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Automatic regeneration and plating machine has a heavy, 
rubber-lined tank with 22 stationary graphite anodes and 
57 rod-like copper cathodes moving at the rate of 90 
transfers an hour. 

+ RCACTIOIHTTHE ANODE' 

Cu+ 1 ~>- Cu +?-t- le-

REACTIONS AT THE CATHODE 

The action at the cathode. Electrochemical reversal 
of the etching reaction effecting etchant regenera
tion and copper recovery. 

Typical printed wiring hoard consists of copper 
(only 0.0028 inch thick) laminated to a phenolic
resin panel. With the new process, unwanted metal 
is etched away with cupric chloride. 

Creating an entirely new way to etch printed circuits. 

One of the most common methods 
of printed circuit manufacturing is by 
batch-etching with ferric chloride. How
ever, while batch-etching produces cir
cuits of high quality, it also has some 
processing disadvantages. 

For instance, it takes more and more 
etching time as the etchant is used. Then, 
to replace the spent etchant means con
siderable downtime. And the etching of 
100,000 circuit boards produces 2000 
pounds of copper in a non-recoverable 
form. 

Engineers at our Columbus, Ohio 
plant set out to discover a better way to 
etch that would eliminate all of these in
herent problems. 

Their new process is the first closed
loop, spray-etching system that electro
lytically reverses the chemical reaction 
of etching. It continuously recycles cu
pric chloride and has reduced the cost of 
etching wiring boards by over 90%. 

Virtually all the problems of the old 
method have been overcome. No more 
machine downtime is required to change 
etchant. No more costly ferric chloride 

is needed. Etchant strength does not di~ 
minish. The etching rate is now constant 
and faster than the average ferric chloride 
rate. There's no more waste of etched 
copper. It is now recovered, about 20 
pounds per hour, and resold. 

Conclusion: The first completely 
closed-loop cupric chloride etching sys
tem in the printed circuit industry is a 
major innovation that has improved effi
ciency and quality, eliminated downtime 
and decreased costs by more than 90%. 
Furthermore, it has helped conserve a 
valuable natural resource. 
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1sotropy is what the designer of this highly
stressed 335-pound tractor yoke had in mind 
when he specified cast-steel. 

Not taken in by the shopworn "fiber" or "flow 
line" argument, he knew that road-building 
equipment is subjected to shock loads of high 
magnitude-in several different directions-so 
that he could not gamble with a construction 
where toughness, impact and fatigue proper
ties are not uniform in all directions. 

Cast-steel also allowed the designer of 
this tractor yoke plenty of engineering flexi
bility ... He didn't have to worry about fitting 
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together cumbersome wrought shapes, and he 
could QUt metal Rrecisel'i where he wanted it 
for load-carrying ability, to avoid possible areas 
of stress concentration ... And he could choose 
the steel composition which would give him 
optimum strength I cost ratio. 

Want to know more about cast-steel? We're 
offering individual students free subscriptions 

to our publication "CASTEEL" ... Clubs and 
other groups can obtain our sound film "En
gineering Flexibility." Write: Steel Founders' so ... 
ciety of America, Cast Metals Federation Building, 
20611 Center Ridge Road, Rocky River, Ohio 44116. 

*Isotropic: Equal properties in all directions. 

STEEL FOUNDERS' SOCXETY OF AMERICA 

Cast-Steel 
r Engineering 'Xib sty 



Every material has its use. But something 
that's good for one use isn't necessarily good 
for another. 

Some sewer pipe materials shouldn't be used 
in sewer pipes. They lack the structural 
characteristics found in a dependable sewer 
pipe system. They have minimum resistance 
to rot and roots. Deflection under load which 
can cause stoppages and eventual collapse. 
Thin walls susceptible to p·uncture. And 
weakness when exposed to high temperatures. 

But the dimensional integrity of a clay 
sewer pipe system eliminates these worries. 

Clay pipe can permanently resist all the 
chemicals and acids commonly found in a 
sewer system. Offer the only absolute 
resistance to rot, roots, abrasion, infiltration 

' ill 
and exfiltration. And Dickey clay pipe 
carries a full 100 year guarantee.* 

And the patented urethane joint makes Dickey 
clay coupling pipe the best you can buy. 
With the most dependable and effective seal 
you can get in a wastewater system, even 
if settling occurs. 

As a matter of fact, our clay pipe will not 
only outlast the Bond Issue, but also the 
people who buy it. 

W.S. 

1©11\t~Y 
Clay Manufacturing Company 

Kansas City. Missouri: St. Louis. Missouri: 
Lehigh. Iowa; San An.tonio. Texas; Birmingham. Ala
bama; Meridian. Mississippi; Texarkana. Texas-Arkansas 

'Dickey Cloy will supply- free of charge- replacements for any cloy pipe which has been damaged, destroyed or impaired in service for a period of 100 years from 
contract dote, if damage has been caused by corrosion or other chemical decomposition from acids, alkalis, sewage or industrial wastes {except Hydrofluoric Actd) 
or damage by rots or other rodents whether pipe is used for industrial, residentiai or general drainage purposes. Damage from improper handling, placement or 
trench loading is not covered. 
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hat e Think 
What this magazine thinks, feels, and 
says. This month, we examine Buck
minster Fuller and ourselves. 

NO. 

he Tank by Daniel Burbank 

A pictoral and narrative account of a 
once-vital, now obsolete chamber. 

he rand ew Breed by Paul Burtness 

How engineering professors and stu
dents can successfully involve them
selves in politics. 

risis: Power ur ext 
For ur People by Scott Wattawa 

First of a 2 .. part series examining the 
greatest potential crisis that our nation 
faces. 

rand pening by John Huggins 

Something new in IT. 

Science and an 
Introduction by Alexander Solzhenitsyn 

Opinion by Ms; Paula Giese. 

COVER DESIGN BY BERTIL NIELSEN 

3 



4 

Tee nolog's An 
Science Fiction 

Contestm 
Deadline; December 1 
No Subject Limitations. 

ual 
riting 

Typed, Double-Spaced Manuscripts Not 
Exceeding 2000 Words. 
First Prize; $50.00 plus Publication. Second 
and Third Place Prizes Will Be Awarded. 
Further Information Available - Room 2, 
M.E. 

And we'll make your meals, even 
your snacks. We're the University 
Food Service with many on-campus 
locations to serve you. 

ea 
and THE IN, both 

on the ground floor of Coffman 
Union; 
THE FOUNTAIN GRILLE on the first 
floor of Coffman Union; 
SHEVLIN CAFETERIA in the basement 
of Shevlin Hall. 

On 'C m t ba 
THE-RUG-ON-THE-WALL and 
THE METROPOL, both on the ground 
floor of Blegen Hall. 

Plus Coffman Cafeteria has just the 
thing for you late on-campus-ers. 
Dinners. Choose from Chicken, Steaks, 
And Shrimp. There's an ala-carte 
menu, too. 

If you present the coupon below 
during the month of October, you'll 
receive a free sundae with your 
dinner. THIS MONTH ONLY. REHEMBER: 
CHICKEN, STEAKS, AND SHRIMP. 

WITH PURCHASE 
OF ANY DINNER 

AT COFFMAN CAFETERIA 

Chicken, Steaks, and 
Shrimp at prices everyone 
can afford. Served M-F 
4:30-6:30 P.M. 
Limit of one sundae per 
coupon. Offer good through 
October 31, 1972. 

MINNESOTA TECHNOLOG 
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The energy to keep straining toward your chosen goal-and even 
as you attain it, look forward to the ones beyond. 

The energy to explore, evaluate, create, bring needed changes. 

Energy to burn, figuratively-that wealth possessed by the 
young, in mind no less than body. 

Energy to burn, literally, because ideas-freedom, equality, well-being, 
conservation of our natural environment- must be turned into 
realities-food, shelter, warmth, access, economic independence 
and the physical means to accomplish our goals. 

Atlantic Richfield is an energy company- in all these ways. One of the 
nation's thirty leading industrial corporations, and one of the 
ten companies producing most of our energy needs. A company that 
is forward-looking in management. Imaginative in organization and 
operation. Open to fresh thinking. Responsible in outlook. 

While our specific requirements continually change, we typically 
offer opportunities to financial and systems analysts, accountants, 
auditors, engineers, geologists, geophysicists, sales representatives, 
agronomists and programmers. 

We invite your interest. See our representative on campus or your 
Placement Director. 

tlantic ichfield o pany 
An equal opportunity employer M/F. 



What We Think 

Th1e Changing of the 

It is unique to the academic community that the 
new year begins in September. AI though some 
of you doubt that you or your friends really fit 
the term ~~academic" you are nevertheless a 
men1ber of the university community. So is your 
publlication, the Minnesota Technolog. This may 
sound corny, but the Technolog exists to serve 
you, the IT student. You keep us in business 
because you pay our way. With this realization, 
we will be working hard this year to make your 
investment a real bargain. A bargain for you 
that is, not us. 

~ m ~ Introducing 

Since we've never been properly introduced, let 
me make the following declarations; The new 
editor is Bruce Wright, a senior in architecture 
who concentrates on the art and graphic areas 
of the magazine. The Associate Editor is me, 
Robert Pirro. I concentrate on whatever happens 
to be in front of me. 
Its easy to spot Bruce Wright. Simply find a 
pair of glasses with a distinguished, concerned, 
dedicated, and intense artist attached to them 
and you've found Mr. Wright. Its also easy to 
spot me. Just look for a flesh-colored hockey 
stick holding a black and white taped hockey 
stick. One of the two will be me. You don't 
understand? Corne down to room 2 of M.E. 
You'll see what I mean. 

And in This Corner~ 

Our Business Manager is the versatile Bill 
Kothman, our Art Director is the dynamic Bert 
Nielsen, our Advertising Manager is the absorb
ing Janet Green, and our Personnel Co-ordina
tor is the anemic Floyd Yuman. 

There's a reason why all of these names are 
being dropped here; these people need some 
help. They need ideas, criticism, support, and 
flack. In short, they need input from you, the 
reader. 

Input can take on many forms. Its lowest form 
is to stick your head in the door (by the way its 
always open during the day). The higher forms 
include opening your mouth after you've stuck 
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your head through the doorway. If you feel 
deeply concerned over some issue, then write a 
letter to us. We'll print it. If you feel any dedi
cation or have a desire to learn something about 
magazine writing, photography, layout, or 
graphics, come on in and see us. We'll teach 
you. Really. 

So why not visit us and discover something you 
really want to do? When you come over to Room 
2 you will also get to meet the engrossing Miss 
Kiki Koras. 

Brand New for '72 

The 1972-73 Technolog. How should we describe 
it to you? A basic rule in advertising states that 
in promoting any product one should tell the 
public whats new, whats been added, or what 
now makes the product better then ever. 
In (~selling" you the 1972-73 Technolog we're 
going to step on that advertising rule. Instead of 
shouting about all the new, wonderful, marvel
ous, and exciting innovations that we've added 
to this year's t~model," we're going to confide in 
you. We're going to tell you whats been left out. 
We've left out Logs Log. We've left out What's 
New. We've left out the dull repetition of all 
black and white pages. We've cut out most of 
the typographical errors. We've stopped checker
boarding a single article throughout the maga
zine. We've also eliminated the questionable 
quality of some of our past articles. 

Haven't we added anything at all this year? 
Yes, definitely. We've added more responsibility 
and accuracy, with an extra special ingredient; 

MINNESOTA TECHNOLOG 



plenty of desire. With these extras added to a 
new printer, improved graphics, better quality 
of writing, thoughtful choice of subject matter, 
and a magazine that comes out on time, we hope 
to provide you, the IT student, with an interest
ing, thoughtful, and enjoyable publication. 

We may not always succeed in this, but we will 
always give it our best shot. 

Fuller Revisited 

There was a fair amount of reaction to the cov
erage of the Buckminster Fuller address, includ
ing the subsequent review of that Earth Week 
speech in the May issue of Technolog. It appears 
that during the last few years a sort of cult, 
comprised mostly of young students and middle
aged intellectuals, has steadily grown up around 
Fuller and his ideas. ((Synergy", ((the world ac
counting system", ((electronic referendum", and 
((applications of omniinteraccommodative gener
alized principles", all housed under a geodesic 
dome, appeal to the young, thoughtful, idealis
tic, and usually disenchanted student. Fuller 
comes across to this student as a true leader, a 
man who has visions, ideas, and answers. 

o e o Lead Us Not Into 
Temptation, Just Deliver Us 
From Evil a am 

Buckminster Fuller has all of the necessary at
tributes that a leader of men must possess. He 
is charismatic, newsworthy, deliberately vague, 
open to personal interpretation, and he impress
es his audience with the idea that he exists on a 
higher plane of life than they do. 

The charisma was shown by the overflow crowd 
which turned out to hear his Earth Week ad
dress given here at the university. 

Fuller is most newsworthy. He is constantly 
being interviewed and asked to submit articles 
for publications ranging from Popular Science to 
The New York Times. 

He is deliberately vague, as anyone who has lis
tened to him speak will realize. Coupled with 
this vagueness is the invitation to the listener 
to personalize Fuller. Since Fuller's ideas are 
usually shrouded in gray concepts rather than 
spelled out in black and white facts, the audi
ence is invited to add, subtract, bend, fold, or 
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mutilate Fuller's message in order to fit their 
own personal preferences. He certainly impress
es his audience as existing and functioning on 
some sort of pedestal which we mortals simply 
do not have access to. Any speaker who can 
have students staring at his voice coming over a 
loudspeaker, and at the same time incur the 
wrath of E. Floyd, must have something that 
mere humans can never grasp. Come to think of 
it, only one half of that statement is true. The 
other half is debatable. 

Oh yes, there is one more leadership qualifica
tion which Fuller possesses in huge amounts. 
He has plenty of critics. 

ait a inutem 
Is It BmFm or BeSs? 

There was far from universal acclaim for Fuller 
concerning his Earth Week address. A great 
deal of the comments made about that talk and 
Fuller in general were derogatory and critical. 
The subsequent Technolog review of his speech 
apparently did little to stem this criticism. One 
student remarked to me that ((If Fuller ever saw 
that article and cartoon (Splinters, May 1972) of 
yours, he would either congratulate you or sue 
you." 

Its extremely easy to poke fun at Bucky. Out
side of the coarse mispronouncement of his first 
name, his ideas and methods of presenting them 
leave the man an open and inviting target for 
the skeptics and the cynics. For example, in a 
New York Times article, Fuller was quoted as 
saying ((I get the most extraordinary letters 
from 8 and 10 year olds. They understand what 
I'm doing about the problems we face. They 
think the way I do." Do you need a punch line? 

For some reason journalists are seldom fair to a 
controversial figure or to a visionary. Fuller is 
both of these, so he becomes vulnerable to a 
double dose of misrepresentation. But you are 
only as effective a spokesman and teacher as 
your ideas and means of presenting them to 
others will allow. By inventing a new vocabu
lary, (to say nothing of a new alphabet and 
unique phonetic combinations) Fuller retards 
most of his ideas by burying them in unfathom
able symantics. To put it bluntly, most of us 
poor semi-literate beings who make up 90 per
cent of the world's population simply don't know 
and can't grasp what Buckminster Fuller is 
talking about. That's a real shame because any
one who was kicked out of Harvard (as Fuller 
was in 1914) can't be all bad. 
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Last year, over 3,000 employees (E) 
worked hard (HW), assumed individual 
responsibility (IR), and raised annual sales 
to over $675 million. That's in addition to 
running 80 foreign and domestic plants and 
offices and making FORTUNE'S top 200. 
All in all, it's quite a record for just 3,000 
people. 

Next year, we have even bigger things on 
tap. So we're looking for imaginative, 
innovative, creative people to join us in the 
areas of production engineering, sales. 

ADM 

ILL I --
merchandising, marketing, and research. If 
you're interested in working in refined oils, 
soy protein products, commodity trading or 
logistic systems-and like responsibility
ADM may be the place for you. The pay is 
good, the work is challenging, and your 
growth potential within the company 
is unlimited. 

Interested? Send your resume to Manager 
of Employment or contact your campus 
placement office for an interview. 

ARCHER DANIELS MIDLAND COMPANY/ Decatur, Illinois 62525 

An Equal Opportunity Employer 

I I IS 
We have money for ABM's and automated battlefields and oil depletion allowances, 
but not for mass transit and free hot lunch programs and adequate medical facilities. 
Richard Nixon vetoes appropriations for health, education and welfare because 
they're inflationary. Yet the obese defense appropriations promoted by Mr. Nixon 
continue to drain the federal budget of funds desperately needed for domestic programs. 

George McGovern has proposed that we make a commitment to the solution of 
these problems. He wants to provide federal jobs for the unemployed, eliminate tax 
advantages for the highest income groups, and provide equal access to the political 
process through open, unrehearsed political eonventi ons. 

The new jobs created for technologists and engineers in the next four years will depend 
to a large extent on the priorities assigned by the President. The social benefits 
of military technology are incidental. These occasional technological spin-offs are 
simply not sufficient to cope with the vast environmental and social problems 
us in 1972. We will restore publiccconfidence in the humanityoftechnology only when 
the technologists are permitted to cast their gaze on the real problems of our times. 

C I early, the best interests of our professions and our nation wi II be at stake on 
November 7 ... please use your vote wisely. 

MINNESOTA TECHNOLOG 



The sure sign of a crack skeet shot is a sudden puff of clay 
dust against the sky. But champions share another mark that's 

almost as easy to spot. It's follow through. 

Like the top-flight skeet shooter illustrated here, our tapered roller bearing 
and steel engineers get results because they follow through, too. 

How about you? Do you want a company that involves your interest and keeps you involved 
till the finish? That promotes from within? Are you up to the demands thrown 

our way by the automotive, construction, aerospace and chemical industries? 
Do you have your sight set on the future-on a company like ours that has 

a $221 million expansion and modernization program? 

Then write to our Manager of College Relations. And tell him you'd like to take 
a shot at it. The Timken Company, Canton, Ohio 44706. Timken® bearings 

are sold all o•;er the world. Manufacturing in Australia, Brazil, 
Canada, England, France, South Africa and the U.S.A. 

An Equal Opportunity Employer (m/f). 

REGISTERED TRADEMARK 

THE TIMKEN COMPANY MANUFACTURES TAPERED ROLLER BEARINGS, SPECIALTY ALLOY STEEL AND REMOVABLE ROCK BITS. 
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hats That Thing 
0 tting utside 

the Physics 
uilding? 

by Daniel Burbank 

From left to right, Dr. J. Morris Blair, the tank 
at present, and Dr. George Freier 

he remains of a nuclear accel
erator in the three story 
brown tank on the east side of 

the Physics building are part of the 
wreckage the advance of science 
leaves behind. But among the re
mains lies a long and colorful history 
ofthe men who developed and used 
the ~(atom smasher." 

In 1936 John H. Williams, then a 
28 year old physics professor at the 
University of Minnesota, convinced 
his department head, John Tate, that 
Minnesota needed a nuclear accelera
tor. 



Physicists needed the device to 
investigate the atomic nucleus, 
while medical men required a 
source of short-lived radioactive 
isotope tracers for diagnosis. Of the 
$50,000 needed for construction, 
Tate obtained $36,000 from the 
Rockefeller Foundation ((for re
search in cancer." The remainder 
came from University funds. 

The early depression years saw 
the development of two types of 
nuclear accelerators. In California, 
E. 0. Lawrence built his cyclotron, 
a machine that accelerates nuclei 
on a circular path. At MIT, Robert 
Van de Graaff developed a straight 
line accelerator. Williams began 
construction in 1938 on an im
proved version of Van de Graaffs 
machine. The heart of Williams' 
accelerator was the four million 
volt Van de Graaff generator. The 
device, housed within the tank, 1s 
to this day essentially intact. The 
generator is a 25-foot tall insulat
ing tower resting on the bottom of 
the tank topped by a 9-foot diame
ter hollow metal sphere. A yard
wide belt travelled at 30 mph mak
ing an endless loop which ran from 
a motor-driven roller at the tower's 
base to another roller in the sphere 
25 feet above. The belt's surface 
carried electrons from the sphere to 
the base of the tower and the tank 
walls. The deficit of electrons on 
the sphere created a four megavolt 
potential difference between the 
sphere and the tank walls. The 
tank was pressurized with 80 
pounds per sq. in. of air to act as 
an insulator. In spite of this pre
caution, the sphere or ((terminal" 
would often discharge to the tank 
wall with a thunderous spark. The 
high voltage kicked positively 
charged atomic nuclei (generated 
by a device within the sphere) 
down the tower in an evacuated 
glass tube into a cramped round 
room under the tank. Here a mag
net directed this ((beam," the high 
velocity stream of nuclei, onto the 
target material. Tracer oxygen, for 
example, was made by placing a 
bottle of oxygen in the target area. 

Williams and his fellow physicist 
Lynn Rumbaugh did much of the 
construction, cementing the tower 
insulators together with their own 
hands. As they worked, the U.S. 
edged closer to involvement in 
World War II. 

Physicist Edward Teller sent his 
famous letter to President Roose-
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velt mobilizil!g the physics commun
ity to produce the atom bomb -
the Manhattan Project. Williams, a 
Canadian, was prohibited from con
tributing to the effort for security 
reasons until he obtained his U.S. 
citizenship in 1942, and was sent to 
Los Alamos, New Mexico. The ac
celerator sat idle until war's end. 

After the war, J. Morris Blair, 
now a University physics professor, 

welcomed the opportunity to work 
on the machine under Williams 
direction. Blair came to Wisconsin 
in 1940 as a graduate student in 
nuclear physics to work with an 
accelerator much smaller than 
Minnesota's. ((The Wisconsin ma
chine had to be small enough to fit 
through the basement lab window. 
So when the war broke out we 
loaded it on a flatcar and shipped it 



by rail to Los Alamos." Blair con
tinued, ((I met Williams at Los 
Alamos and we became good 
friends. When the war was over, 
Williams invited me to finish my 
graduate work at Minnesota." 

George Freier, working now at 
Minnesota in atmospheric physics, 
and fellow graduate student Gene 
Lampi, returned to their war-in
terrupted PhD. work on the accel
erator. Their experiment, a double 
scattering of protons on helium, 
gave the first experimental verifi
cation of proton ((spin," a prediction 
of quantum theory. ~(Lampi and I 
did all our experimental work to
gether. We really worked hard on 
the double scattering. Whenever 
something went wrong with the ion 
source, we'd have to let the air out 
of the tank, climb up and fix it, 
and pump it up again." The whole 
process took many hours. ((After a 
while the cotton belt would get so 
frayed we'd have to go in with bar
ber shears and clip off all the loose 
threads." The work paid off hand
somely with their experimental 
first and their PhD's! 

Freier described an anxious 
moment in 1954. ((It was only a 
matter of time before the cotton 
belt caught fire . . . At high pres
sure the oxygen concentration is 

similar to pure at atmospheric 
pressure. When the machine did 
not go back up to voltage after a 
tank spark . . . we realized that 
there was a fire. We could see the 
smoke/' Freier said, pointing to a 
small viewing port in the base of 
the tank. Fearing the overpressure 
caused by the fire might explode 
the tank, they rushed to the pres
sure release valve. The fire went 
out when it consumed all the oxy
gen. The belt had to be replaced 
and the soot cleaned from the insu
lators with brush, soap, and water. 

After the war, Williams em
barked on building a new type of 
accelerator, the Linac, on the river 
flats under the lOth Avenue 
bridge. In Williams' place, Blair 
took charge in the late 40's and 
early 50's, remodeling the decade
old system. A larger experimental 
unit included in the basement of 
the physics south addition was con
structed in '51-'52 to relieve some 
of the congestion in the circular 
room beneath the tank. Blair notes, 
((We converted the source (the ion 
generator inside the sphere) to lith
ium, and through the '50's and '60's 
we conducted a very useful lithium 
program. We couldn't use it to ac
celerate anything heavier." Obso
lescence was closing in. 

Both the old Van de Graaff and 
the Linac were closed down upon 
the completion in 1966 of a 20-mil
lion volt tandem Van de Graaff ac
celerator on the river flats Linac 
site. John Williams died three 
weeks before the dedication of the 
new laboratory named in his hon
or. 

The old tank is something of a 
white elephant. There's been talk 
of removing it to provide space for 
air conditioning. Freier would hate 
to see this happen. Beyond his 
philosophical dislike for the grow
ing dependence on air conditioning, 
he would like to use the abandoned 
machine for cloud formation re
search. Clouds can be formed in a 
pressurized tank of humid air by a 
sudden release of pressure. Larger 
tanks more accurately duplicate 
actual atmospheric conditions. The 
old tank could easily be converted 
to the world's largest cloud cham
ber. Freier wants to refurbish the 
Van deGraaffgenerator to dupli
cate the lightning inducing electric 
fields found in clouds. 

Perhaps lightning will strike 
Williams' old machine again, as it 
has many times in the past, from 
the inside. 

Photos courtesy of Dr. Blair 

Various stages in constructing the nuclear 
accelerator. 
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Fibers & films 

Did you know that our American 
Viscose Division started the man
made fiber industry in the U.S.? 
Probably not. Yet, we're the nation's 
leading rayon producer, and our lines 
of acetate and polyester fibers keep 
growing. 

Though our products are hard to 
identify, you see them all around. 

We make the cellophane that 
wraps the hamburger you can buy at 
the supermarket. 

Your radial tires probably run on 
our tough DYNACOR® rayon cord. 
And the Avlin® polyesters in your 
suits or sports clothes help keep you 
looking neat and well pressed. 

We're also the discoverers of micro
crystalline cellulose, a unique 
excipient widely used in pharma
ceuticals and special food products. 

To name just a few things we're 
into. 

If you're an engineer, chemist, or 
textile major wishing to make a 
name for yourself, see your place
ment officer for an interview. Or 
write for our booklet "Move Ahead 
with American Viscose" to Industrial 
Relations Department, FMC Corpor
ation, American Viscose Division, 
1617 John F. Kennedy Boulevard, 
Philadelphia, Pennsylvania 19107. 

Machinery 
Many of the ways FMC is a useful 

company is in the area of machinery. 
You've read a lot about pollution. 

FMC is active in solving pollution 
problems. We build sewage treat
ment equipment for cities, and we're 
continually searching for more effec
tive materials and new treatment 
concepts in our environmental re
search center. 

We help the food problem by 
making products for soil preparation 
and planting, irrigating, crop spray
ing and dusting, mechanical harvest
ing, and food processing-and even 
equipment that automatically pack
ages fresh eggs! 

We also make railroad cars, fire 
engines, petroleum equipment, con
struction machinery, barges, and 
much more in our machinery divi
sions located nationwide. 

Graduates in engineering, busi
ness, accounting, and the sciences 
have a field day looking over our 
many opportunities. See us at your 
placement center. Or read our bro
chure "Like It Is:' Write to The 
Recruitment Coordinator, FMC Cor
poration, Machinery Group, Pruden
tial Plaza, Chicago, Illinois 60601. 

® 

FMC CORPORATION 

aj r 

Chemicals 
Because FMC is one of the major 

chemical manufacturers in the U.S., 
many people think we are only a 
chemical company. 

Understandable. We have plants 
and mines throughout the country. 
And our range of products is un
usually broad -from agricultural 
chemicals that help crops grow, to 
organic and inorganic chemicals 
which comprise many of industry's 
essential "building blocks~· 

You'll find FMC chemicals in .pulp 
and paper products, cleaners and 
detergents, paints and plastics, in 
luggage, floor tile, and flexible 
garden hose. 

Our chemicals have myriad appli
cations-everything from glassmak
ing to textiles to swimming pool 
sanitizers. 

So pegging us as strictly a chemical 
company is an honest mistake. 

But enough of our rattling on. If 
you're a chemical, mechanical, in
dustrial, or electrical engineer, you'd 
rather talk about how you can be 
useful ... within a useful company. 
Here's how to begin. Write FMC Cor
poration, Chemical Group, Industrial 
Relations Department CPA 72, 633 
Third Avenue, New York, New York 
10017. 

u'd su ~sed at all t things we dom~ 

We are an equal opportunity employer. 



Politicus Scientificus Arrives 
on the 

by Paul Burtness 

onfronted with the terrify
ing destruction wrought by 
the use of atomic bombs 

during World War II and the awe
some possibility of thermonuclear 
holocaust in the future of mankind, 
scientists and technologists were 
forced by their consciences to close
ly examine the social consequences 
of science and technology. Realiz
ing that science had created for 
mankind the means of totally de
stroying itself, many scientists ded
icated themselves to making the 
public aware of and understand the 
implications of modern science. 

The urgent need for scientific 
solutions to problems such as pollu
tion, overpopulation, transportation 
shortages, famine and the energy 
crisis is presently leading scientists 
and engineers to expand their in
volvement with the public beyond 
merely explaining science to direct
ly aiding the public in making de
cisions. 

Any attempt to aid in decision 
making or influencing public opin
ion means that scientists and engi
neers must at some time leave the 
sanctuary of their laboratories and 
become involved with the realities 
of political life. Public-minded sci
entists, engineers and science-engi
neering students must decide for 
themselves if it is possible to be
come involved in politics and re
main dedicated to science or engi
neering. 

The experiences of many scien
tists and engineers, including those 
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National Scene 

Phvllis Kahn 

at the University of Minnesota, 
show that not only is it possible for 
them to be involved in a wide 
range of political activities and 
remain dedicated to their profes
sion but also political activity gives 
them a broader outlook on life and 
often aids them in solving a scien
tific or engineering problem. 

The activities of three Universi
ty scientists and engineers, among 
the many politically active Univer
sity staff members, illustrate sever
al ways scientists, engineers and 
engineering students can use their 
expertise in political activity. 

J. Edward Anderson, a professor 
of mechanical engineering who has 
a national reputation for his work 
on transportation systems, 
staunchly advocates that engineers 
working on projects such as power 
plants, dams and highway sys
tems pay close attention to the 
public's needs and sentiments. Fail
ure to work with the public results 
in public mistrust of engineers and 
finished projects that do not per
form in the manner they were de
signed to. 

~(A lot of people think engineer
ing doesn't deal with people but 
even in highly technical work the 
engineer sooner or later has to deal 
with people," Anderson said. 

((It's the job of the engineer to 
develop the specifications of sys
tems, and when these systems in
teract with people one needs to get 
out and talk to people. Only in that 
way is one going to come up with 
an acceptable device. 

~(The guy sitting off in the corner 
doesn't know what engineering is 
all about," Anderson said. 

Once the design of an engineer
ing project is completed, the engi
neer must work with political lead
ers in order to get the project fund
ed and built. Since there is a gen
eral lack of scientific knowledge 
among persons in the political are
na, the engineer should cultivate 
the skill of translating the com
plexities of science into terms that 
political people can understand. 

The engineer, who has been 
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trained to think logically and make 
decisions on the basis of scientific 
evidence, is often confronted and 
confused by groups of people who 
misunderstand the capabilities of 
science and rush into projects, 
demanding that things be accom
plished immediately rather than 
conducting vigorous research pro
grams to test many possibilities. To 
counteract the effect of such groups 
the engineer needs to have at hand 
the most accurate scientific facts 
available with which to persuade 
them to his point of view. However, 
the engineer must recognize that 
final decisions should be made by 
the public. 

Maurice Visscher, a Regents pro
fessor emeritus of physiology, be
lieves that scientists and engineers 
can be an influentiaLforce for polit
ical change, especially during the 
coming national elections. 

Although scientists and engi
neers are a small minority of per
sons in the United States their in
fluence on society could give them 
a greater political power than mere 
numbers would imply. 

nscientific and technological 
developments have become so much 
more important to the average 
man. As a result, the public re
spects the decisions that scientists 
and engineers make," Visscher 
said. 

Visscher is currently organizing 
a scientists, engineers and physi
cians for McGovern movement, 
encouraging professionals who sup-
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port the candidacy of Senator 
George McGovern to publicize their 
positions and campaign for Mc
Govern. Not all scientists have the 
same political beliefs, but according 
to Visscher, many scientists and 
engineers will support McGovern 
in opposition to President Nixon's 
Indochina policy and domestic poli
cies which have reduced research 
funds in some fields. 

Some persons would accuse sci
entists and engineers of misusing 
their prestige to influence public 
opinion, but the scientific knowl
edge that scientists and engineers 

possess qualifies them to make 
public statements concerning de
fense spending or environmental 
quality. If a scientist or engineer or 
any other person has a sound opin
ion, more harm is done by not ex
pressing that opinion than by ex
pressing it. 

In addition to scientists and en
gineers helping politicians with 
scientific problems and expressing 
political opinions, Phyllis Kahn, a 
research associate in the depart
ment of biochemistry, advocates 
that persons with scientific back
grounds become politicians them
selves. Kahn is currently running 
for election to the state house of 
representatives. 

In a technologically oriented so
ciety, scientific problems often be
come political problems and politi
cal problems become scientific 
problems. A person with scientific 
training in a position of political 
power' would be able to propose bet
ter legislation concerning problems 
such as pollution. 

Kahn said her training as a gen
eticist and her familiarity with 
the effects of ionizing radiation and 
mutagenic chemicals would aid her 
in making laws concerning the con
trol of nuclear power plants and 
the use of pesticides. 

The scientist-politician would 
have not only his scientific knowl
edge to aid him but also the scien
tific method of solving problems. 
Most politicians are lawyers and 
by the nature of their training take 
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a position and set out to prove it, 
sometimes ignoring or suppressing 
information which goes against 
their position. 

The scientist, however, by virtue 
of his training, is more open mind
ed and looks at all sides of a prob
lem before making a decision. Sci
entific training also helps a person 
realize the complexity of issues 
such as pollution or energy re
sources and that a solution to a 
problem may be appropriate at one 
time or place but not at another. 

Some scientists and engineers, 
because of the nature of their work, 
may have to avoid public participa
tion in partisan politics, even 
though they may have strong par
tisan feelings on some issues. Proj
ects such as urban transportation 
and power plants are usually bi-

Photo by Bob Hain 
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partisan in nature and if the scien
tist or engineer working on these 
projects takes too strong a position 
on partisan issues, he may lose 
some political support for his proj
ect. 

Any scientist or engineer or sci
ence-engineering student consider
ing some form of political activity 
is faced with the problem of find
ing, or making time for such in
volvement without hurting his 
work. 

((An engineer has to balance his 
life," Anderson said. If he goes off 
in too many directions nothing is 
accomplished. Rather he should 
choose one or two projects and con
centrate on them. 

((Part time work in politics need 
not detract from science, certainly 
not as much as golf or bridge," 

Visscher said, speaking from his 
own experience. 

Many political offices, such as 
representative to the state legisla
ture, alderman, or mayor of a 
small community involve only part 
time work and can be managed by 
the scientist. 

Science and engineering students 
should not only become familiar 
with the issues of the fall elections 
but should also consider working 
with some candidate, using their 
scientific training to interpret data, 
do research and advise the candi
date on scientific issues. Such expe
riences would perform a service to 
the candidate and the community 
and would give the student knowl
edge and in sight that is impossible 
to obtain in a classroom. 

Photo by Kevin Strandberg 
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If the Impending Energy Crisis Is Not 
Resolved, Our Next Crisis Will Become 

This Nation's Greatest Catastrophe 

by Scott Wattawa 
he United States encompas
ses only six percent of the 
world population while con

suming 33 percent of the available 
energy. Americans use six times as 
much energy and enjoy a standard 
of living five times greater than 
the world average. These figures 
are more than casually related. 
Every country that must import 
vast amounts of oil, gas, and coal, 
to maintain an industrialized socie
ty must also suffer higher produc
tion costs which ultimately mean a· 
higher cost of living and a price 
disadvantage in world trade. Eng
land is such an example. America 
is beginning to face a similarly dim 
outlook as industrialization will 
deplete national reserves of oil and 
natural gas - the chief fuels of 
power plants - within twenty 
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This is the first in a 2-part series 
exploring the energy crisis. In next 
month's magazine we will be ex
ploring one potential solution to our 
future energy needs; solar energy. 

years. From an economic, military, 
and social point of view the situa
tion is nothing short of an energy 
crisis. 

Electric power demand is dou
bling every 10 years while oil and 
natural gas shortages have caused 
higher electric bills and major 
~~blackouts" and (~brownouts" in the 
east. Once power plants main
tained a two week supply of fuel 
reserves in case of wildcat strikes 
by miners, railroads, and dock 
workers. Today eastern power 
companies can maintain, at most, 
one or two day fuel supplies. They 
can't buy more fuel at any price. 
According to Hollis Dole, Assistant 
Secretary for Mineral Resources, 
Department of the Interior, ((the 
northwest could become dependent 
on foreign natural gas for as much 

as half its energy by the end of 
this decade." Oil and coal prices 
have risen 4 7 and 56 percent re
spectively in the last few years as 
demand has far surpassed availa
bility. 

The energy situation is in the 
first stages of crisis. Who uses fos
sil fuels? How much do they use? 
What are the alternatives for pow
er production in the future? 

Oil and its derivatives provide 
25 percent of all energy for indus
try, almost one-half of all house
hold and commercial heating, and 
all of the energy used by moving 
vehicles such as automobiles and 
trains. Americans use an estimated 
fifteen million barrels a day thus 
rapidly depleting available re
serves to extinction. America has 
already begun to import vast 
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amounts of oil from the near East 
and South America, started conti
nental shelf drilling, and built an 
Alaskan pipeline to rapidly trans
port Alaskan oil to the States. 

Natural gas demands annually 
increase by six percent (one trillion 
cubic feet per year), providing one
third of our total energy consump
tion and 22 trillion cubic feet of 
gas. Households and industry get 
one-half of their energy for heat 
and power, while natural gas pro
vides one-fourth of all the electric 
power generated. To give an exam
ple of the gas situation; since 1967 
America has used 18 trillion cubic 
feet more than they have found. 

The coal situation looks much 
better. Our reserves could hold out 
for another 200 years if man could 
stand the pollution. Much of the 
natural coal found in the east has a 
high sulfur content, producing 
clouds of poisonous sulfur dioxide 
wherever it is used. The western 
states are rich in sulfur-low coal 
deposits, but mining operations for 
coal haven't even begun in the 
west and would take five to ten 
years to catch up with the present 
coal market. Mining and shipping 
costs would further raise the cost of 
coal in heavily populated coal defi
cient areas. Unfortunately, there is 
no known commercially feasible 
way of washing the sulfur out of 
the coal or sulfur dioxide out of 
coal gas. Today coal provides less 
than four percent of household and 
commercial heating and only twen
ty six percent of the power and 
heat used in industry. This con
trasts with coal supplying three
fourths of all available energy at 
the turn of the century. 

Oil and gas can both be chemi
cally synthesized from coal. How
ever, this process is costly and re
quires large installations with 
rather poor efficiency. Some believe 
that the Rocky Mountains and the 
Continental Shelf will provide 
crude oil and natural gas in the 
future. However oil drilling has not 
advanced enough to commercially 
undertake such difficult projects 
that warrant a change over by the 
major oil companies. Importing fos
sil fuels is expensive and has the 
disadvantage of the United States 
becoming energy dependent upon 
other countries. In time of domestic 
war or upheavel in the underdevel
oped countries that possess large 
deposits of fossil fuels, the United 
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(right) Production of crude oil and coal. 

States would be at a disadvantage 
in the new techno-war or suffer 
'Serious domestic power shortages. &-

What alternatives are there for i 30t------Mt----+------ll 
generating power that are commer- w~ 
cially and technically feasible in i~ 
the near future? Various govern- ~ 
ment research grants have been t;2 
made to examine some alternatives g ... :ro 
in the technical feasibility of large~§ -
scale energy production that range g~ 
from solar energy to breeder reac- ~; 
tors, although at present there is ~ 
no clear solution in sight. .... H) a Nuclear energy today provides -
roughly two percent of the electri-
cal power in the United States. If 
fission reactors used only natural 
radioactive elements as fuel, in 
twenty years all fissionable materi
al would be exhausted. The nuclear 
reactors now operating are known 
to leak radioactivity, are not as ef
ficient as they ought to be, and 
need serious re-designing for future 
commercial use. Breeder reactors 
that generate their own fuel could 
be used, but commercial and tech
nical development of a large scale 
reactor may take decades. Breeder 
reactors would be expensive to 
build, expensive to maintain, and 
are commercially inefficient at this 
time. Also, radioactive wastes have 
a long half-life - over 100,000 
years - and large scale dumping 
would be a serious problem. Metal 
storage tanks quickly deteriorate 
under the boiling solution of radio
active elements. Open dumping is 
out of the question. Presently old 

Om.........t.......,j.....!.l!!;;.. 
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salt mines are used to store radio
active wastes. However, if the 
United States were to become sole
ly dependent on nuclear power, 
these radioactive wastes would 
stockpile much faster than they 
could be safely disposed of. Hence, 
fission is at best a partial solution 
to future energy needs. 

Fusion - the process of fusing 
lighter elements to heavier ele
ments- looks much more promis
ing. The fuel would be water, no 
radioactive wastes would be creat
ed, more energy than our greatest 
demand would be available, and 
possibly the whole process could be 
made highly efficient. So far the 
only fusion reaction man has creat
ed is the H-bomb, and many ad
vances in science and technology 
would have to be made to produce 
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a controlled fusion reaction. Re
search teams through the world are 
trying to create the right ~~magnet
ic bottle" that will hold plasma in a 
confined region while maintaining 
the millions of degrees necessary 
for a fusion reaction. So far Soviet 
scientists have suceeded in creating 
the longest recorded plasma, 10-3 
seconds. However, commercial ap
plications are in the distant future. 

Another alternative is solar 
power. Energy from the sun would 
be collected by mirrors or solar 
cells that, through a process in the 
developing stage, would convert 
thermal energy to electrical ener
gy. The average solar power flux 
received on the earths surface is 
5x10 3 cal/cm 2 earth's surface is 
over a day, about 0.024, 
watts em 2 . A square of 6.5 km 
would collect at best 10 10 solar 
watts. 

One such proposed system in
volves an orbiting solar collector in 
space that would gather the suns 
rays, and convert the energy into 
an intense microwave beam that 
could be put anywhere on the 
earth. On earth the intense energy 
beam could directly be converted to 

electrical energy by solar cells or 
used to heat water to steam that 
would drive a traditional steam 
turbine. However, solar cells are 
only ten percent efficient while 
eighty percent efficiency is re
quired to make such a scheme 
commercially feasible. An ad
vanced space program would be 
needed to orbit such a huge disk 
(weighing over 100,000 tons), con
verter equipment would have to be 
designed and built, and rockets 
would be needed to maintain a 
synchronous orbit against the 
earth's gravitational pull. Meters 
continually puncturing the disk 
would necessitate a perpetual re
pair crew. Alternately, solar collec
tors could be used on earth. About 
1/600th of the land mass of the 
United States would be needed to 
collect enough energy to fulfill our 
needs. However, our pollution dis
persing light, cloudy days, and no 
method of long term energy stor
age, would limit such an energy 
collection system. With our ever 
increasing population and pollution 
levels, 1 /600th of the land mass 
might be an extravagant waste of 
land in an ever-crowding country. 

ROM AN ECONOMIC, 
MILITARY, AND SOCIAL POINT 
OF VIEW, THE SITUATION IS 
NOTHING SHORT OF AN 
ENERGY CRISIS. 
Research and development is 
trying to solve some of the techni
cal aspects of the solar energy 
collection system. 

Energy and more energy is what 
our wealthy, industrialized nation 
requires. Where will it come from? 
The energy situation is becoming a 
crisis, a crisis only modern technol
ogy can solve. More than ever the 
engineer will be called on to solve 
this seemingly insurmountable 
problem, and rather than remain a 
doomsday prophet, some of the best 
minds have begun to tackle the 
problem. The implications of the 
problem are far reaching and the 
ultimate solution may radically 
change our society. Yet it will be 
the engineer, so often accused of a 
lack of social concern, that will 
have to solve the energy crisis. 

Take it from us: If your career will m
volve airfield runway, highway or other 
pavement construction, our authoritative 
literature can help you prepare for a re
warding future. States, counties and cities 
are building more and more airports, roads 

--------------mw OFFER OPEN TO CIVIL ENGINEERING I 

and streets with Full-Depth® Asphalt pavement. 
And the demand is growing worldwide ... not just 
for the unique advantages of Asphalt construction 
... but for civil engineers well grounded in the fun
damentals of Asphalt pavement design and tech
nology. That's why you need our library ... yours 
free for the asking ... today. 
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THE ASPHALT INSTITUTE I 
College Park, Maryland 20740 

Gentlemen: Please send me your free library on 
Asphalt Construction and Technology. 
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Winter quarter will mark the 
initial offering of a new I.T. course 
which may warrant a re-evaluation 
of your one-year plan. The Engi
neer in Society, I.T. 3-921, will be 
coordinated by F. M. Waltz, Asso
ciate Professor in EE and P. J. 
Nicholson, Assistant Professor in 
CICS. Recent years have seen an 
increasing tendency for society at 
large to hold engineers and scien
tists responsible for the effects of 
their professional work. Despite 
this unmistakable trend there have 
been few formal attempts to foster 
in students of engineering an 
awareness of the broad social im
pact of technology. Thus the ap
proach of most engineers to career 
decisions is short sighted with the 
effect that technology tends to ad
vance autonomously rather than 
under the control of those who de-
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by John Huggins 

velop it. The course proposed here 
is intended to raise questions rele
vant to the broad ethical decisions 
which at some time, directly or 
indirectly, confront every profes
sional engineer. Since these ques
tions invariabley involve value 
judgements it is impossible to pro
vide hard and fast rules of conduct. 
Our approach will be to have stu
dents formulate and defend their 
own responses to difficult profes
sional decisions. It is thus hoped to 
provide wisdom through the thor
ough dissection of a broad spectrum 
of viewpoints. The primary objec
tives are these: (a) To provide the 
student with several specific 
examples of ethical dilemmas 
which commonly face today's engi
neer. (b) To provide the student 
with a mature and sophisticated 
approach to the resolution of sqch 

dilemmas. (c) To make the student 
aware of the political nature of vir
tually all significant decisions and 
to indicate to him the specific way 
in which such decisions are 
reached. The Engineer in Society 
will abandon the traditional lec
ture-text approach in favor of a 
format more compatable with the 
subjective nature of the material. 
The upper division designation is 
not intended to be restrictive; it 
reflects the feeling that a course of 
this type requires, on the part of 
the participants, some degree of 
academic maturity. Guest lecturers 
from the University, Industry, and 
government will complement the 
student research groups which will 
be formed from the class. Details 
may be obtained from a course in
formation sheet available in 105 
Main Engineering. 
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700 watts R.M.S. 

The 
is the most powerful, most advanced solid state 

amplifier in the world. Until very recently, an amplifier of this quaHty 

could not exist. Recent advances in high voltage silicon power transistor technology, and a 

sophisticated analog to digital computer contained within the protective circuits of the unit combine to 

make possible an amplifier capable of performance that, until now, has been only approached by extremely 
expensive amplifiers built and used exclusively in professional laboratories. The frequency response extends 
from D. C. to beyond one quarter of a million cycles per second. Distortion is so low that it cannot be accurately 
measured, even with the finest laboratory test equipment. We know only that it is typically less than one one

hundreth of one percent. At twenty cycles per second, damping exceeds one thousand. Continuous power 
levels of more than three hundred fifty watts per channel can be delivered into eight ohms all the way down to 
zero cycles per second. The power and purity possible with the Phase Linear means that recreated music will 
be the purest, most accurate ever achieved by any amplifier. 
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Opinion § m G 

In this year's Technolog, we be
lieve that opinions held by responsi
ble spokesmen are always worth 
listening to. For this reason we pre
sent Ms. Paula Giese, with her 
views concerning technology, scien
tists, and the people. In striving to 
preserve the independence of this 
piece, we have done no editing 
whatsoever, save for typographical 
errors. 

