoniously with the earth rather than fight it or kill it!
Whether the genetic forces have reached the point where it is
impossible to rectify the self-destructive trend upon which the
average man has embarked is not clear. There are those who
will continue to try to reverse our course. and. hopefully
among them the engineers who feed power into the hands of
society. Responsibility is born with the creation of
technology. It cannot be relegated exclusively to the user.
Otherwise the engineer is the slave of his devices when meant
to be master. The stereotyped picture of the engineer as the
irresponsible, callous, device-making idiot-savant must be
changed by activating strongly the humanistic and individual-
istic element in the engineer if for no other reason but because
of the genetic imperative of survival.

1712 PEARL

BOULDER, COLO.
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Anaconda IS elemeﬂ'tal'y. We start by mining elements—metals shown

here in their close-packed atomic arrangements. From these basic building blocks we fabricate
thousands of products vital to industry. We're always looking for and finding new metal

sources and better ways of doing things. What we do keeps 40,000 people of varied and
complex skills busy all over the Western hemisphere.

Teams of earth scientists, metallurgists, mining engineers. Fabricating, marketing and
financial specialists. The sort of dedicated people who know their work is vital and important.
Be one of these people.

Come make a future with us.

Anaconda: one of the great natural resources of the Americas.

- TELLURIUM ALUMINUM
i
URANIUM f 5 INDIUM

For more information about your opportunity at Anaconda, write: Director of Personnel, The Anaconda Company,
25 Broadway, New York, New York 10004. Equal Opportunity Employer.
Anaconda American Brass Co. Anaconda Aluminum Co. Anaconda Wire & Cable Co.
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Remember that afternoon you took your
girl and guitar down to the lake?

The water was filled with garbage. And
the smell matched the scene.

Pollution.

It blows the image. The ecology. Every-
thing.

FMC is a billion and a half dollar corpo-
ration, one of the nation’s top 100. We're
in chemicals, fibers, metalworking, mining,
and a lot of related activities.

No surprisc then that we’re in waste
treatment and water pollution control, too.

For ourselves. For everyone.

FMC builds sewage treatment equip-
ment for the biggest cities, and the smallest.
Every community doesn’t use a treatment
system, but we wish they would.

FMC engincers also solve waste treat-
ment problems for industrial plants. Some
industries are doing a good job. But a lot
still needs to be done.

Our environmental laboratory and our
chemical research center are searching for
more effective materials and working on
new treatment concepts. We have some of
the best systems available.

By pooling talents in our diversified com-
pany. we're giving rivers and lakes a new
lease on life.

If you'd like to do something about
things that need doing. write for our bro-
chure, “Careers with FMC.” Or pick up a
copy from your placement office. FMC
Corporation, Box 760, San Jose, California
95106.

We're an cqual opportunity employer.

CORPORATION

&
FMC CORPORATION

Putting ideas to work to make
water beautiful




Colorado Engineer

Dr. Curtis Johnson, chairman of the Chemical
Engineering Department at U.U., is an avid
environmentalist. He is presently working on a
project, “Model of Colorado,” which is directed
towards advanced planning and simulation of
communities. It entails collecting data on all
factors affecting the environment, com-
puterizing the data, and simulating the “‘cause
and effects” of varying these factors. In
essence, the crux of the project is to spend a
few dollars “polluting” the computer rather
than a small fortune polluting the environment.

We were fortunate in capturing Dr. Johnson
for an interview bemidst his busy schedule of
chairman “‘doings, teaching, and lecturing to
various organizations throughout the state.

-
G -
COLORADO ENGINEER: From an
ecological viewpoint, what shape would
you describe the world to be in today,
and in what direction is it headed?
DR. JOHNSON: For a broad generaliza-
tion, it’s in good shape here and bad
shape there. Overall, it’s in rather bad
shape and is headed downward into even
worse conditions . .
COLORADO ENGINEER: Of all the
problems in the world right now, which
do you find to be the most critical?
DR. JOHNSON: The problem of popula-
tion is still the most critical, because the
amount of pollution is strongly de-
pendent on the number of people.
COLORADO ENGINEER: By what moti-
vation are the students at the University
being encouraged to pursue the ecological
fields? Also, who may interested students
contact to find out more about ecological
studies in their field?
DR. JOHNSON: Well, there are many
programs which are only partially orga-
nized right now. For example, one that
has been only partly thought through,
but still, I think, can be worked out in
detail, is a program with Professor John
Bushnell in biology. He is giving his
attention more to a combination of the
biological and social sciences and the
humanities. There is no official program,
but working with him or some of his
associates, a student could work out a
suitable combination of courses that
would satisfy his interests, and [ am sure

Interviews

the Professor Bushnell would be glad to
meet with any student that had this type
of interest. There are within many of the
departments specific research projects or
seminars that are devoted to various facts
of environmental problems. About all
you can do is ask people within your
department who is working on something
like this. One way to find out is to have
your advisor get in touch with Professor
David Rogers in biology, because from
the questionaire that we sent out, Rogers
has put together this information: it has
been computerized, it can be queried,
according to department, discipline, sub-
ject, whether it is a course or research,
whether it is just developing, or ongoing:
many things can be asked of this
computerized data bank. Dave Rogers is
the man to contact there. There are
certain departments whose whole reason
for existance is environmental matters,
and geography is one of them. This
campus has been fortunate in attracting

good geographers. One of the most
famous geographers in the world is

Gilbert White, who heads the Institute of
Behavioral Sciences, and is a professir if
geography. He is the man who headed
President Thieme’s Environmental com-
mission and turned out a recent report on
what the university should be doing.
COLORADO ENGINEER: What should
the university be doing?