The editors. 

cience for the 
eople-
hich eo le? 

by Ms. Paula Giese. 
Science once was considered to 

be - and was - a progressive 
force, opposed by (sometimes op
posed to) the established hierarch
ies of Church and State, which 
reinforced each other on maintain
ing the status quo for wealth and 
power. Now, however, science has 
its own establishment. Politically, 
this establishm~nt is more power
ful than ttthe Church," which has 
been reduced to denominations 
which compete among themselves 
for providing people with pre-pack
aged plastic consciences. Big Sci
ence, however, controls billions of 
dollars spent on R & D, and many 

24 

Alexander Solzhenitsyn is 
the Russian author who won 
the 1970 Nobel Prize for litera
ture. In the speech he would 
have delivered if he had been 
allowed to receive the prize, 
Solzhenitsyn observes that the 
civilized world "has found no
thing to oppose the onslaught 
of a sudden revival of bare
faced barbarity other than 
concessions and smiles." One 
forum where such opposition 
might be expressed is among 
scientists, whom he accuses 
of having failed to act. The fol
lowing is an excerpt from Sol
zhenitsyn's speech. 

"It would seem that the ap
pearance of the contemporary 
world rests solely in the hands 
of scientists: All mankind's 

billions more spent on providing 
new technology. Big Science also 
offers a quasi-religious view of so
cial perfectability through technol
ogy; all our problems (pollution, 
crime, population, poverty, war) 
will be solved, if the right gadgets 
and ((rational" plans can just be 
found by the right experts. 

Salvation from laboratories and 
universities - an electronic horn 
of plenty. Establishment Science 
generated a counterforce to itself 
during the past ten years; an anti
science, anti-rational movement, 
which mixes with the mistique of 
counter-culture rebellion. The late 
Paul Goodman once attended a 
meeting which was disrupted by 
guerilla theatrics with an anti
technology theme. ((Fuck technolo
gy!" shouted young men wearing 
plastic-framed spectacles whose 
lenses had been precision-ground to 
calculated shapes, by elaborate 
machining and measurement in
struments. ((Technology sucks!" 
was sung to the music and 
rhythms of electric instruments. 
((Horrors of the machine," a multi
media show, was projected on the 
walls and ceilings, using equip
ment which cheap solid-state cir
cuitry had made possible. Goodman 
was amused at the irony of the 
contradiction displayed by the Liv
ing Theatre group, which he put 
down to ((anti-intellectualism" on 
their part. 

technical steps are determined 
by them. It would seem it is 
precisely on the international 
good will of scientists, and not 
of politicians, that the direction 
of the world would depend. All 
the more so since the example 
of the few shows how much 
could be achieved were they 
all to pull together. But no: 
Scientists have not manifested 
any clear attempt to become 
an important, independently 
active force of mankind. They 
spend entire congresses in 
renouncing the sufferings of 
others: Better to stay safely 
within the precincts of science. 
That same spirit of Munich has 
spread above them its enfee
bling wings." 

In a way, though, the group 
showed neither a contradiction nor 
((anti-intellectualism," whatever 
that means (it usually means 
someone with ideas different from 
yours, if you claim to be an intel
lectual). 

Technology has come to be asso
ciated with large concentrations of 
resources and power. In particular, 
technology has come to be associat
ed with war in the minds of many. 
This association is altogether plau
sible. In its 20 years of existence, 
the Indochina war has come to rely 
more and more on a massive tech
nology of destruction, fueled by 
money. Intimately necessary to the 
growth of this technology has been 
a professoriate of researchers who 
long ago sold their brains to the 
highest bidders - the defense de
partment, and the industries that 
made and sell the machinery of 
death. 

Nixon's ((Vietnamization" policy 
is a complete fake, as far as getting 
an army of South Vietnamese to 
fight effectively. These mercenaries 
would be swept aside in a day or 
two, were they not backed up by 
the most devastating use of war 
technology the world has ever 
known. One statistic perhaps 
makes this plain: bomb tonnages. 
It should be well known by now 
that more than three times the to
tal amount of ordnance expended 
in all of World War II has been 
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expended in Indochina. But long
range, high-flying B-52's and their 
cargoes are just one aspect of tech
nology's subservience to power. It 
is more to the point to look at the 
new concept of warfare which has 
been developed in the Indochina 
war and is helping that war to go 
(~invisible" as U.S. ground troops 
are withdrawn. 

This is a ~(systems approach" 
concept to war, in which all sci
ences have played major develop
mental roles. General William 
Westmoreland called it the ~~auto
mated battlefield," in a semi-secret 
speech in 1969. The automated bat
tlefield works very much like an 
automated factory, although the 
factory's products are corpses. Sen
sor-feedback mechanisms which 
have been air-dropped or are cruis
ing overhead in drone aircraft 
sense movements (or visual images, 
or conversations) among people on 
the ground; the information from 
the sensors is processed by compu
ters with pattern-recognition and 
projection programs of various 
sorts, and the computers order 
strikes from a great variety of in
genious weaponry from radio-fused 
minefields to laser or teleguided 
(~smart" bombs. The (~systems ap-
proach" also includes concepts de
rived from war-oriented social sci
entists: ~(forced urbanization" 
(which means driving people off 
their lands and into cities where 
you can control them), and ((forced 
modernization" (which means put
ting them to work as cheap labor 
in American factories built in the 
areas you control). The (~systems 

approach" includes concepts such 
as ((area denial," which was pi
oneered by our own local Honey
well. This means seeding land and 
water of ((enemy-controlled zones" 
with permanent minefields. Honey
well sales literature informs the 
DoD that they have equipped a 
part of their Elk River proving 
ground to test sensor-computer con
trolled bombs and mines for ~(area 
denial." 

A RAND Corporation study, 
done in 1967, called the Indochina 
war a (~war of evolution." As the 
experts at this military think-tank 
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saw it, something called ((technol
ogical man" (us) has emerged on 
earth, and is now engaged in a 
((survival of the fittest" type battle 
with old-style or human mankind. 
They see the Indochina war as a 
skirmish in this battle, which they 
expect to see spread to other areas, 
where ((backward, untechnological 
man" can no longer support him
self; India is mentioned as being 
inhabited by large numbers of the 
doomed, unfit human species. Tech
nological man will wipe out human 
(unfit) man, and thus a new species 
evolves and becomes dominant. 

RAND is a think-tank which 
sells strategic, policy, and weapons 
ideas to the military. The Defense 
Department is its main customer, 
with the Executive Office (i.e., var
ious functionaries of the President) 
second. The kind of image projected 
of the war, and such official spokes
men for it as the RAND planners, 
naturally makes people think tech
nology itself has come to be some
thing deadly to human survival. 
When one learns that the Defense 
Department is presently gearing 
up for something it calls ~~geophysi
cal warfare" (this is not merely 
climate and weather alteration -
something which was published 
this summer when information 
about rainmaking in Indochina was 
leaked- it includes the creation of 
earthquakes, seiche waves, land
slips, volcanic eruptions, and ~(per
manent alteration of vegetal cover" 
of deadliness. Computer simulation 
and control are essential for the 
techniques of geophysical warfare, 
so large sums have been budgeted 
for supporting such mathematical 
research as will lead to an nearth 
simulation" on DoD's experimental 
ILLIAC computer. 

Scientists have been alive to a 
little of this implication for many 
years. Those scientists whose work 
created the atomic bomb organized 
to try to stop its use in Japan, and 
to try to control its later use in the 
world of international politics. 
They were entirely ineffective in 
their efforts which were often quite 
lethargic. Other scientists, as the 
Indochina war gained momentum, 
were horrified Ht the extent to 

which their disciplines were impli
cated in its ((progress." They criti
cized specific uses of the knowledge 
they had helped to accumulate -
defoliant usage, napalm - and yet 
they maintained that knowledge, 
and its application in technology, 
are in one sense neutral: decisions 
as to what uses are to be made are 
political. 

For many years, scientists fol
lowed this line: That knowledge 
and technology are essentially neu
tral, and the job of the scientist is 
to produce more of both. As a citi
zen, he may be critical of particu
lar uses, but as a scientist, he has 
no special responsibility. 

This line seems no longer plausi
ble. For one thing, the claim of 
neutrality Cit's not my fault") con
flicts with the other claim scien
tists have been making all these 
years. Namely, that their knowl
edge gives them special insights 
into social problems which technol
ogy may ((solve." The cult of the 
expert is pretty widespread in our 
society. If experts get the credit, 
they should get the blame, too. The 
one goes with the other. 

Perhaps neither credit nor blame 
are merited? Perhaps science and 
technology are indeed neutral? 
Experts may have put on a cloak of 
political power, but their authority 
is strictly illegitimate, some argue. 
This is probably the line that most 
scientists concerned with what 
they call (~misuse" of science would 
probably take. I don't think it'll 
wash, either. The scientist follow
ing this line generally says he 
cannot predict what uses may be 
made of knowledge he may uncov
er, or devices his work helps to 
create. Therefore he has no special 
responsibilities. 

The reason why 1 think this 
argument is no good comes from 
the nature of science itself. It is of 
the essence of science that ideas 
and theories are tested by experi
ment. The way such tests work is 
that a prediction of events and ob
servations, which are logically en
tailed by some idea of theory, is 
made and- tested in a situation to 
which the theory clearly and un
ambiguously applies. If the predic
tions are borne out in fact, the 
theory is confirmed. If it is possible 
to state an ((idea" or theory about 
the use of scientific knowledge and 
test it in a similar way, the validi-
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ty of the idea is confirmed if pre
dictions one makes on the basis of 
it are borne out in observed fact. I 
believe it is possible to make a 
whole set of predictions about the 
use that will be made of scientific 
knowledge and mechanical tech
niques, and I think that these pre
dictions are well verified in observ
ation. 

The idea that I would apply, in 
predicting the use that will actual
ly be made of new knowledge and 
new devices and techniques, is that 
the small elite of wealth and power 
in this country decides how the 
country's resources are to be used. 
The criteria on which they base 
their decisions are: (a) Maintaining 
the status quo- the present distri
bution of power. (b) Expanding 
their power and control of the rest 
of the world. (c) Adding to their 
personal comforts and satisfactions. 
(a) and (b) jointly imply develop
ment of means of controlling people 
- with an emphasis on military 
means, if large numbers are suffi
ciently disadvantaged by the (~sta

tus quo" to favor its change even at 
great personal cost. (c) implies the 
development of luxury gadgets, and 
the development of larger systems 
(such as mass transit) which serve 
the well-off, at the expense of the 
not-so-well-off (as mass transit sys
tems which take people back and 
forth from suburbs to the central 
cities do). Anyone can examine for 
himself the types of thing which in 
fact have been extensively devel
oped over the past quarter-century 
and decide for himself whether my 
~(idea" stated here is confirmed by 
observation of what our technology 
provides in greatest abundance.Per
sonally, I am in no doubt about it. 
And this carries a certain implica
tion for the scientist who claims 
~~neutrality" for his work. The evi
dence is very strong that if there 
are humanly destructive (or exploi
tatively profitable) potentials in 
the work, these will be developed 
rapidly, with a concentration of 
resources. Beneficial, but unprofita
ble, potentials will be let languish. 
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Thus the responsibility for the use 
made of the work is really a good 
bit clearer. You know what will be 
done with your work. If you give a 
gun to a known homicidal maniac, 
you can't very well disclaim re
sponsibility when he shoots some
one. It would be pretty surprising 
if he used the gun as a gardening 
tool. The existing power structure 
is like a homicidal maniac. There is 
another aspect of these ideas which 
deserves consideration. This is the 
ability of their existing power 
structures to pervert beneficial or 
harmless inventions for their own 
ends, converting them into means 
of doing great harm. The Green 
Revolution, with the miracle grains 
which were developed by Minneso
ta's only Nobelist, Borlaug, pro
vides an example. A higher-yield
ing grain is undoubtedly a benefi
cial introduction for the world's 
hungry people. In India, the Green 
Revolution has benefited India's 
(and America's) wealthy, at the 
expense of the poor. Characteristics 
of the culture of the miracle grain, 
coupled with the economics of the 
power structure, have brought 
about this seeming impossibility. 

The miracle grains require water 
at specific times during their 
growth, or they will wither; hence 
irrigation and wells, not chance 
rainfall, must be provided. They 
also require fertilizer, and seed 
grains must be purchased each 
year, the crop cannot be used for 
reseeding. They require chemical 
protection from insects and fungi, 
for they are not adapted to resist 
pests of the area. All of this re
quires financial capital - which 
the peasant farmers don't have. 
Moreover, if you are going to in
vest in the green revolution, it is 
advantageous to ~~mass produce" -
that is, cultivate mechanically over 
as much land as possible, so as to 
prorate the large capital costs over 
a large return. 

Finally, with water and fertilizer 
laid on, formerly unproductive 
land, or marginal land (which had 
been left to small farmers for fami
ly crops) becomes profitable. Given 
this set-up, and the existing distri-

bution of power, the results were 
predictable: Wealthy farmers 
forced the small peasants off their 
land, and have consolidated their 
acreages into huge factory farms -
an acceleration of the same process 
which has been going on in the 
American Midwest since 1920. The 
former small farmers, who had 
barely eked out an independent liv
ing, now swell the teeming cities 
where there is no work for them; or 
they become agricultural laborers, 
for lower earnings and a more mi
serable life than before. 

On the other hand, American 
fertilizer and chemical interests 
have reaped a bonanza. In the mid-
60's, the Congress Party of India 
nearly lost political control of India 
over the issue of whether the 
American consortium organized by 
International Minerals and Chemi
cals would have 51% (as they 
wanted) or 49% (as many Indian 
politicians demanded) of the new 
fertilizer production plants. 
~~whoever controls this operation 
has a gun at India's belly," it was 
said. Pesticide control, also impor
tant for the miracle grains, is an
other point of entry to economic 
colonization by American chemical 
giants. Farm machinery has given 
Allis-Chalmers Co. part of a finger 
on the trigger of the gun at India's 
belly. 

In short, the ((technology" of the 
miracle grain fitted its use to a cer
tain pattern, given the economic 
and political power structures into 
which that technology was injected. 
I derive another ~(idea" from this! 

The greater the concentration of 
resources involved in some new 
technology, the harder it will be for 
people to control it democratically, 
and the more likely it will be con
trolled by existing men of power, 
and be used for their benefit. From 
this, I can make certain predic
tions, for example, about genetic 
engineering, in vitro embryo uttur
ance, and what some enthusiastic 
(but naive) biological scientists 
have termed ~(a revolution in con
trolled human evolution" will in 
fact be controlled by those who now 
control the wealth and power of the 
world. Ordinary people should op
pose genetic engineering, and sabo
tage its development by all means 
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possible, not because ~~there are 
still too many unknowns," or ~(the 
values by which we would decide 
how our species should change are 
too subjective" and the like, al
though some may see these, too, as 
valid reasons. But the real reason 
for sabotaging genetic engineering 
is that those in power will use its 
techniques as another and more 
powerful means of social control. 
Come to the National Center and 
have your genes manipulated for 
finer, longer-lived offspring! They 
satisfy (us). 

I have been fairly negative in 
the above discussion. One conclu
sion that might be drawn from it is 
that scientists and technicians 
ought to quit - to refuse to serve, 
since there is every likelihood that 
whatever they discover, invent, or 
contribute to will be used to injure 
and exploit, rather than to serve 
and delight, the vast majority of 
mankind. 

In fact, I pretty much do think 
this is the case for certain kinds of 
research. All research paid for by 
the Defense Department has a di
rect and immediate military func
tion. It would not otherwise be 
funded. The engineering professor 
here is studying aerodynamic prop
erties of spheres in UM's windtun
nels - what application will his 
air force-funded discoveries have? 
The same application they already 
have had: to improve the fuze per
formance and scatter pattern of 
Honeywell's fragmentation bom
blets and mines, which are small 
spheres. The electrical engineering 
professor who is doing a mathe
matical analysis of information 
processing arrays involving ther
mal receptors - what application 
will his Advanced Research Proj
ects Agency (DoD)-funded- knowl
edge have? It will help Honeywell 
to develop its infra-red line-scan
ner, a part of the night observation 
sensor-feedback mechanisms for 
the automated battlefield. The mil
itary doesn't buy anything that 
doesn't help it to kill and control 
better. 

There is considerable point to a 
sort of ((research strike" which 
would amount to total refusal to do 
any research for the military and 
for corporations which are develop
ing ever more destructive (and 
profitable) devices for their captive 
market, the state. Some M.I.T. sci
entists tried to organize such a 
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strike .in 1969. Everywhere - es
pecially here - it was co-opted by 
liberals, who made it into a one
day publicity gag; eta day to discuss 
the issues." Here, they called it 
~(Radioactive Daisy Day" instead of 
Strike. But the M.I.T. scientists, 
now joined by others, mainly at 
Chicago, Berkeley, Harvard, and a 
few here, are sticking with the 
original idea. They formed an or
ganization called Scientists and 
Engineers for Social and Politican 
Action (SESP A), which publishes a 
newsletter and keeps members in 
contact with one another. SESPA 
has a ((daughter" organization, Sci
ence for Vietnam, a chapter of 
which was organized on UM's cam
pus by Val Woodward, professor of 
biochemistry. 

SVN has done more laboratory 
research than SESP A. Its members 
have investigated the cytogenic, 
teratogenic, and genetic effects of 
the chemicals (defoliants and gas
es) used in Vietnam; they have 
done ecological studies of the war's 
effects. These studies aim at find
ing remedies. SVN members are 
working on- and have promising 
leads to - a device which will de
tect plastic fragments in human 
flesh. This was specifically request
ed by (North) Vietnamese medical 
personnel, because other American 
researchers (at Honeywell) have 
developed plastic fragmentation 
bombs. Wounds made from the 
plastic fragments are especially 
hard to treat, since the fragments 
cannot be detected by x-ray. How
ever, radio-xerography, an unused 
process first developed by Xerox, 
Inc., and re-discovered by a UM 
woman science student, offers 
much promise. SVN organized a 
session at the recent American In
stitute of Biological Sciences an
nual meeting in Minneapolis, and 
presented papers on their work. 

In certain respects, SVN's word 
provides some idea of what ((science 
for the people" might be - no one 
is exactly sure about this, at pre
sent. SVN's work is ((neutral" in 
the sense claimed by most re
searchers - that is, it is knowl
edge derived from study of the 
working of some aspect of nature, 
not derived from wishes or ideolo
gy. And it can be used by ((anyone" 
who is being bombed with plastic 
fragmentation bombs. Or anyone 
whose land has been devastated 
with more than 6,000,000 bomb 

craters. Or anyone whose popula
tions have been exposed to massive 
repeated doses of defoliant chemi
cals. The SVN's young scientists 
have chosen to select their research 
problems to fit the needs · of poor, 
powerless victims, rather than to 
fit the needs of rich, powerful ag
gressors. This is a choice not very 
many scientists make. You certain
ly are not going to get DoD or in
dustrial sponsorship for it, and if 
your employer is a university, you 
are likely to find yourself fired on 
grounds of Hchanging academic 
roles and objectives," a provision 
the new Tenure Code sets up for 
this university's administration to 
use to get rid of whomever it wish
es. 

In general, these are the criteria 
someone can use to decide what he 
wishes to do with the knowledge 
and skills he acquires. He can ask 
himself for whose benefit is this 
knowledge or technique likely to be 
used? Who will profit from it? Who 
will pay for it, or be hurt by it? In 
general, too, he will be able to tell 
if he has rightly understood how to 
ask those questions and apply 
them to determining a line of work. 
If his line of work is richly reward
ed, he has not put the question 
right. If he faces a lot of opposition 
from the wealthy and powerful, 
and their agents, who run most 
educational institutions - if he 
doesn't gain status, prestige, and 
praise from them - he can be pret
ty sure he is on the right track. 

But the idea of eescience for the 
people" is still a rather a new one. 
It is vague, because science has 
usually claimed to be ((for the peo
ple," at least once it moved into the 
Establishment limelight, and be
gan to be multibillion dollar busi
ness, funded by taxpayers. One 
idea which seems to me to be an 
intimate part of ((science for the 
people" is a kind of science and an 
associated technology which allows 
the people to define their own 
needs. We do not have this now 
(the marketplace defines (~needs") 

and we do not have very good ideas 
about how to institutionalize such 
a science, in the way that ((science 
for big business and war" have 
been institutionalized. However, it 
will come. 
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• 
What do you call two stereo 

systems that have identically the same 
insides, but not the same outsides? 

Well, you call one a Sylvania compact 
stereo system. It's stacked and compact with tuner I 
amplifier, turntable, and tape player all in one unit. 

And you call the other a Sylvania component stereo system. Each unit is sepa .. 
rate so you can spread it around any way you want it. 

Inside, though, they're the same. Both have an RMS rating of 12.5 watts per 
channel (20 watts IHF) with each channel driven into 8 ohms. There are identical 
PETs, ICs, and ceramic IF filters in the AM Stereo FM tuner I amplifiers. Both offer 
the same switchable main and remote speaker jacks, headphone jacks, aux jacks, tape 
monitor, and built--in matrix four.-channel capability for the new quadrasonic sound. 
The turntables are Garrard automatics with magnetic cartridges and diamond styluses. 
The 4 ... track stereo record/ playback cassette decks are the same. And both air ... suspen-
sion speaker systems contain two 8--inch woofers and two 3--inch tweeters. 

So if they're the same, how come they're different? 
Because different people want the same great stereo sound different ways. So 

we give it to them. 
Come on down to your Sylvania dealer's for·a look and a listen. 
Then you can pick the shape you want as well as the sound you like .. 

I 

Sylvania Entertainment Products Group, -Batavia, N.Y. 







The true value of a sewer pipe is not just the 
price of having it delivered and installed. It's 
also the price of repair, replacement and 
maintenance once that pipe is in the ground. 
For as long as it's in the ground. 

Professional specifiers know the true value of 
sewer pipe from experience. They know that 
the least costly pipe is the one that gives the 
most dependable, trouble-free service. And they 

know Dickey clay pipe has a field-proven 
record for doing just that. 

When you compare all the costs, Dickey clay 
pipe is the wisest investment for your next 
sewer project. Simply because, in cost per 
years of service, it's dirt cheap. 

w.s.~ ·--~~~ 
~Clay Manufacturing Company 

Post Office Box 6, Pittsburg, Kansas 66762 
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hat e Think 
What this magazine thinks, feels, and 
says. This month we have a statement 
of purpose, as well as an examination 
of our own political implications and a 
look at the IT nutritional crisis. 

ur ext risis Part II: Is 
Solar ower ur 

NO.2 

Savior? by scott Wattawa 

A discussion of solar power as the sol
ution to our impending energy crisis. 

Flash by Dessima Williams 

What research about lightning is being 
done in Minnesota. 

s the orld 
Turns by David V. Huntsberger II 

How our world keeps changing through 
dynamic and constantly active forces. 

Predicting the 
Future by Elizabeth Weiner 

A method of accurate election forecast
ing thats being taught here at the uni
versity. 
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What We Think 
Strangely Vocal, Strangely 
Silent 

The reaction to the October issue of Technolog 
seen1s to be strangely muffled. We have received 
many verbal comments, as the professional, 
semi-professional, and strictly amateur ~tex
perts" have given us the expected dosage of ver
bal criticism. They gave us plenty of helpful 
suggestions and free advice. I just wish they 
would take the time to write it down. 

Twice the Power 
The two-part series dealing with our nation's 

energy crisis is being expanded into a four-part, 
monthly series. The reason for this extension is 
simple; you, the reader, ought to know about 
this situation. 

To realize that there is an energy crisis upon 
us is education in the fullest sense of the word. 
At the Technolog, we feel thats the least we can 
do for you. 

You Can Fool Some f 
the Editors Some f 
the Time II II m 

Since the elections are upon us (or more ac
curately, over us), political sensitivity and ten
sions have now reached a fever pitch. So intense 
is this awareness, that during each autumn of 
every year divisible by four, the American peo
ple go a bit haywire and read politics into ev
erything they see. This strange epidemic also 
seems to have hit the readers of the Technolog. 

Politics is usually a one-sided business, as 
you are concerned solely about the side that you 
support. Perhaps it was not appropriate for the 
Technolog to present Paula Giese, in the month 
of October, with her opinion. We can now see 
how somebody could easily take issue with the 
Techno log's ~~hands off' statement at the begin
ning of her piece,

1 
and take a simple journalistic 

courtesy as a deep political statement defining 
our official position. The fact that we don't have 
any position, official or otherwise, is a mere 
detail. Since it was October, of 1972, somebody 
was bound to scream, ~~Politics!" 

An axiom that journalists have to remember 
is; the public reads what it wants to read. Cou
pled with that statement goes; they also make it 
sound the way they want it to sound. Its appar
ent that some of our readers have very active 
in1aginations. 

2 
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ne ore Time! 
The paid political advertisment for George 

McGovern, that appeared in the October issue, 
seemed to arouse some of our Nixon readers. 
The Technolog is somewhat at fault here, be
cause we did not spell out in bold lettering that 
this was indeed a paid political advertisment. 
However, the assertion made by some people, 
that the McGovern ad was in fact an official 
statement coming from the Technolog, is asi
nine. The fact that there were no bylines, head
ings, or anything else to indicate that it was an 
article or editorial, and the fact that it ·was lo
cated in an advertising ~section', (surrounded by 
other ads) is not clear enough to some people. 
The very fact that the McGovern ad was run at 
all would have made some persons scream, 
though I wonder how many of those same people 
would have complained if the ad had been for 
Richard Nixon. 

So now, for those of our readers who need to 

Minnesota Technolog, 



have things clearly spelled out; the Technolog 
does not, did not, and never will, endorse any 
candidate, from any party, for any office, in any 
election. And looking at this years selection 
h ' ' t at s a very easy statement to make. 

Confrontation 
Acting as the conscience of IT, we feel obligat

ed to confront the entire community with the 
most vital question of the day. The very surviv
al of the students depends on the remedying of 
this situation. For some of us, it is a matter of 
life and death. The question, , of course, is the 
food crisis. Why isn't there a single food-dispen
sing, or candy-dispensing machine in any of the 
IT buildings? 

IT students are a dedicated group. With the 
university being such an enjoyable and stimu
lating place to be, its natural for the IT students 
to remain there and work long hours into the 
night. During this time, they need some nour
ishment. The bookstore only compensates for 
this need until 4:30. After it closes, the IT stu
dent is trapped. He has to go outside to get any
thing to eat, and on rainy, snowy, or cold 
nights, its a real inconvenience to even cross the 
street, much less walk to Coffman and back for 
some ~efood." Despite such tempting morsels as 
delectable Stewart sandwiches, recycled hot 
dogs, and Tootsie Rolls, many of the students 
object to having to take the hike. We think they 
have an adequate beef. 

After Coffman closes up, the student really 
has to struggle, as IT has only milk and ~esoda 
with luck" machines. These machines are also 
known to take frequent vacations from work. 
Anyway, you can't get much satisfaction from 
drinking cokes and chewing the ice cubes, so for 
the good of the IT student, we demand that 
something be done about this situation. 

Of course, I'm speaking for the average IT 
man in the hall. Personally, I don't mind trudg
ing over to Murphy or to Coffman for a candy 
bar. I'd walk a block for a Caravelle. 

Robert Pirro 

From the Top 
The Minnesota Technolog, I am convinced, 

possesses unusual potential as a collection point 
for journalism excellence, as a vehicle for the 
education of publishing and as an influential 
voice of responsible leadership within the Uni
versity community. 

I am also of the opinion that the Minnesota 
Technolog has, during the past few years, ad
vanced cautiously toward a realization of that 
potential, although it has by no means arrived. 

It is an interesting phenomenon that the 
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quality of the Minnesota Technolog as a whole 
has a tendency to adopt the level of the audi
ence for whom it is written. Only by keeping 
foremost in the minds of our editors and writers 
the idea that the people who read the Technolog 
are interested in coverage that is intelligent and 
serious will the Technolog ever achieve the po
tential of which it is capable. 

In striving for such an audience a number of 
things must follow: It means that the Technolog 
becomes not merely a student magazine, but a 
magazine that serves and attracts the interest of 
all segments of the Institute of Technology and 
the surrounding community. It means that the 
definition of the magazine changes. The Minne
sota Technolog can and should assume that all 
of its readers are seriously interested in their 
education and how it effects their future. 

I feel it is only fair, in protecting the readers 
of this magazine, that I describe my own princi
ples and beliefs that guide my thinking about 
magazines- about what should go in them and 
who should put it there. 

My first prejudice is optimism - that man 
has the ability to improve the quality of his life. 
How will this optimism show in the magazine? 
By presenting alternatives. A magazine must 
search out understandings and new perspectives 
on issues that open the way to corrective ac
tions. And a magazine should provide the infor
mation, commentary, and explanation that con
tributes to making those actions informed, rea
sonable and just. However, this does not mean 
that the Technolog should ban articles that re
flect strong emotional commitments. What it 
does mean is that the Minnesota Technolog will 
present a balance, equalizing strong opinions 
with opposing views. 

The basic criteria to be used when considering 
any piece will be: Is it honest? If this criteria is 
met successfully, we decide if the article ··has 
succeeded in what it set out to do- to commu
nicate. The final standard is whether the article 
has sufficient reader interest, journalistic quali
ty, and is in good taste. 
These are not easy ideals to live up to, but we're 
confident that we'll succeed. 

Bruce N. Wright 

Please address any comments you might have 
to: Editor, Minnesota Technolog, Rm. 2, M.E. 
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BFIRun rG 1ooo sTEREo TAPE oecK 

The TG 1000 operates in any posi
tion, it has a space for a fourth head 
in its plug-in head assembly. The 
additional head can be used as 4-
track play back head, as 4-channel 
play back head or be used for slide 
synchronizing. There is a remote 

. control unit TGF3 available for 
all functions. - All US-plugs. All 
headphones with impedances from 

: 5-2000 ohms can be driven to full 
·volume. Sound on sound; echo; 
, tape monitoring are provided. The 

counter has 4 digits, and the unique 
new TB 1022 low noise, high output 
tape eliminates the need for 10.5" 
reels: The TG 1000 holds 3300ft.of 
tape on its 8 3!4 11 reels. The tape drive 
with the electronic tension control 
is so gentle and foolproof that even 
triple play tape may be used. The 
built in cable driver and the wide 
dynamic range input circuitry per-

. mit flexibility at the interfaces to 
amplifiers and microphones. The 
level meters are peak reading for 
fast response. The robust construc
tion is very compact and fully modu-
lar. All circuitry is silicon solid state. 

PERFORMANCE: 
Frequency response: (minimum) 
(ace. to DIN 45511)** 
20-25,000 Hz @ 7% ips ± 2.5 db 
20-15,000 Hz@ 33/4 ips ± 2.5 db 
20- 8,000 Hz @ 1 ~8 ips ± 2.5 db 
Signal to noise ratio 
(DIN 45505/2.1) **:(two track) 
60 db@ 7% 
60 db@ 33/4 
57 db@ 1 ~8 
Distortion at "0" db (DIN 45405) 
VU- meter reading: 
0.6%@ ?V2 
0.7<% @ 334 
0.8o/o @ 1 ~8 
Wow and flutter: 
(DIN 45507). ** 
<0.05% @ 7% 
<0.09%@ 3% 
<0.25%@ 1% 
Rewind time: 90 sec for 3300 ft 

FEATURES: 
3 motors (one brushless de-servo 
motor, 2 ac-servo motors) 
3 speeds (7%; 33;4; 1 ~a) 
2 track or 4 track 
3 or 4 professional heads 
(chevron-technique in 2 track 

Electro-mechanical brakes for fast 
smooth action 
Pre-adjusted plug-in head assembly 
Modular construction and all silicon 
circuitry 
All functions relay controlled and 
solenoid actuated 
Remote control unit for all functions 
(optional) 
Prepared for 4-channel playback 
(optional) 
Noisefree "pause" button for tape 
editing 
Built-in tape splicer, 4 (2) input 
mixer, 4-digit counter 
Feather-touch pushbuttons, fully 
fool proof 
Multiplay and "off the tape" 
monitoring 
Built in cable driver (1 volt, 
600ohms) 
Slide synchronizer (optional) and 
adjustable head phone output 
Ultra-compact robust construction 
(17.711 X 12.611 X 5.3 11

, 44 lbs) 
Drive and brake system allows use 
of triple play tape 
Operation in any position 

version) **DIN is the tight conservative 
Electronic tape tension control on German rating system, by 
both reels US-standard specs would improve. 
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AUDIO SYSTEMS AND I SERVICE I 

1501 University Ave. SE 
331-7033 

901 Washington Ave. SE 
331-6923 
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s fossil fules steadily dim
inish, alternate methods for 
energy production must be 

loped. The University of 
Minnesota and Honeywell were 
awarded a $446,000 grant from the 
National Science Foundation to 
begin research on developing com
mercially feasible methods of using 
solar energy to get electricity. Re
gents Prof. of Mechanical Engi
neering, E. R. Eckert, is directing 
the technical aspects of a two year 
project that hopes to construct a 
small ten mega-watt pilot plant to 
demonstrate the commercial pro
duction of electric power from solar 
power. If 20 percent operating effi
ciency of solar power plants can be 
achieved, the cost of electricity will 
be about two to three times the 
present electric rates. The projected 
cost of fossil fueled electric power 
generation by the late twentieth 
century will be three to five times 
greater than present electric rates. 

Unlike present methods of ener
gy production, solar power promis
es to provide a virtually pollution
free method of generating power, 
provided enough collectors are 
built. Uninhabited land masses 
such as deserts, with little rainfall, 
sunny weather, and less pollution 
to interfere with incoming solar 
rays, would provide an ideal loca
tion for the construction of ~(solar 
farms" of collectors. However, 
many technological improvements 
must be made on existing solar 
collection devices before the con
cept will become commercially fea
sible. 
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by Scott W attawa 

As presently conceived, the solar 
power plant will consist of three 
basic units: One for concentration 
and absorption of solar energy, a 
second for energy transportation 
from the collection devices to the 
power plant and storage facility, 
and finally a facility for storing 
energy during periods of no sun
shine. All three units are currently 
being developed by the University 
of Minnesota and Honeywell in a 
joint endeavor. The collection de
vices will be trough-shaped para
bolic mirrors that will concentrate 
the suns rays on a specially coated 
circular (heat pipe' lying along the 
axis of the mirror. This coating, 
being developed by Honeywell, will 
be particularly effective in the 0.2-
2 micrometer range - the suns 
most prominent visible and infra
red wavelengths. Some energy will 
be lost from re-radiation of the 
heat pipe. As a hot body the heat 
pipe will radiate away energy in 
random directions to the environ
ment by a process of blackbody 
radiation. The high factor of ab-
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sorption is thus offset by re-radia
tion in accordance with one of Kir
choffs laws, ((a body that absorbs 
much, emits much." Honeywell 
hopes to develop a coating that will 
maximize incident energy absorbed 
while minimizing blackbody re-ra
diation of heat. 

One proposal is to trap re-ra
diated energy by surrounding the 
heat pipe with a special glass enve
lope that will be transparent to 
higher wavelengths of light but 
opaque to the lower wavelengths. 
Thus, utilizing the (greenhouse ef
fect' to trap more energy, the over
all absorption factor will be in
creased. However, a good coating 
that will achieve high efficiency 
and yet last at least twenty years 
has not been developed. Further, 
highly reflective surfaces that will 
maintain a mirrored surface over 
long periods of time and varied 
weather conditions have not been 
developed. 

The heat pipe itself is a sealed, 
hollow tube containing a fluid 
which absorbs the greatest amount 
of energy from a phase change 
from a liquid to a vapor state. The 
vaporization point of the liquid to 
gas should be around 300-
5000 Centigrade, which is the best 
operating temperature range for 
commercial heat tubes. Solar ener
gy would warm the heat pipe until 
the liquid became a gas. The gas, 
in turn, would be transferred by 
pressure to an energy transport 
loop. There it would transfer ener
gy by condensation and then re
turn to the heat pipe as a liquid by 
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flowing down a gradient or being 
transported by capillary action. 
The cycle would be continuous, 
constantly transferring heat to the 
energy transport loop. Design prob
lems on the size, composition, and 
working range of temperatures of 
the heat pipe are another task that 
researchers hope to solve. 

Also, the type of liquid that 
could be used would critically af
fect the efficiency and working 
te1nperature range of the heat pipe. 
If water is used, the critical tem
perature of the heat pipe could not 
exceed 374.1° Centigrade, and high
er temperatures would require liq
uid metals or salts. Water, howev
er, has the advantage that heat 
exchanging interfaces between the 
heat pipe and the team driven tur
bines would be eliminated, thereby 
increasing efficiency. Again, re
search is needed to determine the 
best type of liquid, the best operat
ing range, and the heat exchange 
mechanisms. 

The transfer loop will transport 
the energy lost from condensation 
in the heat pipe to the power plant 
itself. The important components of 
the transfer loop are; a heat ex
changer at the heat pipe, a medium 
to transport the thermal energy to 
pipe lines, heat exchangers which 
interface the power plant and the 
thermal storage unit, and the 
pumps to circulate the medium. 
The usage of water as a medium to 
transport thermal energy through 
pipe lines could eliminate heat 
exchangers at the heat pipe or the 
power plant, depending on the best 
design. Water is also cheap, has a 
high latent heat of vaporization, 
and has good heat transfer charac
teristics. The heat pipe could also 
be connected to a unit containing 
special salts that would melt from 
the heat of the hot gas and flow to 
another convenient place. Later the 
salts would resolidify, and give up 
energy that could again be used to 
vaporize water to steam, and drive 
turbines. Salts have the advantage 
that they can store much more 
heat per volume than gases or liq
uids. The transport types would 
have to be insulated against exces
sive heat loss to the environment. 

Because solar energy is not con
tinuously available, some method 
of energy storage has to be devel
oped to provide power in times of 
little or no sunshine. To date, no-
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Effect of the heat pipe coating; to maximize 
absorbed incident energy and minimize ener
gy loss. 

Heat pipe enclosed by glass envelope, with 
parabolic mirror. Unit rotates to collect sun's 
rays. 

Above, Cross section of solar collector 
showing heat pipe enclosed by glass 
envelope, with parabolic mirror. 
Below, Heat pipe entering the heat exchange 
unit. 

thing has been developed that can 
store large quantities of electricity. 
The excess solar energy would 
have to be stored in a thermal con
tainer. Steam from the transfer 
loop would be bubbled through a 
tank of liquid water allowing direct 
-contact heat transfer between the 
vapor bubbles and the liquid. The 
pressure and temperature of the 
water would increase until the crit
ical saturation temperature is al 
most reached. When extra power is 
needed, the pressure in the bottle 
could be lowered, thereby allowing 
flash vaporization to suddenly cre
ate steam under a lower pressure. 
This steam could drive convention
al ·turbines. Alternately, a solid 
liquid phase change of salt or met
als could also be used. The ~bottle' 
would operate at increased temper
atures and pressures, and would 
have a higher thermal storage ca
pacity per unit volume as well as a 
constant operating temperature. 
However, special heat exchangers, 
variance in volume in liquid to sol
id phase changes, and mechanical 
stresses on the bottle, are only a 
few of the research problems of the 
thermal bottle. 

Overall, one such solar power 
plant would need half a million 
mirrors. If the United States were 
to convert to solar power exclusive
ly, one five-hundredth of the land 
mass of the United States would 
have to be devoted to solar collec
tion mirrors. Undoubtedly, solar 
power will constitute some fraction 
of the energy demand in the fore
seeable future. Pollution-free solar 
power will be available to any re
gion that has a reasonable number 
of sunny days and the technology 
to ~put it all together.' The project 
is scheduled for at least two years 
with an eventual model pilot plan 
to be operating within the next few 
years. Research may change many 
of the preliminary designs, but sci
entists at the University and Hon
eywell feel that the technical diffi
culties can be overcome in their 
intensive project to commercially 
exploit solar energy and foresee as 
yet no major technical difficulties. 

editors note: This is the second in a 
recently expanded four pare series 
dealing with our nation's future 
energy needs. Subsequent articles 
will deal with other possible alter
natives, such as fission and fusion. 
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EVERY ARTIST NEEDS 

315 14th Ave. S.E. 331-6864 3018 Lyndale Ave. S. 827·5304 

Emp hook? 
Try our line! 

(612) 888-7981 ex® 4 
Donaldson, located in the sports and cultural center 
of the upper midwest, is searching for engineers and 
scientists to meet the ever-increasing needs of our 
clients. Today's noise reduction and air filtration 
problems must be solved and we at the Donaldson 
Company have been providing these answers for 
over 50 years. 
We need people who have a respect for a challenge, 

Call or write John Raplinger, Personnel Division 

donaldson 
Donaldson Company Inc. 
1400 West 94th Street 
Minneapolis, Minnesota 55431 

612/888-7981 
Cable DONUS 

"An Equal Opportunity Employer" 
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During the last ten years the 
population of this great land 
NSP serves grew by close 
to 21%. 
The Dakotas, Minnesota and 
Wisconsin also rank high na
tionally in terms of economic 
growth. 
It's a great place to live and 
work. 
And we at NSP are dedicated 
to keeping it that way ... and 
at the same time fulfilling our 
responsibility to supply your 
power neecls. 

a brighter life for you 
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by Dessima Williams 

Users of Highway 280 are proba
bly familiar with the sight of a 
World War II bomber, parked 
alongside the Lighting and Tran
sient Research Institute (LTRI). 
Contrary to popular belief it is not 
mere added attraction to the Insti
tute itself, but serves as a receptor 
of up to 200,000 amperes (amps) of 
man-made lightning strokes. Al
though it is a classic piece of the 
Dayton Ohio Air Force collection, 
it remains in Lauderdale, aiding in 
the extensive and valuable re
search that is being carried out by 
LTRI. 

John D. Robb, associate director 
of applied research, explained that 
LTRI is primarily concerned with 
the protection of aircrafts in flight 
from lightning strokes. To provide 
accurate evaluations and dependa
ble suggestions, L TRI employs the 
use of a powerful ~~DC" 8 machine 
that generates as much as 3,-
000,000 volts of electric current, 
which in turn produces up to 200,-
000 amperes of lightning strokes. 
The lightning is channeled 
through to model aircrafts, certain 
aircraft parts, and not quite as of
ten, to the unused aircraft outside 
the building. (During this highly 
electrical experiment, when the 
lightning is actually triggered, the 
researchers secure themselves be
hind fiberglass walls to avoid con
tact with possible sparking or ex
plosion.) After the shortlived light
ning period, work begins on the 
evaluation of the lightning strokes. 
LTRI produces the same kind of 
lightning that is seen in summer 
during thunderstorms, and is called 
heat or sheet lightning. There are 
three major components of this 
kind of lightning. First, there is 
the high current return stroke 
which can emit as many as thirty 
strokes in a second, producing cur
rents as great as 200,000 amperes 
of lightning strokes. All of this can 
happen within a millionth of a sec
ond, resulting in severe acoustic 
shock waves and sparking in poor-
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Photos by Kevin Strandberg The Light and Transients Research Institute. 
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ly conducting airplane surface 
joints, resulting in severe explo
sions. Secondly, there is the lower 
current discharge which can con
tain high energy (and may produce 
higher gas pressures by vaporizing 
of materials) and is fairly danger
ous to structural sections of the 
aircraft. Thirdly, there is the low 
current discharge, occurring at 
about 100 amperes causing metal 
erosion and aluminum skin burn
ing in the aircraft. 

LTRI, formally attached to the 
University of Minnesota, but now a 
non-profit contract research pro
gram, concerns itself with these 
and other possible lightning dam
ages to aircrafts. With a reported 
small percentage of one stroke of 
lightning per aircraft per year, one 
wonders why the need for research 
at all. However this figure is only 
of damages severe enough to merit 
mention and repair. Aircraft-light
ning accidents probably occur two 
or three times as often as reported. 
Most damage is not costly or diffi
cult to repair, but all damage cer
tainly deserves concern. Perhaps 
aircraft protection can be · broken 
down into safety of flight and 
maintenance, the former requiring 
definite protective measures, while 
the latter often becomes accepted 
damage that is eventually re
paired. 

Apart from evaluating the actual 
lightning strokes itself, and analyz
ing the damage incurred to air-
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crafts, the researchers at the LTRI 
provide actual suggestions towards 
necessary protective measures. One 
such suggestion is the use of a thin 
sheet of aluminum foil along with 
fiberglass to be used over those 
parts of the aircrafts that are high
ly susceptible to lightning strikes, 
such as the nose radome. 

During an interview at the re
search center, Robb said that he 
felt that present day research ef
forts are not only pertinent to the 
safety of immediate air traffic, but 
that the future of aviation safety 
depends on what is being re
searched now as such findings 
become more and more applicable 
to aircraft safety. He referred to 
the highly controversial SST, say
ing that it is receiving much of the 
illogical arguments that were put 
up against the Boeing 707 (aircraft 
and airline bankruptcy, and engine 
trouble). Robb felt that the major 
thrust of such research leaned to
wards first securing the safety of 
new metal and non-metal aircrafts, 
and then the maintenance and 
improvement of radio systems in 
the aircraft. 

In saying this, the associate di
rector showed great perception to 
the future, for already, in keeping 
astride with rapidly advancing 
technology, the aircraft industry is 
utilizing newer materials such as 
boron and granite composites, ti
tanium and stainless steel. Unfor
tunately, even very low energy 

Left, above, Capacitors strung together 
for storing electrical charges. 

Above, Transformer and insulator. 

strikes on these insufficiently pro
tected materials can produce signif
icant damage. An even bigger shift 
is towards plastic, and already 
there is talk of complete plastic 
aircrafts! 

Before we can be flown around 
the world in plastic shells, LTRI, 
probably the most authpritative 
institute of its kind today, will 
have to exert much more effort into 
researching better lightning stroke 
resistance, along with the best pos
sible protection and repair for this 
lighter non-metal material. 
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by David V. Huntsberger II 
By 1850, Astronomy, Physics, 

Chemistry, Biology, Medicine, and 
Geology were important sciences. 
Every major country of the world 
had its universities, laboratories, 
and observatories where vast 
amounts of research was conducted. 

In 1910, a young German meteo
rologist named Alfred Wegener 
noticed that the east coasts of 
North America and South America, 
and the west coasts of Europe and 
Africa, were so similar that they 
could be cut out of a map and fit 
together: North America against 
Europe; and South America against 
Africa. A while later he found pa
leontological evidence of a former 
land connection between Africa and 
Brazil. In 1915 he published a rev
olutionary theory that the Ameri
cas and Europe-Africa had once 
been part of the same continent. 
He called it the ~(Continental Drift 
Theory", and it caused a storm of 
controversy that raged until Wege
ner's accidental death in Greenland 
in 1930. The Continental Drift 
Theory almost died with its foun
der. 

By 1930 thousands of maps had 
been sacrificed to geologists' scis
sors and patiently reglued in doz
ens of fanciful forms. When Drift 
Theory died, it wasn't completely 
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forgotten. Here and there, masses 
of evidence in its favor quietly 
began piling up. The next major 
clue came from the earth's magnet
ism. 

Many common rocks are magnet
ic enough to be measured. The 
most important of these being bas
alt, the dark rock from volcanoes, 
basically can be found all over the 
world from all periods of geologic 
history. Volcanic lava has no mag
netic field while in its liquid state, 
but becomes magnetic when it 
cools. This newly acquired magnet
ism is caused by and is exactly 
parallel to the earth's magnetic 
field at the time of cooling. As long 
as the resultant basalt remains 
cool, uneffected by weathering, and 
is not struck by lightning, it's 
magnetic field will remain un
changed for millions of years. 

Magnetic fields of granite and 
basalt have been measured since 
1906 but only in the last 20 years 
has a pattern developed. Rocks of 
the same age from the same part of 
the earth have identical magnetic 
fields, but these fields are seldom 
aligned with the earth's current 
magnetic field. 

This was an irritating problem. 
Geologically, the magnetic rocks 
they had measured had been 

undisturbed since their formation. 
Either the earth's magnetic poles 
or the continents containing the 
rocks had moved. 

Paleontology provided more evi
dence of some form of continental 
movement. There are coal seams in 
Antarctica, coral reefs in Canada, 
and glacial debris in Brazil, South 
Africa, and Australia - all evi
dence of past climates, which were 
very different from the present 
climates at those localities, yet 
world-wide average climate has 
remained unchanged. 

1957 and 1958 were proclaimed 
International Geological Years and 
devoted to international study of 
the earth and space around it. IGY 
was the year of the first satellites, 
as well as major explorations of 
Antarctica and the ocean floors. 
The earth was studied more thor
oughly than ever before. The Mid
atlantic Ridge was discovered, sea 
floor trenches were sounded, and 
samples of bottom sediments were 
taken. The year produced a burst 
of geophysical exploration that still 
hasn't subsided. 