DR. JOHNSON: The report came up with
a few rather broad conclusions. (You
many recall it was a rather “blue ribbon™
committee, and blue ribbon committees
often leave details to subcommittees, as |
think is the case here). Essentially,
however, he gave strong support to:
number one, establishing a central coordi-
nating agency at the university, probably
within the office of the Vice President for
planning and research, who is Ted
Manning. It did recommend that some
budget be allowed so that projects could
at least be seeded. It recommended that
some sort of information system be
established, and I feel quite possibly that
what Dave Rogers has is the beginning of
this type of system. A couple specific
recommendations are in regard to depart-
mental attitudes. This is a tough subiect.
COLORADO ENGINEER: What
pressures are you putting on your
department as far as acquainting students
with the environmental problem?

DR. JOHNSON: The department itself is
pretty much oriented in this way. At least
five of the eight or nine in our dept. are
actively involved in things concerning the
environment. For example, air pollution
research is being done by Dean Peters:

R.C. Johnson

water pollution and resources by Dr.
West, some environmental modeling by
myself, and work with an ecological wind
tunnel by professors Kreith and Krantz: |
see furhter involvement for other mem-
bers of the department as certain aspecis
of their specialties become involved.
COLORADO ENGINEER: How are you
stimulating interest in your own classes?
DR. JOHNSON: There are several ways
this can be handled. One is, in the overall
curriculum, just to not let a student out
without some background in ecology, and
so I'm getting harder and harder to
bypass in this regard. But even within a
traditional course, one can slant problems
in such a way that the principles which an
engineer needs to know can be taught
using examples of amounts of pollution,
and methods of waste treatment, as well
as problems on chemical manufacturing.
So by just changing the vehicle but not
changing the subject being taught, one
can emphasize problems of pollution.
COLORADO ENGINEER: Everyone is
always referring to survival to stir up
attention. Exactly what is survival?

DR. JOHNSON: There are, again, various
degrees of doom that people predict of
the human race, and by survival |
honestly mean whether the human race
will continue to exist or not. There are
numerous statements, for example, those
quoted by Ehrlich, others who are
sometimes considered to be such pro-
phets of doom that they are not to be
listened to — I don’t agree with that. We
quote in one talk that we give, a man
named Richard Felgler, who is a biologist,
and he gives the human race 50 to 100
years on the assumption that our present
rate of population increase will continue,
and therefore the accelerating degree of
pollution will continue, and all of the
sudden it will be too much for us. A
statement by Dr. Davis of the University
of Tennessee. (I think this came from an




article in THE SATURDAY REVIEW),
says that even by the year 2000 the
average American will be lucky if he’s as
well off as today’s average Asian. That is
just a few years off! A social scientist,
who’s name I will not give because I don’t
know if he would want to be quoted
along with his name, gives us less then ten
years — his reason is that he feels there is
no way of bypassing nuclear war, and so
he believes that we're going to go out in
Tom Lehrer’s big barbeque.

COLORADO ENGINEER: Do you be-
lieve, as does Ehrlich, that if we can get
the population down we can avoid
nuclear war?

DR. JOHNSON: [ believe so. People go to
war when they run into each other, and
the more crowded we are and the more
uncomfortable we are, the better our
neighbor’s territory looks, and this is
what can lead to the conflicts. The
Second World War was started to a great
extent because of the expansion
nations desired to expand into other
nations’ territory and its natural re-
sources.

COLORADO ENGINEER: As population
increases and natural resources are re-
duced, the object is to capture natural
resources?

DR. JOHNSON: That’s right. We try to
find a way of replenishing these resources
when we should be concentrating on
keeping the population down and re-
cycling our used resources.

COLORADO ENGINEER: What are you
doing about survival?

DR. JOHNSON: Well, I have only one
child!