In the years since IGY, geolo
gists, physicists, chemists, oceanog
raphers, and astronomers have 
redoubled their efforts to under
stand the earth. Gradually it be
came obvious that our planet is far 
more dynamic than anyone had 
ever dreamed. It also became ob
vious that Alfred Wegener had 
been right. 

The idea that the continents are 
moving takes a little getting used 
to, but the mechanism of their mo
tion is even stranger. 

The outermost hundred miles of 
the earth is not a solid unit, but is 
an assembly of about a dozen 
pieces called lithospheric plates. 
These plates are in constant mo
tion. The interaction of their 
boundaries causes all of the earth's 
volcanic activity and earthquakes. 

Centers of lithospheric plates are 
relatively calm; they merely float 
peacefully on top of the earth's 
deeper interior. Plate edges aren't 
nearly so peaceful. Some plates 
merely slide against one another at 
a rate of an inch or so a year. One 
such boundary exists between the 
Pacific Plate and the American 
Plate; a portion of it is called the 
San Andreas Fault. As long as the 
plates slide smoothly nothing hap
pens, but if a portion of boundary 
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gets stuck, pressures build up until 
something breaks with the result 
that the size of California might 
move six feet in one minute. Such 
movement expresses itself to the 
world as an earthquake. 

If lithospheric plates slide 
against one another in one part of 
the earth, they must be moving 
apart somewhere else. When two 
objects a hundred miles thick move 
apart, one would expect to find a 
hundred mile deep chasm. S~h 
chasms are never found. Fortunate
ly when two plates move apart the 
earth immediately fills the gap 
with fresh lava. Such zones form 
features like the Midatlantic Ridge 
and similar ridges in other ocean 
basins. 

This brings us back to Alfred 
Wegener's observation that the 
America's east coast would fit neat
ly against Europe's and Africa's 
west coasts. The accuracy of this fit 
has been analyzed by computer 
and has proved to be too good to be 
mere coincidence. If 200 million 
years ago a super continent split 
apart and the two halves moved 
away at an inch a year, that split 
would today be as wide as the At
lantic Ocean. This is exactly what 
happened. 

Obviously, if two plates each a 
hundred miles thick split apart 
widely enough to make something 
the size of the Atlantic Ocean, 
something pretty drastic must be 
happening at the other end. It is. 

A lithospheric plate has two 
parts to it; oceanic-floor- type mate
rial consisting primarily of basalt 
and continental-type material bear
ing a thick top layer of lighter rock, 
like granite. It is the less dense 
continental portion that controls 
the fate of a specific lithospheric 
plate. 

When lithospheric plates come 
together they collide and buckle. 
Both are so large and so heavy 
that one is forced to override the 
other. The overridden plate is driv
en at a steep angle into the earth 
where it is ultimately destroyed by 
melting. This process is termed 
subduction. 

When a predominantly oceanic 
plate collides with a predominantly 
continental plate the lighter conti
nental plate always ends up on top. 
As the collision continues, the 
heavier oceanic plate descends into 
the earth at an angle that ranges 
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Current positions of the major plates. 

to 30° to 70° , dragging considera
ble amounts of soft ocean bottom 
sediment and water with it. The 
primary geographic evidence for 
such a collision is a deep ocean 
trench. 

Even though plate collisions oc
cur at a maximum rate of 6 inches 
a year, the forces generated are 
tremendous. Much of the soft ocean 
sediment covering the descending 
plate is dragged down with it into 
regions where temperatures are 
over a thousand degrees and pres
sures are thousands of atmos
pheres. In such an environment 
sediment undergoes physical and 
chemical compaction and alteration 
called metamorphism. 

As the descending plate and its 
sediment load moves into deeper, 
hotter regions, it begins to melt 
water, and other lighter elements 
move upwards mixing, melting, 
and dissolving their way toward 
the surface. Many types of molten 
materials result. Portions reach the 
surface as volcanic lava. Those not 
reaching the surface often solidify 
on the way, forming large granitic 
rock masses. Exotic elements such 
as gold, silver, copper, lead, zinc, 
arsenic, and mercury, rise to the 
surface at the same time and are 
often concentrated in the rocks 
through which they pass. 

The earth shows abundant evi
dence of collision between continen
tal and oceanic plants. The Japa
nese islands are granitic-volcanic 
masses created by descent of part 
of the Pacific Plate under the 
Asian Plate. A more impressive 
example is the Andean Mountain 
Range created where two small 

plates in the East Pacific have col
lided with, and are being driven 
under, South America. 

When one oceanic plate collides 
with another, the result is relative
ly minor. A trench and a line or 
two of volcanic arcs mark the spot. 

The most catastrophic of all lith
ospheric plate collisions occurrs 
when continent meets continent. A 
contest develops with neither conti
nent willing to give way to the 
other. The two plates eventually 
grind to a halt but only after both 
continents have been crumpled, 
twisted, and broken into a pile of 
mountains the size of the Himala
yas or Alps. In this manner, a 
hundred miles of continent might 
be compressed into twenty. 

The largest mountains of the 
world were formed when continent 
met continent. The Alps formed 
when Europe collided with Africa. 
The Himalayas were formed when 
India collided with Asia. 

Lithospheric plates are in contin
uous motion with one another, but 
they also form the closed surface of 
a sphere and thus must always be 
in equilibrium with one another. 
The motions of a single plate affect 
the motions of every other. 

When one plate collides with 
another and is forced back into the 
earth, its descending edge melts 
before it can reach a depth of 700 
miles, and the molten material 
merges with its surroundings until 
it is indistinguishable. 

New lithospheric plates are 
formed when basaltic material 
welds itself to older existing plates. 
This occurrs only in the zones where 
current plates are moving apart 
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from each other. Lithospheric 
plates have probably been forming, 
moving and colliding ever since the 
earth was born, some 4.6 billion 
years ago. Each collision produced 
its share of granite, and when the 
rest of the plate is destroyed, those 
portions covered by granite remain. 
The remains from these plate colli
sions built the continents. Moun
tain ranges mark the location of 
the collisions. The Ural mountains 
of Russia mark an ancient junction 
of Europe and Asia. The Rocky 
mountains mark remains of a 
nameless plate or plates that slid 
under North America. The Sierra 
N evadas of California may have 
been an ancient island arc. 

If the earth's top hundred miles 
are so active, what strange things 
must go on below? The earth's inte
rior is much less known than its 
surface. Since nobody has ever 
been there, and the deepest drill 
hole reaches eight miles, all studies 
of the earth's interior must be done 
by indirect means, such as by seis
mology. 

Every time there is an earth
quake or nuclear explosion, a series 
of shock waves radiate from the 
source, often traveling thousands of 
miles. Several types of waves are 
produced: P waves or Compression
al waves, and S waves or Shear 
waves being the most important. 
Each wave moves with a speed 
proportional to the density of the 
material through which it passes. 
Denser material carries speedier 
waves. If the location and time of a 
particular earthquake is known, a 
receiving station on another por
tion of the earth can measure the 
time it takes each wave to travel, 
and from travel time calculate the 
density of material through which 
the wave passed. If such studies 
are done all over the earth, the 
density of various portions of its 
interior can be calculated. 

When this is done, it is obvious 
that the earth is layered. The out
ermost layer, the lithosphere, 
(home of the lithospheric plates) 
has a density of 2. 9 to 3.3, increas
ing with depth. The layer from 200 
kilometers to 700 kilometers, called 
the outer mantle, has density in
creasing from 3.3 to 4.3. From 700 
kilometers to 2900 kilometers den
sity increased from 4.3 to 5.5. The 
2900 kilometer boundary is a rna- . 
jor one. In a distance of a few miles 
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density increases from 5.5 to 10. 
All Shear waves cease at this bor
der, suggesting that the denser 
portion is liquid. A less distinct but 
equally important boundary oc
currs at 5150 kilometers. Below 
this depth, the earth is solid again. 

Of what are these various layers 
composed? Since sampling is impos
sible, one must use indirect means. 
For the last 60 or so years, earth 
scientists have been subjecting rock 
and mineral samples to extremely 
high pressures and temperatures 
by hydraulic presses, and the re
sults give much information about 
the density and structure of sub
stances at great depths. 

Additional evidence on the 
earth's interior is supplied by iron 
and stony meteorites believed by 
many to be fragments of a de
stroyed planet. Further evidence 
comes from the earth's volcanoes 
and volcano related structures, 
such as diamond pipes. Such struc
tures often contain unusual rock 
fragments, called xenoliths, which 
are believed to be material brought 
up intact from very great depths. 
By comparing such evidence, a 
probable picture of the earth's inte
rior results. The top 700 kilometers 
seems to consist of simple iron and 
magnesium, silicates similar to oli
vine and pyroxene. The inner man
tle zone, 700 to 2900 kilometers, 
seems to be dense oxides of man
ganese, silica, and possible others. 

The core is believed to contain 
iron, nickel, and possibly a lighter 
element such as silicon. The outer 
core is molten; the inner part is 
solid nickel-iron, possibly identical 
in composition to metallic meteo
rites. The earth's temperature ap
parently increases with depth. 

This leads to another major prob
lem, the origin of the earth's mag
netic field. The earth is much too 
hot to be magnetic in the same 
way that a bar magnet is. All solid 
materials cease to be magnetic 
when raised over 600 degress. 

It is believed that the only possi
ble solution for the earth's magnet
ic field is its liquid core. In theory, 
at least, if that liquid were in mo
tion it could generate a magnetic 
field by generating electricity in 
the same way as a dynamo. 

Thus is the state of today's 
earth. We have a few answers, and 
a few theories, yet many questions 
remain. 
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Before you decide to take Politi
cal Science 5-737, it might be a 
good idea to review your basic 
math and calculating skills. Under 
the instruction of Professor Peter 
Aranson this course, known as Pol
itical Parties, takes on characteris
tics and attributes usually seen 
only in science and science related 
fields. Yet according to Dr. Aran
son, political science is exactly 
that, and so he approaches it from 
a very technical, scientific and 
formulated viewpoint. 

The basis of Dr. Aranson's be
liefs is one of mathematical deci
sion making. He uses the powers of 
deductive reasoning supported by 
various axioms to create a founda
tion for defining and regulating his 
terms. As is done in math, Dr. 
Aranson reduces the semantic in
terpretation of politics into a few 
logical symbols and equations. 
Once they have been properly add
ed to, subtracted from, multiplied 
by and divided into, he takes the 
results and then proceeds to predict 
political successes and failures. 

This new way of looking at polit
ical science branches away from 
the old methods of Louis Harris 
and Gallup Poll predictions. Using 
the assumption that people act ra-

tionally, this method calculates the 
expected value from every possible 
alternative, and decides on that 
alternative which gives the highest 
expected value. 

Dr. Aranson gives great distinc
tion and explanation to all the 
elements he uses in this theory of 
decision making. For example, it is 
very important to distinguish be
tween citizens and voters. While a 
citizen is someone who is able to 
vote, a voter is someone who de
cides to vote. Therefore, all voters 
are citizens, but not all citizens are 
voters. He defines outcome as an 
event that may occur as a conse
quence of a person's actions. This is 
entirely subjective for the person 
involved, as he feels that the action 
he takes will have a probabilistic 
effect on the outcome of the elec
tion. While all outcomes are 
events, not all events are outcomes. 
And, as in the case of a presiden
tial election where there are prima
rily two possible outcomes, one or 
the other may happen, but they 
cannot both happen simultaneous
ly. Also, anything unforeseen 
which occurs does not constitute an 
outcome since it cannot be ana
lyzed beforehand. Then there are 
two things which can make up an 
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outcome: Either an alternative or a 
strategy. An alternative is some
thing you choose when making a 
decision in which the opponent is 
Nature, whereas a strategy is 
something you pick so that the 
chances of a particular outcome 
occurring will increase. 

Once these terms are applied, 
three types of decision-making sit
uations are revealed. They are de
cision-making under certainty, 
under risk, or under uncertainty. 

According to this game theory of 
politics, decision making under cer
tainty means that every available 
alternative leads to one and only 
one outcome. 

A=alternative 0=0utcome 

Under risk, things become more 
complicated as available alterna
tives now lead with some outcome, 
i.e. to an outcome with a probabili
ty factor (P) attached. 

0 1 usingA1 -----~P1 (1) 
0 2 using A 1 P 2(2) 
0 3 using A 1 P 3 ( 1) 
0 4 using A 1 P 4 (1) 

0 1 usingA 2 P 1(2) 
0 2 using A2 P2(2) 
0 3 using A 2 P 3(2) 
0 4 using A2 P 4(2) 

To then calculate Expected Val
ue; EV(A 1)+P 1,1 01 + P 2,1 0 2 + 
. . . . . . . . P i,1 0 i. The alter
native which leads to the highest 
expected value is then the one the 
voter chooses at election time. 

When uncertainty is the case, as 
in the possibility of three candi
dates, a utility factor, (order of pref
erence), is then calculated. Of three 
choices, 0 1, 0 2 and 0 3 , preference 
ratings are given: 0 1 most pre
ferred, 0 2 second most preferred, 0 3 
least preferred. Arbitrary values 
are assigned to 0 1 and 0 2 with the 
purpose of calculating the value of 
02. U(01) = 1, U(0 2) = 2, and 
U(0 3 ) = 0. The voter has to decide 
at which point he will select 0 2 
when the chances of 0 1 winning 
are decreased. If between 0 and 100 
he decided that 51% is the cut off 
point, then the utility value for 0 2 
is .51. 

There is the question of how the 
political scientist from the old 
school of thought which works 
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primarily on the socioeconomic ba
sis is reacting to this new move
ment. There are of course those 
who reject it, but many are willing 
to combine both systems in an ef
fort to make a more exact and fun
damental theory for prediction. Dr. 
Aranson feels that this is the most 
accurate system presently avail
able, but that if another one were 
found he would definitely be will
ing to test its application. Howev
er, he seems doubtful as to whether 
or not there is the possibility of a 
more functional process ever being 
defined. 

Another aspect of math oriented 
political science is whether or not 
the use of numerical data does not 
take away from the personal level 
that many people feel is present 
when the subject is not handled 
scientifically. Dr. Aranson feels 
that when people are classified ac
cording to social status, they are 
hardly being evaluated on a one-to
one basis. The old method puts 
people into classes of ethnic groups, 
religious beliefs, wealth, scholastic 
standings, sex, race, and family 
heritage. These things do not ever 
consider the presence of free will or 
spirit, intelligence, or even man's 
desire to change and shape the 
world. This decision making theory 
on the other hand is based on the 
assumption of individual man's ra
tionale, and his ability as a free 
soul to think, calculate, and evalu
ate. The use of mathematics is 
simply a building tool in a theory 
that maximizes the concept of utili
ty as generated by man's mind and 
will. Dr. Aranson feels that this 
method emphasizes humans and 
human conditions. 

However, he emphasized that 
the theory he uses is one of predict
ing tendencies and directions in 
public policy and preferred strate
gies rather than candidate by can
didate selection. 

If you like math, to say the 
least, the course is intriguing and a 
challenge to the analytical mind. 
Even if you like political science 
and never got beyond high school 
math, I suggest you take the 
course anyway. It doesn't really 
require more than basic algebraic 
manipulations. Besides, wouldn't 
you like to know how to predict 
Agnew~s/ Connelly's / Kennedy's 
Muskie's victory in November 
1976? 



Design and development 
of packaging. (And 
other products.) 

BEMIS 
COMPANY, 

INCa 
(Minneapolis) 
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We're looking for engineers who don't wear their slide rule holders likE~ holsters. 
They don't have to. Their non-technical abilities and interests prett~-· well match 
their technical ones. Like handling details. Or selling ideas. Or motivating rwople. 
They can have darn ncar any engineering degree. They rnust have a desin· to get 
into management- quickly. 

Sound like you? Check with us; we'll listen closely. It might he the best move 
either of us will make. 

The Bell System recruiting team wi/1 be visiting your campus 

Sign up in your placement office for an interview. 

Nort stern Bell 
an equal opportunity employer 

*But we sure don't knock it. Limited opportunities are available in 
Research and Development. C0ntact the Placement Office for specifics. 

II engineering 
supplies, including 
slide rules, are 
neatly stacked 
an su meet to 
gravitational pullm 

••• 
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... then 
1. Photographic development engineer 
2. Field sales representative 
3. Sales development staff 
4. Administrative assistant to sales manager 
5. Group manager, marketing research and analysis 

1. Pilot plant development engineer 
2. Math simulation/computer consultant 
3. 1-year academic assignment for M.S. in engineering 
4. Design engineering supervisor 
5. Acting assistant director of engineering division 
6. Maintenance supervisor responsible for 500 people 

... then 
1. Research and development in papermaking pilot plant 
2. Consulting engineer, Office of Environmental Conservation 
3. Acting Engineer-in-Charge, Office of 

Environmental Conservation 

... then 
1. Process development engineer in chemical production 
2. Development engineer on new polyester process 
3. Product development engineer on coatings 
4. Staff assistant to production superintendent 
5. Supervisor of development group 
6. Assistant superintendent of production division 

We have prepared this advertisement from four personnel files for the in
formation of the undergraduate engineer who wants to be in a position to 
influence industry and wonders what to study. Eastman Kodak Company, 
Business and Technical Personnel, Rochester, N.Y. 14650. 

An equal-opportunity employer mlf 

Principle illustrated above applies also to mechanical and electrical engineers. 
Brings in the kind of person who takes pains to lay a good foundation. 
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A buff will probably tell you you've got to drop 
a bundle to get a really great stereo system. 

Nonsense. 
Stereo is all in the ear. It's how it sounds, 

not how it costs, that makes a stereo system 
great. 

So next time some buff hands you that old line 
call his bluff. See if he can figure out how much 
you paid for your Sylvania matched component 
stereo system. Just by listening. 

Pick your favorite record. Put it 
on the BSR micro-mini turntable. 
(If tape's your thing, slip one into 
the 8-track cartridge playback.) 

Then balance the bass and 
treble on the FM stereo 
FM/AM tuner 
and amplifier. 
And let 
him have it. 

Make sure he 
digs those round 
low notes from the 
two six-inch woofers. 
And those high sweet 
ones from the two 
three-inch tweeters. 
They're all air
suspension speakers, 
so they sound as good as standard 
speakers two sizes larger. 

Your buff won't have a chance. He'll stand 
there, surrounded by sound, completely bluffed. 
Trying like crazy to figure out how much you laid 
out for a stereo that sounds that great. 

But don't tell him. 
After all, you just want to call his bluff. Not destroy his ego. 

SYILVIl~NI 
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The designer of this six-wheel diesel locomotive 
truck framed id ... that's why he chose cast-steel. 

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

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

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

Want to know more about cast-steel? We're 
offering individual students free subscriptions 
to our quarterly publication "CASTEEL" ... 

Clubs and other groups can obtain a sound 
film "Engineering Flexibility." Just write 
Steel Founders' Society of America, Cast 
Metals Federation Building, 20611 Center 
Ridge Road, Rocky River, Ohio 44116. 

STBBL POUNDERS' SOCJ:ETY OF AMBRJ:CA 

Cast~Steel 
r Engineeri 
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Molding by the millions. Western Electric people produce some 
8 million phones a year. Molded plastic is used for housings and 
many other parts. So there is a constant investigation into the 
most effective way to use these materials. 

-~Ntr -~Nt 
A*(z,t) = Ae*(z)- [(At*-Ai*)/(1-e )}e 

ln developing the model at Western Electric's Engineering 
Research Center, it was found that melting behavior can 
be described by this formula which includes terms for 
shear heating and conduction heating effects. Other models 
were developed for temperature and pressure profiles. 

End of molding cycle. At this point, the screw is stationary 
and heat is conducted into the plastic on the screw. After 
the plastic solidifies, the mold is opened as shown. The 
parts can then be ejected. 

Solving the mysteries of molding with mathematics .. 

Even though plastics have been 
around for many years, there's still a lot 
to be learned about these versatile mate
rials and their processing. So they are the 
subject for continuing studies by our 
engineers. 

Some of their recent investigations 
have brought forth new and highly useful 
information about a relatively unexplored 
area: the melting behavior of plastics in 
the injection molding process. 

One result of these studies is the 
mathematical formula, or model, above. 

The model helps us predict melting 
behavior along the length of the injection 
screw molding machine used to mold tele
phone housings and other parts. Melting 
behavior is extremely important, because 
plastic pellets should be completely 
melted but not thermally decomposed 
before injection into the mold. 

This information on melting is then 
used to investigate screw designs, operat
ing conditions, machine sizes and plastic 
properties. All of which is aimed at ob
taining optimum processing techniques. 

Predictions obtained from the mathe
matical model have checked out closely 

with experimental observations. So the 
resulting screw designs are now under
going evaluation by engineers at our 
plants in Indianapolis and Shreveport. 

Conclusion: For new designs and 
materials, the model can help reduce the 
development cost for new molded parts 
and materials. For manufacturing current 
products, operating costs can be reduced. 

Perhaps most significant is that we're 
getting information about molding tem
peratures not available experimentally. 
And many other types of information can 
be obtained without the use of costly, 
time-consuming experimental work. 

The end result will be more efficient 
plastic molding and therefore a better 
product for the lowest possible cost. 

ric 
We make things that bring people closer. 



Editors 
Bruce N. Wright 

Robert Pirro 
Art Director 
Berti! Nielsen 
Photo Editor 

Bob Hain 
Contributing Staff 

Paul Burtness 
Barry Johansen 

Bill loye 
Steve Swanson 
Scott Wattawa 

Liz Weiner 
Dessima Williams 

Photo Staff 
Brian Johnson 

Kevin Strandberg 
Copy 

Carolyn Jasperson 
Susan Vikse 
Production 

Thomas Kraemer 
Nancy Maas 
Carol Nelson 

Ronald Reichenberger 
Sue Sperling 

Business Manager 
Bill Kothman 

Business Staff 
Michael Chase 

Rick Olson 
Steve Nelson 

Advisors 
Paul A. Cartwright 
John N. Clausen 
LeRoy C. Ponto 
Matthew Stark 

MEMBER OF ECMA 
Published monthly, October through May. Sec
ond class postage paid at Minneapolis, Minneso
ta. Office: Room 2, Mechanical Engineering 
Building, University of Minnesota, Minneapolis, 
Minnesota 55455. Telephone: 373-3298. Printer: 
Craftsman Press, 2~• 2207 North Second 
Street, Minneapolis, Minnesota 55411. Publish
er's National Representative: Litteii-Murray
Barnhill, Inc., 60 East 42nd Street, New York, 
NY 10017 Publisher's State Representative: 
University Engineering Magazine Advertising. F. 
P. McGrath, Manager, Box 14026 University Sta
tion, Minneapolis, Minnesota, 55455. Member of 
the Engineering College Magazines Associated, 
Chairman: DanielL. Griffen, Iowa State Universi
ty. Subscription rate: $6.00 per year, single cop
ies 70c. Advertising rates upon request. Any 
opinions expressed herein are not necessarily 
those of the Institute of Technology or of the 
University of Minnesota. Copyright ©1972 by the 
Minnesota Technolog Board. All rights reserved. 
Reproduction in whole or in part without written 
permission is prohibited. 

December 1972 

minnesota December 

VOL 53 

8 hat e hink 
What this magazine thinks, feels, and 
says. This month we examine our con
cern for eye pollution, and an IT course 
you really ought to look into. 
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Whats being developed at the Universi
ty to speed up the learning process. 
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The third part of this series. It examines 
fission as an alternative power source 
for tomorrow. 

cean by Bill Loye 

How the ocean affects all of man's en
vironment, showing what the sea has 
done, and can do. 

he 1st hole Ea h 
Onference by Roger Peterson 

A report of the first United Nations Con
ference on the Human Environment, 
what was said, done, and avoided. 
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EVERY ARTIST NEEDS 

315 14th Ave. S.E. 331· 6864 3018 Lyndale Ave. S. 827-5304 

We're looking for engineE'rs who don't W(•ar Hwir slidP rulr• holders like holsters. 
ThE'y don't have to. Their non-technical abilities and intNests prett~-· well match 
their technical onE's. Like handling details. Or selling ideas. Or motivating peopl(•. 
They can have darn nE'ar any engineering degn•e. They must havP a desir(' to get 
into management- quickly. 

Sound like you? Check with us; we'll listen closely. It might h(' thP best movr· 
either of us will make. 

The Bell System recruiting team will be visiting your campus 

Sign up in your placement office for an interview. 

Northwestern Bell 
an equal opportunity employer 

*But we sure don't knock it. Limited opportunities are available in 

Research and Development. C0ntact the Placement Office for specifics. 
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If you appreciate functional products that actually do what they are supposed to do, you should 
look at this system. 

The Harman Kardon 630 AM/FM receiver is rated at 60 watts RMS, both channels driven from 
20- 20 KHZ at less than 0.5% distortion. (Our technicians checked it out and found that it 
comfortably exceeds its specifications. The 630 has two separate power supplies which allow 
each channel to respond to full RMS power without being affected by the other channel. The tuner 
section also offers excellent sensitivity and selectivity. 

The Infinity POS-1 speaker is a two way system that utilizes a ten inch low frequency driver 
and a three inch tweeter. We think they have remarkable clarity for a system in their price range. 
They are guaranteed for 5 years. 

The Dual 1215-S is one of the better turntable values around. It has damped cueing and adjustable 
anti-skating. We are including a walnut base, dust cover and the highly rated Shure M91 E Cartridge. 

E 
AUDIO SYSTEMS AND I SERVICE I 

1501 University Ave. S. E. 331-70233 

LIST PRICE $653.30 

lJSE OF RE 

901 Washington Ave. S. E. 331-6923 



Watch for the winner 
of the Science Fiction 
Writing Contest in 
January's 
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During the last ten years the 
population of this great land 
NSP serves grew by close 
to 21%. 
The Dakotas, Minnesota and 
Wisconsin also rank high na
tionally in terms of economic 
growth. 
It's a great place to live and 
work. 
And we at NSP are dedicated 
to keeping it that way ... and 
at the same time fulfilling our 
responsibility to supply your 
power needs. 

a brighter life for you 

t 

Please address any comments you 
might have to: 
Editor, Minnesota Technolog, Rm. 
2,M.E. 

7 



What We Think 
here Are You? B • m 

Recent years have seen an increasing tenden
cy for society at large to hold engineers and sci
entists responsible for the effects of their profes
sional work. Although many of you have several 
years remaining before turning ~(professional", 
you will nevertheless face, directly or indirectly, 
the repercusions of technology's impact on so
ciety. It is the intention of several concerned 
students and professors of LT. that these serious 
questions of social impact be asked of every en
gineering student before graduation. To this 
end, the class, I.T. 3-921 was conceived for win
ter quarter (see Minnesota Technolog, October 
'72, ((Grand Opening"). Unfortunately, very few 
students signed up for the class. 

• u • When e Need You? 

It is indeed unfortunate that few engineering 
students have taken advantage of this unique 
educational opportunity, for it is the individual, 
as well as society, who stands to gain from such 
an experience. To give you an idea of what 
you're missing, here are a few of the guest lec
tures tentatively scheduled for Winter Quarter; 
Senator Walter Mondale, Representative Joseph 
P. Karth, Dr. J. E. Anderson (mech. eng.), Den
nis Braskett (Honeywell Inc.), and Lars Soder
holm who is editor of Design News Magazine in 
New York. The course will abandon the usual 
lecture-text format for a more informal approach 
with guest lecturers from the University, indus
try and government as well as student research 
groups. 

Everybody ught To Know 

To most engineering students the notion that 
science need be understood only hy scientists 
and not by laymen seems only natural. It has 
been the trend, until recently, for the different 
specializations within the technical fields to 
become even more specialized. So much so that 
they even appear to have developed their own 
languages. Naturally, this tends to preclude 
anyone not associated with that (~specialization" 
from understanding what is being said. 
Consequently, it is not likely that the 
engineer scientist would desire to address his 
inventions and developments to someone unable 
to understand them. It is our hope that these 
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highly differentiated fields of knowledge will 
strive for the comprehension of all sciences and 
technologys by all scientists, engineers and 
laymen. Bruce N. Wright 

Poster Pollution 
One of the distinguishing marks of any col

lege corridor is the proliferation of signs, pos
ters, and notices which always seem to accumu
late during/the year. It disturbs many people to 
look at a crowded bulletin board and have to 
decide which items he might be interested in, 
and then judge whether or not the date for them 
has already passed. This hunt for (tpresent-day" 
information is a pain, as it becomes more and 
more of a hassle to check out whats on the 
board. After a while, every poster begins to look 
the same, until you simply can't be bothered 
with them anymore. 

The way in which the Technolog publicizes its 
new editions is to put up posters showing our 
latest cover. When you see them, you'll know 
that the Technolog can be picked up in the IT 
bookstore. To insure freshness, we will go a step 
further. After three days, we take the posters 
down, so they won't pile up on you. Thus, you 
won't have to look at November's cover in April, 
and wonder just when the Technolog is coming 
out." By doing this, we are not only easing the 
sign pollution, but also are easing environmen
tal pollution. The posters get recycled. 

Incidently, if you miss any issue of the Tech
nolog, just stop into Rm. 2 of M.E. and we will 
be happy to supply you with your missing cop
ies. The door is always open. 

Robert Pirro 

Minnesota Technolog 



Be one of the more than a hundred students 
to win this outstanding opportunity. You will 
study at a nearby prominent university through 
the Hughes Fellowship Program. Work-study 
and a limited number of full-study plans are 
offered. You ctlso will gain professional expe
rience with full time summer assignments in 
Hughes research and development laborato
ries. You may take advantage of a variety of 
technical assign.nents through the Engineering 
Rotation Program. 

Requirements: B.S. degree for Masters Fellow
ships, M.S. degree for Engineer and Doctoral 
Fellowships; U.S. citizenship; grade point 
average of 3.0 or better out of a possible 4.0; 
selection by Hughes Fellowship Committee. 

Hughes is substantially increasing the number 
of fellowship awards leading to the degree of 
Engineer. 

For additional information, complete and air
mail form to: Hughes Aircraft Company, 
Scientific Education r------------------.., 

Office, P.O. Box ,l HU HES : 
90515, Los Angeles, : 
California 90009. ~------------------~ 

HUGHES AIRCRAFT COMPANY 

An equal opportunity employer- M & F 

December 1972 

r-----------------------------l 
I I 
I Hughes Aircraft Company, Scientific Education Office, I 
I World Way P.O. Box 90515, Los Angeles, Calif. 90009 1 
I Please send me information about Hughes Fellowships. I 
I I 
I Name (printed): I 
I I 
I Address I 
I I 
I City _________ State Zip I 
I I am interested in obtaining: 0 Masters n Engineer 0 Doctoral I 
I I 
I fellowship in the field of I 
I I 
I 1 have (or expect) a Bachelor's degree in 1 
1 (Field) I 
I by I I (Mo., Yr.) I 
I ~om I I (Institution) I 
1 GPA is out of possible I 

II Also have (or expect) Master's degree in 
1

1 

(Field) 

I by I 
I (Mo., Yr.) I 
I ~om I 
I (Institution) I 
I I 
I GPA is out of possible 1 
I u.s. CITIZENSHIP IS REQUIRED I 
L----------------------------~ 
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·or a long time the American 
has been a very time-con
scious individual. The busi

ness executive became worried 
when he saw his employees wast
ing time, the commuting employee 
worried about not getting to work 
on time, and the playboy worried if 
he hadn't been making time. 

In an effort to save time, Ameri
can companies have come out with 
faster automobiles and airplanes, 
banks now have computers which 
process passbooks faster and with 
greater efficiency, and educational 
programs have changed greatly to 
teach students elementary through 
college level material at an acceler
ated rate. 

In this struggle to save time it is 
no wonder that speed reading be
came so popular. And now, much 
more recently, we have speed lis
tening. 

Tapes containing compressed 
speech have proved to be valuable 
to a wide variety of people. To the 
blind person, whose communication 
depends greatly upon listening, 
rapid speech is very helpful. The 
accelerated speech allows the blind 
individual to further develop his 
sense of hearing. Compressed tapes 
also serve as an alternative for the 
slow reader. With the help of these 
tapes, the young student or elderly 
individual can once again become 
enthusiastic about learning and 
discouraged from dropping out of 
school or becoming inactive and 
uninterested. 

For the college student these 
condensed tapes save a lot of time 
and energy that would normally be 
wasted taking notes during live 
lectures. The student may miss the 
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relevant course information while 
he is writing down lecture notes in 
longhand. By taping the lecture, 
you can retain all the information 
and take more complete notes at 
your convenience. 

The ~(audio-tutorial method" is 
used extensively for business train
ing programs and for informational 
and recreational material. A large 
amount of money can be saved by 
using the condensed language 
tapes. Twice as much material.can 
be processed on the tape so the size 
and cost of tape libraries can be 
cut. It has been said thatthe num
ber of man hours saved in one sales 
training program is equivalent to 
the cost of VOCOM I. 

VOCOM I (Voice Compressor) 
was introduced almost two years 
ago by Dr. John H. Park Jr., asso
ciate professor of electrical engi
neering at the University of Min
nesota. Park and two graduate stu
dents working under him, William 
Mortimore and Vinay Khanna, 
developed the speech compression 
recorder and playback machine. 

The machine (VOCOM I) is 
based on a (~selective deletion" sys
tem. This system drastically short
ens pauses and lengthy vowel 
sounds which occur between words 
and syllables and also at the end of 
sentences. Park explained that 
when you say the words (Williams 
Arena' there would be no pause 
between the (S' and the (A' after 
the words were compressed by 
VOCOM. 

An earlier method of speech 
compression called Hsystematic 
deletion" was devised in 1950. 
Speech was compressed and voice 
pitch maintained by taking a mag-

netic tape, ~ecutting out and dis
carding alternate sections and 
splicing the remaining pieces to
gether." In 1953 an electromechan
ical technique was developed to 
achieve the same results, without 
change in pitch. 

In a study at the University us
ing both selective and systematic 
deletion, it was shown that both 
methods were 100% intelligible 
when compression was to 65-80% of 
the original delivery time. When 
the compression was to 45% (about 
300 words per minute) using the 
systematic method, intelligibility 
dropped. When VOCOM I was used 
at this same rate intelligibility was 
above 90% 

The idea surrounding VOCOM I 
and the PKM Corporation which 
manufactures and distributes the 
machine (and incidentally is 
named after Park, Khanna and 
Mortimore) originated in 1968. 
Mortimore and Khanna were work
ing on speech compression under 
Professor Park and obtained a 
grant from the University graduate 
school to research computerized 
speech compression. From the be
ginning Dr. Charles K. Speaks, 
associate professor in the Univer
sity's Speech Department, was 
helpful in locating references need
ed to recognize speech patterns and 
in determining what sounds could 
be shortened. With his help and 
the help of many of his graduate 
students, Bill Mortimore devised 
the shortened vowel sound tech
nique. 

In 197 0, a specifically designed 
speech compression machine be
came the next step. The machine 
would be relatively inexpensive, 
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To gain the competitive edge, the experts in downhill slalom have 
this advice: "Watch the time line-the fastest course line.'' 

HJn the race against time, if a skier slips off and goes too low in the 
traverses, he'll lose precious seconds." 

As you. look to your future course, watch for the company whose 
progress is on a time line with your own. 

Ask companies about their expansion and modernization programs (ours is an optimistic 
$221 million). Find out if you're interested in the markets they're interested in. 

If they have a position that fits the course you've set. If they promote from within. 
Don't settle for salary and status quo. We don't. Pick a time at your college placement office. 

Let's discuss your future. The Timken Company, Canton, Ohio 44706. 
Timken" bearings are sold all over the world. Manufacturing in Australia, Brazil, Canada, 

England, France, South Africa and the U.S.A. 

An Equal Opportunity Employer (m/f). 

I 
REGISTERED TRADEMARK 

THE TIMKEN COMPANY MANUFACTURES TAPERED ROLLER BEARINGS, SPECIALTY ALLOY STEEL AND REMOVABLE ROCK BITS. 
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Each Saturday night The New York Times 
wraps up the news. 

Then FMC wraps up The New York Times. 

Thanks to a mechanized system we de
signed, built, and installed, the country's 
largest Sunday edition is mailed the world 
over, carefully protected from the elements 
by a see-through wrapper. 

This is just one of many unusual jobs 
taken in stride by FMC. 

If you want to carry it, warehouse it, pack
age it, or whatever, chances are FMC has 
handled a similar job. 

You may still recall by tomorrow that we're 
into machinery; but how in the world can we 
get you to remember that we're also a very 
large chemical company, too? 

Or that we are a major factor in alleviating 
the world's food problems through our 
involvement in every phase of agriculture: 
pumps and irrigation systems, pesticides and 
fertilizers, food processing and packaging 
equipment, even seeds. 

Or that we're one of the country's largest 
producers of rayon, acetate, and polyester 
fibers. 

Or that we even make sewage treatment 
equipment, fire engines and railcars. 

Being a diversified company means it's 
hard to have one all-encompassing image. 
But it does give our people an unusual variety 
of ways to improve man's welfare. 

If doing worthwhile things is your hag, 
write or ask your placement director for the 
descriptive brochure '·Careers with FMC.'' 
FMC Corporation, One Illinois Center. 111 
East Wacker Drive, Chicago, Illinois 60601. 

We are an equal opportunity employer. 

® 

FMC CORPORATION 

You'd be surprised 
at all the things we do .. 



Or. John H. Park Jr., and the VOCOM I. 

compact and simple to operate. 
The first prototype VOCOM I 

was assembled early in 1971. The 
group pooled its funds to purchase 
the component parts and the first 
speech compressor based on the 
~~selective deletion" system was in
troduced. 

The next step entailed mass pro
ducing the machine. Mass produc
tion would lower the cost to about 
$995, less than a quarter of the 
cost of previous machines. 

VOCOM I has already proven to 
be an educational asset. Ten com
pressed tapes were made available 
to Psychology I students during the 
summer. Many of the students in
dividually asked for more tapes of 
this kind. 

Two VOCOM machines have 
been sold to the University and 
more are on order. The machines, 
one purchased by the School of 
Dentistry and the other by Audio 
Visual Resources on St. Paul cam
pus, have received the praise of 
many students and faculty mem
bers. The anthropology course 
taught by Professor Robert Spencer 
used VOCOM I to compress each of 
the courses forty lectures, each 
being 45 minutes long. A question
naire showed favorable student 
reaction. When the 45 minute lec
ture was compressed to 26 minutes, 
90% of those questioned liked the 
tapes and wanted more of them 
available. When the lectures were 
compressed to 17 minutes, students 
were split 50-50 on the effective
ness of the tapes. 

A promotional tape made avail
able through the PKM Corporation 
(1935 County Road,B-2 in St. Paul) 
outlines the benefi.ts of VOCOM 
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compressed tapes and gives the lis
tener a speed listening course. The 
listener's concentration increases 
as the speakers speech is com
pressed to 60-7 5% of the original 
time. A passage from the book 
Listening and Speaking by Nichols 
and Lewis is compressed on the 
tape. Dr. Ralph Nichols, worldwide 
authority on listening and chair
man of the University's Depart
ment of Rhetoric is a member of 
the PKM Corporation's board of 
directors. 

VOCOM is also capable of ex
panding speech. This is accom
plished by automatically sensing 
when a pause occurs and adding an 
additional pause. The inserted 
pauses range from a small fraction 
of a second to several seconds. This 
slowing down process is also 
unique in that natural speech ar
ticulation remains unchanged. A 
student can learn the correct pro
nunciation of foreign words with this 
expansion technique. Any German
ic or Romance language can be 
learned from these tapes without 
difficulty. But Park explains that 
there has been trouble taping 
Asian languages because of the low 
frequency, long redundant sounds. 
VOCOM can also be very valuable 
to the slow learner or individual 
undergoing speech therapy. 

VOCOM I can be used simply, 
without a complex mechanism and 
its compact size (14" x 19") allows 
use in office, home and classroom. 

In a study done by Dr. Paul 
Rankin C~The Importance of Listen
ing Ability") it was determined 
that there were physiological rea
sons for the preference for verbal 
communication. The ear allows us 

to hear people speaking from any 
direction while the eye must focus 
on points of interest. The ear is 
more sensitive than the eye, as the 
energy needed for activating the 
ear is one tenth of that needed for 
the eye. Also, the eye is slower to 
respond than the ear. 

The compression machine speeds 
learning. The average individual 
speaks at a rate of approximately 
150 words per minute. There is 
evidence that our brain processes 
information at a rate of about 400 
words per minute. Because of this 
difference between actual and po
tential learning rates, students 
tend to become bored in lecture 
classes and their minds begin to 
wander. When listening to a com
pressed speech tape an individual 
keeps interested and retains more 
of the information he is listening 
to. 

VOCOM I, like computers and 
laundry detergents, now has been 
improved. Hence, VOCOM 11! The 
new machine's price has gone up to 
$1195. The vowel sounds, using 
VOCOM 11, are much smoother 
than before. 

Professor Park is presently 
working a ((half time appointment" 
at the University because of the 
weighty work load he carries as 
president of the PKM Corporation. 
Although the new machine is not 
yet on campus, about fifty of the 
machines are on order by colleges 
and business firms around the 
countrv. 

On VOCOM's effectiveness and 
its popularity Park said, ((the most 
fun is to listen." 

HECOULDBERIGHT! 
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The United Power Association's Elk River Plant. 

wo fruit flies, one male and 
one female, are placed in a 
jar, the bottom of which 1s 

covered with gelatin - food for 
this population. Two weeks later 
the two flies and their recently 
born descendants are comfortable 
in the jar. Two more weeks pass 
and a look at their growth curve 
tells us that the growth rate has 
been exponential and the number 
of flies is in the hundreds. The gel
latin which the flies had eaten is 
returned to the jar as wastes. The 
volume of wastes has become so 
great, due to the number of flies, 
that the food source becomes poi
soned. With no food, the flies die. 
The population is now zero. 

Man, in his linear economy, ex
tracts resources (which if contin
ued, will lead to the depletion of 
many of these) and returns them 
as pollutents. Moreover, to this 
~~flow of goods pollution" is added 
the pollution from the very energy 
sources used to drive the system. 
The lesson is that limits exist on 
resources and the ability of the 
environment to absorb pollution. 
The flies have set the example. I 
suggest it wise not to follow. 

To illustrate an additional use of 
resources, let us assume (as has 
been estimated) that by the year 
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our next crisis:part 3 

its outlook 

by Greg Breining 

2000, the United States will an
nually face 400 million tons of 
municipal refuse. Given the prob
lem of disposing of these discarded 
products of natural resources, fu
ture man decides to burn them. 
When incinerated, these wastes 
will yield 100 million tons of ashes, 
while using 300 million tons of 
oxygen to form 444 million tons of 
carbon dioxide. While incinceration 
seemed to rid us of our problem, an 
essential resource, oxygen, reacted 
to form carbon dioxide, a pollutent 
which appears to alter the climate. 

Photos by Kevin Strandberg 

Man's cns1s is paradoxical. As 
the population grows, more energy 
will be used for the extraction of 
lower grade ores, the further trans
portation of food, waste disposal, 
and the recycling of resources. 
Additionally, more energy will be 
demanded simply because of fur
ther industrialization. But to sup
ply this demand for power, man 
risks further depletion of valuable 
resources and pollution of his ever 
deteriorating environment. To the 
extent that man will maintain his 
industrial civilization in the face of 
spiraling, world-wide energy con
sumption, a power source must be 
found that will be capable of pro
ducing large amounts of energy 
while having a minimal effect on 
the environment in terms of re
source consumption and pollution. 

Coal, our current primary source 
of power, will last for a century 
and a half at the present rate of 
consumption. At the predicted need 
for power in the year 2000, known 
coal reserves would last less than a 
quarter century. Consider also the 
problems of air pollution, transpor
tation of a bulky fuel, and the dis
posal of large quantities of ash, and 
coal loses any promise it had as a 
future power source. 

So-called infinite power sources 
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- water power, tidal power, geo
thermal power, and wind power -
have been advanced as solutions to 
our power crisis. Hydroelectric 
power is, of course, used extensive
ly in the United States. Unfortun
ately' these energy sources cannot 
begin to supply the world with the 
power it demands. 

Since Enrico Fermi and his col
leagues started a controlled fission 
reaction during a Chicago winter 
in 1942, atomic energy has loomed 
as a giant of the future. It is a 
giant of potential and a giant of 
danger. 

The heart of the fission reactor is 
a chain reaction of heavy, unstable 
atoms disintegrating and shooting 
neutrons to break other large nu
clei. The components of this broken 
atom will weigh less than the origi
nal whole. The vanished mass is 
energy. 

The conventional fuel for an 
atomic reactor is uranium. In a 
sample of uranium, however, over 
99% is of the heavy variety, U-238. 
Unfortunately, U-238 will not sus
tain a chain reaction, but will trap 
the fast moving neutrons and even
tually transmute to plutonium (P-
239). About .7% of this sample will 
be ·u-235 which will disintegratE 
when shot by a neutron. 

For use in reactors, uranium it 
processed until the U-235 content 
is between 3-4%. Presently, there 
is little demand for U-238 and most 
of it resides in an Atomic Energy 
Commission (AEC) stockpile which 
is approaching 200,000 tons. 

The core of the reactor then, is 
an assemblage of thin-walled tubes 
holding an atomic fuel. Inter
sperced throughout the core are 
control rods which are made of a 
material which will soak up neu
trons. To start the reaction, the 
rods are withdrawn. To stop the 
process, the controls are slammed 
back into the core. 

Thousands of gallons of water 
under great pressure surge through 
the 600° F core of the reactor, 
transfer the heat to a boiler, and 
circle back into the core. A second 
loop of water picks up the heat in 
the boiler and changes to steam to 
drive turbines and generate elec
tricity. The steam, having driven 
the turbines, is run through a con
denser. Heated water runs from the 
condenser to the outside environ
ment. 
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As with any heat transfer sys
tem, this one is also inefficient. 
Over half of the heat energy col
lected from the reactor core is 
pumped out of the plant- usually 
into the nearest river. A remedy to 
the thermal pollution is to dissi
pate the heat through the atmos
phere using a cooling tower. These 
are expensive, however, and are 
usually installed only at the insist
ence of a concerned public which is 
willing to pay that price. 

To insure that the reactor stays 
at a controllable temperature, two 
systems of back-up pumps lie in 
wait for the failure. of the main 
pumps. Two sets of diesel-powered 
generators stand ready to keep the 
atomic plant supplied with power. 
Finally, a second and completely 
independent cooling system can 
cool the reactor if the primary sys
tem fails. If all goes wrong, the 
control rods will automatically 
snap into the reactor, shutting 
down the entire operation. AEC 
policy dictates that the entire cool
ing system must be X-rayed or ul
trasonically tested for flaws. Addi
tionally, the entire system is moni
tored for pressure, temperature, 
and radiation. 

Despite the safety precautions, 
what could happen if all systems 
failed? 

A fission reactor is a pile of ener
gy, harnessed, but aching to be re
leased. If the coolant fails to carry 
heat away from the core, the fuel 
would soar to nearly 5000°F. The 
concentration of U-235 would not 
be high enough to allow a full 
scale atomic explosion, but the fuel 
would melt, penetrate the contain
ment vessel, and sink into the 
ground. Radioactivity would con
taminate ground water and escape 
through fissures to be carried in 
the atmosphere. 

Fission by-products' radioactive 
wastes which can be a million 
times more deadly than industrial 
chemical poisons, are concentrated 
through the food chain. Charles 
Huver, an associate professor of 
zoology at the University of Minne
sota, has correlated radiation with 
birth defects and cancer. From 
beneath the opprobium of Hiroshi
ma one can examine the effects of 
radiation - cataracts, sterility, 
infant mortality, brain damage, 
and leukemia. 

Since the birth of our atomic age 

three decades ago, only seven fatal 
reactor mishaps have occurred, and 
notably all have been contained 
inside the power plant. But the 
safety record of the program has 
hinged on luck more than on the 
smooth operation of existing safety 
equipment. 

In the fall of 1957, a reactor at 
the Windscale Works in England 
leaked radioactive contaminants 
across the countryside, poisoning 
milk and crops over a 400 square
mile area. All containment devices 
reportedly had failed. 