COLORADO ENGINEER: And with
regard to your “Model of Colorado™?
DR. JOHNSON: So far the modeling
work we are doing is, well isn’t very far
along, I should mention this, but when it
is done its purpose will be to allow people
to play games with the model, as is done
in war or business games. The model
won't tell us what to do: what it will tell

us is, within hopefully a reasonable
degree of accuracy, given a certain
population pattern, given a certain

industrial base, and given certain known
natural resources or purchasable re-
sources, we will have, as the years
progress, a certain need for these
resources. There will be a certain point at
which we will run out of resources, for
instance the availibility of water, and we
would expect the population and its
particular distribution to create so much
pollution of some eight different kinds,
and we would expect it to produce so
many problems that we call conflict in
nature, such as crime, legal problems, and
medical and mental problems. We feel
that a good model can predict what the
levels of these things are going to be, and
therefore, one might say, the level of our
discomfort. A good model should also tell
us that after we have paid for the

counter-measures  against crime and
disease and pollution, we should have so
much money left, and this tells us what
could be left to buy the goodies, meaning
swimming pools, baseball fields, grcc;l
belts and art museums and other
humanities that we don’t have to have to
survive, but that we need to live.

COLORADO ENGINEERS: When you
are gathering up data to construct the
model, where do you obtain most of your
data? How much of it is approximations?
DR. JOHNSON: Most of it is rather
approximate. We don’t have a lot of data
yet because we are still busy building the
logic of the model. Model building of this
type suggests that you try to logically
relate cause and effect in a theoretical
way. Then, having related these things,
you wish to verify the model with real
data. Now, what are the real data? Well,
obviously we need to know something
about the population and its distribution.
0O.K., this tells us something about where
to go. For one thing we can go to the
country or the city offices, or the state,
depending on the size of the political or
geographical subdivision we are consider-
ing. If we don’t quite know where to go,
we would search out a good demographer
within the department of sociology or
geography and discuss with him how to
get the data. Among the resources, we
need, obviously, water to survive. How do
we know how much water there is? Well,
there’s a department somewhere that
worries about water, or else its the water
company itself, and they have statistics
on availability of water over many
years — not only the availibility for a
year, but the average flow of the stream,
the peak flows, the minimum flow one
might expect — so we would go to the
water company to get this information.
In another class, we've already correlated

some population figures and use of
water — how much water each person
uses — we can get from each large

industrial concern the amount of water
they use. The same thing may be said for
power. The power company has statistics
over the year as to how much power is
used by the community. If we subtract
out the amount of power used by the
large industries, which we can find out,
then we can divide the rest of the power
by the number of people and we can get
some idea of the average use of power
and how it is increasing. Gasoline,
presumably, we can find out from the
gasoline tax collectors, and so on. In
other words, there is no one place for the
information, and, in most cases there is
no mathmatical model yet that says how
much is used as a function of the
population or industry or other things,
so we still have to devise the various
submodels that fit into the overall
program. \

COLORADO ENGINEER: In other
words, your program is directed towards

community advanced planning?

DR. JOHNSON: Yes, that’s right. We
hope to take the past figures to fit
coefficients into the model, and then use
this with projected population or
supposed addition of the industry or
business to predict what will happen in
the future, based upon extrapolations of
given trends, and recognizing that any
time one extrapolates a mathmatical
relationship, the further he extrapolates
it, the more uncertainty there is in the
answers.

o : . k 3
COLORADO ENGINEER: How do you
feel about suburbs and their supposed
lack of advanced planning?

DR. JOHNSON: First, of the various
forms of pollution, the most difficult to
pin down is one called aesthetic pollu-
tion. What one person happens to like,
somebody else will consider to be rather
bad; for example, there are houses in this
community, houses by the hundred, if
not by the thousands, that I wouldn’t be
caught dead in (I wouldn’t be caught
living in them either). I think they’re
ghastly exhibits of non-architecture and
they just shouldn’t be allowed to exist,
but they do. This is bad enough, and
there isn’t an awful lot one can do to
improve the aesthetic feeling people
might have. Things are made worse by
zoning variances which allow far too
many filling stations and little business
establishments to appear in the midst of
otherwise rather decent housing areas. |
don’t know how to solve this exactly,
except to get tough home zoning.
COLORADO ENGINEER: What is the
relevance, or effect, of the aesthetic
surroundings on the population?

DR. JOHNSON: Probably, the only
effect it has is that as you look around,
you don’t see anything attractive to look
at. This bothers me because the setting of
this town is beautiful, and it’s a shame
that we are ruining with man-made
monstrosities what would otherwise be an
extremely beautiful place. Now this is my
idea on the aesthetics. Obviously, as I
mentioned, these houses that I feel are
monstrosities are selling, and they’re
selling for high prices, so somebody must
like them; I've met some of the people
who live in some of these monsters, and
the people are very nice, so it’s a
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I came here from a

difference in taste.
community where we had an art jury,
There was no house that could even be
painted without the approval of the art
jury, and the result was the most
beautiful community I've ever seen. It
created a little more uniformity then one
would like, but it sure kept the
monstrosities out. Communities can be
done this way.

COLORADO ENGINEER: How can the
engineer, along with his colleagues and
their backgrounds, be of use in com-
munity planning?