In 1961, the reactor at the SL-1 
plant in Idaho exploded as mainte
nance men withdrew a control rod 
beyond specified limits. Three 
workers were killed and the area 
downwind of the plant was littered 
with radioactive debris. 

If it seems unlikely that all sys
tems could fail, consider the con
struction defects in the Big Rock 
Point Nuclear Plant in Michigan. 
According to Richard Curtis and 
Elizabeth Hogen in ~~The Myth of 
the Peaceful Atom", ~(control rods 
were found sticking out of position, 
studs failing or cracked, screws jos
tled out of place and into key 
mechanisms, a valve malfunction
ing for more than a dozen reasons, 
foreign material lodging in critical 
moving parts, and welds cracked on 
every one of sixteen screws holding 
two components in place." Nea}.'ly 
all of 137 fuel tubes were cracked 
in a New Jersey reactor. The 
Hallam reactor in Nebraska was 
also forced out of operation because 
of malfunctions. 

In 1971, scientists ruptured the 
primary cooling system of a model 
reactor. Water from the back-up 
systems rushed through the same 
break. Had it been an operational 
reactor, a fuel meltdown probably 
could not have been averted. 

Despite the traditional claims of 
atomic power - that it will be a 
cheap power source for centuries to 
come - if the proposed consump
tion of natural uranium is a realis
tic forecast, economical uranium 
reserves may be depleted within a 
quarter century. 

Perhaps the most disturbing 
problem concerning fission power, 
is waste disposal. Nuclear fuel, by 
its very nature, disintegrates into 
other radioactive substances, some 
with incredibly long half-lives. 
Since fission power is barely past 
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the infant state, the problem of 
radioactive waste disposal is only 
now becoming apparent. Alan 
Brook, -professor at the University 
of Minnesota Department of Ecolo
gy and Behavioral Biology predicts 
that radioactive wastes will accu
mulate at an exponential rate. 
Already the AEC has asked for 
$2,500,000 to replace waste storage 
facilities. Additionally, transporta
tion of these by-products allows for 
the chance of radiation contamina· 
tion. 

There is a second class of atomic 
reactor -.a reactor that is in the 
experimental stage - that holds 
some promise for the future. It is 
the liquid-metal fast breeder reac
tor (LMFBR). 

In a LMFBR, a core of plutonium 
(P-239) will ~(burn" at a tempera
ture of about 1000° F. and in addi
tion to providing energy to gener
ate electricity, will shoot an outer 
shell of U-238 with enough neu
trons to transmute 70% of the ura
nium to P-239. Conventional reac
tors consume the U-235 fuel before 
more than a fraction of U-238 is 
converted to plutonium. 

Differing from conventional reac
tors in another respect, breeder 
reactors will use liquid sodium to 
transfer heat from the core of the 
reactor to a second system of liquid 
sodium. This will, in turn, vaporize 
water to drive the turbines. The 
first loop of sodium will absorb ra
dioactivity, but will not contami
nate the second system. 

The AEC maintains that 
LMFBR's will cut electric bills and 
will be neccessary to meet the im
pending shortage of U-235. 

Thomas B. Cochran, a physicist 
who conducted a study of breeders 
at Resources for the Future, a 
Washington, D.C. think tank, dis-
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putes both AEC claims. Cochran 
maintains building and operating 
costs will be higher than the AEC 
predicts. Environmental safeguards 
may further increase costs, Coch
ran says. 

LMFBRs intensify the dangers of 
conventional reactors. Fast breeder 
designs operating at higher tem
peratures would leave less leeway 
for temperature variance before a 
fuel meltdown. Moreover, pluton
i urn is one of the most toxic radio
active fuels. 

In any atomic plant, a fire or 
explosion (even if not initiated by 
the nuclear fuel) can be disasterous 
if it damages radiation barriers, or 
the cooling or safety systems. 
Sodium, the coolant in breeder re
actors, burns rapidly. Ap
proximately 80 gallons of liquid 
sodium escaped from the secondary 
cooling system of an Idaho reactor 
in 1968. According to a 1971 AEC 
bulletin, ((The sodium, initially 
under a pressure of approximately 
13.5 pounds per square inch and at 
a temperature of 509 degrees F., 
streamed out of the open valve 
body, and almost immediately ignit
ed. Portions of the equipment in 
the room were either destroyed or 
severely damaged by the fire." It is 
conceivable that such a reaction 
from the coolant may trigger a 
menacing release of radioactivity. 

Presently, 23 atomic plants are 
in operation across the United 
States with 110 plants currently in 
various stages of construction. The 
government is striving to generate 
50% of the electricity in the year 
2000 with atomic energy. By the 
turn of the century, about 1000 
plants are scheduled for comple 
tion. But in the future, plants will 
be larger, and for economic reasons 
will operate longer between fuel 

replatement. These plants will ac
cumulate larger and more toxic 
radioactive by-products. And with 
reactors built closer to large popu
lations, the nuclear accidents of the 
future could dwarf any present day 
industrial accidents. 

In 1956-7 the AEC conducted a 
study that, among other things, 
attempted to predict the damage 
that would be done if a 100-200 
megawatt reactor released 50% of 
its fissionable materials 30 miles 
from a large city. The worst calcu
lated accident reportedly could kill 
3,400 people, injure 43,000, destory 
7 billion dollars worth of property, 
and contaminate 150,000 square 
miles of land. 

But despite the possibilities of 
contamination through reactor 
runaways, transportation and oper
ation mishaps, the problems of 
waste accumulation, and a shor
tage of natural fission fuels, nucle
ar fission deserves consideration as 
a future power source. Although it 
does have numerous and severe 
short-comings, fission has proven 
itself as a workable if not ideal 
solution to the impending power 
crisis. Breeder reactors will be able 
to convert relatively common U-
238 to fissionable plutonium. Also, 
proponents of fission power can 
build a case around the fact that 
the AEC has been producing, ship
ping, and storing radioactive fuels 
for more than a quarter century 
without a major acident. But the 
likelihood that accidents will in
crease in number and severity as 
the fission program expands sug
gests that perhaps it would be bet
ter to seek another energy source 
before fully investing in nuclear 
fission as the power source of the 
future. 
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or over four billion years, 
the ocean has been the 

principle tenant of this plan
et. During all this time, the 

sea has forced incredible and con
tinuous changes on the land mas
ses. Boundaries which had been 
vast were steadily shrunken. Areas 
which were limitless were suddenly 
confined. As continents rise above, 
then fall under water, the sea re
mains constant and relentless. The 
ocean is the cradle of all life, and 
all land is actually subservient to 
the irresistible force of the eternal 
sea. Man believes that he can 
pollute this sea, change its bounda
ries, overfish it, and release radia
tion into it, and the ocean will 
remain as it always has been, eter
nal and unchanged. Once again 
man's greed, his ignorance, and his 
thoughtlessness is striking. He is 
murdering his greatest natural 
resource- the oceans. 

Space exploration is more spec-
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by Bill Loye 
tacular for our politicians, while 
the ocean is more valuable for our 
people. While our land resources 
are being exploited and exhausted, 
the sea's minerals are still waiting 
to be intelligently used. Food, ores, 
medicines, all this and more exists 
in our oceans. By understanding 
the oceans and working with them 
constructively, man can hope for 
something other than a dismal fu
ture. 

Basically, the ocean is a big 
soupdish. The rim of the dish is an 
area stretching 7 5 kilometers off
shore which gently slopes to about 
130 meters deep. This is the conti
nental shelf, the oceanic border of 
the continents. Time has seen the 
continental shelves as the spring
board for life; the first animals 
originating on the shelves of long 
ago. The continental shelf has had 
its wet and dry periods. During the 
last ice age, these shelves were all 
exposed to the elements because 

great quantities of sea water were 
locked in the glaciers. The overall 
sea level was approximately 160 
meters lower than at present, be
cause of the glaciers. As the ice 
melted, the shelves were once 
again covered by the rapidly rising 
ocean. 

Beyond the continental shelf is 
an area of rapid drop called the 
continental slope. The slope ex
tends from a depth of about 130 
meters to approximately 3,000 
meters. 

Following the slope is an area 
which drops a little more gra<;lual
ly. This area, called the continental 
rise, is made . up mostly of rocks, 
mud, and garbage, some of which 
had been first deposited on the con
tinental slope, and eventually 
gathered to form the continental 
rise. This area reaches out roughly 
4,500 meters; a depth which is suf
ficient enough to severely inhibit 
the process of decay. Thus, much of 
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the garbage that we deposit today 
will be in good condition for future 
archeologists. The continental rise 
spreads out over the ocean floor, 
and it's size is relative to the 
amount of material heaped on it, 
whether that material be rock, 
treasure, or rusted cars. 

The next region is the ocean bot
tom, which is very deep, dark, and 
pressing. At this depth of 4,500 
meters, the pressure is about 700 
atmospheres. The terrain looks like 
the plains of South Dakota - vast 
and flat. The ocean bottom is the 
ultimate dump, because trash le
gally dumped by nations on their 
continental shelf may follow gravi
ty and take off to eventually find a 
home on the international ocean 
bottom. Thus, one nation's wastes 
may become international trash. 

There are many animals who 
live at the ocean floor. Most of 
these have their own unique quali
ties. Some even supply their own 
light, but all of them manage to 
withstand the tremendous pres
sures exerted at these depths. 
These animals usually feed off of 
particles on the floor that have 
floated down to them from that 
strange world above. 

Some of the physical oddities in 
the ocean include volcanoes, 
trenches, and oceanic ridges. Vol
canoes? of course, sometimes get 
excited and spill lava into the 
ocean. The lava rapidly solidifies, 
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and when enough lava has piled 
up, an island or a guyot is created. 

Another irregularity is a trench. 
Trenches are the deepest features 
of the earth, going down as far as 
11,022 meters, or about eight 
miles. The bottom of a trench is 
usually the final resting place for 
all kinds of deposits. 

It is a generally accepted fact 
that the earth's surface actually 
consists of constantly moving 
plates. Research into this subject 
has revealed that there are at least 
thirteen plates. These plates are 
always in motion, moving together, 
apart, or past each other. These 
motions are called subduction, 
spreading, and transform. 

The trenches of the ocean are the 
result of subduction. When two 
plates collide, one is forced up, the 
other is subducted, that is, pushed 
under the first plate and forced 
back into the furnace earth. It is 
then remelted and partially used 
over as a part of an island arc such 
as Japan. 

The oceanic ridge is where the 
new earth appears. The plates are 
moving apart, and to fill the 
opened space lava rises up, is 
cooled, and solidified. This new 
material is then formfitted on the 
plate and moves away from the 
ridge, letting new material come 
up, solidify, and continue the cycle. 
This motion has been going on for 
ages, creating more sea floor at the 

oceanic rise and destroying sea 
floor at the subduction zones. 

An unfortunate sidelight to the 
concept of moving plates concerns 
the final type of motion, the 
transform fault. It is this type of 
fault that is in California. Because 
of this fault, Los Angeles will not 
sink, but instead will creep up to 
San Francisco Bay. Continuing on, 
it may someday be a suburb of 
Japan, as that stretch of Pacific 
Ocean is gradually subducted at 
the Japan Trench. 

Plates have been moving for a 
long time-possibly as much as four 
billion years. It has been proposed 
that at one time, three to four bil
lion years ago, all the continents 
were together as one. It has also 
been hypothesized that another 
continent existed before that time, 
was broken up, and returned togeth
er. India, for example, has broken 
off from the Antarctic continent, 
and the force of India crashing into 
Asia pushed the earth up and 
formed the Himilayan Mountains. 
The western continental plates 
have made at least one 360° turn, 
placing Minnesota as far away as 
latitude 30° S. 

Further complications arise 
when you discover that the plates 
move at different speeds. The dif
ferent speed rates are thought to be 
caused by the convection currents 
of the molten rock flowing in the 
earth's mantle. 
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Our magnetic poles are also 
transient, switching from their 
original positions of north and 
south to a reverse position; ((south" 
being in the Arctic and ttnorth'' in 
the Antarctic. These switches have 
been conveniently recorded for us 
by the sea -floor spreading process 
called magnetic anomalies. About 
one million years ago, when the 
poles were in their normal posi
tions and when the sea floor was 
created at the oceanic ridges, the 
polar molecules would line up in 
their field with normal orientation. 
This position lasted a very short 
time, for in less then 1,000 years, 
the poles reversed themselves. The 
molecules now lined up the oppos
ite of what they were before. This 
pattern has continued for at least 
80 known times, with each normal 
and reversed period being unrelat
ed in length of time. These rever
sals are dangerous to many life 

CONTINENTAL SHELF 

forms. Scientists believe that as the 
poles reverse their positions, there 
is no magnetic field around the 
earth. The magnetic field, acting as 
a shield against radiation from 
outer space, protects plants and 
animals from undergoing severe 
mutations, due to gene changes. 

Our soupdish being complete, we 
are now to fill it. Take 1,370x10 6 

Km of pure water, add 40x10 6 

cubic meters of sodium and chlor
ine, and add pinches of manganese, 
sulfate, calcium, potassium, and 
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nearly every other element, and 
you have sea water. 

Another property held by sea 
water is density, which is defined 
as the mass per unit volume, or in 
other words, the weight (about 1.05 
grams) per volume (about one cu
bic. centimeter). Density is affected 
by salinity, as the more material 
there is in the water, the denser it 
gets, until at 4° C. it reaches ulti
mate density. Finally, density is 
influenced by pressure. The more 
pressure, the denser the water. 

This creates an interesting prob
lem in the ocean. What happens 
when warm, less saline water 
meets the colder, more saline wa
ter? Just as could be expected, the 
colder, denser water will (sink'. 
This happens quite often and even 
has a fancy name you can use; 
thermohaline circulation. This cir
culation is extremely important to 
the fish, for it causes the plankton, 

the main source of food for all 
ocean life, to rise and fall, depend
ing on which system they are in. 
These ups and downs cause a good 
circulation of nutrients in the 
ocean, thus feeding the food chain 
and benefiting man. 

Another form of circulation in 
the ocean is wind driven circula
tion. This circulatory system con
sists of surface currents. The water 
is blown by the wind and piles up 
in a certain direction. The water 
then flows down the pile, causing a 

current. But as the water ap
proaches land, it is deflected. The 
major surface current that affects 
us is the North Pacific current. At 
the equator, this current flows 
towards Japan. As it approaches 
Asia, it is deflected to the north 
and flows along Japan, bringing 
warm equatorial water to the coast 
and maintaining a warm climate 
there. The current then flows along 
the coast of the North American 
continent, and finally reaching 
Baja, California, it heads back out 
to sea along the equator. These 
ocean currents are common 
throughout the world, and they 
keep coastal lands at a much more 
constant and milder temperature. 
They also keep the water circulat
ed. 

There is a natural relationsn1p 
between the currents and the 
weather, and research into this has 
opened doors to long range weather 
prediction and ultimate weather 
control. Hopefully~ we will find a 
way to work with nature, finding a 
happy medium to avoid disasterous 
flooding, high winds, and hurri
canes, yet maintain normal rainfall 
and quiet winds. Presently, re
search on this is being done in the 
northern Pacific, and in time, we 
should know why Minnesota al
ways gets winter in October. 

Perhaps the greatest sea catas
trophe is the tidal wave, or tsuna
mi. They are caused by earth 
movements such as earthquakes, 
volcanoes, and landslides. One of 
the most famous tsunami waves 
was the one which struck Alaska 
in 1964. This wave was caused by 
an earthquake which displaced a 
large amount of the ocean. This 
displacement created a large ripple, 
and the resulting wave damaged 
much of coastal Alaska. In 1958 a 
similar wave, caused by a land
slide, washed away half of a moun
tain in Lituya Bay, Alaska, and in 
1972 a wave caused by a slide 
washed over the island of Kyushu, 
taking over 15,000 people with it. 
It is hoped that by understanding 
these waves, we may predict them, 
and hopefully save lives. 

All life came from the sea, and 
hopefully man will take the time 
and the effort to understand and 
work with his greatest natural re
source. If he doesn't, the conse
quences for both man and the sea 
will be devastating. 
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by Roger Peterson 

nly one Earth" was the offi
ial guiding theme when 

113 nations met in June to 
deal with global environmental 
problems, but the message seemed 
lost during the ensuing tumult. 
The idea began early in 1968 with 
a Swedish proposal that the United 
Nations should combat internation
al problems caused by too rapid 
industrialization and population 
growth. In December of 1968, the 
U.N. General Assembly unani
mously decided that a United N a
tions Conference ori the Human 
Environment should be held in 
1972. A Preparatory Committee of 
27 nations was established to or
ganize the Conference (abbreviated 
UNCHE) and the date was set for 
June 5-16 in Stockholm, Sweden. 
From the outset, UNCHE has been 
such a difficult undertaking that 
one delegate compared it to draft
ing the original U.N. charter. 
Selecting the basic issues took the 
Preparatory Committee two years 
of hard work. The documentary 
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material prepared for the Confer
ence was nearly 14,000 pages long. 

As the Conference time drew 
near, political entanglements 
threatened to prevent wide based 
participation. The underdeveloped 
countries, known as the third
world, feared the Conference would 
pressure them to accept unwanted 
constraints on economic develop
ment and population growth. At 
best they foresaw a sterile ex
change of accusations between the 
superpowers. 

But the most dramatic political 
maneuvering concerned the partici
pation of East Germany. It was 
decided in late 1971 that the East 
Germans could not have full voting 
participation at UNCHE, since 
they are not members of the U.N. 
or one of its agencies. In protest of 
East Germany's exclusion, the 
USSR and its political attach
ments, Poland, Hungary, Czecho
slovakia, and Bulgaria, refused to 
attend the Conference. With only 
three-fourths of the world present, 

the environmental spirit that was 
born of the Conference could not be 
truly ecumenical. 

Even as preparations were un
derway, environmental activists 
sensed that politically sensitive 
issues were being avoided and in
put to UNCHE itself would be 
nearly impossible. To provide for
ums for countervailing viewpoints, 
alternative conferences and activi
ties sprung up on the periphery of 
UNCHE with their own rampant 
politicing. The U.N. and the Swed
ish government sponsored the En
vironmental Forum for this pur
pose, with tightly packed daily 
programs of lectures, panel de
bates, workshops, and film show
ings. The most visible activities 
were those of Dai Dong, Hog Farm, 
01 Group, Pow Wow, and Black 
Mesa Defense. 

Dai Dong is a British based 
transnational peace movement 
sponsored by the Fellowship of 
Reconciliation. The name Dai Dong 
means (~The Community of Man" 
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and comes from an ancient Chinese 
concept of a world in which ~(not 

only a man's family is his family, 
not only his children are his fami
ly, but all the world is his family 
and all children are his." With a 
world-wide assortment of promi
nent environmental scientists and 
scholars, Dai Dong's program em
phasized the interrelation of envi
ronmental problems and the inter
dependence of peoples on a global 
scale. The Dai Dong program dis
cussed the emerging conflict be
tween poor nations who must in
crease both their standard of living 
and the power to control their own 
destinies, and the rich industrial 
nations who voice concern for pro
tecting the natural environment 
without yet showing a willingness 
to abandon the forms of exploita
tion that threaten it. World mili
tary spending, now estimated at 
200 billion dollars annually, pre
vents financing of adequate pro
grams for environmental protec
tion, and war itself has a massive 
effect on the environment. Dai 
Dong sponsored a Convention on 
Ecocidal War that heard evidence 
on the devastation of the human 
ecology in Indochina and con
demned such actions as an interna
tional crime of war. 

Hog Farm is a traveling com
mune of Americans who specialize 
in managing non-violent demon
strations and offer themselves as a 
model of alternative culture. Hog 
Farmers, who live in two buses, 
were the mainstay of the young 
peoples campground at Skarpnack 
airport, serving organic food and 
arranging for the appearance of 
several notable environmentalists, 
including Dr. Paul Ehrlich, author 
of The Population Bomb. The activ
ities at Skarpnack, including live 
music, dancing, festivals, and the 
pleasures of the counter-culture, 
earned it the name ~(Woodstock
holm". 

01 is short for (tote iwapo" in 
Swahili, meaning ((everything that 
is, must be respected." The OI 
group is mainly young radical sci
entists from the underdeveloped 
countries. OI members had a re
markable influence at the Environ
mental Forum, which at times be
came a free-for-all in determining 
who would be heard. 

Pow Wow is an ad hoc collection 
of Scandanavian environmental 
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and political groups who joined 
together to offer a radical alterna
tive to the Environmental Forum. 
Pow Wow initiated the People's 
Forum, which considered the profit
making roots of the environmental 
crisis, poor conditons in the work
ing environment, and alternative 
technologies of wind and solar 
power. 

Black Mesa is a mountain in the 
southwest United States that the 
Hopi Indians regard as the spiritu
al center of the North American 
continent. It is black because it is 
made of coal, and therefore, it is 
valued in the religion of progress. 
The coal will be strip mined over 
the next 30 years, permanently 
destroying the terrain. Black Mesa 
coal is then pulverized and mixed 
with water drawn from the Indian 
land and pumped to a power plant 
230 miles away. The smoke from 
the plant darkens the once crystal
clear desert air. ttThe Peabody Coal 
Company dismisses the sacredness 
of Black Mesa as the superstition 
of a few old people-for who could 
prefer a mountain to money," the 
Black Mesa Defense explained. 
uBut the entire fabric of a thou
sand-year-old culture is being de
stroyed for all time, and the return 
is neon for Las Vegas, and growth 
for Los Angeles. It isn't much of a 
trade." The Black Mesa Defense, 
together with other North and 
South American Indians present in 
Stockholm, gave a deeply felt reli
gious view of man and the land, 
which was a refreshing relief from 
the environmental rhetoric and 
technological jargon that abounded 
everywhere. They spoke of the 
earth and sky as their mother and 
father, from an experience as direct 
as feeling sunlight on the skin. 
Their sense of kinship with the 
environment extended to every 
form of life and landscape. 

The Environmental Forum pro
grams were seldom announced 
more than a day in advance, evi
dently because of the intensive 
struggles over who should partici
pate and when. A highpoint was 
reached when several third-world 
representatives left the audience to 
join the panel in which Paul Ehr
lich was about to speak <;>n popula
tion. After a few tense minutes 
when even microphones were 
fought over, the enlarged panel 
began with a third-world co-chair-

person. Ehrlich quickly made it 
clear that he now held somewhat 
different views than he expressed 
in his 1968 book, The Population 
Bomb, which included a statement 
urging the U.S. to use political 
power to encourage population con
trol in the underdeveloped world. 
Two speakers from Kenya chal
lenged any. method of limiting 
population other than raising liv
ing standards. A Kenyan gynecolo
gist said it is easy to get money for 
family planning clinics, but hard to 
get money for one school. If the 
population were better educated 
and sought to provide education for 
their children, families would be 
smaller, he said. 

Of the many ad hoc workshops 
that met at the Environmental 
Forum, the results of the discussion 
on ((Citizen Participation in Sci
ence-Related Decision Making'' are 
of particular interest to scientists 
and engineers. The committee 
statement calls for ttthe freest bi
directional flow of information be
tween scientist and citizen without 
constraint by intimidation, restric
tion, or reprisal from government, 
employer, or social disfavor ... 
the recognition by scientists of 
their moral responsibilities to 
share their special knowledge and 
expertise with fellow citizens and 
to question publicly the (pursuit' of 
environmentally unsound research 
and development schemes 

At the official U.N. Conference, 
the Declaration on the Human 
Environment was the early center 
of attention. The Declaration con
sisted of a preamble and 25 funda
mental principles to guide nations 
in their conduct as it affects the 
environment. 

In the opening session of debate 
on the Declaration, the Chinese 
offered their own version but did 
not ·move their proposals as formal 
amendments. The Chinese decla
ration contains fL blast at the 
United States and other highly 
developed countries; ((we hold that 
the major social root cause of envi
ronmental pollution is capitalism, 
which has developed into a state of 
imperialism, monopoly, colonial
ism, and neo-colonialism, seeking 
high profits, not concerned with the 
life and death of people, and dis
charging poisons at will'. . . The 
United States has committed seri
ous abuses in Vietnam, killing and 
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wounding many of its inhabitants. 
These facts are known to the world 
and should be included in the dec
laration." The Swedish Prime Min
ister, Olaf Palme, also condemned 
the U.S. involvement in Southeast 
Asia in a speech to the Plenary, to 
which the U.S. delegation puffed a 
reply that such comments did not 
~~deserve the dignity of a response". 
On other occasions of the mention 
of Vietnam, the US. only responded 
that the topic was ~~irrelevant" to 
UNCHE. It was impossible to es
cape the Vietnam issue entirely, 
since Stockholm newspapers fea
tured alarming front-page photos of 
South Vietnamese children burned 
by napalm. 

The nations of the third world 
often do not recognize a need to 
cope with or overcome environmen
tal problems simply because they 
seem less serious than the immedi
ate needs of food, shelter and 
health care. Where environmental 
protection in their own industry 
would constitute a restraint on 
struggling economic growth, third 
world delegates sought to include 
compensation from the wealthier 
nations. 

Third-world countries proposed 
compensation where prices of their 
raw materials and primary prod
ucts are affected by environmental 
concerns in their rich customers. 

Senator James Buckley (Rep. 
N.Y.) issued a statement for the 
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U.S. delegation explaining that 
many factors determined prices 
and the U.S. did not think the sep
aration of environmental costs was 
good commercial practice. This is 
simply another way of saying that 
the U.S. does not wish to pay up. 

Algeria headed a group that re: 
sisted any tampering with com
plete national sovereignty over the 
exploitation of natural resources. 
Brazil seemed intent on subverting 
the Conference's vital ~~only One 
Earth" concept. She insisted that a 
recommendation asking for the 
development of international stand
ards for chlorinated hydrocarbons, 
pesticides containing heavy metals, 
and biological controls should make 
reference to national and local con
ditions, which would have retained 
the status quo. Brazil's interven
tion, with the help of Australia, 
another rapidly industrializing na
tion, on a recommendation for es
tablishing a global monitoring sys
tem to keep watch on the world's 
forests, was to :remove all reference 
to global action. Driven by the de
sire to ~~get rich quick" exploitation 
of the environment at the expense 
of future generations, Brazil is now 
trying to attract dirty industries 
eager to be without the controls 
they face in their home countries. 

A global environmental assess
ment program, known as Earth
watch, will include major new initi
atives in inter-disciplinary :re-

search and a global system of 110 
stations to monitor trends in at
mospheric constituents, climate, 
world forest cover, fresh water sup
ply, and economic and social indi
cators. The UN's environmental 
protection activities will be finan
cially supported by an Environ
ment Fund. The UNCHE Secre
tary-General, Maurice Strong, re
quested 164 million dollars for an 
adequate start of the Fund. The 
U.S. State Department said the 
fund must not exceed 100 million 
dollars over five years, and the 
U.S. cannot contribute more than 
40 per cent. Considering that the 
U.S. Environmental Protection 
Agency has estimated the cleanup 
in the U.S. alone will cost 164 bil
lion dollars, we seem to be making 
a very modest start on the global 
problems. The U.S. pledge of 40 
million dollars over the next five 
years toward the U.N. Fund is the 
only new money the U.S. will give 
the U.N. With other payments held 
at present levels, the U.S. share of 
total contributions will drop. 

The United Nations Conference 
on the Human Environment was a 
good beginning in international 
communication on the environment 
and planetary awareness. There is 
still a long road beyond ostensible 
concern in the industrialized na
tions towards a worldwide commit
ment to cooperate for survival in a 
quality environment. 
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Empty hook? 
our line! T 

(612) -7 1 ex. 4 6 
Donaldson, located in the sports and cultural center 
of the upper midwest, is searching for engineers and 
scientists to meet the ever-increasing needs of our 
clients. Today's noise reduction and air filtration 
problems must be solved and we at the Donaldson 
Company have been providing these answers for 
over 50 years. 
We need people who have a respect for a challenge, 

Call or write John Raplinger, Personnel Division 

donaldson 
Donaldson Company Inc. 
1400 West 94th Street 
Minneapolis, Minnesota 55431 

612/888-7981 
Cable DONUS 

"An Equal Opportunity Employer" 

If not, get one at 
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Design and development 
of packaging. (And 
other products.) 

BEMIS 
COMPANY, 

INCa 
(Minneapolis) 

••• 
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. and thanks an awful 
lot for visiting us! 

Five years ago companies were hungry for graduating engineers. Last 
year graduating engineers were hungry for jobs. 

Now it's easier both ways. You have choice. We have choice. Honesty 
can prevail. We can part friends if we see we weren't meant for each 
other. Maybe a little self-description here would save time: 

• Only very rarely does Kodak hire a 
manager. We hire workers, and some 
of them grow into managers. We 
consider engineers workers. A young 
engineer who lets on that his engi
neering is only temporary until he 
becomes a manager makes us un
comfortable. Yet we have some sur
prisingly young managers. 

• We prefer engineers who know the 
difference between engineering and 
science. An engineer is a person who 
has learned a lot of science, not for 

the purpose of creating still more 
science, but for getting things done. 
(We also happen to need scientists.) 

• Take, for example, a newly minted 
E. E. who shines in circuit design. Im
pressive talent. Hired. Could be put 
to work in that specialty but is lured 
instead into manufacturing engi
neering, a real action area. Expected 
there to be happy and productive 
spending 15% of time designing cir
cuits and the rest on a tool design 
project befitting a mechanical engi
neer. At the same time we have 
mechanical engineers doing some 
chemical engineering. Also vice versa. 

• Engineers tell the factory what to do. 
How can you tell somebody what to 
do if you've never done it yourself? 
Since our factories do things nobody 

else knows how to do, it would be a 
while before you really earn your 
keep. 

But we're interested in you. If you are 
interested in us, you can write us some
thing about your hangups, but tell us 
more about your strengths. Eastman 
Kodak Company, Business and Tech
nical Personnel, Rochester, N.Y.14650. 

An equal-opportunity employer m/f 
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After the statesmen, politicians, lawyers, educa
tors, journalists, clergymen, sociologists, and 
theorists have finished talking about what should 
be done, we turn it over to the engineers to do it. 
Nothing, from the Pyramids to Apollo 16, would 
have been built without them. Nothing important 
tomorrow w.ill be built without you. So who needs 
engineers? We do. Write to George Garvey, 
Westinghouse Education Center, Pittsburgh, 
Pennsylvania 15221. An equal opportunity employer 
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The energy to keep straining toward your chosen goal-and even 
as you attain it, look forward to the ones beyond. 

The energy to explore, evaluate, create, bring needed changes. 

Energy to burn, figuratively-that wealth possessed by the 
young, in mind no less than body. 

Energy to burn, literally, because ideas-freedom, equality, well-being, 
conservation of our natural environment-must be turned into 
realities-food, shelter, warmth, access, economic independence 
and the physical means to accomplish our goals. 

Atlantic Richfield is an energy company- in all these ways. One of the 
nation's thirty leading industrial corporations, and one of the 
ten companies producing most of our energy needs. A company that 
is forward-looking in management. Imaginative in organization and 
operation. Open to fresh thinking. Responsible in outlook. 

While our specific requirements continually change, we typically 
offer opportunities to financial and systems analysts, accountants, 
auditors, engineers, geologists, geophysicists, sales representatives, 
agronomists and programmers. 

We invite your interest. See our representative on campus or your 
Placement Director. 

tlantic ichfield o pany 
An equal opportunity employer M/F. 
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The 1215-S is the workhorse 
of the Dual line. It outper
forms anything in its price 
range with features like 
damped cueing, adjustable 
anti-skating separately cali
brated for ell i pt ica I and coni
cal styli. We are including a 
walnut base, dust cover and 
the highly rated Shure M91 E 
cartridge. 

List Price $183.25 
NOW $127.00 

E T 
AUDIO SYSTEMS AND I SERVICE I 
1501 University Ave. S.E. 331 ~7033 
901 Washington Ave. S.E. 331 .. 6923 

1 1 
The 1218 is the best buy in 
the Dual I ine because it 
shares many features with 
the "top of the I ine" 1229. 
It has a heavy 4 lb. platter, 
and' a synchronous motor for 
exceptionally stable speed 
accuracy. It also has adjust
able anti-skating and viscous 
damped cueing. We are in
cluding the walnut base, 
dust cover, and Shure's new 
improved M91 ED cartridge. 

List Price $233.85 
NOW $170.00 

50'29 France Ave. So. 920·3685 
1300 Wayzata Blvd. 473m0244 

1 
If you want the finest auto
matic turntable you can buy, 
we recommend the 1229. It's 
gimbal suspended tonearm is 
the most sophisticated you' II 
find. It also features a hys
teresis synchronous motor 
and a 7 lb. dynamically bal
anced platter. Bui It-in strobe 
disc allows you to check and 
adjust speed accuracy in sec
onds .. The 1229 is an invest
ment that wi II provide years 
of enjoyment and absolute 
minimum record wear. We in
clude the walnut base, dust 
cover and Shure's new M91 ED 
cartridge. 
List Price $284.35 
NOW $-210.00 
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6 loning by John Hollenhorst 
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If frogs can be genetically reproduced 
by scientists in laboratories, can hu
mans be far behind? 

ificial Intelligence by Robert Pirro 

A conversation with Allen Hanson, as
sistant professor of Computer Sciences 
(CICS), on the potential capability of 
computers to think. 

etractable by Bill Johnson 

The outside world seems to regard the 
computer as a dehumanizing entity. 
Can two artists, using the machine as 
an artistic tool, dispell this notion? 

16 The ad cientist' s 
eadshrinker by AI Kuhfeld 

20 

The winner of this year's science fiction 
writing contest is AI Kuhfeld, a research 
assistant in Physics at the Linac Labo
ratory. AI has been actively involved in 
science fiction writing for many years 
and is a member of the Minnesota Sci
ence Fiction Society (Min-StF). 

ur ext risis Pa 
Fusion- Is 

IV: 

it the nswer? by Greg Breining 

The conclusion of our four-part series 
on the energy crisis. Fusion is offered 
as a viable alternative to tomorrow's 
energy demands. 
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What We Think 
Coming of Age 

Predicting the future seems to be an art rele
gated to the practitioners of astrology, palm 
reading and crystal ball gazing. Few people 
though, take it so seriously and attack the prob
lem with such ability as do science-fiction writ
ers. Although science-fiction had its beginnings 
in pulp magazines, it has come of age as a seri
ous form of literature. One of the leading aca
demic critics, Prof. Thomas D. Clareson of the 
College of Wooster in Ohio, said; ~~science-fiction 
may well measure better than any other part of 
literature the impact of science in the twentieth 
century." 

e Had a Hit Contest 

It is indeed our pleasure to present to the 
Technolog audience, this years winner of the 
annual Science Fiction Writing Contest. Start
ing on page 16 is AI Kuhfeld's winning short 
story, The Mad Scientist's Headshrinker which 
we think you'll find a very good piece of ama
teur science fiction writing. 

The response to the contest was so. good and 
the quality of writing such that the least we can 
do is publish the first five winners in order to 
share them with you. The winners were; AI 
Kuhfeld's The Mad Scientist's Headshrinker 
(1st), Geoffrey Garwick's Clone (2nd), Tom 
Dunn's The Pigs Discuss The Market (3rd), 
James M. Young's The Fallen God (Honorable 
Mention), and Tom Brosz's untitled piece 
(Honorable Mention). These will be published. in 
following issues. To help us decide (and it was a 
hard decision) we called on two local but nation
ally recognized science-fiction writers; Gordon 
R. Dickson and Ruth Berman. Our own panel of 
judges, David V. Huntsberger II, Robert Pirro 
and myself, are all avid readers of science fic
tion. So, sit back and get ready for five months 
of good s-f reading! 

uit Cloning Around 

Continuing on our theme of the future, we 
have an article on cloning (page 6) by John 
Hollenhorst. This process (of reproducing an 
exact duplicate of any plant or animal by asex
ual means) was not expected to be possible until 
the 1990's. There is a man on campus, Prof. 
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Robert G. McKinnell, who claims he can do ·this 
and has already done so with frogs! But the ex
tention of this process to human cloning he 
says, is not yet possible. 

On page 10, Associate Editor, Robert Pirro 
talks to Prof. Allan Hanson (C.I.C.S.) on the 
futuristic topic of artificial intelligence in com
puters. Come to think of it, its not that futuris
tic, for even though computers can't ~~think" on 
the human level, there are some forms of hu
man activity that don't require thinking - on 
the human level. Think about it. 

On page 12, Bill Johnson writes our cover 
story on the capability of computers to produce 
today's art. To be precise, it is the artist's abili
ty to use the computer that will help produce 
contemporary art. The artist, in order to be tru
ly modern, can not disregard new technologies. 
Holographic sculptures; the very next craze? 

Rounding out our issue on the future is an 
article by Greg Breining on page 20, Fusion- Is 
It The Answer? The only new source of energy 
of any significance for our near future could 
well be fusion. With all of the fantastic concepts 
that future thinking offers us, it would be a 
shame if they all failed because somebody forgot 
to provide the power. That would be like getting 
a new, and expensive model train set for Christ
mas and forgetting to buy batteries. 
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Create your own manifestation with help from 

3018 LyndaleAve.S. 827·5304 315 14th Ave.S.E. 331-6864 

E I 

Last year, over 3,000 employees (E) 
worked hard (HW), assumed individual 
responsibility (I R), and raised annual sales 
to over $675 million. That's in addition to 
running 80 foreign and domestic plants and 
offices and making FORTUNE'S top 200. 
All in all, it's quite a record for just 3,000 
people. 

Next year, we have even bigger things on 
tap. So we're looking for imaginative, 
innovative, creative people to join us in the 
areas of production engineering. sales, 

ADM 
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ing machines, tables, 
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is unlimited. 
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placement office for an interview. 
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In the last two or three years, 
the popular press has discovered 
genetics. 

Some writers have hailed recent 
developments in the field, describ
ing them as the groundwork of a 
great new future for mankind - a 
future in which we will control not 
only our environment but the way 
in which our bodies adapt to it. 

More pessimistic commentators 
have invoked the twin mythologies 
of the Frankenstein monster and 
Huxley's Brave New World. 
According to this view, man's tech
nology will eventually outstrip his 
ability to sanely apply it and the 
human race will fall victim to its 
own arrogance. 

Both views are based on the as
sumption that geneticists are on 
the verge of perfecting a method of 
non-sexual reproduction called 
~~cloning". By applying this tech
nique to humans, it is supposed . 
that scientists will soon be able to 
create men who are exact genetic · 
duplicates of existing human 
beings. 

Esquire magazine, in an article 
entitled ~~A League of Joe Na
math's", describes a society of the 
future in· which outstanding ath-
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letes, scientists, artists, philoso
phers and soldiers are routinely 
cloned to produce legions of perfect 
replicas of society's great men. All 
for the betterment of the human 
race, you understand. 

Even so sedate a publication as 
Christianity Today ran a story 
called ~~The Prospect of Carbon
Copy Humans" and proceeded to 
investigate the moral and sociologi
cal implications of the New Biolo
gy. 

It is also widely thought that 
advances in genetic engineering 
will make it possible for man to 
create humans with special physi
cal characteristics. Legless men 
with four arms might be better 
adapted than ordinary men for 
long space flights. By cloning such 
a creature, an entire crew could be 
produced for a trip to the edge of 
the universe. 

According to a University of 
Minnesota zoologist who is one of 
the pioneers of cloning research, 
such fanciful speculations are 
based on serious misconceptions 
about the role of genetics in human 
development and on a widespread 
misunderstanding of the advances 
made so far in the field. Robert G. 

by John Hollenhorst 

McKinnell, who has for years been 
producing fully mature leopard 
frogs using clones made from 
young tadpoles, says it may never 
be possible to make genetic dupli
cates of adult human beings. 

To understand the obstacles 
standing between contemporary 
genetics and a league of Joe N a
math's - or, for that matter, a pla
toon of Lt. Calley's - it is neces
sary to understand the technique of 
cloning. 

All animal cells have a nucleus 
which contains the genetic ~~infor
mation" necessary both for the 
proper functioning of the cell and 
for the reproduction of the species. 
The complex chemical arrange
ments of a substance known as 
DNA form the alphabet of the ge
netic language. The DNA is organ
ized into genes and genes are com
bined into a number of chromo
somes - 46 in a human cell, 26 in 
the leopard frog. The full comple
ment of chromosomes carries the 
entire genetic code which will di
rect the development of the cell 
and all cells which arise from it. 

In normal sexual reproduction, 
the sperm cell and the ovum, or 
egg, of the species contain only half 
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of the usual number of chromo
somes. Chance determines which of 
the full complement of genes will 
be contained in an individual sex 
cell. 

When the sperm fertilizes the 
egg, the resulting ·zygote has the 
full ~(diploid" number of chromo
somes because each sex cell con
tributes its half - the ((haploid" 
number. The astronomical odds 
against any two zygotes receiving 
the same combination of genes in
sures that each organism resulting 
from sexual reproduction will be a 
unique individual - except in the 
rare case of identical twins, which 
result when the zygote splits into 
two embryos after fertilization is 
complete. 

Cloning is a method of by-pass
ing the sexual recombination of 
chromosomes. An egg cell is taken 
from an adult female frog and the 
haploid nucleus is destroyed either 
mechanically or with radiation. A 
cell is then taken from any part of 
the body of another frog. It could 
be a liver cell, a nerve cell, a skin 
cell - it makes no difference be
cause each body cell contains the. 
same identical genetic code in its 
26 chromosomes. The nucleus of· 
the body cell is removed with mi
cro-surgery techniques and physi
cally placed inside the enucleated 
ovum. 

Since the resulting organism has 
the full complement of 26 chromo
somes, it is virtually indistinguish
able from a normally fertilized 
zygote. If all goes according to 
plan, the new cell will begin divid
ing and will ultimately develop 
into a normal adult frog. 

Because the entire set of 26 chro
mosomes in the new organism 
comes from a single frog, the 
cloned frog will be genetically 
identical to the donor. It is possible 
to make hundreds or even 
hundreds of thousands of identical 
frogs merely by taking all the nu
clei from a single donor. Since the 
genetic material of the original 
eggs is destroyed, it makes no dif
ference where the eggs come from. 

The entire cloning procedure is 
summed up in those few steps. It 
seems as though it should be no 
trouble to use the same technique 
to produce the first clonal man. But 
there are many problems to be 
solved first, some of which may be · 
insurmountable according. to Dr. 
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McKinnell. 
First of all, the micro-surgery 

involved in cloning is very difficult 
to perform successfully. McKinnell 
says zoologists spend years just 
perfecting the technique of nuclear 
transplantation with frog cells. AdC: 
to this the fact that human cells 
are much smaller than frog cells 
and the problems begin to mount. 
The egg of a frog is huge in com
parison to a human ovum because 
it contains all the yolk necessary 
to nourish the embryo until it is 
ready to go out on its own. The 
human egg, on the other hand, is 

only large enough to contain the 
amount of nutrients needed to sup
port the embryo until it begins 
depending on its mother's 
bloodstream while in the womb. 

The need for nourishment in the 
womb presents another obstacle to 

· the cloning of humans. A frog em
bryo can simply be dropped into 
the adult frog's habitat and it will · 
grow to maturity. A human em
bryo must be implanted in the 
uterus. However, rapid progress is 

. being made in the technique of 
embryonic implantation and it may 
soon become a common practice. 

The most serious difficulty faced 

by scientists interested in cloning 
is that no one has yet managed to 
produce an adult specimen of any 
animal species with genetic materi
al taken from the body cell of an
other adult organism. All success
ful clones so far have resulted from 
the transplantation of nuclei from 
embryonic specimens. The adult 
frogs produced from clones by Dr. 
McKinnell have derived their chro
mosomes from the cells of embryos, 
not mature .frogs. When attempts 
have been made to use adult body 
cells for cloning, the resulting em
bryos have always died within a 

few days. 
This point has been missed by 

the writers of articles for the popu
lar media and by many careless 
spokesmen within the scientific 
community. Dr. McKinnell has 
given several lectures pointing out 
this misunderstanding and has put 
together a large collection of misin
formation and groundless specula
tion which has appeared in various 
publications. He even has an 
article by Dr. Joshua Lederberg, a 
Nobel laureate geneticist, claiming 
that normal frogs have resulted 
from cloning techniques applied to 
adult frog nuclei. Lederberg specu-
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lates that it will be just a matter of 
a few years before the technique is 
applied to human beings. 

(~That hadn't been done in 1966 
when the Lederberg article was 
written," McKinnell says, ((and it 
hasn't been done today." 

The significance of this misun
derstanding cannot be over
stressed. The whole point of apply
ing cloning techniques to human 
beings - at least as far as the 
popular writers are concerned - is 
that duplicates of outstanding 
adults would be made. But if a 
clone can be made only from an em-

bryonic human being, there is no 
way of knowing in advance what 
the qualities of the clonal man will 
be. Instead of making replicas of an 
outstanding philosopher or athlete, 
scientists would be limited to dupli
cating a human fetus. It would be 
impossible to predict what the 
mature adult would be like that 
might result from such a feat. 

This obstacle is exactly what has 
made clone research ((one of the 
hottest areas of embryology today," 
according to McKinnell. Scientists 
first began poking into the problem 
in the early 1950's in an effort to 
discover the point at which irrever-
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sible changes in the genetic materi
al took place during the develop
ment of an organism. It had origi
nally been supposed that the proc
ess of differentiation - which al
lows the same 26 chromosomes to 
produce and regulate all the thou
sands of varieties of cells in an 
adult frog - would ~(turn off' some 
portions of the genetic code in the 
nucleus of a differentiated cell. 
Would it be possible to somehow 
manipulate that nucleus so that all 
of the genetic material would be
come active again? 

Cloning has proven that the 
chromosomes of partially differen
tiated cells - those in frog tad
poles- can be forced to display aJl 
the capabilities of chromosomes in 
the totally undifferentiated zygote 
nucleus. To use McKinnell's 
phrase, totipotency of partially dif
ferentiated nuclei has been demon
strated. 

It is still an open question, how
ever, whether adult nuclei are cap
able of giving rise to a new, entire
ly normal frog. It may be that the 
process of differentiation has re
programmed the genetic material 
to such a point that it no longer is 
able to function through the full 
range of chromosome activity. 

A graduate student working 
with McKinnell has begun testing 
clonal frogs to determine how 
quickly they can learn to hop 
through a maze. So far they have 
exhibited normal intelligence. The 
next step would be to split up a 
large group of genetically identical 
frogs and rear them in totally dif
ferent environments. Such a study 
may answer once and for all the 
old mystery about intelligence: Is 
it primarily an inherited quality or 
is it dependent on the 
environment? At least the question 
will be answered once and for all 
about frog intelligence. 

This matter of heredity versus 
environment is what makes Mc
Kinnell and his associates chuckle 
over articles like ((A League of Joe 
N amath' s". ((The science fiction 
idea of taking a biopsy from Albert 
Einstein's knee-cap and creating a 
clone of Einstein, the mathemati
cian, is nonsense," McKinnell says. 
~(Einstein was a unique product of 
the late 19th Century, Europe, 
Jewish ghettoes, political ferment 
and his wonderful genetic constel
lation. How that wonderful genetic 

constellation would interact with 
20th Century pollution, smog, over
population - no one can say. You 
might have a cop-out, you might 
have an incredible engineer, you 
might have a man on welfare or 
the head of a medical school. He 
wouldn't even look like Albert Ein
stein because he'd be on a different 
diet." 

McKinnell and his colleagues are 
not blind to the moral problems 
raised by the prospect of the clonal 
man. If it was possible to control 
the environment as well as the 
heredity of a human, would it be to 
mankind's advantage to do so? 

(~I think we have to ask what 
goals we intend for cloning re
search," says V. Elving Anderson 
of the University's Dight Institute 
for Human Genetics. HAny human 
need that I can think of can be met 
in other ways." 

Many scientists and writers have 
suggested that cloning may be a 
way of insuring that the human 

· ((gene pool" will not become crowd
ed with hereditary defects. This 
theory has it that natural selection 
is no longer capable of weeding out 
human genetic defects because man 
has learned how to control their 
effects. Hemophilia, for example, 
may tend to increase in frequency 
in the next few generations be
cause victims of the disease can be 
aided with blood transfusions and 
special additives to encourage the 
clotting of their blood. Since they 
are more likely to live to adult
hood than hemophiliacs of a centu
ry ago, they are more likely to 
have children, passing on the genetic 
defect which causes the disease. 