DR. JOHNSON: First, and this is my big
hang-up [ suppose, | believe that a

community consists of severalspheres of

influence. Everybody lives within hard-
ware, which is engineering, they live with
a certain economic base, they have
certain relationships with their neighbors,
which is sociology and political science,
and being mammals and living in a living
world we have a biological sphere, or
ecological sphere within which we live.
Any change that is made, for example
construction of a highway, is likely to
affect any or all these things. A highway
is an engineering project. It obviously
takes money, it may divide a community.
it requires political decisions, and can
effect the ecology of the area, among
other things. A plan for any development
like this, whether it be a highway, a
housing development, a new school,
whatever it is, needs to take into account
all of these factors, and our problem is
that in the past we have not. In general,
the two factors that have been con-
sidered, for example, within the housing
development, have been pretty much the
engineering of it, the building of it in
other words, and the financing of it, the
economics. The social, political, and
biological factors have been pretty much
neglected. Part of this is due to the fact
that the inter-relationships are extremely
complicated, and part of it is due to the
fact that even when people wanted to
relate to each other, they spoke different
languages — the language of the
economist the political scientist, and the
biologists are somewhat different, and
nobody seems to be able to understand
the engineers. Our feeling is that the one
language which we can all learn to speak,
with varying degrees of fluency, is
mathmatics. The one tool which is
available to handle complicated mathma-
tical relationships is the computer. So,
modeling and simulation are, in my
opinion, the only way that we can work
on future community planning. This is
not easy, the models are difficult, many
of them as yet unformulated, many of
the little tiny boxes in a flow diagram will

require one or more doctoral theses just
to fill in the information, and yet, if we
are to do an effective job of future
planning of a community (a community
being anything from a small town to the
whole globe) we’re going to have to go to
these computerized models. One reason
we say that they are going to have to
learn the techniques of engineering is that
the engineers are ahead of the rest of
these people in terms of computer usage,
partly because we have been more
mathmatical, and partly because engineer-
ing problems have been a little easier to
formulate, a little more exact then
sociological or biological problems. We
have to recognize that in those sciences
we are not going to have exact solutions
because we cannot have exact measure
ments and living things have a tendency

to do unpredictable things at times. Still.
it seems to me that we've got to put
together the whole business of com-
munity planning on a simulation basis
play games with it — remember it doesn’t
cost anything except some money to do
this. You can put through a highway on
the computer, and you haven’t hur
anybody: you’ve spent a few hundred
dollars, but maybe you found out that 1o
put this highway there would be totally
disastrous whereas another location you
had not previously thought of might tum
out to be very satisfactory.

COLORADO ENGINEER: How do you
go about convincing the “average™ citizen
of a community that this computer
modeling is not so inaccurate as they
might think it (0 be? wmmp == 18

There is a point in engineering practice
where imagination and experiment take
over. This is where the industrial process
plants of tomorrow are designed—the main-
stream of Stearns-Roger activities. Our cus-
tomers have learned to expect technical
excellence coupled with a touch of innova-
tion that helps to make our projects notable
for continuing to mest customer specifica-

Stearns-Roger

Where Design Principles Go aunml me Iaxuk

tions. As the fifth ranking® engineering-
construction firm in the U. S. we serve most
of the process industries throughout the
world: mining and metallurgical, power,
petroleum and petrochemical, paper, foods,
water, aerospace and general manufactur-
ing. When planning to look beyond the text-
book, look into Stearns-Roger.

*As rated by Engineering News Record, 1988 rankings

P. 0. Box 5888, Denver, Colorado 80217
ENGINEERS FOR INDUSTRY

SINCE 1885
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Clean Air

Car Race

EDITORS NOTE:Steve Boulter (Shown with car on top
picture) is presently building a steam car based on plans drawn
up by Richard Smith, California Steam Car Design. Anyone
interested in working on this project may contact Steve at ex.
6994 or leave word in the COLORADO ENGINEER office.

Once again MIT and CIT are found on the freeways, this
time sponsoring the second transcontinental car race. The first
of these events took place in 1968 in which the enterprising
CIT students challenged the ingenious MIT students to race in
their wonderful electric cars across the United States. The
winner of that wacky race was the CIT car holding the lead
with 30 minutes, not bad once one considers all the problems
that arose.

That race set the pace for the most recent transcontinental
Clean Air Car Race (CACR). This time universities across the
nation are entering and they are using all types of power
sources, the main object being emissions control instead of
speed.

I'o win one had to qualify in many fields and have the best
formula combination. The winning formula called for the

performance, tested in Cambridge, to be added to the elapsed
time which was then multiplied by the emissions factor. The
tests in Cambridge, given by Ford, General Motors and
NAPCA, tested the braking, acceleration, noise level, and
emissions. The emissions were tested three times during the
race once at Cambridge, again at Ann Arbor, and lastly
Pasadena. The emission factor is the actual tested emissions of
the car divided by the federal government standards for the
1975 cars. If any of the cars could surpass these standards the
car was given a bonus.

The race was set to cover the major freeways of the United
States and come to a total distance of 3600 miles. Starting in
Cambridge, Massachusetts, the race proceeded to Toronto
(541mi.), then on to Ann Arbor (243 mi.) From the testing in
Ann Arbor the race progressed to Champaign (403 mi.) to
Oklahoma City (668 mi.), to Odessa, Texas (565 mi.) on to
Tuscon, Arizona (605 mi.), and finally to Pasadena, California
(537 mi.)

The cars themselves were allowed two crews. The technical
crew and the driving crew. It was the technical crew’s problem
to build the car before the race, and the driver’s job to drive
the car across the country and fix anything that went wrong.
The only requirement on the drivers was that they had to have
been enrolled in a university the semester before the race.

In every car there was also a little man with a book
scribbling furiously—the race official. The officials kept track
of everything that happened to the cars during the race and
made sure that all major work done to the car was done in the
service areas by the driving crew. Although the technical crew
could advise the drivers, they personally were prevented from
any actual work on the car once the race began. Among some
of the penalty rules were ones causing a time penalty for all
towing done to the car, such as to the areas designated for
repairs. This towing in several instances caused position of the
cars to change.

The cars in order to maintain an order of fairness were
divided into five categories as to engine power. The Rankine
cycle, basically a heat engine, and external combustion,
consisting of the source a piston or turbine and the condenser.
The second was the Brayton cycle, technically a thermo-
dynamic cycle composed of adiabotic and isorbaric changes in
alternate order as seen most often in the gas turbines. The
third is the electric with the cars having to find recharges at
the service areas instead of from another engine in the car. The
Electric hybrid is the one that has either the second engine for
power or to recharge itself. And last but by all means not the
least is the internal combustion engine, in which the ignition

(Continued on page 18)




INDUSTRIAL
WATER

Where Willl It Come From?

Presently both the industrial and urban communities of
Denver have been using potable water, which is acquired by
trans-mountain diversion. With the prediction of an increase of
industrial development and a rise in population in the Denver
Metropolitan area, the City of Denver faces the problem of an
inadequate water supply. An expansion of the trans-mountain
diversion for potable water would be very costly and
construction would be very time consuming. Therefore the
idea of renovation of wastewater for direct reuse applications
has recently become of great interest to the Denver Water
Board.

Dr. K. Daniel Linstedt of the Civil and Environmental
Engineering Department illustrates operation of the
main nitrification unit for Richard Heaton, Water
Board researcher, and M.E. Barber, Chief pt'
Operations for the Denver Board of Water Commis-
sioners.

One such method for the successive use of water is presently
being tested in Denver by a pilot water purification plant
developed by the Denver Board of Water Commissioners in
conjunction with a research project being directed by

Professors K.D. Linstedt and E.R. Bennet of the University of

Colorado Department of Civil and Environmental Engineering.
The pilot plant is designed to treat wastewater effluent from
the Metro Denver Sewage Treatment Plant and produce water
of sufficiently high quality to be used in large-volume
industrial operation. If the pilot plant is successful and a much
larger plant is constructed it would supply useful water to
Denver’s factories thus freeing an equal amount of potable
water for urban Denver.

The pilot plant will use three basic stages in the treatment of
the water. The first and most revolutionary is the use of living
bacterial nitrifiers to convert the ammonia in the effluent into
nitrates. Ammonia in sewage effluent is sufficiently corrosive
that it must be removed from water intended for industrial

use.
With the ammonia removed, the effluent passes into a slurry
tank, where lime or alum is added to precipitate the

Ready to put the plant on stream are Kenneth I
Miller, sanitary engineer for the Denver Board of
Water Commissioners; Benjamin Harding, C.U. en-
gineering senior; James L. Ogilvie, Water Board
Manager; Richard Heaton, Board researcher; Dr.
Edwin R. Bennett and Dr. K. Daniel Linstedt, Civil
and Environmental Engineering Department profes-
sors; and M.E. Barber, Chief of Operations for the
Board.

phosphates. In a full-scale operation, the settled solids would

be heat-treated to recover the lime for reuse.

Finally, the water which remains is treated with carbon
dioxide to remove its alkilinity; it is filtered, chlorine is added
to destroy microorganisms, and the water is ready for use in
industry.

Presently the pilot plant only produces five gallons of
industrial use water per minute which is used for testing. If the
tests prove positive then it is assumed that Denver will build a
larger plant capable of producing ten million gallons of water a
day.

Although washing operations, irrigation, and home use are
not recommended for this water, methods similar to those
which ordinarily purify water taken from today’s contami-
nated rivers could be used to make this water more useful to
the general public.

Professors Bennett and Linstedt have conducted some
research at the University of Colorado on the problems
encountered in this type of operation. It probably would
require removing traces of organic constituents and inorganic
contaminants such as chromium and arsenic, which water
picks up in passage through Colorado’s streams and Denver’s
industries. Though present only in very minute quantities, it is
necessary to remove such elements so as to assure the
usefulness of the water

The development of this pilot plant has given the Denver
Water Board a cheaper and more productive way of supplying
useful water for industry. In addition there is the possibility
that successive use water may someday be renovated to a
quality better than water used today.

v '
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Knowledge today is
increasing at arate that
can best be described
as following a curve defined
by the equation Y -~ a*. And
we're just about reaching

' the steep slope of that curve.