Proponents of widespread cloning 
argue that by creating genetic du
plicates of individuals with superi
or genetic qualities, such defects 
would not have a chance to be pas
sed along. Of course, in order for 
the plan to work, there would have 
to be some way of preventing non
perfect genetic types from repro
ducing themselves. This would 
seem to imply legal controls on 
sexual activity. 

((I would consider it a reasonable 
goal - without talking about the 
mechanisms for accomplishing it -
to try to reduce the frequency of 
genetic problems which are serious
ly harmful, harmful enough that in 
almost any kind of environmental 

Continued on page 23 
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Q-Can artificial intelligence be lima 
ited to a definition? 
A-No, its very hard to define. Basi
cally, what we hope to achieve is in
sight into information processing 
techniques and devices. 
QaWhat's the major difference bea 
tween present day artificial intellia 
gence programs and ordinary 
programs? 
A-Its a question of the increasing in
formational complexities of programs, 
the behavioral complexities of pro
grams, and the ultimate goals of the 
programs. 
Qmln the artificial intelligence natu= 
ral language process, what has 
been the main stumbling block? 
A-There are many. One of the key 
problems is representing meaning. 
How do you represent the kernel of a 
story? When you tell a child a story, 
there is a mental image constructed 
which consists of concepts drawn 
from the child's total experience. 
Now, how do you do that on a 
computer? How can you read a 
computer a bedtime story and have it 
understand what you are talking 
about? That's a very simple situation, 
but in fact, the major problem is 
there. How do you extract the ker
nels, the semantics of the story, so 
it's in representable form? Even more 
basic is what kind of data structures 
does one use? 

So, in other words, how do you 
measure meaning in that story? How 
do you build your own story image? 
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Interview with Dr. Allen Hanson, 
assistant professor of C.I.C.S., dis
cussing the question of artificial 
intelligence - the computers ability 
to mimic human thought processes. 

by Robert Pirro 

Q-ls that the reason why the early 
translation programs were 
failures? 
A-1 led into natural language under
standing because some of the earlier 
attempts at translation produced gar
bled output. The reason they did 
that, of course, is because there 
were no programs that had an un
derstanding of what was in the do
main of the discourse, that is, the 
document being translated. Take, for 
example, the word "pen". Normally, 
when the word "pen" appears in the 
context of a document, you know 
whether the author means a writing 
instrument, or a thing with boards 
around it to hold animals. French for 
example, has two words for "pen", 
and there is no way for the program 
to choose the correct word. This is 
compounded and compounded until 
finally, the resulting French transla
tion is meaningless. It bears no re
semblance to the original document. 

So, in order to do a legitimate job of 
translation, you have to have some 
way of disambiguating concepts at 
the syntactic level, and more impor
tantly, at the semantic level. The key 
is to discover what the document 
means, then to translate not from a 
strict syntactic level, but from a com
plex relationship between the syntac
tic level, semantic level, concept in
formation, and the document itself. 
Qaln what areas of artificial intellia 
gence are you the most interested 
in? 
A-Search problems, pattern recogni
tion, including visual models and sys
tems, and natural language. 
QaWhat do you mean by search 
problems? 
A-If you are looking at a problem to 
solve, there may be many ways to 
solve parts of the problem at each 
step. Take, for example, running a 
maze. You can blindly run a maze; 
take all possible left turns, for exam
ple, until you reach a dead end. 
Then back up, and take the next 
possible right hand turn. Then back 
up to the next possible decision, and 
so on. You can go through the maze 
in that blind, exhaustive way, and 
eventually you are going to find the 
right path. The same thing happens 
in a problem solving situation. 

A simple example is an integration 
problem. Given an equation to inte
grate, there are many transforma
tions that one can apply to that prob
lem if you use one of the standard 
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formats found in a textbook. All of 
those transformations are equivalent 
to making turns in the maze. 

Sometimes you can do better than 
just doing a blind search. If I know 
something about the problem, I'll add 
my knowledge to the program and 
help it make decisions when it has to 
make a turn. If I aid the program in 
this manner, then I'm no longer using 
a blind, exhaustive search. The 
question is, how do you impart the 
information to the program? That's 
the search problem. 
QaWhat specific types of problems 
do you want to solve in this way? 
A-Problems that may be so complex 
as to include the guidance of a robot, 
for example, walking down the hall, 
making decisions on whether to turn 
left or turn right to get to the library. 
If a man wishes to get to the library, 
he has to formulate a plan on how to 
get there. When you stop and think 
about it, the problem of navigating 
from my office to that library is a no.n
trivial problem which humans do very 
well, usually at a subconscious level. 
That's the .type of problem that I 
want to consider. Even in a situation 
such as this, there is a problem of 
search, with the goal being to get to 
the library. 

We are also looking at game situ
ations in attempting to discover ways 
in which programs which play games 
can learn to play them better. 
. QaWhat about pattern recognition? 
A-Right now, we are looking at two 
problems in pattern recognition. The 
first is medical data analysis. One of 
the fortes of the computer is its abi li
ty to handle large amounts of infor
mation, much more information than 
humans can normally process. In the 
case of medical data, the computer 
may be able to suggest more alter
natives than the doctor can, so we 
are looking at one area in which we 
are attempting to augment, not re
place, the doctor's diagnostic capa
bilities. The computer can look at a 
battery of tests and point out that the 
patient could be suffering from a 
number of diseases and conditions. 
Now, this is an abstract problem 
which does not require any medical 
knowledge; but you can extract the 
problem from the medical area and 
look at it simply as a pattern recogni
tion problem. Usually this is done in 
conjunction with medical people, and 
there are other persons at the Uni
versity who are doing the same type 
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of thing. 
The other problem is a general 

character recognition problem. One 
of the problems we are looking at is; 
assuming a design for pattern recog
nition systems, how can you improve 
quantities such as error and reject 
rates? Systems designed to sort 
mail, for example, are going to make 
mistakes because of sloppy writing, 
and because of its own inherent 
structure. Can you add things onto 
the system to reduce the number of 
errors it makes, and reduce the 
number of rejects? Pattern recogni
tiqn and feature selection is a very 
big field of research. Theres a lot of 
work being done in this area, and 
theres a lot of major problems still 
there. 
QwWhat seems to be the feelings 
of most people to artificial 
intelligence? 
A-It's a .very controversial field. The 
thought of most people considering 
artificial intelligence, I suppose, is a 
Hal, a 2001. 
QaCan it be? 
A-1 suppose it could be, but that 
would take us way off the subject of 
artificial intelligence. Scientists look 
into a problem, see if they can solve 
it, and then blame the people who 
apply the results for any misguided 
applications and directions. Today 
that's sort of changing. The philoso
phy being advanced now is one of 
people who are doing research in 
certain areas should pick their prob
lems a bit more carefully. It's almost 
as if you have to predict what the 
possible applications of your results 
are going to be before you even try 
to get those results. The end prod
ucts of artificial intelligence research 
are reasonably well-established, at 
least in the minds of the public. They 
think of the science fiction, monster
robot type of thing. That's not the 
general goal of artificial intelligence. 
QmWhat is the general goal? 
A-The general goal is to understand 
processes that are very complex. 
The ultimate goal, I think, is basically 
just understanding. Computer sys
tems get bigger and bigger, and the 
amounts of information that they 
process get larger and larger. There 
is interest in doing more and more 
complex information processing on 
the machine, and artificial intelli
gence can help. In natural language 
processing, for example, it would be 
very nice if you could, instead of writ-

ing programs in FORTRAN, just de
scribe what you want the machine to 
do in English, and have the machine 
translate it into a program to run. 
Understanding this type of informa
tion processing and understanding 
the capabilities and limitations of 
complex systems; I think this is the 
basi·c goal of artificial intelligence. 
Understanding ourselves, in terms of 
our own "information systems", 
would be no small accomplishment. 
QaDoesn_'t it become relatively 
easy to pervert this type of 
information? 
A-l'm not sure what you mean by 
pervert. If you mean a loss of per
sonal privacy,~e seem to be threat
ened now, without any help from 
whatever artificial intelligence can 
supply. 
QDWhere do you think the field of 
artificial intelligence is heading? 
A-It's very difficult to predict where 
it's going. I think there will be more 
and more collaboration between 
people in diverse fields, such as phi
losophy, psychology, linguistics, and 
artificial intelligence. I think there is 
going to be a bootstraping process 
between artificial intelligence and 
psychological theories, as you get 
more and more complex models of 
human information processing. For 
the first time, there will be a real 
opportunity for testing such theories, 
because you've got an artificial per
son, or a part of an artificial person, 
and you can begin to modify the 
theories and modify the artificial per
son until you arrive at some under
standing. 
QaWhat's being done to insure that 
people running the machines are 
aware of their responsibilities to 
the general public? 
A-There has to be responsibility that 
goes along with the applications of 
anything, especially when it's as 
powerful and as far-reaching as the 
computer. The responsibility doesn't 
seem to be evident yet, but it's get
ting better. There's a course being 
offered at the University, called 
Perspectives on the Computer Revo
jUtion, which examines applications 
of the computer and the potential 
impact of these applications on our 
way of life; including tha projected 
responsibilities of the people who 
use the machine, the question of in
dividual privacy versus national data 
banks, and methods for insuring the 
privacy of the individual. 
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he artist hunches over her 
drawing, concentrating ful
ly on the patterns made by 

her pen. She works silently. The 
dim lights against the blank walls 
create an eerie greenish glow. She's 
a contemporary artist, working 
swiftly rather than meticulously, 
deftly spiraling her pen across the 
page. Sweeping strokes become zig
zags which in turn become spirals. 
She frowns at the line she just 
drew, reaches over, pushes a button 
and the line disappears. 

Ruth Leavitt is a computer art
ist. She draws with a light pen on 
the electronic screen of a computer 
terminal. She is part of a growing 
number of artists who are attempt
ing to utilize the computer as an 
artistic tool. Although it has proba
bly not reached the stage where it 
can properly be called a movement, 
interest is widely spread. 

Unfortunately, much of the in
terest centers around the novelty 
of computer art. All over the win~ 
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dows of the West Bank Computer 
Center are computer representa
tions of Snoopy: Posters of Snoopy 
marching, Snoopy dancing, Snoopy 
as a calendar girl. That is the kind 
of thing computer programmers 
create in their free time. It's 
enough to make a serious computer 
artist scream. And they do. 
According to Mrs. Leavitt, ((This 
sort of thing really relegates the 
art to little more than a gimmick." 

Traditionally, artists and scien
tists have viewed one another 
across a chasm with a certain 
amount of suspicion. Computer art 
has been heralded by some as a 
bridge between the two worlds of 
art and science, but at the moment 
that is more a wish than a reality. 

Ron Reichenberger, an electrical 
engineering senior who has helped 
develop computer graphics pro
grams, describes this gap: (~They're 
at opposite ends. The Liberal 
Arts/Humanities person thinks in 
broad terms. The scientist breaks 

by Bill Johnson 
his thinking down to exact terms. 
Just about anything important to 
science can be expressed mathe
matically. I don't think anyone 
who is good in art can be good in 
science. That's my opinion. You 
may get mixings but I don't think 
anyone who's good at one extreme 
of the arts or sciences can get to 
the other." 

Mrs. Katherine Nash, a professor 
of Studio Arts, agrees from the 
other side. ~(The artist thinks illogi
cally, but he has to go to the pro
grammer. Their two minds produce 
a conglomerate neither fihad in 
mind. The result is like an alley 
cat, neither expects it." 

But why should an· artist bother 
to get involved in this? Grace Her
tlein, a computer artist working 
out of Chico State College, Chico, 
California, writes, (~In retrospect, I 
find that, through love of the clas
sics, I had developed a (mental set' 
regarding the past. I affirmed the 
past, but not the present. I waited 

Art by Katherine Nash 
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the artist finds a meditlm she can work with 
until an author was a dead master 
to read him; I affirmed artists whose 
reputations were securely consi
dered part of the (sacred' art heri
tage. In so doing I unconsciously 
ignored today." 

In an attempt to break down her 
rigid thinking, she experimented 
with the machine. ~(Slowly I began 
to look at the computer as an artis
tic tool which might serve as a 
foundation for technical works in 
many areas. I could see a clean, 
precise, highly intellectual dimen
sion in works with a technological 
emphasis. I began to perceive what 
our machine-age society was at
tempting to do, affirmatively and 
creatively, within today's vernacu
lar." 

Mrs. Nash has no such preten
sions about her reasons for working 
with the machine. She simply says 
that she was curious. ((The artist is 
always curious about things 
around him and how they relate. 
to himself and society, or whether 

January 1973 

they are useful to him in his crea
tivity." She adds that, as a teacher, 
she felt an extra impetus to intro
duce any new artistic tool to her 
students. 

There are scientists who also be
lieve that the computer is a valid 
artistic tool. Allen Hanson, an as
sistant professor of Computer Sci
ences, has been facilitating the 
development of computer art at the 
University. Hanson believes com
puter graphics are one way to dis
cover the full potential of the com
puter. ttWe have to know what it 
can do, what it can't do, what its 
possibilities are. In order to be able 
to detect that, we must have a wide 
variety of people using the ma
chine. I think that people in the 
sciences are notably lacking in 
imagination." 

Ruth Leavitt isn't lacking in 
imagination. Neither is Professor 
Katherine Nash. Each has a dis
tinctly individual approach to the 
machine. 

Art by Ruth Leavitt 

Katherine Nash came to the 
computer as a sculptor. She says 
that she still finds it odd that most 
computer artists are sculptors. 
~~Possibly," she suggests, ~~it is be
cause we have minds that can deal 
with technological and mechanical 
problems, that our minds are more 
geared. to contemplating a new 
kind of machine." 

Her computer work is bold, most
ly dealing with arrangements of 
geometric shapes. Part of this is 
due to her sensibilities as a sculp
tor and part is due to the restric
tive nature of the computer pro
gram she utilizes. This is a compu
ter graphics system sequentially 
labelled Art 1, 2, 3 and 4 that was 
created by computer engineers in 
collaboration with artists. Each of 
these systems consists of a memory 
loaded with geometric shapes, de
signs and elaboration that the art
ist can draw upon. The artist trans
lates his desired shapes, locations 
and shades of grey onto computer 
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punch cards, which in turn signal 
his desire to the computer. Without 
having to be a computer expert, the 
artist can utilize it. Mrs. Nash 
almost exclusively utilizes the Art 
2 program. 

Ruth Leavitt, on the other hand, 
does not use the Art 1-4 programs 
at all. Instead, she uses a machine 
called the digigraphics. The digi
graphics has a huge cathode ray 
screen that codes the patterns 
drawn on it with a light pen. The 
machine itself translates the draw
ing to the computer, eliminating 
the punch-card step. Mrs. Leavitt 
feels inhibited by the punch-card 
process. She finds it too mechani
cal, too prone to error. Any one 
mistake shoots the whole program. 

If computer art is not exactly a 
blissful wedding between the art
ists and scientists, Ruth Leavitt 
and her husband Jay are keeping 
it a close secret. Jay is an associate 
professor of Computer Sciences. He 
developed the original digigraphics 
program in an attempt to help be
ginning art students learn composi
tion in a new, exciting way. Th~ 
intention was to have the computer 
evaluate the drawings which the 
students could do on the screen. 

14 
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~~Ruth's reaction to the first experi- on a canvas, creating a feeling of 
ment - when we got a proof of the air. He used no brushstrokes. The 
first picture - (Fantastic!' Second effect is remarkably like a halftone 
picture - ~Fantastic!' Everything photograph. Ruth's dots are cornbi
was ~fantastic' simply because she nations of typewriter face charac
was impressed with the computer ters, superimposed so that they are 
rather than what she was creat- transformed almost unrecogniza
ing." Jay Leavitt got excited just bly. 
talking about it. Where it took Seurat years to 

When Ruth Leavitt sits before finish a single pointilist painting, 
the digigraphics she claims she has Ruth Leavitt can utilize as many 
a composition in mind. It rarely dots, if not more, in a few seconds. 
comes out exactly as planned. Speed is one of the most obvious 
~~Generally it comes out a little bet- advantages to working on a ma
ter, sometimes a little worse." She . chine. The artist can produce many 
draws rapidly with the light pen, variations quickly, make changes 
using the option to reject false simply and see the results in a 
starts at the press of a button. matter of seconds. 

Her drawings are bright with From Hanson's view as a scien-
luminescent reds, blues and yel- tist, the greatest asset of the corn
lows. The colors are intensely plas- puter is its capacity to produce vir
tic, a feeling she fondly associates tual redundancy. That is, the com
with the computer. In fact, they puter can deal with drudgery work 
are plastic, photographically trans- without becoming bored. He cites 
ferred from the black and white · this as one reason it may be valid 
line printer to colored acetate. for artists like Ruth to utilize a 

Further, the work is pointilistic, computer to produce her art. 
made up of many small individual ~~There's a lot of repetition of 
dots. The word. ~~pointilism" was shapes in her work. To do it by 
coined to describe the work of hand is hard. I think it would drive 
Georges Seurat, a 19th century you out of your mind. I don't know 
French artist. Seurat placed dots of · how Seurat did it." 
different colors next to one another If artists can create art on com-

Ruth Leavitt 
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puters, and if computers have any 
kind of ability to think at all (a 
highly argumentative point - see 
Interview with Dr. Allen Hanson, 
page 12), how long will it be before 
computers begin creating their own 
art? 

They already are. 
The most widely disputed asset 

of the computer is its ability to 
randomly generate artwork. In the 
Random Program, the artist has no 
control over what is produced. In 
effect, although the computer is 
choosing elements on nothing more 
than blind chance, it is its own art
ist. 

Human artists generally go 
along with this as long as they are 
in final command. Ruth Leavitt 
feels the random program should 
be used to break down the set men
tal patterns, the ruts, if you will, 
that the artist gets into. 

Katherine Nash never even uses 
the random program. It's just no 
fun for her. She enjoys the act of 
creation. Further, she notes, and 
you can just imagine the smile 
forming on her face, a randomly 
generated program looks exactly as 
sloppy and haphazard as you might 
expect it to be. To her, the artist is 
the one who creates patterns of 
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order, patterns that communicate. 
Talking to Allen Hanson, howev

er, gives one the notion that he 
wouldn't mind eliminating the art
ist completely. To him, it's solely a 
matter of content; if the machine 
can produce more good artwork, 
faster, than the human artist, it's 
frivilous to have human artists. 

Mrs. Nash warns, conversely, 
that more artists reject computer 
art than accept it. They don't agree 
that these machines can have 
human applications. In this regard, 
the artists of the world appear to 
be in perfect agreement with the 
scientists. Allen Hanson admits 
that his colleagues are not as open
minded as he is on the subject. 
~(They view it as a minor aberra
tion on our part," he says. ~~some of 
them are interested, n1ore will be if 
we are successful." 

The basic problem in the 
humanist computer relationship is 
found in the fact that the machine 
was built by men of science and 
mathematics. The basic computer 
language is FORTRAN, which 
deals in mathematical, mechanical 
expressions. As a result, the artist 
is unable to deal with the machine 
on his own terms. 

There is, however, an alternative 

Katherine Nosh 

computer language, SNOBOL, de
veloped by Bell Telephone to com
pile telephone listings, deals with 
characters · and letters instead of 
numbers. SNOBOL is geared to 
people in linguistics and literature. 

A course titled ~~The Computer 
and the H umantities" is being of
fered winter quarter at the Univer
sity. The emphasis will be on 
teaching SNOBOL and giving stu
dents in the fields of art, linguistics 
and literature a chance to try their 
hand at using the machine. 

Hanson explains, ~~In order for 
the computer to be successfully 
employed in any area, the person 
whose background is in that area 
should know the machine itself; 
they should know what its capabil
ities are." Hanson suggests that 
this could break down the former 
pattern where the humanities per
son came to the scientist and said, 
~~Gee, I have this problem I'd like 
to solve. Can your computer do it?" 
The new program could enable the 
trained humanist to say to himself: 
((Now that I know what the compu
ter is capable of, what problems in 
my field is it best suited to solve?" 
It could revolutionize the humani
ties. 
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t was the first really perfect 
day of Fall. The leaves had 
started to turn; below the win
dow some of the· students were 

lying on the grass, while the others 
were moving with that special 
aliveness that comes only when the 
air is very worth breathing. I felt 
more in sympathy with the lazy 
ones myself; but then, the air in 
the Campus Club was not as fresh. 
Old Chalmers was at the next ta
ble, and his cigars have been 
known to induce stupor in the 
strongest of men. 

I consigned the rest of my hour 
of peace to the scrap heap as I 
turned back to my lunch and 
caught a glimpse of an old ac
quaintance heading towards me. It 
was Jim Hendricks, Dean of the 
School of Physics. He was smiling 
as broadly as usual; but there was 
something in his carriage that 
looked both harried· and deter
mined. r d grown increasingly fa
miliar with that look in the ten 
years since I'd gotten my PhD; it 
usually translated into e~Let's take 
our problems to good old Fred-the
psychologist!" The M.D.s can al
ways ask them to strip for an ex
amination - even if it doesn't 
scare them away it livens up. the 
party - but I have to grin and 
bear it. 

He pulled out the chair across 
from me, sat down, fidgeted until 
the waiter came by and took his 
order, sipped his water, smoked a 
cigarette down to the filter, talked 
about the parking problem and 
how glad he ·was the lousy weath-
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by Al K uhfeld 
er we'd been having had finally 
improved. After his sandwich ar
rived and he seemed a bit more 
comfortable, I took pity ·on him. 
HOut with it," I said. ~~If you don't 
tell me now, we'll just have to go 
through this again next time you 
hunt me up." 

He had the grace to look 
embarrassed. ~~well, Fred, we've 
got this problem down at the lab. 
You know Calvin Andrews?" 

~~The only cosmologist ever to get 
his work classified? As I recall, 
there was quite a fuss about it. 
Secret research and all that." 

~~That's the one. Well, he's pretty 
much the reason we have a decent 
Physics Department - he pulls 
Federal money in like some kind of 
a magnet. He's always been a 
queer duck, suspicious and close
mouthed, but lately it's gotten to 
the point of paranoia." 

COuch!" I thought, ~tAnd how 
would you like it if I started bab
bling about relativity?" But I didn't 
say it.) 

Jim continued without noticing 
my grimace. ~~He's on to something: 
the equipment requisitions he's 
been putting through .are enough to 
curl your hair. But he won't tell 
any of us what it is, and we have 
to say something to the AEC or our 
next year's budget is in trouble, 
and ... " 

((Okay, okay!" I sighed. (~You 

want me to repair your mad scien
tist. I hope you don't expect me to 
do it at long range." 

~(Don't worry about that. I have 
to approve his requisitions." He 

winked, and twirled an imaginary 
mustache. Sometimes Deans are 
not very nice people. 

Since the subject had come up, 
we talked about the chances for our 
budget request in the current legis
lature until it was time for me to 
get back to the University Clinic. I 
stopped by the admissions desk and 
told the girl to give Calvin An
drews the earliest possible appoint
ment with me if he should ask for 
one, then went up to my office. My 
first afternoon patient was waiting 
impatiently (I was about ten min
utes late by then) so I forgot all 
about the Physics Department and 
its problem child. 

Calvin Andrews proved to be the 
sort of man who wasted no time. 
He made an appointment for the 
next Monday, and showed up at 
the exact minute. All six feet of 
him marched into my office, sniffed 
disapprovingly at my stuffed owl, 
and sat down. Rigidly. (~Well?" he 
said, and looked at me as if I were 
part of a plot against him. I was, 
and we both knew it. There was an 
uncomfortable silence. 

Finally he smiled, settled slight
ly in his chair, and said: ((you'll 
have to forgive me. I've always 
been a suspicious man, given to 
seeing conspiracies everywhere, and 
it threw me a bit when Jim Hen
dricks walked right :up and declared 
one openly." 

I wasn't sure how good an apolo
gy that was. Since I probably didn't 
deserve one in any case, I decided 
to treat it as an opening. ~tJim tells 
me you refuse. to talk about your 
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latest work. Are you worried about 
a conspiracy there?" 

((It's much simpler than that, but 
you'd want to have had experience 
with Security to really under
stand." He stopped and looked at 
me. I got the impression he'd had 
experience with psychologists as 
well as Security; perhaps bad expe-
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rience. I must have won his provi
sional approval, for he continued. 

((Do I have your promise, one 
professional to another, that you 
won't tell anybody a word of what I 
say? I have reasons." 

((Of course -that's in the rules. 
Wild subpoenas couldn't drag it out 
of me." 

((It may come to that," he said 
darkly. ((To be blunt, I've developed 
a time machine. I want to go back 
and murder my grandfather; and if 
the government finds out what I've 
invented the whole project will be 
under guards six deep. I'd never 
get a chance to use my own ma
chine for a nice quiet murder." 
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Can he be cured in time? 
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I felt like somebody had pulled 
the chair from beneath me (I had 
thought I was joking about mad 
scientists when I talked to Jim) 
and some of it must have gotten 
past my professional face. Andrews 
seemed to be enjoying every min
ute of it. He waited until I was 
almost ready to talk again, then 
headed me off. 

~~oh, I know all about the para
doxes. Who else would know them 
better? I'll be most careful to mur
der him after I've been conceived. If 
I ever give the Grandfather Para
dox a real test, I suppose I'll use 
some kind of cannibal rat; I haven't 
looked into it that deeply yet." 

~(you see, I know perfectly well 
that I'm not completely sane. You 
aren't the first psychologist I've 
seen - you're more like the tenth. 
And the only good any of them 
have done is to make it crystal
clear just why I am the way I am." 

(~I was raised on my grandfath
er's farm, and if ever there was a 
more unpleasant man ... well, it 
can be lonely enough living on a 
farm, but it's worse when nobody 
wants to come near the place. 
Whenever anything went wrong he 
suspected somebody; and since he'd 
already trained my father and my 
uncle - since nobody' else dared 
cause any trouble - why, who do 
you suppose he went after? It's 
hard having to be adult, to look at 
all the consequences of even the 
least thing you do, to be afraid to 
turn around when you're four! 
Without friends, it's almost impos
sible!" 

Andrews' voice had risen almost 
to a shout; he'd gotten up and was 
pacing about, tensed as though he 
expected somebody to hit him. His 
face was as inhuman as a voodoo 
mask. I edged around, ready to 
press the panic button for an order
ly if he got out of control. 

Slowly he melted, let out a sigh, 
began to breathe naturally again. 
((I hated the old bastard. He lived 
'til I was ten, and every one of 
those years was hell. And now, if 
everything goes right, this week
end I murder him before I was born 
and get the chance to grow up in 
peace." 

The rest of the hour we talked of 
his childhood. He was calm; I think 
that simply telling somebody the 
plan he'd been carrying around for 
so long helped more than tranquil-
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izers would have. As we wound up word and inflection on record. (How 
the session, I asked him to make best to get his permission to 
an appointment for the same time publish? But I was getting ahead of 
next week. myself; first I had to cure him.) 

((But why?" He walked in on time (avoiding 
((Well, you must either tell Jim the owl as usual) and immediately 

about your time machine, or keep began rambling on about his uncle, 
seeing me. He insisted on that. who had taken care of his mother 
Besides," (I gave him my best and the family farm after his fath
smile) ((even if it works and you er and grandfather had been killed 
can let the secret out, I'd like to · in an automobile crash. He didn't 
hear all the details. You have the · like his uncle either. I kept my 
most novel therapeutic scheme I've counsel, and tried to find if an owl 
run across yet ... " had figured traumatically in his 

He left, and I rushed to finish up childhood. It turned out he was al
my notes. This was going to be a · lergic to feathers; fine lot of good 
case for the books. It was a novel that penetrating observation did 
therapeutic scheme, all right. But I · me. Oh well, can't be right every 
suspected it would turn out to be a time. 
novel form of death-wish instead, Today he walked in grinning 
with technicolor fantasies. After from ear to ear. ((My time machine 
all, if he were to succeed - why, works! I've spent the last week 
the man that planned and executed trying it out on white rats, and cal
the murder would no longer exist. ibrating it down to the millisecond 
He never would have existed. Still !"I almost expected him to hand me 

When Andrews came by the fol
lowing Monday he was a minute 
late, and wearing somewhat more 
casual clothing. He walked in, gave 
the stuffed owl a wide berth, and 
sat down. 

((How did it go?" I asked. ((Take 
care of your grandfather okay?" 

((The machine didn't work; I 
think the trouble is in the oscilla
tor module. Anyway, you've got it 
wrong - I was going to murder my 
father." 

((Oh?" I said, flipping through 
my notes. ((I could have sworn it 
was your grandfather." 

((If he was as much like my fath
er as people used to say, he proba
bly deserved it. But I never even 
knew him; he was killed in an auto 
accident before I was born. The po
lice suspected foul play, but there 
were too many people with motive 
and opportunity; they didn't pursue 
it very far. Cars were dangerous in 
those days anyway." 

The entire hour went like that. 
Confusing, since paranoids usually 
are fanatically consistent, but we 
made a good deal of progress just 
learning to talk together. 

As he left, I said, ((Same time 
next week? I'd still like to find out 
how your plan goes over." 

((Why not?" he grunted. 
Next Monday I had a tape recor

der going. I was already planning · 
an article for the American Journal 
of Psychology, and I wanted every 
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a cigar. Still - that wasn't what 
he was here for. . 

Well, he was in a good mood. 
Might as well start digging. ((Cal, I 
know you really want to clear up 
this paranoia thing. But you keep 
coming up with so many different 
people to blame: your grandfather, 
your father, your uncle ... " 

((So many people? I've never 
known anybody well enough to 
catch paranoia from them! It's as if 
there were a conspiracy to assassi
nate anybody who might ever have 
gotten close to me! That orphanage 
. . ." He stopped in midstream. His 
eyes gradually narrowed as he 
looked at me; I seldom saw such an 
abrupt change in mood. ((And now 
here you go, putting words in my 
mouth! I never knew my family, let 
alone blamed them!" 

He got slowly up, leaned over 
my desk and glared at me as he 
continued. ((you're the only person 
that so much as knows a time 
machine exists; you're the only 
person that could fool around with 
my past. Yeah . . ." His mood 
shifted again, to calculation. He 
circled my desk and walked from 
the office like a glacier dosed with 
amphetamine. 

((Hey, wait a minute!" I shouted 
after him. ((Next week?" He didn't 
even slow. 

It'll be interesting to find out 
who he blames next time. 

' ' 

During the last ten years the 
population of this great land 
NSP serves grew by close 
to 21%. 
The Dakotas, Minnesota and 
Wisconsin also rank high na
tionally in terms of economic 
growth. 
It's a great place to live and 
work. 
And we at NSP are dedicated 
to keeping it that way ... and 
at the same time fulfilling our 
responsibility to supply your 
power needs. 

a brighter life for you 
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our next crisis= part I 

considering fusion as a viable alternative 
for tomorrow's energy demands 

20 

by Greg Breining 

n November of 1952, the atoll 
of Eniwetak was nearly de
stroyed by man's first attempt 
at producing a great amount of 

energy through nuclear fusion. The 
method was the hydrogen bomb. 

Unknowingly, man has wit
nessed hydrogen fusion in the sun 
and stars since prehistoric times. 
In the sun, as in man's fusion de
vices, lightweight hydrogen nuclei 
are forced together at high temper
atures to form a helium nucleus. A 
decrease in mass accompanies this 
transformation. This mass has been 
changed directly to energy accord
ing to the principles Einstein ex
pressed in his historic equation, E = 
mc2 . 

The sun's gravitational forces 
contain and exert great pressures 
on the hydrogen atoms within the 
sun, ionizing them, and fusing 
them, to yield helium and enor
mous energy. Man's controlled fu
sion devices must rely on other 
methods of containment. Since the 
temperature of this plasma •( that is, 
the vaporized fuel whose nuclei 
have been stripped of their elec
trons) must be nearly 100 
million° C., any solid containment 
vessel would vaporize. Even if a 
material could withstand such con
ditions, heat would be conducted 
away as the plasma came in con
tact with the vessel, and the fuel 
would cool immediately. In answer, 
scientists capitalize on the inherent 

·property of the plasma, that it is 
composed of ionized particles, and 
manipulate the plasma with mag
netic fields. 

These magnetic bottles will hold 
a mixture of deuterium and tritium 
(isotopes of hydrogen) in the first 
controlled fusion devices. 

Tom Alexander, in his article 
~(The Hot New Promise of Ther
monuclear Power," says, ~~Initiating 
a self-sustaining fusion reaction is 
analogous to building a fire; the 
kindling flame must be hot enough 
and be held long enough; fuel must · 
be closely spaced to heat itself and 
keep the fire going." For a fusion 
reaction, the fuel (hydrogen iso
topes) must be contained at a speci
fied temperature and density long 
enough for the reaction to proceed 
on its own. 
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Deuterium-tritium fusions work 
in the area of 100 million °C. As 
the temperature rises, the plasma 
will radiate more and more heat 
away from the chamber. At the 
same time, however, the hydrogen 
ionizes and the nuclei collide and 
begin to fuse. Fortunately, as the 
temperature increases, the energy 
produced by fusion increases more 
rapidly than does the energy lost 
by radiation. Theoretically, the 
energy of fusion will catch up to 
the amount of energy lost. At this 
break-even point, the reaction will 
be self-sustaining. Far beyond the 
range of conventional industrial 
processes, the temperatures needed 
for fusion may be reached by blast
ing the plasma with intense elec
tron beams or lasers. 

To keep a fusion fire going, the 
plasma must be kept relatively 
dense so that many atomic colli
sions occur and, thus, many nuclei 
fuse. Again theoretically, plasma 
density must be in the neighbor
hood of 10 14 -10 15 particles per 
cubic centimeter. Surprisingly, this 
is a near vacuum. Air is 100,000 
times as dense. 

Again, no fire ever starts if the 
match keeps going out, fusion in-· 
eluded. The conditions of tempera
ture and density must be met by a 
third; time. The confinement time 
must be long enough so that a sig
nificant amount of energy may be 
released. Unfortunately, it becomes 
harder to contain the plasma as it 
reaches the required temperature 
and density. Here, time is labelled 
not in minutes or hours, but in mil
liseconds. 

To produce fusion energy and 
not be able to utilize that energy 
would be folly. Obviously, in order 
to direct the energy to some useful 
channel, we must transform this 
energy to a form we .·can handle 
more easily - electricity, for in
stance. 

The conventional approach to 
this problem, calculated to be most 
useful with a deuterium-tritium 
fuel, will take advantage of the fact 
that 80% of the total energy pro
duced is released as energetic neu
trons. The neutrons, flying from 
the reaction, could be trapped in a 
liquid lithium shield wrapped 
around the reactor. The lithium 
would get hot, heat water to steam, 
and the steam would drive a con
ventional turbine. This method, 
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however, has the drawbacks typical 
to the present systems in that it is 
inefficient (a considerable heat 
loss) and therefore expensive. 

Fusion energy can be trans
formed directly to electrical energy 
according to Richard F. Post of the 
Lawrence Radiation Laboratory in 
Liverpool. Post suggests that the: 
charged particle products of a fu
sion reactor, running on a deuter
ium-Helium 3 Fuel, can be leaked, 
guided by a magnetic field, and col
lected on a series of plates. The 
moving partiCles will produce an 
electric current. Theoretically, en
ergy conversion, from fusion to 
electricity, could run near 100% 
efficiency. 

A marvelous process, fusion. 
What else can it do? 

Since only a small amount of 
fuel must be present to sustain a 
fusion reaction - unlike fission 
which requires that a large amount 
of fuel be present to react - fusion 

· power could operate in the midst of 
a metropolitan complex. If the reac
tor were run at less than peak effi
ciency, the excess heat could be 
piped directly to nearby homes and 
businesses without the loss that an 
energy transformation would de
mand. 

The high temperature plasma 
could be leaked from the reactor to 
be used as a ~(fusion torch." This 
incredibly hot torch could reduce 
garbage and wastes to its constitu
ent atoms to be separated and recy
cled. The torch could also smelt 
mineral ores. The heat thrown 
from the torch could be collected 
and used to generate electricity. 
Introduction of heavy atoms would 
produce ultraviolet or X-radiation 
to be used for desalting seawater or 
producing hydrogen. Heat from fu
sion could also distill water, purifY
ing it. 

The high-energy neutrons, prod
ucts of a fusion reaction, solve two 
of our fission headaches. By bom
barding certain substances with 
neutrons, we could breed additional 
fission fuels to supplement our pre
sent supply. Excess neutrons could 
((burn" our fission wastes and thus 
rid us of radioactive waste accumu
lations. 

The stage is set. A deuterium
tritium fuel will be used. 
Conditions under which fusion will 
take place have been specified. The 
plasma will be heated. Deuterium 



and tritium nuclei will fuse, leav
ing helium nuclei and energy-laden 
neutrons. Unfortunately, we are 
still in the theoretical stages of 
harnessing fusion. Not one of the 
world's machines has sustained a 
fusion reaction. None has been able 
to deliver all of the conditions nec
essary to produce a self-sustaining 
fusion reaction. The blocks to the 
fusion program can be classified by 
two categories: finances and all 
others. 

When flirting with programs as 
huge and as far-reaching as con
trolled fusion, it would seem best to 
develop the project from as many 
angles as possible to insure that 
the most economically sound and 
successful method had won out. 
But,in, the words.of Melvin B. Gott
lieb of Princeton University, the 
fusion program is ((starved for 
money." It is hoped more money 
will be apportioned to fusion, espe
cially in the light of the scant 
amount spent on fusion research in 
comparison to the military allot
ment, as noted by Sen. Stuart 
Symington (D-Mo.). 

The limits to building a worka
ble fusion reactor (disregarding 
funds) are knowledge of the physi
cal processes and existing technolo
gy. Scientists must determine the 
nature of the plasma under vary
ing conditions, and the feasibility 
of energy transformation tech
niques. Another stumbling block 
arises because the excess, high 
energy neutrons, produced by the 
fusion reaction, bombarding a met
al structure will reduce its strength 
to that of chalk. Niobium and van
adi urn are now being tested as 
metals that will withstand neu
tron radiation. 

Not a problem as scientists work 
to build a prototype reactor, but a 
consideration for the future, will be 
determining the environmental im
pact of fusion plants on the envi
ronment. It is calculated that in a 
fusion reactor, only 5% of the fuel 
would be burned, leaving large 
quantities of unburned tritium, 
which is the only radioactive fusion 
material. Although tritium is one 
of the least radioactive wastes, con
trasting sharply with fission 
wastes which can be highly radio
active, it is essential that this triti
um be recycled as fuel. Fission· 
wastes are not recyclable. 

Gottlieb told the Subcommittee 
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on Atomic Energy that a feasible 
fusion reactor can be built by the 
end of the decade. Already, by us
ing larger magnetic containers, sci
entists have held the inevitable 
plasma leakage (classical diffusion) 
to a minimum. Since a particle 
would tend to stay trapped in a 
large chamber longer than in a 
small one, the required contain
ment time would be more readily 
obtained. Richard Post suggests 
that with present knowledge a fea
sible reactor could be built, if the 
plasma chamber and magnets 
alone were the size of a baseball 
infield. Dr. Max Carbon predicts 
much the same, but adds that a 
large reactor prototype can be built 
by the late 1980's and that a com
mercial plant could exist before 
2000. 

Environmental considerations, 
being the reasons for seeking a 
new power source, are now the 
fundamental standards for evaluat
ing fusion power. 

The fuels used for fusion are, for 
our purposes, inexhaustible. 
Deuterium composes a minute per
centage of water. Tritium can be 
artificially transmuted from lith
ium. Both exist in such quantities 
that they can last millions of years 
- calculated at the next century's 
energy consumption rate. Even 
providing we are more farsighted 
than we have been in the past, we 
still must admit that such time is 
beyond the scope of our concern. 

Fusion shares the virtues of fis
sion in that it does not consume 
limited fossil fuels or oxygen, nor 
does it produce combustion pollu
tants. Unlike fission, fusion pro-

. duces no radioactive wastes save 
for tritium, which can be recycled 
for fuel. Fission wastes like iodine 
131 and strontium 90 are absorbed 
by the body, whereas tritium pas
ses through. The hazards of radio
active iodine loom 1,000 times as 
great as do those of tritium. 

Whereas fission is a bundle of , 
energy waiting to escape, fusion is 
well mannered in comparison, even 
though fusion is capable of produc
ing more energy. In nuclear fission, 
a large amount of material must be 
present for the reaction to proceed. 
Fusion requires only a small 
amount of fuel in the reactor at the 
time of reaction. If an emergency 
situation develops, the source of 
fuel needs simply to be cut and the 

reaction will die. The inherent 
advantage of fusion is that there 
will never be a runaway reaction, 
as is always the possibility with 
fission. 

A problem with fission power, 
and a problem which environmen
talists properly attack with aban
don, is waste heat, which appears 
as thermal-pollution of our water
ways. If Post's theory of the direct 
conversion of fusion energy to elec
tricity is proved successful, ther
mal pollution will b~ lic~ed. In a 
system so efficient, there will be 
little waste energy in the form of 
heat. 

Now we can see that nuclear fu
sion can be superior to convention
al energy sources, and in particu
lar, has advantages over fission. In 
fact, a 5,000 megawatt fusion reac
tor would represent the same radio
active danger as a 5 kilowatt fis
sion reactor. 

Assuming man's nature in the 
future is the same as it is presently 
(and it will be), we know he will 
not give a damn about environmen
tal factors. Man, being the wonder
fully adaptable creature that he is, 
will simply adapt to the rotting 
environment. What will make a 
difference to John Q. Future is the 
same tangible that has influenced 
his ancestors for 5,000 years -
money. If electric power can be 
generated directly from fusion, we 
may be able to use four times the 
electricity for the same electric bill. 
Once the expensive fusion plants 
are built, the relatively cheap and 
efficient fuels will supply us with 
economical, inexhaustible energy. 

Harold P. Furth of Princeton 
University said, ((It now seems un
likely that the quest for fusion 
power will founder on any basic 
laws of nature. It was just hard to 
get started." After a slow start 
through the fifties, nuclear fusion 
is making headway as a power 
source for the future. 

Hopefully, government money 
and endorsement will be allotted to 
the controlled fusion program. 
Research will take time and money 
to build the necessary equipment 
and to solve the perplexing stum
bling blocks, but the advances in 
fusion development and the possi-
. bilities of fusion warrant the effort. 
From the tiny atoms which drive 
the stars we have found the energy 
to shape the future of man. 
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Continued from page 9 

setting they cause problems," An
derson says. ~~But inevitably it 
means that someone must be mak
ing choices about what we mean by 
a !good' genetic constitution. Who 
would make those choices?'' 

Anderson and McKinnell both 
agree that there are serious prob
lems with attempting to eliminate 
genetic variability in the human 
species. No one can predict what 
environmental changes will take 
place in the future. If all genetic 
variability has been engineered out 
of the human gene pool, it may be 
impossible for the species to adapt. 
Humanity may go the way of the 
dinosaur. (~Biologically speaking, it 
is quite clear that we want to pre
serve variability," Anderson says. 

~(I wouldn't touch cloning of a 
human at all at this point," Ander
son concludes. ~(I would strongly 
encourage cloning of the lower 
animals when we can see legiti
mate uses for it. Then we would 
understand better what the techni
cal problems are if you get multi
ple identicals." 

McKinell agrees. ~Tm not advo-

eating that cloning be done with 
people," he says. ~(so far the tech
nique has been used exclusively to 
study the control of gene activity" , 
McKinnell says he is in contact 
with (~nuclear pluckers" in many 
foreign countries and knows of 
none who have a long-range goal of 
cloning a human being. 

Even if the choice of who is to be 
cloned was to be left up to the indi
vidual concerned - for example, a 
married coupl~ unable to produce a 
child normally might decide that a 
clonal child identical to one of them 
would be desirable - McKinnell 
says he would still have reserva
tions. Such a couple, he says, 
~(would be better off being coun
seled by a social worker or a minis
ter to adopt a child. It would be far 
more beneficial to society for them 
to adopt a child then it would be 
for one of them to replicate him
self." 

And so it seems that some people 
may have jumped the gun in pre
dicting that cloning would remake 
the future of mankind. The tech
nique may never be applied to man 
because of technical difficulties, 

We're looking for engineers who don't wear their slide rule holders like holsters. 
They don't have to. Their non-technical abilities and interests pretty well match 
their technical ones. Like handling details. Or selling ideas. Or motivating people. 
They can have darn near any engineering degree. They must have a desire to get 
into management - quickly. 

Sound like you? Check with us; we'll listen closely. It might be the best move 
either of us will make. 

The Bell System recruiting team will be visiting your campus 

JANUARY 25, 26, 27. 

Sign up in your placement office for an interview. 

Northwestern 
an equal opportunity effil!'loyer 

*But we sure don't knock it. Limited opportunities are available in 
Research and Development. Contact the Placement Office for specifics. 
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because scientists see no real rea
son to make a clonal man or be
cause there are too many good rea
sons for not doing it. Speculation 
about carbon-copy humans remains 
solidly in the realm of science fic
tion and will probably stay there 
for a gopd long time. But then how 
many thinkers of the 19th Century 
foresaw the possibility of space 
travel? Even fewer men may have 
imagined that there was any good 
reason for doing it. 
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Empty hook? 
Try our line! 
(612) 8-79 1 ex~ 4 6 

Donaldson, located in the sports and cultural center 
of the upper midwest, is searching for engineers and 
scientists to meet the ever-increasing needs of our 
clients. Today's Poise reduction and air filtration 
problems must be solved and we at the Donaldson 
Company have been providing these answers for 
over 50 years. 
We need people who have a respect for a challenge, 

Call or write John Raplinger, Personnel Division 

donaldson 
Donaldson Company Inc. 
1400 West 94th Street 
Minneapolis, Minnesota 55431 

612/888-7981 
Cable DONUS 

"An Equal Opporfunify Employer" 

lies u 
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Design and development 
of packaging. (And 
other products.) 

BEMIS 
COMPANY, 

INCa 
(Minneapolis) 
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To mechanical and electrical engineers: 

If you have the attitude of a private entrepreneur, 
an.d want to be respected for machinery with the tolerances 

of an expensive watch, 
but three stories high and a football field long, 
you might wish to sign up for an. interview with Kodak. 

Details: 

Everybody knows Kodak. 

We emphasize simplicity. The complexity that makes it work 
stays home in the plant. This policy has worked out rather 
well. Mass-producing the highly improbable miracle of color 
film is different from making ketchup. The Kodak engineers 
who make the film are the customers of the Kodak engineers 
who make the machines that make the film. The secret of 
success is to treat them like customers, even if they do work 
for the same company. 

Therefore, if you harbor ambitions to create a very beauti
ful machine-one of a kind, a monument to your persistence 

in the face of the gravest difficulties-you have to operate as 
though you were a partner in a small contract shop that 
serves a few very carefully selected clients. Let others else
where spend the early years learning the distinction between 
design and development. You start right out designing, de
veloping, planning, debugging, coordinating. You learn how 
your clients think. As you gain their confidence by a convinc
ing defense of your creation, the projects you pick up en
large in scope. 

An equal-opportunity employer mjf 

Mail address: Eastman Kodak Company, Business and Technical Personnel, Rochester, N.Y. 14650 

Although we do buy our ketchup from outside suppliers, 
we also have interesting opportunities for chemical engineers. 
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Ill n n 1ne 
After the statesmen, politicians, lawyers, educa
tors, journalists, clergymen, sociologists, and 
theorists have finished talking about what should 
be done, we turn it over to the engineers to do it. 
Nothing, from the Pyramids to Apollo 16, would 
have been built without them. Nothing important 
tomorrow will be built without you. So who needs 
engineers? We do. Write to George Garvey, 
Westinghouse Education Center, Pittsburgh, 
Pennsylvania 15221. An equal opportunity employer 

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



In less than thirty years, around the year 2000, our population will grow from 
210 million people to over 300 million people. Three people for every two of us now! 

It means we must all work doubly hard today to preserve for future generations 
our many natural resources that we have taken for granted. The Corps of Engineers, for 
example, is responsible for planning, development and management of our nation's 
principal water resources. 

If you "put yourself in this picture" you can identify with the kinds of things we 
do. This is Deer Creek Dam and Reservoir in Ohio, part of a coordinated system of flood 
protection in the Deer Creek and Scioto and Ohio River valleys. Water stored in the 
lake is used for conservation and released downstream for augmenting low flows. During 
the first full year of operation almost one million visitors used the recreational facilities 
which are provided in the reservoir area for boating, water skiing, swimming, fishing, 
picnicking, camping, hiking, hunting and sightseeing. 

The project is typical of many the Corps of Engineers will design and complete 
during the next few years. 

Want to put yourself in this picture? Career opportunities with the Corps of 
Engineers go beyond water resources alone. We work in modern construction, engineer
ing design, systems analysis, computer technology & R&D-these are just a few of the 
other areas where you can build a career of total involvement, achievement and satis
faction with the world's largest engineering/construction organization. 

Interested? Write for our new brochure describing the challenges awaiting 
civilian engineers with the Corps of Engineers. Department of the Army, Washington, 
D.C. 20314 Equal opportunity employer CORPS OF ENGINEERS 
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An in-depth conversation with the inter
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Cable TV has been proposed as a 
panacea for current media ills. Here is 
an examination of the "progress" of the 
cable nationally, in Fridley, and in other 
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and how our concepts of matter can 
change under super-cooled tempera
tures. 

by Paul Burtness 

by Bill Johnson 

by Scott Wattawa 

lone by Geoffrey Garwick 

The second-place winner of our annual 
Science Fiction Writing Contest. 

COVER BY RANDY SCHOLES 

3 



What We Think 

The Future Is Upon 

Sm 
In the last four issues of Technolog, we pre

sented a series of articles dealing with the pro
jected energy crisis. Due to the unseasonably 
cold weather during December and early J anu
ary and the resulting shortage of fuels, the 
meaning of an energy crisis has hit home. 

In New York City during the past summer, 
Consolidated Edison was forced to announce 3-8 
percent ~(brown-outs" on an almost weekly basis, 
because they could not purchase enough power 
to run the city at any price. The outlook for this 
summer is even bleaker. 

Fuel shortages have also sprung up from Bos
ton to Iowa to Los Angeles. So this is not a lo
cal, wintery Minnesota problem. This crisis is 
national in scope and must require planning 
and action from the federal government. Now. 

This Isn't hat 

the overn-meant 
The federal government has never had any 

official policy, goals, or long-range planning 
concerning petroleum products. According to 
CBS News, 73 different federal government 
agencies deal directly with the production of 
energy. It's a fact that oil companies drilling at 
sea let natural gas flare off, because there is not 
enough profit in the government set gas prices 
for them to pipe it ashore. Whether the fault 
lies in industrial greed or governmental bu
reaucracy is still unclear. However, it is certain 
that the allowance of such a situation to exist 
(for many years) shows that there is waste, 
overlapping, and red tape in responding to and 
dealing with energy problems. 

A reading of American history will clearly 
demonstrate a nation which seeks solutions to 
its problems by first letting a situation become 
a problem, then treating its effects, not the 
causes. One look at the environmental situation 
gives a textbook example of this concept. 

There is still time before our 11 year supply 
of natural gas is exhausted. There is still time 
before we tap all of our oil reserves. Please 
think about and plan for America's future ener
gy needs. Don't make the same mistake again. 

Robert Pirro 
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CONSTITUTION OF THE MINNESOTA 
TECHNOLOG BOARD 

UNIVERSITY OF MINNESOTA 
(Draft: November 21, 1972) 

Preamble 

This constitution is established to form the Minnesota 
Technolog Board, a student organization, which will pub
lish the Minnesota Technolog. The Minnesota Technolog 
will serve as a medium for the exchange of ideas, informa
tion, and articles of interest to Institute of Technology stu
dents, faculty, and alumni. The Board and the Minnesota 
Technolog will provide an opportunity for Inst,itute of Tech
nology students to obtain experience in publishing, editing, 
and managing a technical magazine. 

Article I 

Sec. 1. The board shall have the following powers over 
the publication of the Minnesota Technolog as qualified in 
the stipulations of sections 2 through 5 below. 

a. to establish and supervise general editorial policy 
as set forth in the statement of duties and responsi
bilities of editors, hereinafter designated as the edi
torial statement. 

b. to establish and supervise general business manage
ment policy as set forth in the statement of duties 
and responsibilities of business managers, hereinaf
ter designated as the business statement 

c. to declare and fill vacancies in the offices of editor 
and business manager 

d. to review and approve all budgets, including scales 
of salaries and other compensation, and exercise 
supervision over funds and reserves 

e. to annually identify major areas of general editorial 
coverage, and to determine the size and frequency 
of publication of the Minnesota Technolog. Any 
changes in the aforementioned during the year 
shall be subject to prior discussion between the edi
tor and the Board 
to exercise all other powers necessary and proper to 
carry into effect the foregoing powers. 

Sec. 2. In the exercise of its general editorial policy the 
Board will act to dismiss or suspend an editor only in the 
instance of: 

a. actionable libel 
b. malicious publication of matter with knowledge of 

its falsity 
c. knowing, deliberate, and serious misrepresentation 

d. refusal or inability to comply with the provisions of 
the editorial statement 

e. being found to be no longer a full-time student as 
defined by the University of Minnesota, of the Twin 
Cities campus of the University of Minnesota. 

Sec. 3 In the exercise of its supervision of general busi
ness policy, the Board shall dismiss or suspend a business 
manager only in the instance of: 

a. fraud 
b. misappropriation or deliberate or serious misman

agement of money 
c. refusal or inability to comply with the provisions of 

the business statement 
d. being found to be no longer a full-time student as 

defined by the University of Minnesota, of the Twin 
Cities campus of the University of Minnesota. 

Sec. 4. An editor or business manager will be dismissed 
only 

a. after an open heari~g before the Board, upon notice 
and after issuance by the Board of a written com
plaint 
1. parties to the hearing will be permitted to pre

sent evidence including but not limited to wit
ness testimony and documents 

2. the written complaint will outline with specifici
ty, the charges and the precise activities and/or 
events which gave rise to the charges and will be 
issued only upon majority approval of the Board 

3. notice will consist of a copy of the complaint,plus 
conspicuous notation of the place and time of the 
hearing. There will be no less than five days ex
cluding Sundays and holidays between mailing 
of the notice and the time of the hearing 

b. and upon the two thirds majority vote of the Board 
members. 

Sec. 5. If in the opinion of two thirds majority of the 
Board, the alleged misconduct of the editor or business 
manager is of sufficient threat to the well being of the pub
lication, temporary suspension of the editor or business 
manager, with salary,' until the conclusion of a hearing, 
may be ordered. 

Article II 

Sec. 1. The Board shall be composed of: 
a. ten student members elected from the Institute of 

Technology at large, excluding staff members of 
the Minnesota Technolog 

b. the editor and business manager or the Mlllnesota 
Technolog, ex officio, without vote 

c. two non-student members appointed by the Dean of 
the Institute of Technology 

d. one representative appointed by the president of the 

University 
Sec. 2. The Board may appoint an alumnus of the Insti

tute of Technology to membership of the Board for that 
academic year. 

Sec. 3. The student members of the Board shall be elect
ed for one academic year by the students of the Institute of 
Technology. 

Sec. 4. To be eligible for student membership on the 
Board a candidate shall: 

a. be a full-time student, as defined by the University 
of Minnesota, of the Twin Cities campus of the 
University of Minnesota. 

b. be currently enrolled in the Institute ofTechnology. 
c. meet the Institute of Technology scholastic eligibili

ty requirement of not being on academic probation. 
Sec. 5. The student members of the board shall be elect

ed during the all Institute of Technology election conducted 
by the Student Board of the Institute of Technology in ac
cordance with general election regulations established by 
that body. The Board's portion of the election shall be 
funded by the Board. 

Sec. 6. A vacancy in the student membership of the 
Board shall be filled by majority vote of the student mem
bership of the Board for the remainder of the unexpired 
term. 

Sec. 7. No member of the Board, other than the editor 
and the business manager, shall receive remuneration from 
the Minnesota Technolog. 

Article HI 

Sec. 1. The newly elected members of the Board shall 
take office after election of editor and business manager. 

Sec. 2. The officers of the Board shall be a president, a 
vice president, a secretary, a treasurer and such others as 
the Board may designate and shall be elected by the Board 
from its student membership at the first meeting of the 
new Board. 

Sec. 3. The new Board must be seated before the end of 
spring quarter. 

Sec. 4. The Board shall determine the rules of its own 
procedures. 

Article IV 

Sec. 1. There shall be a permanent advisory position of 
editorial advisor who shall be appointed by the director of 
the School of Journalism and Mass Communication subject 
to confirmation by the Board. 

Sec. 2. Additional advisory positions may be established 
and disestablished by the Board. Such advisors shall be 
appointed at the request of the Board by the head of appro
priate department or college subject to confirmation by the 
Board. 

Article V 

Sec. 1. The By-Laws of this organization, and its state
ments of duties and responsibilities of editors and business 
managers, shall be as prescribed by the Board and may be 
amended as follows: 

a. by a majority vote of the total Board membership 
b. proposed amendments shall be distributed to all 

members of the Board at least one week previous to 
the meeting in which action is to be taken. 

Article VI 

Sec. 1. Amendments to this constitution shall be pro
posed by: 

a. a majority of the entire Board, or 
b. a petition presented to the Board signed by a num

ber of qualified voters equal to ten per cent of the 
n.umber of ballots cast for members of the Board at 
the preceding spring election or fifty qualified vot
ers, whichever is greater. 

Sec. 2. Amendments shall become effective upon ratifica
tion by 2/3 of the full Board only after the following condi
tions have been fulfilled: 

a. copies of the proposed amendment have been pre
sented to the Board members at a previous regular
ly scheduled meeting 

b. the proposed amendments with procedures for 
amending this constitution have been displayed at 
least once in the Minnesota Technolog 

c. within ten days of the first full day of distribution 
of the Minnesota Technolog, a petition is not pre
sented to the Board signed by a number of qualified 
voters equal to ten per cent of the number of ballots 
cast for members of the Board at the preceding 
spring election or by fifty qualified voters, whichev
er is greater, requesting that the amendment be 
submitted to the voters in an all-Institute of Tech
nology election. 

Sec. 3. In the event that a petition, as described in Arti
cle VI, Sec. 2c, is received, the amendment shall become 
effective only upon ratification by a majority of voters in 
a': all Institute of Technology referendum. 
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Empty hook? 
Try our line! 

12) 888-7981 exo 4 6 
Donaldson, located in the sports and cultural center 
of the upper midwest, is searching for engineers and 
scientists to meet the ever-increasing needs of our 
clients. Today's noise reduction and air filtration 
problems must be solved and we at the Donaldson 
Company have been providing these answers for 
over 50 years. 
We need people who have a respect for a challenge, 

Call or write John Raplinger,! Personnel Division 

donaldson 
Donaldson Company Inc. 
1400 West 94th Street 
Minneapolis, Minnesota 55431 

612/888-7981 
Cable DONUS 

"An Equal Opportunity Employer" 

We're looking for engineers who don't wear their slide rule holders like holsters. 
They don't have to. Their non-technical abilities and interests pretty well match 
their technical ones. Like handling details. Or selling ideas. Or motivating people. 
They can have darn near any engineering degree. They must have a desire to get 
into management- quickly. 

Sound like you? Check with us; we'll listen closely. It might be the best move 
either of us will make. 

The Bell System recruiting team will be visiting your campus 

JANUARY 25, 26, 27. 

Sign up in your placement office for an interview. 

Northwestern Bell 
an equal opportunity employer 

*But we sure don't knock it. Limited opportunities are available in 
Research and Development. Contact the Placement Office for specifics. 
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'' 

During the last ten years the 
population of this great land 
NSP serves grew by close 
to 21%. 
The Dakotas, Minnesota and 
Wisconsin also rank high na
tionally in terms of economic 
growth. 
It's a great place to live and 
work. 
And we at NSP are dedicated 
to keeping it that way ... and 
at the same time fulfilling our 
responsibility to supply your 
power needs. 

a brighter life for you 



Within a quiet, austere office in 
the basement of the Physics build
ing presides a man whose research 
involves far-flung regions of time 
and space; that man being Alfred 
0. C. Nier, Regents' professor of 
Physics, who, in his 43 years of 
study, research and teaching at the 
University, has helped determine 
the age of the solar system, worked 
on the atomic bomb project and 
designed experiment packages that 
will be carried to Mars in 1975. 

Although Nier has specialized in 
the development and use of the 
mass spectrometer, the remarkable 
versatility of this device has led 
him into many areas of inquiry. 

The mass spectrometer sorts and 
weighs 'particles by beaming ion
ized particles through a magnetic 
field. The degree to which the 
magnetic field bends the path of 
the particle from a straight line 
depends on the mass of the charged 
particle. By measuring the angle of 
the path, physicists can calculate 
the mass of the particle; by collect
ing particles they can determine 
the composition of a substance. 

Its ability to make precise analy
ses of substances make the mass 
spectrometer a valuable instrument 
not only in basic scientific research 
but also in industry, such as petro
leum refining. 

Because of his expertise with the 
mass spectrometer Nier has been 
offered positions at many universi
ties and companies, but, except for 
a two year employment at the Kel
lex Corporation designing instru
ments for the Manhattan Project, 
he has stayed with the University. 

Chuckling at the suggestion that 
the Minnesota climate keeps him 
here, Nier relates .how he became 
interested in science, enrolled in 
the University and later became an 
instructor here. 

((I suppose it's accidental as so 
many things are in the world. 
When I was in grade school (in St. 
Paul) I did well in subjects such as 
arithmetic and mathematics and 
always tinkered around with me
chanical things. So I thought it 
would be a good idea if I went into 
engineering, especially electrical 
engineering since I like electrical 
things." 

Enrolling at the University in 
1927 at the age of sixteen, Nier 
received his Bachelor's degree in 
electrical engineering four years 
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later and his Master's degree in 
E.E. in 1933. 

Then a physics professor, Henry 
A. Erikson, who was impressed by 
Nier's aptitude for physics, prompt
ed Nier to become a graduate stu
dent in physics and made him his 
research assistant. Nier received 
his Ph.D. in Physics in 1936, bas
ing his thesis on his work with 
mass spectrometers. 

His association and work with 
mass spectrometers led eventually 
to his present involvement in space· 
exploration. Although early mass 
spectrometers were large heavy 
instruments, Nier and his asso
ciates realized that they could easi
ly be miniaturized and thus be 
suitable for space investigations. 

In 1960, Nier and others began 
designing miniaturized instru
ments to examine the earth's upper 
atmosphere, resulting in a 1963 
rocket flight which studied the 
composition of the upper atmos
phere at levels up to 200 kilome
ters. 

One interesting finding of these 
experiments is that the amount of 
helium in the upper atmosphere is 
20 times greater in the winter than 
in the summer. Nier says this is a 
result of atmospheric circulation. 
The relation between upper atmos
pheric circulation and lower atmos
phere weather patterns has yet to 

be fully understood, but each new 
finding, such as measuring upper 
atmospheric helium, helps in ob
taining a greater understanding, 
Nier says. 

Nier presently heads a five-man 
Entry Science Team for the Viking 
Mars probe, which is scheduled to 
depart for Mars in 197 5. The Entry 
Science Team is concerned with 
finding out as much as possible 
about Mars from the time the Lan
der portion of the Viking spacecraft 
leaves the Orbiter portion until it 
touches the surface of Mars. On the 
Lander, a mass spectrometer, de
signed and miniaturized at the 
University, will analyze the compo
sition of the Martian atmosphere, 
while another instrument, devel
oped by William Hanson, who once 
studied at the University, will 
measure charged particles and elec
trons in the Martian atmosphere. 

A critical function of the Viking 
Mars probe will be to determine 
whether life in some form exists on 
Mars, Nier says. The Entry Team 
experiments will help determine if 
the Martian environment can sup
port life and a battery of biological 
experiments will search for life on 
the Martian surface. 

Yet a nagging question persists 
in the back of scientists' minds. 
What if life forms on other planets 
are so radically different from our 
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own that it will be impossible to 
detect them? Nier terms the expec
tation that life forms on other plan
ets will be quite similar to those on 
earth as a sort of ~(earth chauvin
ism." Since life forms are a product 
of the environment they evolve in, 
and environments on other planets 
are quite different from earth's 
environment, it is likely that any 
life forms on other planets will be 
different from those on earth, he 
says. 

Nier, who during his early years 
at the University never thought he 
would become involved in the ex
ploration of outer space, was asked 
why he thought man explored 
space. 

((Well, I suppose the kind of 
answer you give is (because it's 
there.' It's the curiosity that man 
has had about his surroundings 
which of course goes back ever 
since people existed. Space is one of 
the very interesting frontiers at 
this time and the means are at 
hand for exploring it, so naturally 
one wants to do it." 

To date, the exploration of space 
has not delivered any surprises 
which have truly rocked humanity 
to its foundations, but the potential 
exists for such surprises as the dis
covery of new life forms or contact 
with another intelligent civiliza
tions, prospects which Nier finds 
((pretty exciting." 

Although some philosophers 
worry that such surprises would be 
hard for man to accept, Nier disa
grees, saying; ((I think we would be 
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"When I think of sdence, 
I am thinking of the study of nature 
for_ its own sake, 
in the sa me way as you 
study the arts" 

prepared in the sense that we ad
just pretty quickly to new situa
tions." 

When it was suggested that ter
restrial interest in interplanetary 
travel would increase vastly if tele
vision cameras aboard the Viking 
Mars probe sent to earth pictures 
of ancient Martian ruins, Nier 
laughed long and hard. 

Nier's first experiments with the 
mass spectrometer involved mea
suring relative amounts of lead and 
uranium isotopes in order to form a 
basis for the science of geochronolo
gy, or the age of the earth. U rani
urn decays into lead at a known 
rate, enabling scientists to deter
mine the age of the earth and the 
solar system by determining the 
relative amounts of lead and urani-
urn. 

Nier's expertise with uranium 
led eventually to his involvement 
with the Manhattan project to 
make an atomic bomb. Nier was 
the first, in February of 1940, to 
isolate a sample of U-235, using a 
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mass spectrometer that he built. 
Scientists at Columbia University 
used this sample to show that U-
235, not the more common urani
um isotope U -238, was the key to 
slow neutron fission. 

Nier discusses this topic very 1 

seriously, because he realizes that 
discoveries in physics led to the 
destruction of Hiroshima and Na
gasaki; but he staunchly defends 
the activities of scientists at that 
time and the right for basic science 
to investigate all natural events. 

('To talk about this we should go 
back to the time. You see, uranium 
fission was discovered in 1939 in 
Germany . . . and it was appre
ciated immediately by people in 
various parts of the world that you 
could have a chain reaction and get 
energy from this. By coincidence, 
World War II had just started at 
about the same time. 

((There was a great deal of fear 
that in Germany they might go 

ahead and find a way of making 
bombs using uranium. 

('Our own connection with this 
here came about because I had 
been working with uranium and 

I lead in methods of geological age 
determination ... which made me 
sort of unique in the world." 

At the urging of physicists such 
as Enrico Fermi and John Dun
ning, Nier worked on the problems 
of separating U-235 and U-238. 

((The feeling then was that we 
ought to learn everything we can 
about this. This was done before 
there was any secrecy about it be
cause this was a very exciting 
thing scientifically and possibly 
technologically. At the time it was 
felt that it was such a long shot 
that one would actually make a 
bomb or even get energy that it 
just didn't seem likely. 

((What people like myself didn't 
reckon with was that the United 
States would be in the war within 
a year or so. There was this terri
ble fear that the Nazis might put 
their people to work on this thing, 
in which case the (nuclear) black
mail which they could exert would 
mean they could conquer the entire 
world. 

''It seemed we didn't have any 
choice (other than to use the atom
ic bomb). It was really touch and 
go as to how the war was going to 
come out. If the Nazis had perfect
ed the atomic bomb by 1944, the 
world would be quite a different 
place today. 

''It was a painful decision. When 
you talk about a guilt feeling, this 
doesn't mean anything unless you 
connect it with the times. At the 
time you could make a very good 
case for the decisions made." 

The use of science to develop the 
atomic bomb illustrates the argu
ment over whether science has any 
inherent ethical or moral qualities. 
Nier has his own, strongly drawn 
positions on the question. 

'(When it was appreciated in 
1940 that there was a finite chance 
that you could make a chain reac-
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tion go and possibly have a bomb, 
then should you or should you not 
work on it? You can't ignore what 
exists. That you are going to leave 
some areas of know ledge for fear 
that something adverse will come 
out of it is really superstition. 

~~when I think of science, I am 
thinking of the study of nature for 
its own sake, in the same way as 
you study the arts. It is a very 
beautiful situation. 

((Science is really neutral, you 

usasic sdence 
was sold on importance to 
national defense" 

are just discovering the laws of the· 
universe. I don't think you can say 
that we are not going to work on 
the laws of nature just because 
somebody someday may put them 
to evil use. I don't see how you can 
say this." 

Although Nier has little use for 
people who call for a halt to ad
vances in science and technology, 
he points out that much of the pre
sent anti-science feeling is a result 
of science being promoted for the 
wrong reasons in the past. 

((Basic science was sold on impor
tance to national defense. Now 
when there is an anti-war feeling, 
as there is good reason to have, 
considering the atrocities in Viet 
N am, naturally people associate 
this with science. 

((If you feel that it is important 
to keep raising the standards of liv
ing, which is what most people say, 
then you have no choice but to 
support basic science." 

3018 Lyndale Ave. S. 827-5304 315 14th Ave. S.E. 331-6864 
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Nier also says that the public 
must understand that science is 
unable to provide immediate solu
tions to problems, that basic sci
ence must be well supported so 
that what is now unknown or un
discovered will in the future possi
bly become known and usable. 

Although Nier has faith in the 
ability of science and technology to 
provide practical solutions to the 
world's problems and bring about a 
gradual improvement in the hu
man condition, he feels that there 
are some questions which even sci
ence will never answer. 

((When you ask (where did the 
universe come from?' you are rais
ing some awfully profound ques
tions, and while you will certainly 
as time goes on learn more of the 
rules governing the things we 
know about, the more questions 
answered, the more questions 
raised. I would doubt that there is 
an enQ. to it all." 

Design and development 
of packaging. (And 
other products.) 

BEMIS 
COMPANY, 

INC. 
(Minneapolis) 
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by Bill Johnson 

Cable television is so often por
trayed in such rosy colors that 
there is a cynical impulse to chal
lenge it. 

For example, dreamers like Dr. 
John Dempsey, a vice president at 
'Bemis Co., Inc., sees the potential 
of cable television (CATV) as limit
less. In a recent interview in the 
Minneapolis Tribune, Dempsey 
predicted that cable television 
would enable viewers to have thou
sands of computer-stored program 
choices, from which he proceeded to 
postulate shopping from home, vot
ing from home and gambling in 
national lotteries from home. He 
reached the climax of his dreams in 
the (~happiness button" . . . appar
ently a holographic, mindboggling 
television option that could turn 
your home into a cabin in the 
North Woods, or zap you into a lake 
scene so real you'd think you were 
walking on water. 

By bringing television receivers 

into the home through coaxial ca
bles, CATV does promise to provide 
better reception, more channels 
and a wider diversity of specialized 
programs. Unlike broadcast televi
sion, cable has an abundant num
ber of channels to offer. Most sys
tems now being constructed offer 
from 20-60 channels, enough to 
broaden access to local community 
groups. Further, cable television is 
destined to be a two-way system, 
allowing subscribers to request in
dividual programming. 

As the Sloan Commission of Ca
ble Communications points out, 
((With leased channels available, 
the variety of users is limited only 
by the imagination. The local mo
tion picture distributor might lease 
a channel to make his films direct
ly available in the home; the news
paper, a channel or part of a chan
nel, to provide a news service. The 
boxing promoter will look to cable 
as a substitute for closed circuit 
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theater distribution. Groups who 
may be so minded will be able to 
lease a channel at appropriate 
times of the day and week for high 
quality children's programming." 

To these people, cable television 
is the technology of revolution. 
They point out that there have 
been such revolutions before. Five 
hundred years ago the handwritten 
manuscript gave way to the print
ed book. One hundred years ago, 
the first telephone wire were 
strung. These optimistic promoters 
exclaim that the coming revolution 
could conceivably be more. 

Right now, however, the picture 
is less impressive. Cable television 
is found primarily in small cities 
and towns unserved or only par
tially served by conventional tele
vision. It is also found in larger ci
ties with problems in broadcast tel
evision reception. Altogether, it 
accounts for about nine percent of 
all programming. Most of these 
systems are autonomous and self
contained, unable to link up with 
the others. They contain a dearth 
of original programming, providing 
instead, rebroadcasts of existing 
local stations, out-of-town stations, 
old television and older movies. 

~(Cable television today is at a 
stage where the general exercise of 
choice is still possible," according 
to the Sloan Commission. ~(If for no 
better reason than that there is a 
history of governmental regulation 
in the field of television, it remains 
possible by government action to 
prohibit it, to permit it, or to pro
mote it by fiat. Citizens may still 
take a hand in shaping cable tele
vision's growth and institutions in 
a fashion that will bend it to socie
ty's will and society's best inten
tion. It is not as yet encumbered by 
massive vested interests, although 
that day may be no longer remote. 
It is not as yet so fixed a part of 
the national scene, as for example, 
conventional television is, that it 
appears almost quixotic to attempt 
to redirect its energies. There is, in 
short, still time." 

Well aware of the urgent need 
for action, two reports, one each 
from the Metropolitan Council and 
the Citizens' League, were released 
recently in Minnesota. Both called 
for the state legislature to set 
standards for cable development. A 
new state agency was suggested in 
each report to suggest standards 
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and approve franchises. 
If cable television is allowed to 

develop without direction, the Met
ropolitan Council's advisory com
mittee warned, ((There will be a 
lack of any systematic approach to 
the myriad difficulties of cable 
regulation." 

Already, seven metropolitan 
communities: Fridley, Blooming
ton, Stillwater, Bayport, Oak Park 
Heights, Farmington and Lakeville 
have granted franchises. Blooming
ton's franchise is the only one now 
under construction, with operation 
planned for April first. Many other 
cities are negotiating cable sys
tems. 

When Robert Hinkley describes 
his company's eight month long 
fight to win a cable television fran
chise in Fridley, Minnesota, his 
face breaks into a cheshire cat 
grin. ((No company ever fought so 
hard to invest a million dollars in a 
community," he says. 

Fridley is a fast-growing, north
ern suburb of the Twin Cities. 
While most of its 30,000 residents 
make their living in the Cities, liv
ing in suburbia has made them 
somewhat autonomous. And al
though Minneapolis and St. Paul 
are too busy with their multitudi
nous problems to take time out to 
consider cable television franchis
ing, Fridley's city government has 
had little else to do. 

Not everyone was in favor of 
going it alone, however. Opponents 
of a city council approved CATV 
ordinance, led by former mayor 
Bill Nee, collected 2400 signatures 
requesting that the question be put 
as a referendum to the voters. The 
city council denied the petition. 
Both parties went to court. The 
council called in a handwriting 
expert to contest signatures. 
Charges flew like artillery. 

According to the chairman of 
Fridley's CATV committee, Father 
Ed Chimieleuski, there were two 
opposing philosophies voiced in the 
dispute. According to one, cable 
television is a profit-making pri
vate enterprise, in much the same 
way commercial television is. The 
second view is that of a public util
ity, which like the phone company, 
is shared with private enterprise. 

Finally put on the ballot, the 
CATV referendum passed in 
Fridley. Significantly, very few 
voters skipped voting on the issue, 



a common practice of voters on ref
erendums. This would seem to in
dicate a high degree of voter inter
est on the issue. Interestingly 
enough, the voters simultaneously 
elected CATV's biggest opponent, 
Bill Nee, to the city council. 

Probably because he is an adver
tising executive, Nee says he has 
always been defensive about broad
casting. He recognizes that com
mercial television is rotten. He had 
~~kind of hoped that cable could be 
different. This time we had an op
portunity to do it another way. It 
was like a second chance." He 
wanted to delay the development of 
a cable television system, or at 
least require that the system be 
publicly owned. To him, the prob
lem is ingrained in the very nature 
of a commercial television ap
proach. Profit is the determining 
motive. 

Only by regulation, according to 
Nee, will the businessman operate 
in the public interest. Towards the 
end of his fight, he tried to include 
in the franchise agreement a regu
lation turning 3% of the nearly 5% 
yearly tax on gross subscriber rev
enues that the city will receive to a 
fund for the public access channel. 
He would have liked the system in 
Kingsport, Tennessee, where the 
cable operator agreed to put from 
$2000 to $3000 monthly into a spe
cial fund to be used by an autono
mous community access center. 

~~Even the council has no real 
coercive power," Nee says. He 
claims that the contract for the 
franchise is virtually unbreakable 
as long as the company generally 
adheres to the agreement. nAs a 
practical matter, we have no con
trol, whether or not they are re
sponsive depends, in fact, solely on 
their own good will." 

By agreement with the city 
council, General Television has 
promised to provide three channels 
for higher education, vo-tech educa
tion, religion and social services; 
one channel to the Anoka County 
Library and one as a ((public ac
cess" channel available to any or
ganization, group or individuals, to 
be used for expressing their view
point or for programming they 
have prepared. It would be avail
able on a nfirst-come, first-served" 
basis. 

Much of the rhetoric concerning 
cable programming has centered 
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around public access programming 
and the ways in which it can serve 
to break down community aliena
tion .. Unfortunately, most broad
casters' experience with it leads to 
a great deal of pessimism. Even 
where UHF stations have offered 
time to interested groups, no one 
has come forward to use it. This 
leads to the standard arguments of 
people like Bill Nee that neither 
community groups nor individuals 
will make use of such time even if 
it is available. (~There's always 
trouble trying to get people to do 
things," Nee said. ((My experience 
is that people have to be led by the 
hand." 

General Television promotes the 
idea that a local Minneapolis firm 
is preferable to a large national 
company like the one operating in 
Bloomington. 

General Television of Minnesota 
is a wholly owned subsidiary of 
General Television, Inc. which 
owns cable TV systems in 12 com
munities nationwide. James Goetz, 
former Republican Lt. Governor of 
Minnesota, is the president of the 
Minnesota company. 

It has been suggested in Fridley 
that Goetz's political involvement 
will interfere with the program-

ming. Goetz defends himself by 
pointing out that for ten years he 
has owned KAGE radio in Winona 
and has ·been complimented for his 
station's fairness and accuracy. 

The problem of ownership is a 
common one nationwide. The peo
ple who are gaining ownership of 
cable are usually the same people 
or the same · class of people who 
own all of American broadcasting. 
The critics fear this will eventually 
lead to the domination once more 
of the kind ·of programming that 
now predominates commercial tele
vision. 

The ownership problem is cer
tainly one of the more perplexing 
problems in communication. For 
example, in the northern suburbs 
of Anoka and Coon Rapids, a pro
posal has been made to each of 
their city councils for a cable tele
vision franchise. The applicant is 
one Arch Pease, who is also the 
publisher of the only community 
newspaper in the cities. If he gains 
the cable franchise as well, he will 
have a virtual monopoly over local 
news in that area. 

Robert Hinkley, assistant to the 
president of General Television, is 
a former journalist and press secre
tary for Governor Harold Le
Vander. He seems sincere when he 
states, ~~we truly want to produce a 
model system - a showcase. Frid
ley is the only thing we're working 
on right now. We're going to pro
vide stuff that totally exceeds the 
need. We want our own first project 
to succeed." To this end, he states 
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that General intends to build a 
$250,000 facility in Fridley. Enthu
siastically, he explains the compa
ny's plan for two color studios, 
(($100,000 worth of equipment, a 
remote unit and a staff of twenty 
people." 

One of his highest priorities is 
working with the school system. (1 
think it will be an important part 
of education. Up in St. Cloud, the 
public school system programs 6-7 
hours a day out of a little studio 
investment of $6,000. Kids are 
running the equipment and run
ning the studio. I'm not sure which 
is the greatest of value - kids 
watching the programs or kids pro
ducing them. And there's an even 
greater potential for the vocational
technical schools as a training 
ground." 

Hinkley takes issue with the 
metro council's contention that ca
ble television ·should be developed 
under a broad coordinated plan. 
((Maybe we aren't perfect, but the 
alternative is worse. The alterna
tive has some superagency divide 
everything into a system. And we 
don't do anything until they de
cide. That's unacceptable to local 
government and I'm not sure it's in 
the public interest." 

The public interest is what all 
the competing and opposing groups 
contend they represent. In the final 
analysis, it is the only considera
tion that matters. But no one has 
been able to agree upon how best 
to serve it. The Sloan Commission 
((believes it to be in the public in
terest to encourage the growth of 
cable television and believes that 
improving access to programs will 
accomplish that end." 

Cable television has often been 
suggested as a means of giving al
ienated, uninvolved people a voice 
through media. The expanded ca
pacity of the medium certainly has 
room for them. But few people have 
noted in this regard that most of 
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the cable systems being developed 
are located in suburban and small 
town settings. Ralph Lee Smith 
did, writing in The Nation: 

((It cannot be assumed that all 
the social effects of the cable will 
be good. For example, the exodus of 
the middle and upper-middle class 
from the cities is expected to con
tinue during the 1970's, and the 
stratification of society along geo
graphic-economic lines will thereby 
be increased. At the same time, the 
cable will make it less and less 
necessary for the more affluent 
population of the suburbs to enter 
the city, either for work or recrea
tion. Lack of concern and aliena
tion could easily deepen, with ef
fects that could cancel the benefits 
of community expression that the 
cable will bring to inner-city neigh
borhoods. At the least, such dan
gerous possibilities must be for
seen, and the educational potential 
of the cable must· be strongly mar
shalled to meet them." 

There are other problems. In 
thousands of communities across 
the country, franchises have been 
granted that foreclose achieving 
the promise of cable. According to 
Monroe Price and John Wicklein in 
their book, Cable Television: A 
Guide for Citizen Action, poor regu
lations, weak programming, inferi
or equipment and indifferent civic 
groups all have become traditional 
in early cable growth. Even corrup
tion has become a problem. Many 
local officials apparently expect 
payoffs for granting franchises. 
New Jersey stopped CATV fran
chising in the state after a series of 
scandals. New York State placed a 
moratorium on franchises for a pe
riod to allow the state legislature 
to review the situation. 

There are also, of course, suc
cesses. In Newburgh, New York, a 
group of young people founded 
ECCO (Experiment in Community 
Communication) with a grant from 
the Ford Foundation. Despite some 
community flack, the ECCO pre
sents 90 minutes of programming a 
day, done entirely by kids from 13-
20. The tapes include a wide varie
ty of material, including interviews 
and discussions, teleplays and doc
umentaries. The television pro
grams have served as a bridge to 
community service activities. Pro
ducing a videotaped program about 
retarded children 1n Newburgh 

sparked town student filmmakers 
to establish a teen group to work 
with mentally retarded children. 

The problems are multiple. 
Seemingly, it will require a maxi
mum of community effort to estab
lish and carry out effective cable 
systems. Fridley residents have at 
least demonstrated their interest, 
though it remains to be seen 
whether their interest will be par
alleled by attempts to create quali
ty programming. There is still 
time. 
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Dr. Allen Goldman 

In 1911 H. Kamerlingh Ounes 
found that at temperatures below 
4.2° K, the electrical resistance of 
mercury suddenly dropped to zero. 
The lack of electrical resistance in 
many substances below a charac
teristic arctical temperature, called 
super-conductivity, has intrigued 
experimental physicists since its 
discovery. 

Dr. Allen Goldman, physics pro
fessor at the University of Minne
sota, in collaboration with graduate 
students Peter Kreisman, Richard 
Carlson, Jim Solinsky, and Nor
man McNeal, are currently investi
gating the nature of the phase 
change from normal conductivity to 
super conductivity that occurs in 
the realm of low temperature phys-
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by Scott W attawa 

ics. Understanding the dynamic 
role of electron behavior may give 
scientists a more complete explana
tion of phase changes and super
conductivity, and may lead ulti
mately to the creation of materials 
that become superconductors at 
higher temperatures. If a material 
can be found that becomes a super 
conductor above the normal boiling 
point of liquid hydrogen, someday 
electrical power transmission may · 
use super-cooled underground ca
bles for resistanceless transmission 
of electrical power. 

To introduce the reader to a 
qualitative explanation of super 
conductivity, the author cites a 
rather eloquent passage from 
Foundations of Modern Physics by 

Dr. Walter Wehymann 

Photos by Kevin Strandberg. 

Paul A. Tipler. 
((In 1957, Bardeen, Cooper, and 

Schrieffer published a successful 
theory of superconductivity which 
is known as the BCS theory. In 
this theory, the electrons are cou
pled in pairs at low temperatures. 

One electron interacts with the 
lattice and perturbs it. The per
turbed lattice interacts with anoth
er electron in such a way that 
there is an attraction between the 
two electrons which, at low temper
atures, can overcome the Coulomb 
repulsion between them. The elec
tron-lattice-electron interaction 
produces an energy gap between 
the superconducting state, in which 
the electrons act collectively, and 
the normal states, in which the 
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electrons act individually. Energy 
from an electric field can be ab
sorbed by the electrons in this 
collective state to produce a super
conducting current. However, ener
gy cannot be dissipated by individ
ual collisions of electron and lattice 
unless the temperature is high 
enough so that the electron bonds 
are broken." 

The quantum mechanical pheno
menon of tunneling also plays an 
important role in Dr. Goldman's 
research. Classically, if the elec
tron (thought of as a particle) is 
kept in a lattice ~~prison cell" by 
potential walls (a ring of negative 
charge), the electron prisoner never 
escapes. However, in quantum 
mechanics (because of the Heisen
berg uncertainty principle) we do 
not know exactly where the elec
tron is. This electron is now 
thought of as a ~(wave packet," lo
calized in time and space. Since a 
standing wave packet can only 
have a discrete number of peaks 
and pits, the energy of the electron 
has only quantized values. 

However, the amplitude of the 
wave packet of an electron in a 
prison with finitely thick walls is 
not zero. Hence, outside this wall 
there is only a slight chance of 
finding the electron out of its 
(~cell." But, if one waits long 
enough, the electron suddenly ap
pears through the walls! Although 
this seems to defy common intui
tion, the reader must remember 
that his intuition is from a world a 
million billion times bigger than 
one tiny, tiny electron. 

Imagine a slab of superconduct
ing metal, in which the electrons 
are now paired and in cooperative 
behavior, a ((wall" 60 angstroms 
(10 -Io meters) thick, a slab of 
superconducting metal (a phase 
transition about to occur), and you 
have the situation for our quantum 
criminals, i.e. electrons . Normal
ly' two electrons would try to es
cape together from the supercon
ducting prison through the thick 
wall and into the normal conduc
tion region, but in the normal con
duction region there is room for 
only one electron (in the outside 
normal conductor, our former 
~~team" quickly begins to think and 
act for themselves!) However, be
cause the normal conductor is 
about to undergo a phase transi
tion, short lived small regions of 
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superconductivity that can accept 
pairs does exist and if the breakout 
hits the right wall, and is perfectly 
timed both can escape together! 
However, the electron pair jumps 
back and forth many times across 
the barrier until the superconducti
vity region in the ~(normal'' metal 
no longer exists and the escape 
hole disappears as the heat increas
es. 

Dr. Goldman, in a metal shack 
called a Faraday cage (to shield 
stray magnetic and electric fields) 
carefully measures the current con-
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tribution that the electron pair 
makes in their back and forth 
jumpings. Using this phenomenon, 
instruments of high precision accu
racy have been built on the elec
tron-tunneling effect. Other funda
mental measurements in fields 
such as quantum electro dynamics 
have also been made. 

The mathematics describing the 
above phenomenon, called the Jo
sephson effect, is somewhat pecul
iar in that a field originating from 
the superconductor and affecting 
electron pairs and the normal con-

ductor, is assumed to exist. The 
measurements Dr. Goldman makes 
utilizes the fact that current is 
proportional to ((susceptability ," 
that is, an order parameter. An 
order parameter tells how electrons 
are cooperating. For example, the 
magnetism in a bar magnet de
pends on the number of molecules 
that have aligned poles. 

Place a magnet by a piece of iron 
that is just about to go below its 
curie temperature, and the field 
from the magnet's molecules has a 
marked effect on the magnetization 
of any region within the almost 
magnet. Because of non-uniform 
coolings, some regions will be more 
magnetized than others. If fluctua
tions occur in the order parameter, 
that is, the amount of cooperation 
varies, superconductivity will not 
occur. 

A second project Dr. Goldman is 
conducting is the behavior of elec
tron pairs in thin films, (the walls). 

A laser is pulsed on a thin film 
providing just the right energy to 
break the electron pair bond. 
Hence, the order parameter is per
turbed, and careful measurements 
are made to determine the result
ing electron behavior. One tl).en 
gains a better understanding of 
phase transitions and cooperative 
electron pairing in. superconducti
vity. 

An interesting side light of Dr. 
Goldman's research is a physical 
analogy to the unsolved many-body 
problem of physics and math. Coop
erative versus non-cooperative 
behavior near phase transitions 
may shed some light on the solu
tion to this fundamental yet un
solved problem. 

The world from 0.001 OK may 
have as diverse phenomena as the 
world from 1 o K to 1000 OK. Only 
now have scientists begun to devel
op the technology to create such 
ultra-low temperatures. What new 
phenomenon may be eventually 
discovered? How will our everyday 
concepts about matter compare 
with matter at ultra-low 
temperatures? Dr. Walter Wehy
mann, professor of physics at the 
University of Minnesota, in collab
oration with graduate student Bob 
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Swinehare, are currently creating 
the sophisticated technology and 
complex laboratory techniques to 
achieve temperatures in the milli
kelvin range. 

There are three basic techniques 
for reaching low temperatures: 
mechanical pumping (to 0.3 OK); 
magnetic cooling of paramagnetic 
salts to(10-6K); and a newly devel
oped technique called dilution re
frigeration (2 -10omiliKelvin). Each 
technique will be considered. 

Mechanical pumping of a gas is 
the oldest technique. Gas in a cy lin
der is first compressed: The com
pression is a form of mechnical 
work that heats the gas. Next, the 
compressed container of gas is 
cooled in a temperature bath. Fi
nally, the gas is allowed to expand, 
working on the environment and 
further cooling the gas. This cycle 
is repeated again and again and 
can liquify all gases, reaching a 
limit of a few degrees Kelvin. Us
ing He 4 , one can attain a low of 
about 1 OK, while using the much 
rarer isotope He 3 , one can attain 
temperatures as low as 0.3K. When 
He 3 is used, the entire apparatus is 
sealed to prevent loss of He 3 at 
$100 per cubic centimeter, or $200 
per gaseous };iter. Helium 3 is 
much too expensive and rare to 
lose to the atmosphere. However, 
pumping is limited by the --vapor 
pressure of the gas being cooled. 
When most of the gas is liquified 
and the temperature has reached 
low enough values so that the va
por pressure above the liquid be
comes quite small, continued 
pumping is ineffective. 

The second technique utilizes the 
first technique to attain extremely 
low temperatures. A paramagnetic 
salt, such as an iron compound, is 
first cooled by liquid helium ob
tained from mechanical pumping. 
A magnetic field is then switched 
on and work is done on the mole
cules to align them in an orderly 
fashion. This process is called iso
thermal magnetization. The work 
done on the molecules warms the 
paramagnetic salt, so liquid helium 
is again used to bring the sample 
to 1oK. When the magnetic field is 
turned off, the temperature of the 
salt sharply decreases. This process 
is called a diabatic demagnetiza
tion. The more particles that are in 
a single state (in this case, all 
magnetic poles are aligned), the 
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lower thE temperature is, the 
weaker the molecules interact, the 
lower the temperature that can be 
obtained. Unfortunately, such low 
temperatures can be maintained 
for only a fraction of a second. The 
random motion of the molecules 
soon dis-aligns the order brought 
about by the magnetic field, thus 
warming up the salts. Nor can the 
magnetic field be switched back on, 
for it will do work on the molecules 
to keep them aligned and thus heat 
the salts. 

A recently developed technique 

CONCENTRATION= N(He 3) 
N(He3)+N(He4) 

employs both magnetic alignment 
and a device called a dilution re
frigerator. When He 3 is mixed 
with He 4 

, the lambda point transi
tion can be lowered (see diagram). 
Extrapolating their data, scientists 
conjecture that He 3 is soluble to 
about 6% in He 4 • They further con
jectured that He3 dissolving into 
He 4 would cool considerably be
cause of the relative potential of 
He 3 atoms in He K. In a mechani
cal pump using evaporation to 
reach temperature at 1° K, the la
tent heat kills the vaporization 

pressure. The vaporization pressure 
is proportional to e-1 1 

rt, so pressure 
falls exponentially with respect to 
a vacuum, hence, limiting the 
effectiveness of pumping. However, 
He 3 dissovling into He 4 has no la
tent heat, i.e. no energy is required 
for the mixing. He 3 dissolving into 
He 4 is equivalent to a 20 fold ex
pansion of He 3 without latent heat, 
so no lower limit exists. However, 
in practice, the lowest attainable 
temperatures lie within 7-20 mil
liKelvin. This cycle; unlike mag
netic cooling, can be made continu
ous (see diagram). 

~ Starting at about 20 milliKelvin 
in the mixing chamber, Dr. Wehy
man and Mr. Swinehart further 
cool their nuclear sample by adi
abatic magnetization to about 3-4 
milliKelvin. Using rare earths 
(PrCu 6 for example) and by align
ing nuclear moments, i.e. actually 
lining up the magnetic field of the 
nucleus, they feel that they may 
achieve temperatures like 1-2 mil
liKelvin, where nature promises to 
make some sudden, interesting 
changes in the behavior. Rare 
earths are used because they have 
a large heat capacity, so it takes 
more heat to raise their tempera
ture than does a substance with a 
low heat capacity. 

The problem· of maintaining such 
low temperatures for any period of 
time has challenged the experimen
tal knowledge of Dr. Weyhman for 
several years. A typical heat leak 
of 1 erg;minute gradually warms 
the salts up. This is about 10-9 

watts/ second. The power of a radio 
station on a radio antenna is 10-- 10 

watts/sec., so the apparatus must 
be shielded from all radio waves. 
Even all power inlets are carefully 
filtered so they will not leak extra 
power. All pipes have some kind of 
coupling device to absorb vibra
tions, and even the tubing holding 
the apparatus is on shock absorb
ing warmers and is complet~ly 
sandfilled. Carbon resistor ther
mometers are used to measure the 
temperature, using a power dissi
pation of less than 10 -t3 watts. 

The work of Dr. Weyhman and 
Bob Swinehart is paving the way 
to the realm of ultra low tempera
tures. Their research will in turn 
be used by other scientists who will 
continue to explore nature in a 
realm previously inaccessable to 
mankind. 
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The object was big - the size of 
a football or larger - but hardly 
moving rapidly enough to qualify 
as a respectable meteor. Still, it 
was fast enough to sheer through 
the side. of the mining out-station, 
most of Grendel's partner, the oth
er side of the out-station, and the 
wall of a nitric acid tank. It finally 
stopped there, inside the tank, as 
the automatic re-sealers plugged 
the hole through the tank wall 
within micro-seconds. However, a 
spray of nitric escaped and found 
Grendel Smith-Jones XII amazing
ly staring at the picturesque glob
ules escaping from his partner's 
torso. 

eeYou're lucky it missed your 
eyes, :M:aster Smith-Jones," mum
bled the space-surgeon at Gany
mede Central Hospital. ((It's going 
to take some time, and more than a 
few ops, but we'll have your good 
looks back for you eventually. Do 
you feel up to seeing a mirror?" 

Grendel had been trapped some
where between the huge doze of 
Un-Pain and the half-memory of 
holding onto shreds of his face as 
he rode his inter-asteroid mining
barge to the nearest out-station. 

((Do you want to see the mirror?" 
repeated the surgeon. 

((Yes," mumbled Grendel. In the 
mirror, he met eyes, most of a fore
head, a slightly corroded nose, and 
an expanse of off-white dressing. 
He yawned as the gray haze of the 
Un-Pain settled deeper on him, and 
teeth gleamed somewhere deep in 
the blackness behind his mouth
bandage. The blackness there re
minded him of the freezing darks 

between the stars, where Tanel -
he caught himself, Tanel-der voy
aged. The Un-Pain ambushed him 
halfway through the reminiscence, 
so he slept. He dreamed of a thou
sand Tanel-ders, each with green 
eyes staring gravely. 