We're not trying to
discourage you. We're just
suggesting that when you
think about your career,
you give some thought to
how you're going to keep
up with that curve.

One way is to consider
Western Electric. We'’re an
acknowledged industrial
leader in continuing
education for our
engineers and supervisors.
Ourrecently completed
Corporate Education Center
near Princeton, N.J., for
example, has aresident
staff of over 100, and
offers more than 310
technical and management
courses. It's the most
advanced facility of its kind,
and if you're with Western
Eleetric you could be
among the 1500 engineers
and supervisors who'll be
studying there next year.

The way we see it,
sharp curves don’t have to
be dangerous. They can
be pretty exhilarating.

Western Electric

An Equal Opportunity Employer
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R. C. Johnson

DR. JOHNSON: For one thing, you try
to put into your city government people

ZI\E KILPATRICK
L/

ASSOCIATES INC.

CHEMISTS & ENGINEERS

WILLIAM H KILPATRICK

CONSULTING*TESTING +-RESEARCH

WATER-PETROLEUM
CORROSION STUDIES -

757-4978

McFALL anNnD KONKEL
CONSULTING ENGINEERS

MOBILE LAB

that understand this kind of thing. For
example, our present mayor is an
atmospheric scientist. He has participated
in many inter-disciplinary seminars, he’s
obviously a man who understands this

2740 So. PLATTE RIVER DRIVE,

P. O. BOX 1067

ENGLEWOOD, COLORADO 80110
TELEPHONE 789-9130

216080, CLERMONT STREET
DENVER, COLORADO 80222

kind of thing. We have talked to some of
the people in the city planning depart-
ment, and we’ve realized that other
people we have talked to, in general sharp
young men who understood this kind of
thing told us some of the pit falls — they
had already investigated some of these
things. The big problem is that for this
good example we can probably come up
with a hundred communities who have
something close to absolute dolts running
them. While they might be nice gentle-
men to go fishing with, they’re not the

1721 High Street

Denver, Colorado 80218

McCALL-ELLINGSON
CONSULTING ENGINEERS

Civil and Structural Engineers
Utility Rate and Feasibility Engineers

DAVID E. FLEMING
CONSULTING ENGINEER

Phone 388-0856

DAVID E. FLEMING

SUITE 825
EQUITABLE BUILDING
DENVER, COLORADO 80202

e TELEPHONE 303 / 825-7259

people that should be planning com-
munities. This is where the problem lies.
As an educator, we are continually trying
to find ways to reach the people who are
not going to have an interest in being
professional mathmaticians, engineers, or
planners.

'\
SWANSON-RINK & ASSOCIATES
CONSULTING ENGINEERS

9 1640 BOULDER STREET
*). DENVER, COLORADO 80211

Phone 433-6721

3 the fuel propells the pistons causing a transmission of the
energy to the wheels. Of this last group of 32 cars thirteen
were propane powered, six used the unleaded gas, four using
more than one fuel and 6 using natural gas. The final entry
used diesel fuel. Most of these cars were modifications of the
existing cars and existing propellants.

Heading the group representing CU’s entry is Steve Boulter,
a Junior in EE. He and his crew worked parts of the summer
on the Sunbeam Alpine that they converted into a propane
burning car. The actual system consists of the propane tank, a
heat exchanger, and the propane carburator. The fuel flowing
via a system of check valves leaves the tank and passes through
the tubing into the heat exchanger. The tank is mounted in the
trunk. Here, powered by the hot water from the engine, the
propane is converted into gaseous form and propelled by
pressure into the mixer.

The propane carburator mixes the air with the propane gas
in the correct proportions which is thenpassed into the regular
carburator. To run on propane the regular gas is shut off, but
regular throttle and chokes still control the speed. This car was
designed to use either regular gas or run on the propane
mixture by simply cutting off the supply of one or the other.

After the setup for the propane further adjustments were
made to the car to aid in further cutting the emissions. The
spark gap is closed by 4 degrees on both sides to reduce the
presence of hydrocarbins and the compression ratio is lowered
if possible. The carb is then set for the minimum feedthrough
of Nitrous oxides. The final and most expensive part is then
found just off the exhaust manifold. A small tube 4” in
diameter and 12" long with a coating of a platinum compound
that raises the temperature of the exhaust gases to reburn
them eliminating the exhausted hydrocarbins. These mufflers
found on indoor fork lifts cost about $180 each and estimated
life is one year.

Steve has future plans for someone to take over and work on
the next race. The idea is one of powerment by a steam engine
and drive by hydrostatic drive lines. He bases his prediction on
the idea that the steam car will come then go again in the next
10 years.