Later, after op 3 on his face, 
Grendel had enough facial skin to 
grin gingerly at the memory of the 
way he and Tanel had solemnly 
argued about whether or not to 
have a clone made of her before the 
trip, or not. 

((But Grendel, if you really loved 
me, you'd want to have someone to 
remember me by. Anything could 
happen out there. It's going to be 
fifteen years of the unknown. Let's 
face it, there's a good chance I 
won't make it back." 

((I know that, Tanel, you lovely 
lady. But I hope nothing happens 
to you. If something goes wrong, I'd 
rather have the memory of the real 
you than some semi-Tanel clone. It 
wouldn't be the same, you know. 
After all, it's not really a clone, it's 
just an accelerated growth follow
ing the chromosomes in some cell 
pattern . . . everybody knows that 
social and environmental pressures 
can make the clone almost com
pletely different in personality 
than the original." 

eeDon't lecture to me, Mr. Smith
Jones. If you don't care enough 
about me to have at least some 
reminder in case something goes 
wrong, then find yourself another 
sex-mate." 

eeWe're not sex-mates yet," he 
reminded her. 

eeGood, let's keep it that way. 

by Geoffrey Garwick 

You wouldn't be man enough any
way." Whipping her red hair over 
her shoulder, she leapt past Gren
del, picked up her weather-shield, 
and plunged into the sunlight of 
western Australia. Grendel's calls 
and gifts had never been answered. 
Then, five weeks later, four days 
before the Antares expedition left, 
they had met again, or he thought 
they met again. 

Grendel had finally used his 
family's powerful influence to get 
him into the Operation Far base 
for the expedition as a reporter for 
the family newspaper chain. 

((Of course," intoned the fat colo
nel, ((these are only the personnel 
preparation facilities. The craft, 
naturally, will leave from Luna 
Center Five. However, the condi
tioning of the six-member crew will 
take place here. Actually, of 
course, they'll be asleep during 
most of the trip, but their· tasks 
will be numerous when the ship is 
near the planets of the goal, Bar
nard's star. During the visit to an
other solar system, this ... " As 
the monologue continued, the colo
nel led Grendel through the recep
tion areas to the starker, more 
brightly lit rooms of the site. Sud
denly, Grendel saw the familiar 
blaze of red hair, and Tanel was 
walking toward him, along with 
several technicians in silver coats. 

((Tanel. Nice of you to welcome 
me." There was stiffness, but no 
anger in her glance. She didn't 
smile, although her lips trembled 
slightly. 

((Tanel, can we meet at lunch? I 
promise not to tempt you if you're 



on a special diet." 
(~Ah, Grendel, I don't think that 

would be right. Maybe I could 
" 

~~come along Miz Grayling," in
terrupted one of the technicians. 
~(we must get down to chemothera
py immediately." Tanel and the 
escort marched away. 

~(Tanel, wait a minute," yelled 
Grendel. He walked after the 
group, but a pair of huge guards 
stopped him at the base of a stair
way. The colonel caught up with 
him a few seconds later. 

(~Sorry, Mr. Smith-Jones, we try 
to keep the crew away from the 
public as much as possible." 

((I understand. Colds and so on 
could be a problem this close to 
launch-time," agreed Grendel. 
((Could I speak to the crew over a 
telephone?" 

(~Well, sir, I doubt it. Regula
tions, you know." 

All through the long round of 
explanations, briefings and protocol 
exercises, Grendel wondered about 
her strange solemnity. Tanel 
seemed cautious, not unfriendly. 

The last event of the day was the 
dinner for the celebrities, military 
and civilian, who would be watch
ing the launch preparations at the 
base and on the moon. Grendel was 
placed between people he hadn't 
met before. 

~(Mr. Smith-Jones, how nice to 
meet you. I suppose this is a much 
lower class gathering than you're 
used to. The professionals and the 
curiosity-seekers who keep things 
going in the Federation must seem 
a little boring to you," whispered 
the general next to him. 

nN ot at all, General. It's you who 
would find the gatherings of the 
idle rich a bit boring," answered 
Grendel, ignoring the nametag on 
the man's jacket. 

~(Tell me, Mr. Smith-Jones, do 
you find the new extra-maternal 
use of wombs to be ethical? I have 
several friends who have under
gone extra-maternals, and they tell 
me that the removal is painless, 
unlike childbirth." The lady on his 
left seemed to be an ambassador's 
wife. 

((I've not thought about it.;' Gren
del sipped his soup loudly before 
continuing. ((It certainly seems no 
more unethical than raising a child 
in a test-tube, whether clone or 
normal artificial insemination." 

i8 

HI agree, Mr. Smith-Jones, but 
would the resulting child have the 
status of a mother-borne child? It's 
from a womb, but not a mother. 
Important difference." 

(Tve always thought of it as 
elementary, myself. The status dif
ferences are ridiculous anyway. 
Why shouldn't a clone or a test
tube baby have exactly the same 
rights as a mother-borne child?" 
Grendel watched her face redden. 

((Really, Mr. Smith-Jones, you 
are too liberal. What about the 
whole legal structure?" 

nThese differences only date 
from 1990 or so. I don't think fif
teen years makes up a cultural 
tradition. You'll excuse me, I have 
to count my genes." 

Grendel ambled out of the dining 

room, while the whispers followed 
him and the faces turned toward 
his exit. 

He closed the door of the room 
which had been provided for him at 
the far end of one of the public cor
ridors, and sighed happily, recall
ing the shocked expressions. A 
movement caught the corner of his 
vision, from the rear of his room. 
Grendel whirled and lashed out 
with the side of his hand, stopping 
the attack only inches from Tanel's 
worried face. 

(~What the hell are you ... " 
(~Grendel, Mr. Smith-Jones, I had 

to tell you. I couldn't go off on that 
fifteen year trip without you know
ing. It's not fair." 

ttTanel, you siren, since when 
have you been sorry for anything? 
What don't I know. I know you've 
lost a little weight - you act a lit
tle scared." 

(~Grendel. I'm not Tanel. I'm 
not." 

He leaned bemusedly against the 
wall mirror. ((Well then, who, beau
tiful person, are you?" 

((Sir, Mr. Smith-Jones. Can't you 
tell? It should be obvious if you two 
were in love. I'm Tanel-der. They 
cloned her from a skin scraping 
without telling anyone, just like all 
the other crew members. The 
clones were made. to be back-up. 
I've been alive for almost a year. 
Your Tanel died. a month ago in a 
copter accident." 

Grendel sat down on the floor, 
staring up at her. Tanel-der was 
also a lovely woman, green eyes 
imperious but without the occasion
al flicker of doubt and hostility. 
Her hands seemed more expressive, 
longer and sculpted. 

(~Yes. I'm a clone. Tanel-der. De
rivative Tanel." She fisted her 
hands. ((They're ashamed to admit 
that a clone is going to Barnard's 
star. I'll run their goddamned ship, 
but I won't lie to you. She's gone, 
and she can't come back." 

(Tm lost, Tanel-der. I don't want 
to believe this. Why do I still want 
you, whoever you ar~? Besides, 
where are the clone identification 
marks on your chin?" 

((I told you they were ashamed of 
having to use a clone on ~mankind's 
greatest adventure.' The govern
ment just forgot to add the four lit
tle blue dots on my chin. Four lit
tle dots." Grendel laid an arm com
fortingly on her shoulder. And then 
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they were embracing. They com
forted each other all through the 
night. 

The memories strengthened as, 
fifteen years later, Grendel re
covered in the Ganymede hospital. 
In the journeys back and forth to 
the asteroids and the outer planets, 
he had spent many years in the 
suspended animation chambers and 
would not have aged much more 
than Tanel-der. 

A few days after he entered the 
hospital, television sets were 
automatically activated for a Presi
dential message. Grendel scowled 
at the beautiful platinum-blonde 
who smiled demurely from the 
screen. Her smile broadened as the 
camera retreated for a moment to 
show her bulging stomach. She was 
Mona Meshach, bearer of the Presi
dent, Carl Myerson. 

Grendel smiled as he recalled his 
grandfather's first bearer. She had 
been a pretty but sturdy farm-girl. 
His grandfather's offer of one mil
lion dollars for ten years of bearing 
had seemed wondrous to her. Cur
rently, a bearer never held the 
same brain in her pseud-pregnant 
womb for more than four or five 
years and the pay was always at 
least a million per year plus spe
cial pensions to compensate for the 
possible damage from the two- . 
month operations required to con
nect the senses of the bearer to the 
brain. Myerson would be one 
hundred and twenty years old on 
his next birthday. Grendel's grand
father would be a hundred and 
twelve. For those who could afford 
it, renting a bearer usually started 
at age seventy or eighty. It was a 
fad. 

The Presidential address, in 
Mona's voice but from Myerson's 
brain, finally caught his attention. 
H ••• the expedition, has re-estab
lished radio contact with us after 
almost fifteen years of travel. They 
are expected to reach their lunar 
base within six months. All Earth 
welcomes them back to the solar 
system. This, the greatest feat of 
the Federation and the men of 
Earth, will never be forgotten. The 
celebration will ... " 

Grendel reached for the tele
phone and began to make arrange
ments to catch an earthbound craft. 
Four days later, he entered the 
travel-agency. His acid burns were 
healed over, but a great scar wrin-
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kled the left side and lower part of 
his face. 

eey es sir, we have been able to 
find a hospital-carrying ship for 
you, the Armenian Three. First
class . . ." The man's patter 
stopped as he looked at Grendel for 
the first time. eeah . . . everything 
will be set then. All we need is an 
audiogram of your voice." 

((An audiogram. What the hell 
for? You've got all my idento-
cards." 

((Yes, sir, Mr. Smith-Jones. But 
with your . . . injury . . . you 
know, possible identification confu
sion. It's company policy in such 
cases. That is, we . . ." 

((What do you mean?'' 
eeWell, sir, to be blunt - no of

fense intended - but in any case 

where the clone marks could be 
defaced, we have to have an 
audiogram. Really you're in very 
exclusive company. People are 
always trying to steal tissue sam
ples from movie stars and famous 
scientists so that they can make a 
clone and cash in on the reputation 
of the victim. You understand, sir?" 

e(Yes, yes. Just hurry up. My 
audio will be on file at my corpora
tion headquarters on Earth." Gren
del slammed the door so violently 
that the agency's nameplate fell 
onto the walkway. He stamped to 
the nearest bar, Ako's Tav. Ako's 
was not dirty, but still dark and 
slightly battered. Space-miners, 
vacationing inter-asteroid pilots, 
and Ganymede locals crowded the 
tables and lined the counter. 

((Give me a Mind-rot Special," 
ordered Grendel. 

((Hey, are you a donie?" roared 
the bald, black-garbed official be
side him. 

((No. What if I was?" snarled 
Grendel. 

((Hey, guys it's another donie 
trying to drink in here with us 
reals. The cute little clone covered 
up his marks with a scar." 

The fight was quick but destruc
tive. Grendel emerged with a few 
more facial marks and walked on 
as the battle continued inside. 

As he journeyed Earthward, 
Grendel figured the odds. eeFive bil
lion reals, but the birth-rate is 
almost zero. Four hundred million 
people raised from sperm and egg, 
but in a test-tube. Twenty million 
clones. Everyone but reals is owned 
by the person who ordered them 
unless they're freed. Votes only for 
reals. Still, with four hundred mil
lion, we should be able to take over 
everything but Earth. My holdings 
in the Smith-Jones family corpora
tion should be almost half a billion 
by now. Money always improves 
the odds." 

He called Dr. Kwangi, theplasto
surgeon he had hired to operate 
during the trip to Earth. ((Doctor, I 
think I'd just like to have the side 
of my face cleaned up. I'll leave the 
scars on the chin. Yes, I know what 
I'm doing." 

He hung up thoughtfully. ((Yes, 
space for the clonies and test-tube 
babies. No mother Earth for us. I 
should have things ready by the 
time Tanel-der is back." 
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(ADVERTISEMENT) 

PUZ~LE AND CONTEST If the system had motion before the ily maintain 50 111ph (on a flat concre-
It appears to me we can get thrust shift it will return to its original te road) with 170 lbs. of thrust. Ace-

from A SUPPLY OF ENERGY which rotates motion after the shi.f't. Thus a+ d - b ording to Galilee the 170 lbs. GOes t<? 
and shifts masses without ejecting equals 0 where a is accelerate,. b is rn.a.ld.ng up only for impediments or fr-
mass and without a frictional referen- backward and d is decellerate. iction losses of all kinds. 
ce to the earth. The first 5 people To get acceleration install catches A 5 piston Momentor is very s:i.mple--

4-------r who point out a "SIGNIFICANT 11 force or in the cylinders so the pistons can there are nALHAYS" 3 pistons in the 
S: fti g ~. § forces other than the law for the con- move forward but not backwards in the front ~ of 'tl1"e7ylinder. For 80% of 
~ ~ ~ ~ o., !:l servation of momentum which will cause cylinders. Time the device, Vlhich I the time of each revolution all 5 id-
1-'· ~ g; o' g; «, the device not to operate in this man- ' call a l-1omentor (combines the words entical pistons have the same speed &. 
(/) Jii ~ ro 16 ~ ner will recieve $100. I need simple motor & momentum), so that P2 1&P2 are 3 nrust pull ahead more than 2 will pu-
~ 0 S'l";:. p. ~ answers because I am a layman. "AUlAYS" 9111pty at the same time. 1·Jhen- 11 back. For the remaining 2C~ of the 
g '1 ro ~ ~ 1fi \-Jhen 2 identical eccentric masses e~'&P2 are empty 2 pistons in the time 2 pistons in the back ~ of each 
a:' g'"< ,~~ (ems) are contra-revolved in a horiz- back half of each cylinder are shifted cylinder are shifted twice and the fo-
~ §' 

0 ~1 ~ ontal circle on an air bearing plat- to fill this empty space. You~ rces balance. Even s:imnler--if the 
6l s !:l iif p.:;; form the platform goes back and forth vmnt an empty space in the front half shifts cancel is 3 more than 2'; ?? 
'1 ::s' ~ij ~ !:l with a sine wave motion (see solid of the cylinder. There are countless Six concept::; from elementary mechan-
su O'l :!! o.:: £ ~lline in Fig. 1) that lags the motion ways of mechanizing the shifts 3 of ics are so simple they are skimmed ov-
~ g § 8 I-'·~~ of the ems by 90 degrees (broken line). 1{hich are--repelling electromagnets, er so one does not appreciate the high 
:!! ffi c+ ~ ~ ro For circular motion the sine wave plot hollow out the ends of each piston so efficiency of a Homentor. J.. Side for
g ~g-.;.~ Jij is made up of an infinite nllm.ber of eq when 2 pistons are joined the chamber ccs .:: torques cancel on each other 1·lh-
~ ::s·~ ~ o ~ ual and opposite centrifugal and centr can be filled with steam or chemical en you contra-revolve 2 identical ma-
m O'l 

0 g: g ~ ipetal forces so the Jrd law is always fuels, or controlled active masses sscs. 2. In paragraph J 2: 4 the motion 
g, g ~· ~ '1 satisfied. Hith just a little less fr- such as model electric cars. Jags the force by ')0 degrees. 3. ror-

1-----""""1 iction tl:le system would be isolated so I call a Homentor a full wave centr- mally we speed up [:_ stop in a straiGht 
§ ~§ ~ g~ forces outside the system in the deep ifugal force rectifier as the back mo- line so these forces are equal & opp-
:S ~ o., 

11 IS~ Jdark far reaches of outer space would tion in Para. 2 is converted into an osite but in Para. h i·Ie accelerate ma-
o., 1-'· 2 S: o., P !not have to be considered. extra forward force. (An electronic sses going backwards 2:. cecellerate th-
g (/) c+ ~. ~ ::s Equivalents to one of the ems are-- full wave rectifier converts a plus & em when they are going forvJard so the 
~~ ~ '1 ~ ro a one ounce unbalance on your car tire minus current into a current that fl- a~ d forces are both in the desired 
~ ~ "< ~ ffo An active mass such as a model car go- ows in the same direction through the c.lirection (forward). 4. In Para. 5 not 
~. s §' "'· ~ ci ing around a circular track. A uniform loadi It has :much greater efficiency only is the center mass AL\li\.YJ in 'the 
Jij ~ § ft 0 ~ rotating disc with a weight or the mo- than a 4 cycle engine where each pist- forward half of the circle but the mo
Cll ro 0 1-'· m ~ del car attached to the rim. The space on goes up & down twice for each power tion of the platform is in phase with 
~~·::s ~ & su opposite a pie shaped wedge removed stroke While the shifts in a Momentor the force from the center mass. 5. Be-
~ o 'g su o.:: !:l from a uniform rotating disc. The cen- occur in the direction of motion. A fore the 2 shifted pistons in I ara. S 
g ~~m ~ (/) ~er piston of S identical pistons in a car no longer requires a gear train or can give a back force they must be ae
ro~~~ ~rotating hollow donut shaped cylinder transmission with their attendant we- celeratelso they produce greater cen-

1 ~;;· ..f ~· ~ g «: with room for 6 pistons. See Fig. 2. ight & friction losses· For reverse tral forces than 3 identical pistons 
g: S: ? o ~ Mount the cylinders and all pistons thrust shift 'When the positions OPPOS- at a lovrer normal speed. 6. An unbal-
ro ro ~ ro ro pmrked 1, 2 & 3 rigidly to a friction- 1. ITE P2 1&P2 are e111pty. You can stop anced revolving system always produces 

<.:: t-''<: lless platform. Sinrultaneously move all : nruch faster using reverac thrust with accelerated motion as the platform in 
J 4 & S numbered pistons 60 degrees to ' no tire skid. This efficiency leads to 1·ara. 2 is either being stopped, spee
l'O ~ su .g :E;:!! fill P2 1&P2. Note the center of mass a lessening of our pollution & energy ded up or slowed down, the only quest-
~ ro ~ 1-'· ro I; is the same before & after this shift. crisis besides the improvement from l. on is. can we select the direction of rot-' roo • • , 
OJ ~ 6' c+ g This is easier to visualize lf you pl- faster safer stops· these accelerated motions 'Which have 
113 ~ '1 su I-' Ill ace the cylinders over & under each TaJdng 0.6)6 (the average area of a always balanced in the past'? 
c+ V1. (/) o., 

1

other instead of side by side. The pl- sine wave co111pared to a square wave) This paper has been filed with the 
S: ~<.:: ";:. ~ jatform goes forward wen the shift be- from rectifier theory, thrust equals Patent Office under the Disclosure 
~ S: ~ ~ ~ ::l gins (a in Fig. 3) ~ after the pistons 2 x .636 x mv2/r where m is the weight Document Program. If you can find no 
~ Cll '1 ::r irevolve through 30 degrees forward mo- of l piston. The .636 varies depending erro:r: f'unds :may be available from EPA, 

~. 0" (/) ~ ro tion of the platform stops (b). For on how much time it takes to shift but DOD, \JASA,' etc.Jl to build working mo-
~ ~ ~ ~ ro ~ the next 30 degrees the platform is it is important to realize the shifts dels. If you are not interested in th-
~ ~. :;; & ~· ro /Pulled backwards (b). Now the pistons occur 'Where thrust falls off ~etween is problem please inform someone in 
'g it ::l 0 1:;: su 1 can go no further & in stoppi~ the the rectified halves of the Slne wave· the physics department of your local 

Cll o ::l platformls motion ceases over lts or- Ten, 10 lb.pistons Whose center of university or college. 
~ ~ ~ ~ ~ § iginal position (d). If the system was mass is 6 inches from the center of Send your entry to, or if you desire 

~ Jg Ill I at rest before the shift it will be at the donut, revolving at 600 rpm prod- more details send a stamped self-add-
~ 0 • .g g; ~ rest after the shift and exactly over uoe 780 pounds of thrust & each piston ressed envelope, JW Ecklln, 5100 8th 1 T 7 ~ its original position regardless of pair separates 4 t:im.es per second. A Rd. s. #508, Arlington, Va. 22204. 
t------l the in~ forc~s re e teL shift. 5ooo lb. car (on a calm day) can eas-

1 ~ l':l. g ~· ~ IS~""'- Vt~ h. i--1..{), T.J ___ __ 1\f\ . , .... -~ 
~ 11 c+ t-' . ~ ., e- ~ '"'"'"/Jbvt'Y\A·I.<Vl1 -
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1 1" ~ 
r.; o. ~ c:+ g Is a picture m to 1000 words'l See :!. 
roo111c+~ ""' tre. 

'1 c:+ :::r Fig 4--durl.ng the shifts a 1'10men o :::r 
b ~ ~ Cll i is ~ )'body system consisting of a • 
S: c+ ::l ~ l':l i platform, 3 connected pistons and 2 f 
<il E g~ P connected pistons & the forces can~ 
!!! 1:1 ~ :;f. !;; balance. Bring a pencil down betw- • 
~ g OJ • een ball 3 & 4 (right angles) so 
~.? & ~ platform does not move. 'Stte ARD_ 
~ S: 1 The operation in Fig. 4 keeps re-
• • peating over and over again. Note 

· - ., how the center mass keeps revolv:!.ng , D 

through the front ~ of the circle~ -cv..A. 

In Fig. 3 since a+ d = b 
Fig.. 4 is equivalent to 
Fig. 3. 
The rotor of an elect 

motor can be modified.. 

Notes: Use 3, S, 7, etc. masses. The sequence of center pistons is 3, 1, 4, 2, 5, 3, 1, etc., etc. To orbit 
moon pressurize your boat & install wings. ~: Have you s~lved problems in circular motion where the 
size of the revolving mass entered the calculations? Can Newton s 2nd & Jrd law be combined into the law for 
~conservation of momentum for the Momentor described above? It does not violate Newtonls basic 3 laws. 



GTE Telecomunicazioni S.p.A., Via Turati 27, 20121 Milan, Italy~ 

General Telephone operating 
companies serve 11,500,000 
telephones in North America. 

And even though we'll 
admit that has to add up to a 
lot of phones, we'd like to take 
this opportunity to remind you 
that Genera I T e I e phone 1 s 

only our first name. 
Our last name is Electronics. 
And that covers a lot of ground. 
It covers GTE Sylvania, which, as 

you probably know, manufactures 
everything from nashcubes, nashbulbs, 
and lightbulbs, to television sets and 
stereo systems. 

But did you also know that GTE 
Sylvania makes hundreds of electronic 
components for business ~ 
and industry~ ~ 

It covers GTE Auto-
matic Electric, a major ~ 
manufacturer of tele- ~ 
phone equipment in the 
U.S., whose products in
clude new computerized 
electronic switching 

-

General Telephone & Electronics, 730 Third Ave., New York, N, Y. 10017, U.S.A. 

equipment for telephone exchanges. 
And it certainly 

covers the people 
who specialize in 
solving the problem 
of easy access to 
computer-stored 
information: GTE Information Systems. 

And GTE International, not only a 
world leader in the construction of 
microwave transmissions systems and 
satellite communications earth stations, 
but with manufacturing and marketing 
operations in 30 countries to meet the 
demands of telecommunications, light
ing and home entertainment markets. 

And GTE Len
kurt,onotherone of 
ourcomponies that 
specializes in the 

manufacture and installation, all over 
the world, of microwave, multiplex, 
carrier, and coaxial transmission sys
tems for video, voice, and data tele
communications. 

That should give you a brief ideo 
of what we're doing when we're not 
gulping down all those coins. 

And why we'd like to be known by 
our full nome. 

6Eii1EIRAIL TEILEPHOii1E Ei EILECTROiilOCS 
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n n 1n 
After the statesmen, politicians, lawyers, educa
tors, journalists, clergymen, sociologists, and 
theorists have finished talking about what should 
be done, we turn it over to the engineers to do it. 
Nothing, from the Pyramids to Apollo 16, would 
have been built without them. Nothing important 
tomorrow will be built without you. So who needs 
engineers? We do. Write to George Garvey, 
Westinghouse Education Center, Pittsburgh, 
Pennsylvania 15221. An equal opportunity employer 

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



c e cl se 0 

The leopard was made by a taxidermist. 
Its coat is amodacrylic textile fiber made 
by Union Carbide from several basic 
chemicals. It's called Dynel. 

Of course,man-made fibers aren' tnew. 
But for versatility, Dynel probably has 
no equal. We can make it as soft and 
warm as fur for your coat. Or so tough 
it approaches the strength of steel. 

You'll find it in blankets, work clothes, 
automobile upholstery, toys, jewelry. In 
carpets, towels, drapes, paint rollers. 

And since Dynel is chemical-resis
tant, durable and virtually nonflamma
ble, it's used in many more ways. On 
laminated decks of boats. For tents. As 

y cryl" 

overlays for storage tanks and air ducts. 
But regardless of all its practical uses, 

Dynel is most famous for something 
else. It's great for making wigs. For 
blondes and brunettes and redheads. 

Remarkable fiber? We think so. But 
haven't you found that a lot of remark
able things come from Union Carbide? 

THE DISCOVERY COMPANY 
270 Park Ave .. New York. N.Y. 10017 

An equal opportunity employer. 
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With cast-steel you don't have to sacrifice critical 
properties like abrasion resistance just to get ma
chinability or formability ... Any steel composition 
can be cast directly to shape. 

In this gyratory crusher, standing up to rough 
taconite and hematite ores meant using a difficult
to-work high carbon steel. Casting the critical spi
der arms not only eliminated machining and form
ing problems, but made an exceptionally rigid 
hollow box design economically feasible .... 
Seven other major components were also made 
of cast-steel-each composition selected for a 
specific job without compromise for working 
characteristics. 

t 
f r 

You can specify cast-steel components in com
positions which are difficult or even impossible to 
machine, forge or weld. Whether you need hard
ness, toughness, resistance to heat and corrosion, 
or what -have-you, cast -steel frees you to choose the 
best composition and shape for design require
ments. 

Want to know more about cast-steel? We're offer
ing individual students free subscriptions to our 

quarterly publication "CASTEEL" ... Clubs and 
other groups can obtain our sound film '"Engi
neering Flexibility." Write: Steel Founders' Society 
of America, Cast Metals Federation Building, 20611 
Center Ridge Road, Rocky River, Ohio 44116. 

STEEL FOUNDERS' SOCXE~Y OF AMEBXCA 

Cast-Steel 
r Engineering ~ ility 
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hat e Think 
What this magazine thinks, feels, and 
says. This month we discuss the possi
ble future implications of genetic engi
neering. 

NO.6 

n ttractive ntity by Daniel Burbank 

A look at Bio-physics professor Otto 
Schmitt with a glimpse of what goes on 
in his office and in his mind. 

n the Frontiers 
of eality by James M. Young 

First of a two-part series tracing the 
origins, development, and various areas 
of what is loosely termed "science fic
tion." 

10 Pipes by Kevin Strandberg 

A photographic essay. 

12 Pigs iscuss the 
arket by Tom Dunn 

15 

The third place winning entry in the 
Technolog's Annual Science Fiction 
Writing Contest. 

ews riefs by Paul Burtness 

An examination of some of the projects 
and ideas that are currently underway 
in I.T. 
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What We Think 

erent 
As genetic engineering will be a part of our 

future society, it raises many questions which 
must be answered. 

If abortion and artificial insemination are 
considered as G.E., then some of these questions 
must be answered quickly. There is little doubt 
that man now has the technology to alter con
ception and birth, as evidenced by the many 
methods of mechanically and chemically pre
venting conception and modern, safe ways (for 
the mother at least) of aborting an unwanted 
pregnancy. But there are other aspects to con
sider. 

Let's look at the legal side. There are two 
types of artificial insemination, AIH - artificial 
insemination husband, and AID - artifical in
semination donor. If a woman consents to AID, 
can she be accused of adultry? May her husband 
be considered the child's ((father"? Will the child 
have all the rights of a child or must the father 
adopt him? What happens if the doctor or organ
ization doing the A.I. makes a mistake and the 
child has a ((father" and mother of different 
races? Who accepts the responsibility if the 
child is deformed or suffers from a malady that 
is genetically determined? Who is responsible to 
the child? If a woman has an abortion, what 
happens to the fetus? Is it buried, cremated or 

4 

just washed down the drain? Who makes the 
determination? Can the doctor keep it and use it 
for experiments? What happens if a ((test tube 
baby" lives? (Shades of Brave New World) 
Whose child is it? Who is responsible for it and 
it's well being? 

roduct 
of 
Now lets take a quick look at the psychologi

cal considerations. What happens to a man's 
mind if his wife conceives an AID child? How 
does it effect the husband-wife relationship? 
What happens to the woman psychologically? 
Will they be able to accept the child as their 
own and give it the love it will need? How will 
the rest of the family react? Will they accept 
the child? How will the child react when he I she 
learns of its ((source"? What happens to a 
woman who feels, after an abortion, that she 
has killed her child? There are so many ((What 
ifs" to be answered. 

These are problems that exist now, Think of 
the complications when ((true" G.E. comes into 
its own. We have great technological capabili
ties but do we have the ability to control them? 
Before we move, we'd better be sure of where 
we're going. 

Barry Johansen 

Minnesota Technolog 
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COMPLIANT BONDING I 1 1 

COMPLIANT MEMBER 

LEADS ----:_ 

THIN FILM SUSSTRA TE ~ 

When heat and pressure are applied to the compliant me
dium, it begins to deform around the gold-plated leads. 
Deformation of leads is controlled by the flow stress prop
erties of the medium. When the medium bottoms out, it 
stops the ram and the delicate metal parts are instantane
ously and permanently bonded without damage. 

IC p T 

Slightly magnified, the pencil points to a beam-leaded cir
cuit chip which has been bonded to 16 gold conductors 
that converge on it. Within the silicon chip are dozens of 
microscopic transistors, diodes, resistors. 

Greatly magnified, we can see gold beam leads projecting 
from a chip bonded to thin gold conductors on a thin 
ceramic substrate. 

Anew and tter way to bond int rat circuits~ 

Engineers at Western Electric's Engi
neering Research Center (ERC) and Allen
town Works have come up with a revolution
ary but simple solution to some very complex 
circuit bonding problems. It's called com
pliant bonding. 

As in other solid state bonding methods, 
heat and pressure are used to bond tiny inte
grated circuits to other components. (Some 
circuits have fifty or more delicate leads.) 

However, our process differs in a very 
important way. ERC researchers added a 
compliant or yielding medium between the 
energy source and leads being joined. On 
contact, the medium compresses and trans
mits an equal amount of controlled, predict
able bonding pressure to each lead. 

There are many advantages to this new 
technique. 

First, it is more reliable. Under heat and 
pressure, the compliant medium spreads the 
bonding pressure to aJI the leads uniformly. It 
automatically compensates for surface and 
lead irregularities. Strong, reliable electrical 
connections are assured for every lead. 

It is also more versatile. We can now bond 
more than one circuit at a time, even with 
leads of different thicknesses or area widths. 
The compliant medium perfectly controls 

lead deformation in even the most compli
cated multiple bonding. It's no longer neces
sary to design and test complex bonding tools 
for each bonding job. 

Engineers at Allentown are working to 
apply the process to large-scale manufactur
ing. They have developed the first production 
machines using the process. These machines 
are now in growing use at Allentown and 
many other Western Electric plants. 

Conclusion: Compliant bonding is tech
nically and economically superior to other 
solid state bonding techniques. Combined 
with automated production, compliant bond
ing promises reliable, high-speed production 
of circuit packages. 

st lectric 
We make things that bring people closer. 



BIO-PHYSICS PROFESSOR OTTO SCHMITT IN HIS "ENVIRONMENT .. 

It has been speculated that all of 
the exciting, revolutionary work 
done at the University goes on in 
the ((temporary" wooden buildings; 
that once a research group becomes 
established enough to build a brick 
monument to themselves, they've 
lost their revolutionary drive and 
spirit. Professor Otto Schmitt's bio
physics group, at roost in the 
TNCE (Temporary North Court 
Engineering), works on some of the 
most exciting projects imaginable. 
They have no immediate plans for 
building a monument to biophysics. 

On first impression, the suspen
dered, shirt sleeved Schmitt hardly 
fits the role of a revolutionary. In 
his office, crammed to the ceiling 
with books and papers and weight
ed with an obscure assortment of 
electronic gadgetry, he snaps Pola
roids and has his interviewers sign 
his volumnious autograph book. 
With a twinkle in his eyes, he told 
a delightful little story about why 
he wears two watches. (Suffice it to 
say that one watch represents a 
major victory over a certain watch 
company, and the other tells time.) 

Schmitt is a brilliant researcher. 
In the late nineteen thirties, while 
working on an electronic simula
tion of a nerve network, he invent
ed a circuit well known among 
electrical engineers and computer 
designers; the ((Schmitt Trigger." 

He began discussing his current 
research interest, the biological ef
fects of magnetic fields, by matter-
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by Daniel Burbank 

of-factly describing a rather dra
matic experience that brought to 
his attention the effects magnetic 
fields can have on the human 
brain. 

((One of my first experiments 
was in producing magnetophos
phenes. A phosphene is a subjective 
experience of something that didn't 
really happen. You feel that some
thing is there but it really isn't
you see it, or you hear it, or you 
smell it. 

((Well, in graduate school, I was 
working with some Helmholtz coils 
(large electromagnets) and I, sort of 
carelessly, dropped the leads into 
the 120 volt DC of the main power 
circuit in the room. Before the fuse 
blew, there was a surge of a couple 
hundred amps through the coil. 
And I saw the most beautiful dis
play of colored lights. This had 
produced in my head an electrical
ly induced visual image- a magne
tovisual phosphene. I sacrificed a 
few departmental fuses . . . By 
changing the circumstances a little, 
I found I could produce several oth
er kinds of phosphenes." Schmitt 
noted that the fields to which he 
exposed himself to were short pul
ses of several hundred gauss, 
hundreds of times greater than the 
earth's natural field. He had inad
vertantly rediscovered some effects 
first observed by D'Arsonval in 
1896. 

Schmitt's research centers not on 
these dramatic effects produced 
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only in the laboratory, but rather 
on the possible subtle effects pro
duced by much weaker magnetic 
fields present around almost all 
electrical equipment. He heads a 
committee appointed by the Ameri
can Institute of Biological Sciences 
to advise the Office of Naval Re
search on possible biological effects 
of magnetic fields to be produced 
by the Navy's proposed communi
cation link to the Polaris submar
ine fleet, Project Sanguine. The 
weak magnetic fields produced by 
Project Sanguine are produced by 
NSP's power lines and transform
ers as well. 

Schmitt notes, (~we all live in a 
sea of 60 cycle AC magnetic fields, 
and it's not trivial; it's a significant 
strength field-surprisingly strong 
in some places." To demonstrate, 
Schmitt had a student poke around 
the lab with a magnetic field me
ter. Fields as high as 200 gauss 
registered near a small Sola regu
lating transformer. (The earth's 
natural field is typically a constant 
.6 gauss.) 

~~one of the reasons for begin
ning to worry about magnetic 
fields is because of prosthetrics 
(heart pacers, for example). I don't 
think people are really affected 
much by magnetic fields. Thats my 
impression but I'm out to test it 
carefully. But I do know that the 
ingrown electronics that are being 
built into people are not immune to 
magnetic fields. And so the heart 
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pacers that are being put in by the 
thousands, they do respond. · 

~(For example, some of the book 
stealing preventers . . . did this by 
applying a magnetic field to the 
person. I brought this to their at
tention down here at the library 
and they were shocked. Nobody 
had thought of this before. You 
know you've detected him stealing 
a book but the fact that you've 
stopped his heart is merely inci
dental. You don't pay extra for 
that! And some of the other gear is 
even more sensitive. So environ
mentally we've got to begin strik
ing some compromises. This is our 
purpose- to strike a good econom
ic, psychological, and sociological 
balance between overpreventive
ness, oversafety, and living danger
ously." 

A first step in Schmitt's investi
gation is to determine whether 
human beings can detect the pres
ence of a 60 cycle AC magnetic 
field of approximately ten times 
the earth's .6 gauss field. Bob 
Tucker, one of Schmitt's graduate 
students, is researching this prob
lem for his doctoral thesis. Tucker 
has found that people, particularly 
his wife, are indeed able to deter
mine with high reliability the pres
ence of such a weak magnetic field. 

Tucker's experiment is simple in 
concept, but rather complex in exe
cution. A volunteer (he welcomes 
anyone interested!) is seated in a 
soundproofed box centered in a 

room-sized Helmholtz coil. 
(Claustrophobic subjects are com
forted by the fact that the box's 
door is held closed only with a 
giant rubber band.) Inside the box, 
the volunteer holds a control panel 
connected to the computer down
stairs. The computer, after deciding 
at random whether to turn the coil 
on or not, asks the subject to decide 
if the magnetic field is on. The sub
ject makes a decision and pushes a 
((yes" or (~no" indicator button on 
the control panel. A typical run or 
ntrial" consists of about one 
hundred such decisions. At the end 
of the run, the computer quickly 
analyzes the subject's responses 
while determining the probability 
that the subject could have made 
this number of correct responses by 
simply guessing at random. ((We're 
getting probabilities of one in a 
hundred thousand, or one in a mil
lion. And we are seeing this hap
pen, run after run. . . You might 
expect to do a million trials and 
have this happen once, but we have 
had five trials where this degree of 
detection reliability has happened 
three times." 

Thus Tucker is certain that his 
subjects are not guessing. They are 
detecting something. The complexi
ty of Tucker's experiment arises 
from making certain that his vol
unteers get no other cues - cues 
from the dimming lights, or from 
the humming noises from the 
Helmholtz coils. 

Schmitt's group has seemingly 
thought of every possibility. 
Schmitt drolly noted that one rea
son they decided to have the com
puter control the experiment was 
to avoid the possibility that the 
experimenter might communicate 
the correct response to the subject 
by ESP! 

Schmitt notes that one mecha
nism humans might use to detect 
an AC magnetic field is by the vi
brations produced by ((magnetic 
dirt"-tiny iron particles- lodged on 
the eardrum. The subject would 
thus ((hear" the magnetic field. 

Schmitt, as chairman of the 
Navy's advisory committee, is at
tempting to unify the research ef
fort in biological effects of magnet
ism. One problem he is not likely 
to solve is how to fend off the inevi
table puns about his ((magnetic" 
personality and his ((attractive" 
field of research. II 
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Every work of imagination widens 
the frontiers of reality. 

-S. Fowler Wright 

ne bright spring day while I 
perused a bookstall in south
east Minneapolis, I over
heard a conversation. A fel

low was telling his girl that he had 
just read a ~tgreat science fiction 
novel" -Lord of the Rings by J. R. 
R. Tolkien. I was just about to tell 
the man he didn't know what he 
was talking about, when I realized 
he wouldn't take kindly to my in
terruption. Anyone who calls Lord 
of the Rings science fiction does not 
realize there is a difference be
tween science fiction and fantasy. 

Which brings up the question: 
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by James M. Young 

what is science fiction? 
Science fiction is fiction in which 

some aspect of the physical or so
cial sciences is integral to the plot. 
Most science fiction concentrates on 
extrapolating upon current scientif
ic developments. But this definition 
covers only part of a whole field of 
related types of fiction. At one end 
of the field lies true science fiction. 
At the other end lies fantasy 
(fiction in which seemingly impos
sible or supernatural events or sit
uations are central to the story.) 
On the field proper lies science fan
tasy- fiction which is neither fan
tasy nor science fiction, but has the 
appearance of science fiction and 
fantasy. So a story that reads like 
science fiction but has no scientific 

basis is science fantasy. And a sto
ry that reads like fantasy but is 
actually science fiction (like H. P. 
Lovecraft's t~The Color Out of 
Space") is also science fantasy. 
There is a third type of science fan
tasy: stories containing elements of 
both fantasy and science fiction 
(like Jack Vance's The Dying 
Earth). Most material published 
under the heading t(science fiction" 
in this country is actually science 
fantasy. 

These three areas - the two 
end-zones and the playing field -
are as a whole termed speculative 
fiction. These three branches are 
very closely related, so that any 
history of science fiction has to 
take science fantasy and supernat-
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ural fantasy into account. I have 
tried to keep the fields in mind 
here. 

There are many ways of defining 
speculative fiction - or even sci
ence fiction - but I have used 
these definitions in this study. 
They are certainly not the only 
possible definitions, and I tender 
them only as ideas in progress -
that is, ideas to be played with and 
built upon. 

In order to understand how sci
ence fiction evolved, background 
history in the field is necessary. 
Some have traced the development 
of science fiction to the myths and 
epic tales of the ancient world, but 
the direct descent of modern sci
ence fiction can be found in the 
tales of extraordinary voyages 
popular in the 17th and 18th cen
turies. Johannes Kepler's Somnium 
(1634) is typical of the early inter
planetary story of the time - pri
marily because it was so widely 
copied. It is the tale of Kepler's 
voyage to the moon. Kepler, who 
was a famous astronomer (the man 
who first analysed the orbit of 
Mars), floated to the moon while 
asleep. Slightly more realistic were 
Swift's Gulliver's Travels (1726) 
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and Voltaire's ((Micromegas"(1752}. 
These are perhaps the most fa
mous examples of 18th century 
voyages extraordinaires. Used as a 
backdrop for sa tire, the tale of a 
marvelous journey was not only 
essential to the development of 
modern science fiction, but humor 
as well. 

During the 19th century, as a 
direct result of technological and 
scientific development, many writ
ers in Europe and the United 
States began to deal with the fan
tastic results obtained by science. 
Mary Wollstonecraft (Shelley), 
Edgar Allan Poe and Fi tz-J ames 
O'Brien typi(y the proto-science fic
tion of the early 19th century. In 
Frankenstein (1818), Mary Woll
stonecraft wrote a Romanticist's 
morality-play on the problems in
volved in creating artificial life. 
This novel was a turning point; it 
marked the first attempt to write 
about the affects of science on so
ciety. Poe, in his short story ~(Some 
Words with a Mummy" (1845), was 
not simply satirizing modern socie
ty but trying to show that sdence 
could provide new means of looking 
at the world. This is the story of an 
Egyptian mummy revived by 
electrical shock. When the mummy 

tells the scientists of 1845 how 
little civilization has progressed 
since his day, Poe shows that tech
nology is not the only measure of 
civilization. Another Poe short sto
ry, ((Mellonta Tt!uta" (1848), re
cords the diary of a young lady 
sailing in a motorized balloon in 
the year 2848. Technology 
electrical revivification or moto
rized balloon - was essential to 
these stories. Ten years after Poe 
wrote this story, another Ameri
can, Fitz-James O'Brien wrote his 
most famous novelet, ((The Dia
mond Lens." The lens of the title is 
used in~ a microscope, through 
which the scientist protagonist 
views a beautiful world within a 
droplet of water. When the droplet 
finally evaporates, the scientist 
turns a way from research in dis
may, to spend the rest of his life on 
charity. 

All these stories, save ((Mellonta 
Tauta," typify 19th century science 
fiction. They are based on extrapo
lations from known scientific facts. 
((Mellonta Tauta," however, specu
lates on accomplishments yet to 
come, and marks a departure from 
the extrapolative nature of most 
19th century science fiction. Cer-

Continued on page 17 
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he evolutionary process 
with its quirks and fallacies 

was as foreign to Mr. Pig as 
the wars and battles fought 

at the speed of light so many mil
lions of miles over his desolate 
farm. Mr. Pig was a pioneer. He 
was the first of a whole new line of 
beings. Finishing a day's work in 
the dusty fields of the Dakota bad
lands he took a moment to survey 
the empty horizon before entering 
the hand built frame house crown
ing his own personal domain. 

Something caught his eye far 
down in the valley, spreading itself 
before the Pig's lands. There it was 
again. A gleam of metal as the 
sunrays reflected off of it. At that 
moment before further investiga
tion could take place, his eldest 
daughter burst from the house 
squealing in her excitement, (~Dad! 
Dad, did you hear? There's a man 
coming up the road!" 

Nonsense was what Mr. Pig 
wanted to say but he couldn't. 
There was the gleam of metal be
low and a haunted dread that kept 
him silent. His wife came out onto 
the porch to call her daughter in to 
wash up.· She started to say some
thing to her husband but then 
stopped in mid-sentence. Walking 
towards him she also stared into 
the distance. (~Is one coming. . ." 

It was a question on her part. He 
answered it with silence. Mrs. Pig 
shuddered and started back to the 
house, (Tll keep the children in
doors. The boy is still out." 

Mrs. Pig was in the house before 
he replied, ((Yes." and took several 
steps closer. There was something 
coming up the road. His eyes were 
bad enough but in the dying light 
they were almost useless. 

The object spoke. ((Dad, . Dad, 
something is coming. It's right be
hind me." It was his son. His eldest 
and biggest son. Mr. Pig inwardly 
sighed in relief. At least he was 
safe. 

HGo into· the house son. I'll take 
care of this." Mr. Pig looked in 
admiration at the boy, rapidly be
coming full grown, which he could 
call his own. 

((But Dad . . . I'm old enough to 
be able to -" 
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Mr. Pig cut him off with a 
glance. The boy went directly to 
the porch before turning back for 
one last look. He was right. He was 
soon to be old enough, but if only 
he could stay young just a while 
longer; for his father's sake. 

The human was now visible. At 
first, Mr. Pig actually enjoyed the 
curiosity of the sight of a man. It 
had been many years since he had 
any prolonged contact with this 
species which had once ruled his 
country but which now merely 
served as administrators while liv
ing on other planets and in other 
skys. This was an atypical human. 
Large frame covered in grey cloth 
with clear discs in front of the eyes 
and an imitation (Let us hope, imi
tation") leather case hanging from 
one limb. Stopping five feet in front 
of Mr. Pig absolutely no reaction 
was registered. The case was 
opened briefly as a fistful of papers 
was taken out. Mr. Pig surprised 
them both with a verbal, ((Yes? 
What is it?" 

This was to be the only emotion 
the human showed. A startled look 
and then an exclaimed question, 
((you talk!" 

He didn't answer and so after a 

by Tom Dunn 

moment of composure the question
ing began with constant referals to 
the sheets of paper. ((A Mr. . . ." 
(adjusted eyes made her believe 
what she read) ((Mr. Pig?" 

He nodded assent although it 
went unnoticed. 

Continuing in a mechanical 
monotone, ((Mr. Pig I am a private 
citizen working as a civil servant of 
your national branch of the inter
national government structure. To 
save you curiosity I'll get right to 
the point." 

Mr. Pig had picked up a rake 
and was beginning to go over the 
yard as she spoke. Looking at her 
he replied, (Tm not curious," and 
resumed his work. 

Turning towards the house the 
human saw the eldest son and 
daughter staring at the unusual 
scene. ((Yes, Mr. Pig but they are." 

As the children disappeared from 
sight, Mr. Pig stated loudly, ((They 
will not bother us again." 

A boy and a girl am I not 
correct?" 

(1s this about school?" 
((No, although I am curious as to 

how they are educated. How old is 
the male? It's in here if you won't 
tell me." Starting to look through 
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the papers again she ignored Mr. 
Pig's next question. 

eels it about taxes? I've always 
paid my land tax and I've never 
made enough to have to pay-" 

Reading, the voice lost even the 
slightest inflection of kindness, 
eeEldest is aged nineteen and seven 
months." A look at Mr. Pig verified 
this information for her. eeMay I see 
him?" 

eel am his father. You will talk to 
me first." 

eeYou're still wondering why I'm 
here. It's to deliver this ... " The 
letter she handed over to Mr. Pig 
seemed suspiciously official. eel must 
see him get it personally. 
According to the law he is eligible 
for a fine or a prison term but con
sidering the length of time he is 
edelinquent' I am sure that he will 
simply be taken upon registration 
with my department." 

Mr. Pig turned slowly towards 
the house still grasping the letter. 
eeHow did you find out?" 

eeThe census three years ago . . . 
We wouldn't have known if it 
hadn't been for that. There are still 
many questions concerning the 
evolutionary accelerations we have 
been witnessing on this planet. 

March 1973 

Your family is very isolated out 
here Mr. Pig. Now the boy. I must 
be getting back." 

eel must talk with the boy first. 
Go get your vehicle, he will soon be 
with you." 