Don’t get the idea though that only these boys are working
on ideas to better the situation of our environment. In 1966
the California cars had exhaust emission control on their cars
and in 1968 the whole of the United States had it. Then in
1970 California again went another step by cutting fuel
evaporation from the gas tank and carburators. 1971 will see
many cars running on unleaded gas with a predicted 90% of
the 1971 cars on it. In 1973, exhaust recirculation will come
into existence and possibly catylitic mufflers cheap enough for
the average car, and before the end of the *70’s most of our car
emission problems are speculated to be solved.




EEDBACK

Reflections 20

Many things should be. But aren’t.
Engineering responsibility should be.
Engineers have an understood responsi-
bility to the society they serve. Under-
stood by whom? Underestimated by
many. Neglected. Isn’t it unhappy?

Today the world dies. Dreams of
breathing deep, soundless sleep, and
trout; their reality is of today’s talk and
yesterday’s thinking. Action? I

Action has died in a maze of prepara-
tion. Too much has been sacrificed to
good intentions. When will one ever
learn that only he can change the world?
When will anyone care?

Every day I hear the echo of the
engineers’ prayer: “Eight hundred plus,
per month, fringe benefits. . . I'll have it
made. . . ” They’ll have it spent. Spent on
golf, a Lincoln, a fifty thousand dollar
hole to hide in so they won’t have to face
the responsibilities of their mistakes.

What I'm trying to say is, if you help

build the “button,” you are also respon-
sible when it goes off; whether someone
else would have been there to take your
place or not. When you design a power
plant knowing that it may very well
pollute your neighbors’ river, it’s not just
too bad, it’s your disaster area. Think
about it!
There is a responsibility that you
impose upon yourself when you decide to
gducate that head of yours. A responsibi-
lity that says you will learn every
parameter associated with whatever de-
vice you decide to develop. A responsi-
bility that says you will respect the rights
of your brother.

So, learn if you want to. Learn if you
think you can do some good. It’s needed.
Have faith. The money that’s needed will
come—there may even be a way without
it. Some say money is god, and god is
dead; so man, don’t sell out for money.
. Thm_k about the thing you develop:

judge its worth fairly. Then do whatever
you understand to be right with whatever
thing you can “get into” doing:
D.D.T...ABM...RCA...LSD....
James R. Mateyka

EDITORS NOTE: Feedback will be a
regularly featured column of criticism,
complaints, praise, and opinion of our
readers and staff.

Educated
Barbarian

It is ironic that many of us today, as
engineers, get a diploma for four years of
admittedlydifficult technical work with-
out having the faintest notion of what a
“liberal education™ is, in its broadest
sense.

We, as engineers, must give an honest
damn about the war, pollution, and social
problems. If we do not, we fit the
description of the “Educated Barbar-
ians,” as J. P. Getty refers to strict
technical men. The job and responsibility
of tomorrow’s engineer will be not only
to tell it like it is, but also tell it as it
should be.

The future engineer must have maturity
of thought and a sense of responsibility
to man rather than sheer infantile

devotion to a myrad collection of
objective facts, no matter what the
consequences. To do this, we must

become aware engineers and rid ourselves
of “pride” in being ignorant of the arts.
We must study the concepts of Marxism-
Leninism and all the other great social
issues of our times since, if we ignore
them. we run the risk of being future
dupes—like Nazi scientists available (and
quite willing) to create the whims of a
madman. We must be truly educated in
all aspects of social problems since—when
all the shouting is over— it will be up to
us, with our unique ability to maneuver
science, to clear the smog, create the
pollution-free engine and, in short, to use
our knowledge to help mankind, not to
threaten him.

It is our duty to be aware of the times,
to place self-introspection on an equal
level with scientific discovery, lest we fit
the classic phrase of “Big science, little
men.”

Ron A. Fattor

Industrial
News

What's New At CU

High school students who enroll as
freshmen in the CU College of Engi-
neering are immediately offered opportu-
nities for experimentation in problems of
environmental control. This year two
freshmen working under the direction of
acoustics specialist Robert Chanaud, for
example, determined boom character-
istics of the Boeing SST and boom
strengths and annoyance levels in the
Rocky Mountain front range region. The
students’ recommendations are framed in
a proposal to the state legislature to
control supersonic passenger overflights
in the State of Colorado.

Problem-solving projects in  trans-
portation and low-cost housing by fresh-
men have resulted in recommendations
for improving the CU campus busing
system, and in a proposal to mass-
produce 76 million new and rehabilitated
homes, with suggestions for promoting
public acceptance of a reformed building
industry.

Realism on the part of educators at CU
is further exemplified in the recent
change in title of the School of
Architecture to the College of Environ-
mental Design. Architectural engineers
trained in the College of Engineering may
specialize in urban and regional planning
as preparation for taking an active role in
tomorrow’s environmental design.

Interaction between university-level res-
earch and the control agencies of
community, state and nation marks the
beginning of what promises to be a
life-or-death matter. As in other major
universities across the country, teachers
at CU are doing their best to prepare
young people for the unprecedented
challenge of cleaning up our air, our
water, our cities, and, in fact, our way of
life, during the short time that remains
for action.

19
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Then there was the Indian chief who

Then there was the Pollock who tried
to beat the train to the crossing. He hit
the seventy-sixth car.

Recent tests in the biology department
prove that grasshoppers hear through
their hind legs. When a tuning fork was
placed near the grasshopper, it was found
in all cases that the insect would hop.
There was no reaction to this stimulus,

installed electric lights in the tribal .
latrine, thus becoming the first Indian to however, when the insects legs were
wire a head for a reservation. removed.
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Three Indian squaws of the Al-jabr tribe
were seated in their wigwams with their
families. One, seated on a deer hide, had
one child. The second, seated on an elk
hide, also had one child. The third seated
on a hippopotamus hide, had twins.

That proved that the squaw of they
hippopotamus was equal to the sum of
the squaws of the other two hides.

board of his third grade class and did a
difficult problem for the rest of the boys
and girls. First he added two and three,
then multiplied that by four, then added
five. Upon doing the operations correctly,
the teacher commented, “That’s pretty
good, Johnny.”

To which he replied, “Pretty good?
Hell, that’s perfect!”

Little Johnny walked to the bluck-g

Ted Sandel and his date drive due
North at an average speed of 45 m.p.h.
for 1 hour. Mike Popa and his date start
from the point 10 minutes later and drive
SSE for 27 minutes at an average speed of
20 m.p.h. At the end of two hours Mike
Popa has gotten further than Ted Sandel.
Explain.

A tourist was introduced at Albu-
querque to an Indian with a reputedly
perfect memory. Skeptical, the tourist
asked: “What did you have for breakfast
on October 4, 1913?” The Indian
answered, “Eggs.” The man scoffed.
“Everyone eats eggs for breakfast. He’s a
fraud.”

Eight years later the traveler’s train
stopped again in Albuquerque, and he
saw the same Indian lounging on the
platform. The tourist went up to him and
said jovially, “How!”

The Indian answered, *‘Scrambled.”

At the Circus in Denver last summer a
man was observed near the camels. He
picked up a straw, placed it squarely on a
camel’s back and waited. Nothing hap-
pened. “Wrong straw,” he muttered, and
hurried off.

Not long ago, an upset citizen nervously
asked a prominent astronomer whether it
was possible for the atomic bomb to
destroy the earth.

“Suppose it does,” said the scientist
with a casual shrug. “It isn’t as if the
earth were a major planet.”

“Do you believe in clubs for women?”
a friend asked W.C. Fields.

“Yes,” replied Fields, “if every other
form of persuasion fails.”




You're an engineer. You want to
do things—big things. What kind
of career could you choose at
Bethlehem Steel?

Well, you could go into steel
plant operations. Here you might
supervise operations of one of
our ultra-modern rolling mills, or
basic oxygen furnace depart-
ments. You might design new

mills, or direct their construction.

You might be responsible for

repair and maintenance of

colossal, complex facilities.
What else? Plenty! You might

be deeply involved in metallurgy,
electrical and electronic appli-
cations, power, coal chemicals,
production engineering, or
pollution abatement.

You could go into mining
operations. Or shipbuilding and
ship repair. Or ship design and
engineering. Or fabricated steel
construction. Or research and
development. Orsales, as a
technical representative or
line salesman.

Diverse? You bet! We'd be
hard-put to think of an industry

BETHLEHEM STEEL

An equal opportunity employer

that can equal steel in the variety
of opportunities for engineers
and other technical graduates—
or a steel company that can
match the opportunities at
Bethlehem Steel for moving up
in management.

We could write a book about it.
We have written a book about it.
It’s called, “Bethlehem Steel’s
Loop Course.” You can pickup a
copy in your placement office.
Read it. If itinterests you, plan
on talking with our representa-
tive when he visits your campus.
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Whenyou can

hardli%hear
yourself think,

its time to think

about noise.

Noise won’t kill you. But before it leaves you deaf,
it may drive you crazy.

Noise is pollution. And noise pollution is approaching
dangerous levels in our cities today.

People are tired of living in the din of car horns and
jackhammers. They’re starting to scream about noise.

Screaming won’t help matters any. But technology will.
Technology and the engineers who can make it work.

Engineers at General Electric are already working
to take some of the noise out of our environment. One area
where they’re making real progress is jet-aircraft engines,

Until our engineers went to work on the problem,
cutting down on engine noise always meant cutting
down on power. But no more.

GE has built a jet engine for airliners that's quieter than
any other you've ever heard. A high-bypass turbofan. It's
quieter, even though it’s twice as powerful as the engines
on the passenger planes of the Sixties.

And NASA has chosen General Electric to find ways of
cutting engine noise even further.

It may take an engineer years of work before he can
work out the solution to a problem like noise in jet engines,
And it may be years before his solution has any impact
on the environment.

But if you’re the kind of engineer who’s anxious
to get started on problems like these and willing to give them
the time they take, General Electric needs you.

Think about it in a quiet moment.

Or, better yet, a noisy one.
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