The human seemed to hesitate. 
Mr. Pig was fighting for control, 
eeWell? Did you understand me? 
The boy will go with you as re
quested in the letter. Just give me 
time to explain it to him." 

((But Mr. Pig you must under
stand my predicament. Can I trust 
you alone with him? Mter all, if 
one law is broken who am I to 
guess what other laws might be 
ignored?" 

HWE DO NOT BREAK LAWS! 
PLEASE BELIEVE ME WHEN I 
SAY THAT MY FAMILY IS NOT 
A LAW BREAKING FAMILY. WE 
ARE VERY MORAL AND VERY 
PEACE LOVING CITIZENS!" Mr. 
Pig's flesh was flushed quite pink 
with his angry outburst. 

The human backed out of the 
yard. eeFive minutes, Mr. Pig. Five 
minutes." 

As if on cue the boy came out 
while the human was still in sight. 
Turning to him Mr. Pig handed 
him the rake, eeson, lean it against 

the house and then come walk with 
me." 

The boy did so and together, 
shoulder to shoulder, they circled 
the yard. The silence was irritating 
to the boy who was bursting with 
curiosity but he waited and finally 
his father began to talk. 

eeAlmost forty years ago I did a 
brave but foolish thing. I wanted to 
hide the horror of my early life 
from you children but I see now 
that it is impossible." 

Another long pause and then he 
started again, eeout in the civilized 
world there are great farms run by 
machines and overseen by humans, 
son, like the one who came today. 
It was on such a farm that I was 
born and raised. Your mother also 
came from this farm. We were both 
fed with the best grains and chemi
cals known to man. Within a rela
tively few months we were ready 
for market, a term that I have 
come to despise. Loaded into gigan
tic eair cars' we were rushed to hor
rible places from which none of our 
kind ever returned. The night be
fore I and your mother were to 
leave I devised a plan. I knew I 
was different from most of our 
kind. I had always been able to 
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think and reason much like the 
humans. I could even speak al
though I didn't because it scared 
my brothers and sisters. Your 
mother was also like me. Together 
we decided to escape. Just before 
morning we did. As the butcher 
was moving us from our birth place 
to the air car, we saw an opportun
ity to run, so we did. Such a thing 
had never happened. Rather than 
lose all of his meat he let us go. I 
suppose he figured we would die in 
the desert.•' 

Mr. Pig stopped as if afraid of 
what he was going to say next. ~~Go 
on father . . . tell me more." 

((We almost did die son, those 
first few years were awful. You 
and your sister are all that re
mained of our first three litters. 
The times were bad but we sur
vived. You were my first born and 
I have always honored you as 
such." 

The boy was getting impatient. 
((Why do you tell me this now 
father?" 

((Because ... because the butch
er has come back son. He has found 
us and is demanding his price." 

((Price? What is that?" 
((At one time your mother and I 

were bought and sold according to 
our weights. The butcher bought 
us. When we left him that meant 
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we owed him money. He has come 
to collect." 

((That human was the butcher?" 
HA representative of the butcher. 

The butcher has gotten much too 
large to come to us directly . . . I 
should hardly think we were worth 
bothering about but then I suppose 
it is the law." 

The boy looked eager as he tried 
to help. ((Do you need money fath
er, is that it?" 

~(No, son ... the butcher does 
not want money." 

((Then what does he want?" 
((He wants you son." 

Turning away from the boy he re
peated it again, (~He wants you!" 

((Do you mean I get to go for a 
ride? In a vehicle? Gee pop don't 
look so sad. That sounds great. Can 
sis come?'' 

((No, this is only for (men'." 
~tAm I a man now pop?" 
((yes . . . son . . . you must . 

be." The father tried to look at the 
boy but couldn't. 

HAre you ready?" It was the 
human back again. They hadn't 
even heard the sound of the vehicle 
pulling closer. 

HDo I get to go right away? 
Shouldn't I pack or even say good
bye to mom and the kids?" 

((They'll provide you with what 
you need and I'll say good-bye for 
you." 

~~I can hardly wait! I get to go for 
a ride! See the world!" The boy ran 
all the way to the vehicle as the 
human turned to Mr. Pig. 

~(we appreciate your cooperation. 
I think it was wise that his mother 
and brothers and sisters were not 
informed. It has been found that 
mothers and young persons have a 
tendency to fight against what we 
do even though it is law. Thank 
you Mr. Pig." She left after seeing 
that there would be no reply. 

As the vehicle pulled away Mrs. 
Pig came out of the house to stand 
by her husband. ttl have done much 
reading but I don't know if I under
stand this. Is he gone?" 

HYes ... " 
ttBut how could they know? How 

could they find-" 
((THE CENSUS! The census told 

them. Do you remember who 

wanted tp be counted? Who wanted 
to tell the humans all about us?" 

He didn't mean to get upset with 
her. Standing close to her he whis
pered, ~Tm sorry mother . . . I'm 
sorry. It's just that I didn't expect 
this. I didn't want it to happen ... 
not to him ... not to our boy." 

HYour other children are hungry. 
We are waiting dinner for you. 
Come in to the house now." 

tty es, dear . . ." He stopped just 
before they reached the porch. ttl 
lied to him . . . I lied to my own 
son." 

ttYou had no choice ... " 
(1 had to explain something to 

him which I did not understand so 
instead I lied." 

((That's all right father ... he'll 
understand." 

ttDo you think so? I hope so but I 
know I don't . . ." 

Turning back, Mr. Pig watched 
the sun sink beyond his land. 
There was nothing else to be seen. 
As they helped each other up the 
porch steps Mr. Pig had one more 
question, ((In your reading, have 
you learned what it was that the 
human represented?" 

Looking at her husband, Mrs. 
Pig softly replied, ttYes it is 
called a draft board." II 
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I If 
strophysics~ ~ ~ 
The discovery of the chemical 

composition of a distant gaseous 
cloud of hydrogen may challenge 
long-held theories of the formation 
of elements and the universe while 
casting new light on the possibility 
that life exists everywhere in the 
galaxy. 

The hydrogen cloud's existence, 
1500 light years distant in the con
stellation Orion, had been known 
for many years, but recent analysis 
using a radio telescope, of micro
waves emitted from the cloud, indi
cates unusually large amounts of 
de uteri urn - an isotope of hydro
gen - exists in the cloud. 

According to Phillip Solomon, 
lJniversity associate professor of 
astrophysics, the ratio of deuterium 
to hydrogen in acid molecules of 
the gas cloud is 40 times greater 
than the ratio found in terrestrial 
water, an observation which cannot 
be accounted for by any known 
process of element formation, ind
cluding stellar nucleosynthesis, the 
nuclear processes occuring in all 
stars, or the ~big bang model.' 

Solomon, with Bell Telephone 
Laboraotry Researchers Wilson, 
Penzias and Jefferts, produced the 
analysis of the cloud and presented 
the results to the Sixth Texas 
Symposium on Relativistic Astro
physics in New York City late last 
year. 

It is possible that certain chemi
cal processes may enrich the cloud 
with deuterium, in which case ex
isting theories of element forma
tion may be correct, Solomon says. 
But if other experiments confirm 
the results, such as finding large 
amounts of atomic deuterium in 
the cloud, rather than de uteri urn in 
molecules, it will be necessary to 
revise theories of the origin of the 
elements. 

Another result of radio astrono
my has been the discovery of com
plex molecules in space, which 
indicates that the galaxy has a 
very complicated organic chemistry 
which science cannot yet under
stand. 

~~one of the major implications of 
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the existence of this chemistry is 
that chemical evolution occurs 
throughout our galaxy, in all 
clouds that have condensed to form 
stars. Organic molecules exist in 
widespread regions. This has been 
a very exciting find because, 
though it doesn't necessarily imply 
that life exists all over our galaxy, 
it implies that the kind of chemis
try that may lead to life takes 
place readily throughout our gal
axy," Solomon says. 

eology~ m m 

The volume of water in the 
earth's oceans may be gradually 
shrinking, according to a lJniversi
ty geophysicist who has studied the 
chemistry of ancient oceanic rocks. 

Clement Chase, a University 
assistant professor of geophysics, 
and Eugene Perry, Jr., associate 
professor of geology at N o:rthern 
Illinois University in De Kalb, 
have proposed a geological model of 
decreasing :rather than increasing 
ocean volume to account for recent 
geological discoveries. 

The shrinking ocean model is 
based on the analysis of cherts, 
sedimentary rocks composed of 
pure silica once dissolved in ocean 
water. The analysis shows the ratio 
of oxygen-18 to oxygen-16 to be 
greater in modern cherts than in 
ancient cherts. 

Geologists know that oceans of 
some kind have existed for at least 
three billion years and most also 
believe that the water, nitrogen 
and carbon dioxide now present in 
the earth's oceans and atmosphere 
were transported to the surface 
from the earth's interior by in
creasing volcanic activity. 

Water escaping the earth's man
tle is enriched in 0-18 compared to 
0-16 by chemical isotope reactions 
with a large volume of mantle rock 
at high temperature. When the 
water reaches the surface and en
ters the oceans, it loses 0-18 during 

the precipitation of chert and car
bonate rocks which selectively con
centrate heavy oxygen. Thus, the 
ratio of 0-18 to 0-16 in rocks can 
serve as a history of the oceans. 

To account for the measured in
crease in this :ratio from old rocks 
to modern rocks, Chase and Perry 
devised mathematical models of 
geological processes, including 
rates of vulcanism, subduction -
the return of water back into the 
earth's mantle - and sedimenta
tion. 

The model which best agrees 
with the results of chert analysis 
indicates that the oceans were one 
and one half times greater in vol
ume three billion years ago then 
they are now, which :runs counter 
to the accepted geological theories 
that claim the volume of the ocean 
is constantly growing, due to con
tinuing volcanic activity which 
brings up more water to the earth's 
surface. 

The shrinking ocean theory ties 
in with the theory claiming the 
earth was originally an extremely 
hot body. The heat drove all the 
mantle's water out onto the surface 
of the earth and as the earth 
cooled, the water is absorbed back 
into the mantle. 

The theory also accounts for the 
observation that the earth's conti
nents have remained at approxi
mately the same level, relative to 
sea level, for most of the earth's 
history. If the oceans were increas
ing in volume, the continents 
would eventually be submerged, 
although some proponents of the 
growing ocean theories have tried 
to account for this problem in dif
ferent ways. 

CORRECTION 
The photographs taken of Alfred 
Nier, appearing in the February 
issue of Techno log were erroneously 
credited to Bob Hain. They should 
be correctly credited to Bill Davis. 
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Continued from page 9 

tainly the balloons of the story ex
isted in Poe's time. But it is the 
idea that time will change society 
that is not extrapolative. It is in
stead speculative. Poe shows how 
little society will change on the 
surface, in ~~Mellonta Tauta," but 
shows also that technology will 
change some essential aspects of 
society - like the view of time. 
High speed travel, said Poe, will 
change humanity. 

When you look at the work of 
Jules Verne - who was a devoted 
follower of Poe - you see little 
speculation and much extrapola
tion. His most famous book, Twenty 
Thousand Leagues Under the Sea 
(1865), exemplifies Verne's ap
proach to science fiction. In it the 
submarine N au til us is the underly
ing image of the story. (There is a 
myth, created out of whole fabric 
by the 1955 Walt Disney produc
tion based on the novel, that the 
submarine ran on atomic power. 
Verne not only never discusses 
atomic power, but talks at great 
length about the storage batteries 
which are the vessers motive 
force.) Verne bragged that he 
would never describe anything 
which could not be made at the 
moment he wrote it down. Subma
rines, for example, were no new 
idea even in Verne's time - they 
had been used in the American 
Revolutionary War. Description of 
a truly fascinating character, 
Captain Nemo, and the book's anti
war theme make this Verne's most 
enduring work - not his extrapo
lations. 

Because Verne was tremendous
ly popular, he was able to continue 
writing pot-boilers to the last. He 
died in 1905. Thus Verne was still 
writing when H. G. Wells was not 
actively writing science fiction. It 
is significant, as Sam Moskowitz 
pointed out in his book Explorers of 
the Infinite (Cleveland, 1963), that 
Verne's last novel The Eternal 
Adam (1905), takes place in the far 
future. Verne rarely discussed the 
future, except in this book. Here he 
exhibited grave doubts about the 
ability of science to solve all the 
problems of mankind. Perhaps this 
was merely old age speaking; possi
bly Verne may have been influ
enced by the work of the upstart -
the English upstart- Wells. 

H. G. Wells influenced science 
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fiction more than any other 19th 
century author. Though he contin
ued to publish science fiction occa
sionally in the 20th century, most 
of his science fiction and fantasy 
stories were written in the 1890's. 
Wells was one of many British 
writers of the late 19th century 
(including A. Conan Doyle, H. Ri
der Haggard and Arthur Machen) 
who wrote about the supernatural 
and scientific. His appearance on 
the scene is certainly related to the 
increasing interest in science in 
late Victorian England, and to the 
rise in sales of magazines aimed at 
middle- and upper-class audiences. 
The Strand Magazine of London 
was perhaps the foremost of these. 

Wells was perhaps the first au
thor to write science fantasy inten
tionally. Before Wells, speculative 
fiction was predominantly extrapo
lative- following past and present 
developments to their logical con
clusions. After Wells, there were 
many more speculations on the 
future of mankind than before. 
Utopian literature, which had nev
er been closely tied to speculative 
fiction, began to appear more often 
in imitation of Wells. He sparked 
imitation because he pioneered 
many basic ideas in science fiction 
- invasion from space, anti-gravi
ty devices, and time travel. 

Wells's first novel, The Time 
Machine (1895), is an extraordi
nary departure from the extrapola
tive nature of previous science fic
tion. In the 1890's, let alone today, 
there was certainly no means by 
which physical travel through time 
was even theoretically possible. 
Wells's hero, the Time Traveller, 
invents a machine for travelling in 
time, and journeys 800,000 years 
into the future. When he returns to 
the present, he tells of his adven
tures in that distant time. Compar
ing The Time Machine to Twenty 
Thousand Leagues Under the Sea, 
the central symbol of both works is 
a machine - in Verne's case, the 
submarine Nautilus, and in Wells, 
the time machine. The role of the 
protagonists is strikingly similar: 
they are both observers of another 
way of life. But Verne's narrator, 
M. Arronax, is content to observe, 
while Captain Nemo is the central 
character of the book. The Time 
Traveller is an actor as well as an 
observer. He decides to go back to 
the future world in which the 



flames of civilization have smol
dered into embers, and rekindle the 
fire. Arronax and a companion es
cape when the submarine is de
stroyed, rather like Ishmael in 
Melville's Moby Dick, and they 
have influenced Nemo very little. 
Wells thought that the future could 
be shaped so that it could be better 
than the present __,. while Verne 
thought that not even the present 
could be made better. For Nemo, 
and his plan to end war, fail; 
whether the Time Traveller suc
ceeded in making a new ci viliza
tion or not, Wells does not say. But 
the implication is that he did. The 
Time Traveller was a product of 
the Era of Imperialism, and the 
future was his colony. 

Wells was quite a successful 
author from the first. But he wrote 

so much that most of his work 
must remain outside the scope of 
this short study. 

Fiction content rose in the gener
al magazines of the 1890s. Frank 
A. Munsey, a New York entrepre
neur, was the publisher of the first 
all-fiction magazine, The Argosy. 
(He began publishing it in 1888, 
but it was not until 1896 that it 
began to feature only fiction.) 
Munsey was also responsible for 
magazines printed on newsprint 
(thus their nick-names, nthe 
pulps"); most other magazines were 
printed on expensive slick-paper 
(and thus their nick-name, ~~the 

slicks"). Under his editorial direc
tion, speculative fiction began to 
appear in large quantities in the 
all-fiction magazines. According to 
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science fiction expert Sam Moskow
itz: 

The probability is strong that 
science fiction became a regular 
diet in the pulps because H. G. 
Wells was scoring so great a suc
cess in the slicks. It was obvious 
that 1ts subject matter aptly fitted 
the category of high adventure, 
even when it was but the cerebral 
adventure of scientific discovery 
and invention. (Under the Moons of 
Mars (New York, 1970), p. 307.) 

Most writers of speculative fic
tion blended fantasy elements into 
their stories in the Munsey maga
zines. When the Munsey publica
tions dominated the field, from the 
1890s to the mid-1920's, you would 
find vampires and ~~elf people" in a 
novel of lost civilization (an 1899 
novel in Argosy, A Queen of Atlan
tis by Frank Aubrey). Many of 
these writers were simply hacks, 
and they did notice how carefully 
Wells separated science fiction 
from fantasy. It was one of the lat
er developments of specialized 
magazines to split these categories, 
although the trend since World 
War II has been to blend these cat
egories once again. The most fa
mous writer of the Munsey period, 
Edgar Rice Burroughs (1875-1950), 
would blend these elements togeth
er, though he did write true science 
fiction. He was most important, 
however, for establishing a plot 
formula that would be copied down 
to the present day. 

Burroughs became rich and fa
mous because in 1912 he wrote a 
novel entitled Tarzan of the Apes. 
Certainly his better fiction, as well 
as his first professional sale, is in 
the realm of science fiction. 

Burroughs' first novel, published 
in book form as A Princess of Mars 
(1918), was printed in one of 
Argosy's companion magazines in 
1912. The story established Bur
roughs' (~scientific romance" plot 
pattern. The pattern begins when 
the hero is transported (by telepor
tation, a drilling machine or a 
space-ship) to a far-off world (such 
as Mars, the world at the earth's 
core, or Venus), where the hero 
finds himself able to win a beauti
ful woman as his wife while com
ing to power in the govern1nent of 
his new world. Sometimes there is 
no government, so he creates one. 
In A Princess of Mars, for example, 
John Carter teleports himself to 

Mars, where he becomes the prince 
of one of the dying Martian ci vili
zations, winning the hand of Dejah 
Thoris (princess of the title). The 
Martian series spun out after this, 
and the great majority of Bur
roughs' work, is basically swash
buckling ad venture with a dash of 
scientific (or pseudo-scientific) sce
nery. Two novels, The Land That 
Time Forgot (1924) and The Moon 
Maid (1926), are real science fic
tion and have withstood the test of 
time best of all his work. Bur
roughs set standards of pacing and 
even literary quality, not just for 
the field of speculative fiction, but 
for all popular literature of his 
time. 

When Burroughs began to write, 
the all-fiction magazines were at 
their height (along with all other 

types of magazines). Magazines 
were the dominant entertainment 
media in America. While some of 
the authors of speculative fiction 
competing with Burroughs 
achieved book publication at this 
time, most did not. Science fiction 
continued to be published in maga
zine form at steadily increasing 
rates -except for the depth of the 
Great Depression and during World 
War II- until the early 1950s. So 
the history of science fiction from 
the heyday of Edgar Rice Bur
roughs to the late 1940s, is almost 
exclusively the history of a maga
zine literature. 

Because there was no media oth
er than plays and books to compete 
with magazines, the pulps of the 
World War I period published all 
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types of fiction, from Westerns and 
mystery to speculative fiction. But 
after the war, and especially dur
ing the 1920s, magazines specializ
ing in certain types of fiction devel
oped. Partially a response to com
petition from motion pictures and 
radio, and partly due to the success 
of pioneering specialist magazines 
like The Black Cat (occult materi
al) and The Black Mask Magazine 
(detective stories), major publishing 
houses began to issue magazines 
devoted to all sorts of special inter
est groups. In 1919, Street and 
Smith (considered the most presti
gious pulp publishing house after 
Munsey - especially in terms of 
pay), published 16 issues of Thrill 
Book. This was the first American 
magazine aimed at publishing ex
clusively speculative fiction. The 
effort failed because the editor 
could not get sufficient quantities 
of speculative fiction, was afraid to 
ask for large quantities of it, and 
consequently filled out the maga
zine with detective and adventure 
fiction of low quality. The maga
zine folded because it just did not 
sell. 

In 1923, Weird Tales magazine 
began publication. Described on its 
masthead as ((a magazine of the 
bizarre and unusual," Weird Tales 
specialized in fantasy, though it 
published science fiction and sci
ence fantasy occasionally. Three 
years later, in April 1926, Amazing 
Stories (the first science fiction 
magazine) was launched. 

Hugo Gernsback, publisher and 
editor of Amazing, had been pub
lishing magazines since 1907. He 
was the founder of one of America's 
first radio stations (WRNY), and 
the first man in the world to trans
mit television pictures to the public 
(which he did from his radio sta
tion in 1928). For the most part, he 
published popular science maga
zines through his publishing house, 
Experimenter Publishing Compa
ny. A naturalized citizen of the 
U.S. born in Luxembourg, Gerns
back was the first man who made a 
conscious attempt to separate sci
ence fiction from fantasy in his 
magazines, though he was fond of 
fantasy and would sometimes print 
it. Gernsback wanted science fic
tion in the Jules Verne tradition, 
and saw it as a means to educate 
young people. Then in the spring of 
1929, he lost control of the Experi-
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menter Publishing Company 
through a legal fluke. Three new 
authors printed by Gernsback 
while he ran A mazing - one of 
them well-established in the fanta
sy field - would influence later 
speculative fiction. One of them 
was H. P. Lovecraft, whose fanta
sy-like science fiction story ((The 
Color Out of Space" (1927) ap
peared in Gernsback's Amazing. 
This is Lovecraft's most widely 
anthologized story. Edward E. 
Smith Ph.D. published his first 
novel in Amazing in 1928. It was 
the first story to speculate on the 
use of faster-than-light travel to 
make interstellar travel possible. 
Phil Nowlan, who wrote two novel
las featuring Anthony Rogers 
(1928-29) sold them to a comic strip 
syndicate and became the creator 
of Buck Rogers. Lovecraft was per
haps the best writer of the three, 
and would continue to be a major 
figure in the fantasy field ever af
ter. Nowlan faded in importance 
since he left writing to work on the 
comic strip. Edward E. Smith was 
to become extremely important to 
the science fiction field. 

In 1929, within one month of his 
loss of Amazing and her sister pub
lications, Gernsback formed a new 
publishing house. He started two 
science fiction magazines, both 
permutations on the name under 
which they would be combined in 
1930 - Wonder Stories. For a time, 
in 1929-30, there were five month
ly magazines featuring science fic
tion or fantasy. But as the Great 
Depression progressed, the market 
shrank until in 1934, the newest 
magazine of all, Astounding Stories 
(started in January 1930), was ,the 
only magazine in the field that 
remained healthy. (In 1936, Gerns
back was forced to sell Wonder Sto
ries, and in 1937 Amazing also 
changed publishers and editors.) F. 
Orlin Tremaine edited Astounding 
from October 1933 until late 1937, 
and under his direction the maga
zine published writers with the 
biggest names. He also paid the 
highest rates in the field. But Tre
maine began to pay less attention 
to his job, and by 1936, the quality 
of fiction in the magazine dropped. 
By this time he was working to
wards a higher paying job at Street 
and Smith Publications (publishers 
of Astounding) and he would often 
leave manuscripts unread for a 

year. In the summer of 1937, Tre
maine got his advance - he be
came general editor of all the 
Street and Smith fiction maga
zines. Astounding needed a new 
editor. Tremaine's first choice was 
John Wood Campbell, Jr. (1910-
1971). 

When John Campbell came to be 
editor of Astounding Stories in Sep
tember 1937, he was well prepared 
for the job. He had been educated 
in nuclear physics at M.I. T. and 
Duke University, so his scientific 
background was extensive. He had 
been selling science fiction profes
sionally since 1930, when as a 
freshman at M.I.T. his professors 
chided him for writing about atom
ic power - since ((everybody knows 
we won't have atomic power for 
another thousand years." Campbell 
was one of the most popular science 
fiction writers of the day. 

Until 1937, there was no concen"' 
trated attempt made to publish 
mature science fiction in a pulp 
magazine. John Campbell was the 
first to make such an effort. How he 
went about changing the whole 
speculative fiction field will be told 
next month in the conclusion. I! 
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Emp hook? 
Try our line! 
(612) 8 mD7 81 ex® 40 

Donaldson, located in the sports and cultural center 
of the upper midwest, is searching for engineers and 
scientists to meet the ever-increasing needs of our 
clients. Today's noise reduction and air filtration 
problems must be solved and we at the Donaldson 
Company have been providing these answers for 
over 50 years. 
We need people who have a respect for a challenge, 

Call or write John Raplinger, Personnel Division 

donaldson 
Donaldson Company Inc. 
1400 West 94th Street 
Minneapolis, Minnesota 55431 

612/888-7981 
Cable DONUS 

"An Equal Opp€!1rhonHy Employer" 

We're looking for engineers who don't wear their slide rule holders like holsters. 
They don't have to. Their non-technical abilities and interests pretty well match 
their technical ones. Like handling details. Or selling ideas. Or motivating people. 
They can have darn near any engineering degree. They must have a desire to get 
into management - quickly. 

Sound like you? Check with us; we'll listen closely. It might be the best move 
either of us win make. 

The Bell System recruiting team will be visiting your campus 

JANUARY 25, 26, 27. 

Sign up in your placement office for an interview. 

Northwestern Bell 
an equal opportunity employer 

•sut we sure don't knock it. Limited opportunities are available in 
Research and Development. Contact the Placement Office for specifics. 

'' 

During the last ten years the 
population of this great land 
NSP serves grew by close 
to 21%. 
The Dakotas, Minnesota and 
Wisconsin also rank high na
tionally in terms of economic 
growth. 
It's a great place to live and 
work. 
And we at NSP are dedicated 
to keeping it that way ... and 
at the same time fulfilling our 
responsibility to supply your 
power needs. 

a brighter life for you 



To mechanical and elect.s:.ical engineell.'s: 

If you have the attitude of a private entrepreneur, 
and want to be respected for machinery with the tolerances 

of an expensive watch, 
but three stories high and a football field long, 
you might wish to sign up fm.· an interview with Kodak. 

Details: 

Everybody knows Kodak. 

We emphasize simplicity. The complexity that makes it work 
stays home in the plant. This policy has worked out rather 
well. Mass-producing the highly improbable miracle of color 
film is different from making ketchup. The Kodak engineers 
who make the film are the customers of the Kodak engineers 
who make the machines that make the film. The secret of 
success is to treat them like customers, even if they do work 
for the same company. 

Therefore, if you harbor ambitions to create a very beauti
ful machine-one of a kind, a monument to your persistence 

in the face of the gravest difficulties-you have to operate as 
though you were a partner in a small contract shop that 
serves a few very carefully selected clients. Let others else
where spend the early years learning the distinction between 
design and development. You start right out designing, de
veloping, planning, debugging, coordinating. You learn how 
your clients think. As you gain their confidence by a convinc
ing defense of your creation, the projects you pick up en
large in scope. 

An equal-opportunity employer mft 

Mail address: Eastman Kodak Company, Business and Technical Personnel, Rochester, N.Y. 14650 

Although we do buy our ketchup from outside suppliers, 
we also have interesting opportunities for chemical engineers. 
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Co e close It 

The leopard was made by a taxidermist. 
Its coat is amodacrylic textile fiber made 
by Union Carbide from several basic 
chemicals. It's called Dynel. 

Ofcourse,man-madefibers aren't new. 
But for versatility, Dynel probably has 
no equal. We can make it as soft and 
warm as fur for your coat. Or so tough 
it approaches the strength of steel. 

You'll find it in blankets, work clothes, 
automobile upholstery, toys, jewelry. In 
carpets, towels, drapes, paint rollers. 

And since Dynel is chemical-resis
tant, durable and virtually nonflamma
ble, it's used in many more ways. On 
laminated decks of boats. For tents. As 

overlays for storage tanks and air ducts. 
But regardless of all its practical uses, 

Dynel is most famous for something 
else. It's great for making wigs. For 
blondes and brunettes and redheads. 

Remarkable fiber? We think so. But 
haven't you found that a lot of remark
able things come from Union Carbide? 

THE DISCOVERY COMPANY 
270 Park Ave .. New York. N.Y. 10017 

An equal opportunity employer. 



A tennis champion's powerful backhand looks as smooth and 
unhurried as a ballerina's graceful bow. How's he do it? By being in 

the right position in plenty of time, 
"Remember this about the backhand," the pros advise. "Get both 

feet around pointing toward the sideline. And always make sure the right 
foot's forward, so your body doesn't cramp your swing." 

Getting into proper position early is good advice for college seniors, too. 
Here's the first step: 

When companies interview on your campus, make sure they interview you. When 
The Timken Company representative stops by, don't let him go without seeing you. 

He'll fill you in on our work (maybe your work) with the aerospace, automotive, 
construction, chemical industries. Our openings in production, engineering, sales, marketing, 

finance, metallurgy. Our continuing expansion and modernization program. And 
our strict policy of promotion from within. 

So you won't get caught flat-footed when it's your turn to make your move. 
The Timken Company, Canton, Ohio 44706. 

Timken® bearings are sold around the world. Manufacturing in Australia, 
Brazil, Canada, England, France, South Africa and the U.S.A. 

An Equal Opportunity Employer (m/f). 
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REGISTERED TRADEMARK 

THE TIMKEN COMPANY MANUFACTURES TAPERED ROLLER BEARINGS, SPECIALTY ALLOY STEEL AND REMOVABLE ROCK BITS. 
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their technical ones. Like handling details. Or selling ideas. Or motivating people. 
They can have darn near any engineering degree. They must have a desire to get 
into management- quickly. 

Sound like you? Check with us; we'll listen closely. It might be the best move 
either of us will make. 

The Bell System recruiting team will be visiting your campus 

JANUARY 25, 26, 27. 

Sign up in your placement office for an interview. 
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6 f Reality, n The Frontiers 
Part II by James M. Young 
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The second half of this series which 
traces the origins, development and 
various areas of what is loosely termed 
"science fiction." 

uman esign Section 
A special section devoted to Bio-En
gineering, Genetic Engineering and 
Human Factors Engineering, in other 
words, Human Design. As the keynote 
article in this section states: "The need 
for such a science and technology (hu
man design) is desperately evident." 

9 Design For Man 
11 Artificial Insemination 
13 Towards Mistake-Proof Children 
16 The Bio-Engineering Concept 
20 The Pacemaker 
21 Architectural Modules 
25 Disposable Architecture 
27 The Minnesota Experimental City 

by Paul Burtness 
by Charlene Zamansky 

by Pam Brew 
by John Hollenhorst 

by Julie Geiger 
by Bill Johnson 

by Jenny Schneider 
by Lisabeth Weiner 

29 The Job arket===a 
ow It looks by Michael Chase 

An appraisal of the overall re
cruiting and employment picture for 
I. T. graduates this year. 

30 An pen letter o 
I~ THB tudents by Sandra Davis 

A psychological look, by a counselor 
at the Student Counseling Bureau, 
at Minnesota I.T. students, both in gen
eral and in particular. 
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What We Think 
Here Comes The City D D m 

The Minnesota Experimental City (MXC) is on 
its way. Maybe. 

With a projected population of a quarter of a 
million residents to be situated on 7 5,000 acres of 
farmland and rural villages, the City will be em
bodying the concepts of Spilhaus and Buckminster 
Fuller in providing innovative answers to the prob
lems of urban life. According to its proponents, 
the City will have more sensible land usage, low 
reliance on the automobile, de-centralized mass 
media, less institutionalized education and health 
care, an integrated system of waste management, 
energy generation and usage and a resource con
scious general policy. 

The only cloud appearing over this sunny pic
ture can be described in one word: support. Both 
financial and popular support are needed if the 
MXC is ever going to get off the drafting table. 
These supports may be increasingly hard to find. 

D D m There Goes The 
Neighborhood 660 

The financial support is based on two tiers. The 
first level is a State Legislature grant. The second 
level is to use this money to tap federal govern
ment funding as well as private industry subsidies. 
The first level is currently in jeopardy as a House 
Sub-Committee recently vetoed Governor Ander
son's $300,000 appropriation to run the MXC 
Committee for two more years. This veto is not 
the final word or a death blow to the City. How
ever, if this grant is not in some way restored, the 
outlook for funds from the federal government or 
private industry will be very bleak. 

The popular support may be even trickier to 
produce. Generally speaking, private business, 
foundations, organizations and some public of
ficials support the MXC concept. However, when 
the concept begins to become reality, much of that 
support may evaporate. In the Aitkin and Douglas 
Counties, proposed sites for the MXC, there are 
rapidly growing social objections to the City. When 
the taxpayers get the bill for increased state ap
propriations, there may be a very strong negative 
reaction to the "concept" of MXC. Also, when 
private business, institutions and civic leaders are 
requested to supply money, manpower and goods 
for the project, their pursestrings may suddenly 
tighten against the "concept" of MXC. 

In short, it is easy to give general support for a 
concept that should benefit mankind as a whole. 
When that general concept becomes specific fact 
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and you are directly affected by it, forced to pay 
for it or even made to move your home on account 
of it, your outlook usually changes. In this manner 
the general support felt for the MXC at the time of 
this writing could easily change into a widespread 
and deeply felt opposition. 

mmouNow Pitching For 
innesota" 

Politics can also be relied on to play a part in 
the ultimate fate of the City. The Minnesota Pol
lution Control Agency recently voted 8-1 against 
the Experimental City plans because they were en
vironmentally "unsound and dangerous." James 
Alcott, executive director of the MXC project, 
replied that the vote was unfair and "politically 
motivated." Scenes like this are probably just the 
warm-ups for political battles that seem certain 
to come. 

We hope that the MXC concept will not fall 
victim to the political and social forces that will 
eventually oppose it. While not specifically en
dorsing any of the proposals for MXC, we think 
that Minnesota should use this chance to produce 
innovative alternatives and potentially better life
styles for man. Granted that some people will be 
hurt by change. This is always the case. But you 
must always make sacrifices in order to make 
progress. In the real world you never get something 
for nothing. So let's take the gamble. The prize is 
worth it. 

Robert Pirro 

Minnesota Technolog 



It Institute 

Phenomenal advances in roadbuilding techniques dur"' 
ing the past decade have made it clear that continued 
highway research is essential. 

Here are five important areas of highway design 
and construction that America's roadbuilders need to 
know more about: 
1. Rational pavement thickness design and materials 
evaluation. Research is needed in areas of Asphalt 
rheology, behavior mechanisms of individual and com
bined layers of pavement structure, stage construc
tion and pavement strengthening by Asphalt overlays. 

Traffic evaluation, essential for thickness design, 
requires improved procedures for predicting future 
amounts and loads. 

Evaluation of climatic effects on the performance 
of the pavement structure also is an important area 
for research. 

e I 
College Park, Maryland 207 40 

fi it 1. .. 

2. Materials specifications and construction quality= 
control. Needed are more scientific methods of writing 
specifications, particularly acceptance and rejection 
criteria. Additionally, faster methods for quality-con
trol tests at construction sites are needed. 
3. Drainage of pavement structures. More should be 
known about the need for sub-surface drainage of 
Asphalt pavement structures. Limited information 
indicates that untreated granular bases often accumu
late moisture rather than facilitate drainage. Also, in
dications are that Full-Depth Asphalt bases resting 
directly on impermeable subgrades may not require 
sub-surface drainage. 
4. Compaction and thickness measurements of pave
ments. The recent use of much thicker lifts in Asphalt 
pavement construction suggests the need for new 
studies to develop and refine rapid techniques for 
measuring compaction and layer thickness. 
5. Conservation and beneficiation of aggregates. More 
study is needed on beneficiation of lower-quality base
course aggregates by mixing them with Asphalt. 

For background information on Asphalt construc
tion and technology, send in the coupon. 

--------------------------, 
OFFER OPEN TO CIVIL ENGINEERING 1 

STUDENTS AND PROFESSORS 1 
THE ASPHALT INSTITUTE I 
College Park, Maryland 207 40 1 

Gentlemen: Please send me your free library on I 
Asphalt Construction and Technology. I 
Name _________ Class or rank. __ _ 
School. _________________________ __ 

I 
I 
I 
I 

Address 1 

City State Zip Code I 
L----~--------------------~ 



Every ¥i'Ork (~!' imagniation widens the 
frontiers (Jf reality. 

-S. Fotvler Wright 

he most exciting science fiction 
writing of the late 1920s and 
early 1930s was the '"super
science" story. A typical super
science story described the sin

gle-handed invention (by the hero) of a 
faster-than-light space-ship drive, and 
the conquest of interstellar (if not in
tergalactic) space. Edmond Hamilton 
and Edward E. Smith pioneered the 
type, and John W. Campbell became 
famous as a super-science writer dur
ing the early 1930s. 

But CampbelL the youngest of the 
three, became tired of the stereotyped 
super-science plot. In reaction, he 
wrote a mood story called "Twilight'' 
in 1932. The story remained unsold 
until F. Orlin Tremaine, the editor of 
Astounding Stories, bought it in 1934. 
Campbell already had a super-science 
novel running in the magazine, so 
"Twilight" was printed under the pen
name "Don A. Stuart," from the maid
en name of Campbell's wife. More 
mood stories followed under the Stuart 
by-line, and they are the best work 
Campbell ever produced. The most 
famous of them, "Who Goes There?" 
(printed in Astounding in 1938), was 
made into the movie The Thing in 
1949. When he used his pseudonym, 

6 

by James M. Young 

Campbell tried to write science fiction 
of such high quality that a general 
magazine like The Saturday Evening 
Post would accept it. Whether such a 
magazine would have purchased his 
work is a debatable point, for Camp
bell succeeded in lifting the literary 
quality of science fiction in the 1930s. 
When Tremain was promoted in 1937, 
he picked Campbell as editor of As
tounding, not only on the basis of 
his degree in nuclear physics, but on 
the merits of his stories. 

Campbell was then in position as 
editor of the best-paying and most 
healthy of the science fiction maga
zines, to launch an evolutionary 
change in the whole field of science 
fiction. One of the first changes he 
made was in the title-it became As
tounding Science Fiction in March 
1938. Campbell wanted to publish 
stories which featured strong charac
ters, original ideas and none of the 
over-worked stereotypes found in the 
super-science story. He wanted clean, 
easily read prose; none of the flowery 
stuff written by most "pulp" magazine 
writers. 

The circulation of Astounding in
creased during 1938 and 1939 as 
Campbell published more mature and 
intriguing fiction. During these years, 
in response to Campbell's success and 
a slight easing of the Great Depression, 
more and more publishers entered into 

November 1948. issue of Startling fea
tured Arthur C. Clarke's first novel, Against 
the Fall (~{ Night. The cover painting by 
Earle Bergey shows the standard pulp sci
ence fiction magazine cover pose-the hero 
and scantily clad heroine being threatened 
by a Bug Eyed Monster <B.E.M.). 

the science fiction field with "pulp" 
magazines. Pulps, which were some
thing like modern paperback books in 
a time when there were neither televi
sions nor many paperbacks, were 
judged by literary critics to be merely 
cheap and unimportant literature. Nev
ertheless, pulps made up a very large 
part of the mass media before World 
War I I. Beofre the war-time paper
shortage, there were 19 science fic
tion magazines competing with As
tounding. During 1939-43, Astounding 
had a delightful fantasy-oriented com
panion magazine named Unknown (la
ter Unknown Worlds) also edited by 
Campbell. 

In Campbell's first seven years as 
editor, Astounding was the only source 
for mature, intelligent science fiction. 
Many writers sold their first stories 
to Campball at this time, including Ed
ward E. Smith (with his Lensman ser
ies), A. E. van Vogt (with his novel of 
a sympathetic superman Sian), and 
Robert A. Heinlein (who produced 
story after story, and many novels for 
Astounding). 

Because the novel is long enough to 
allow for detailed creation of a whole 
new world, it may well be the best 
form for speculative fiction. Other 
than the writers for Campbell, few men 
had experimented with long specula
tive fiction as an art-form. The Ameri
can fantasy author James Branch Ca-
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December 1939. From 1939 to 1943, John Campbell edited a companion 
magazine to Astounding named Unknown. Edd Cartier painted this cover 
illustration for L. Sprague de Camp's hilarious novel Lest Darkness Fall. 

bell had experimented, writing a 25-
volume epic famous in the 1920s. Jur
gen (1919) and The Silver Stallion 
(I 926) are the most famous books in 
the series. Cabell was to be a great 
influence on J. R. R. Tolkien later, but 
his work fell into obscurity in America 
during the 1930s. The Inklings, that 
group of British writers at Oxford (in
cluding C. S. Lewis, Olaf Stapledon 
Tolkien and Charles Williams), had 
tried their hands at it. Stapledon ex
erted the most influence on the As
tounding writers, especially in his Last 
and First Men ( 1930) and Odd John 
(1934). 

The Astounding writers were pio
neering an art-form. They learned 
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their craft more thoroughly with each 
new story, making an almost linear 
evolution away from typical pulp
magazine writing. 

Heinlein rapidly became the most 
influential of these authors. There are 
some issues of Astounding written al
most in their entirety by Heinlein, un
der both his own name and pseudo
nyms. But it was not just his prolific 
output that made him dominate the 
scene. Heinlein developed a refined 
method for creating a future world 
that he used in a series of stories based 
on a possible future United States his
tory. Heinlein kept a large chart of 
this "future history" in his study, and 
in 1941 Campbell published a copy of 

this chart in Astounding. The chart 
listed the dates in which stories oc
curred, the story titles, characters and 
technological developments. There 
were also listings for "data" (such as 
the inception of transatlantic rocket 
flight) and "sociological" develop
ments (detailing social and political de
velopments of the future). 

Publication of this chart was in it
self an evolutionary development. 

On two pages of the May 1941 As
tounding, that chart outlined in a logi
cal manner a method for creating a 
whole new world. This method be
came the dominant method for the 
construction of future and alternate 
worlds in science fiction. (Such a meth
od was doubtless used-at least to 
some extent-by other writers. Hein
lein said he got the idea for the chart 
from Sinclair Lewis, who drew up 
maps of the midwestern states and 
cities he described in novels such as 
Babbit. All the same, Lewis was not 
future oriented, and Heinlein's method 
was a contribution to both modern fu
ture studies and science fiction.) 

In the future history series Heinlein 
postulated that basic human nature 
would remain consistent through the 
future, while technologies and gov
ernments would change. This attitude 
was the basis of most science fiction 
in Astounding until 1945. The first 
novel to reject this "Heinlein constant" 
was A. E. van Vogt's The World of 
Null-A, which appeared in the late 
summer of that year. 

The World of Null-A appeared at 
a fateful time. The first installment 
was on the stands as Hiroshima was 
bombed. Though it was over-shadowed 
by the atomic bomb and the Cold War, 
the book was the first to present a non
utopian world culturally different from 
our own. Non-Aristotelian logic ("null
A") has made it possible for the world 
of the 25th century to reduce crime
rates and to improve the welfare of 
mankind. The novel centers on the ef
fort of a group of men to take control 
of the null-A agencies directing civili
zation. Advanced technology was not 
important, and the book's convoluted 
plot detracts from the effect of the 
shock-ending. Van Vogt said here that 
the null-A science of understanding, 
General Semantics, would make it pos
sible for any human being to improve 
himself physically and intellectually. 
Such improvement would change the 
basic nature of humanity. 

Astounding had slumped in the later 
war years, and van Vogt had been its 
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mainstay along with C. L. Moore and 
her husband Henry Kuttner. The Kutt
ners wrote under many pen-names, so 
that they could write several stories for 
one issue and make it appear full of 
stories by many authors. 

Then the world changed when an 
atomic bomb fell on Japan. One small 
aspect of that change was a shift in 
the attitudes many people held towards 
the stories written by the Kuttners·, the 
van Yogts and their likes. What was 
once considered the work of crazy
men and dreamers became a dangerous 
reality in plain sight on the front page 
of any newspaper. This shift of opinion 
swelled the heads of many science fic
tion writers. It most assuredly affected 
John Campbell. 

Stories which foretold atomic doom 
began to appear in droves in Astound
ing beginning in 1946. They domi
nated the magazine until 1949. During 
these years, Campbell and many of his 
writers were convinced by the threat 
of atomic war that science fiction 
should be relevant-that it had a mis
sion to warn the public of the terrible 
fate to come. Van Yogt's message 
about a future world mature enough 
to take atomic bombs in stride was for
gotten. Meanwhile, the circulations of 
all the science fiction periodicals began 
to rise once war-time paper restric
tions were lifted. 

Astounding had only two competi
tors attempting to print adult science 
fiction at this time- Thrilling Wonder 
Stories (founded by Hugo Gernsback) 
and its companion Startling Stories. 
Both were edited by Samuel Merwin 
until 1951. Featuring adventure fic
tion, they allowed some relief-al
though occasionally brainless-from 
the gloom in Astounding. Frederic 
Brown's humorous What Mad Uni
verse? (Starling, 1948) was one of the 
most original novels in the magazines 
at this time, hypothesizing that there 
may be an infinity of alternate uni
verses in which absolutely everything 
is possible. Arthur C. Clarke's first 
novel, Against the Fall of Night (Star
ling, 1948), was notable for evoking a 
beautiful vision of Earth in the far fu
ture. But these stories were above av
erage in Startling and Thrilling Won
der; Astounding continued to present 
a higher level of fiction. 

By this time, book publishers were 
becoming active in the science fiction 
field. Many small publishing houses 
were set up by science fiction fans to 
print the best magazine stories in book 
form. The magazine market continued 
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to expand. This competition may havt 
forced Campbell to call for an end to 
doom stories in 1949, though it had 
been obvious for a long time that they 
were becoming tedious. 

Nonetheless, Campbell had printed 
a few impressive doom stories. Fury 
(194 7) by the Kuttners (under the pen
name Lawrence O'Donnell) was the 
best of the atomic-doom novels in As
tounding. It transcends the simple
shock ending of these stories by telling 
the story of what happens to Earth's 
survivors on the planet Venus. Theo
dore Sturgeon's "Thunder and Roses" 
( 194 7) states the theme more clearly: 
there will be an atomic war, and we 
will lose. At least Sturgeon added a 
variation on the theme. He said that 
the U.S. would have to die of radia
tion without launching a counter-at
tack, so that human life could survive 
somewhere on Earth. 

These stories were charged with a 
fear-crazed energy when they were 
written. But the years passed. without 
bringing a real atomic war, pulling the 
rug out from under the feet of the 
doom-sayers. Sheer repetition also 
sapped these stories of their energy. 
By 1950, stories of atomic judgment 
stopped appearing in the best maga
zines. 

Astounding faced its first real com
petition when The Magazine of Fan
tasy and Science Fiction (F &SF) began 
publication in 1949, under the editor
ship of Anthony Boucher and J. Fran
cis McComas. Another newcomer, 
Galaxy Science Fiction, began appear
ing in 1950 with H. L. Gold as editor. 
Glaxy would surpass Astounding in 
circulation by the mid-1950s. 

More important than the circula
tions of these magazines were the stor
ies that appeared in them. F &SF be
came the showplace for fantasy, spe
cializing in short stories. Here Mar
garet St. Clair wrote touching fantasies 
under the pen-name Idris Seabright. 
Humorous fantasy abounded, coming 
from the typewriters of Reginald Bret
nor, and L. Sprague de Camp in col
laboration with Fletcher Pratt. Galaxy 
made the boldest mark of all, for under 
H. L. Gold it became the first maga-

. zine to emphasize science fantasy as 
such. Galaxy did publish science fic
tion, like Heinlein's The Puppet Mas
ters (1951) and Isaac Asimov's "The 
Martian Way" (1952). Yet science fan
tasy like Alfred Bester's brilliant novel 
of telepathic police, The Demolished 
Man, predominated. Satire was also 
popular with Gold. He published many 

novels by Frederik Pohl and C. M. 
Kornbluth, who wrote The Space Mer
chants (serialized in 1952). For the 
first three years of its existence, Gal
axy was a brilliant magazine. Its sud
den decline in 1954 was a portent of 
things to come. Astounding, on the 
other hand, printed good (and occa
sionally excellent) material, but in gen
eral remained a shadow of its former 
self. 

During the early fifties, pulp maga
zines had been declining steadily. Then 
in 1952, the bottom dropped out of the 
general-fiction magazine market. The 
science fiction (and a few detective) 
magazines survived the death of the 
pulps. In fact, the science fiction maga
zines continued to grow in number as 
publishers tried their hands at science 
fiction in an effort to make some 
money. More than 40 science fiction 
magazines were on the stands in 1953. 
Paperbacks, which came into their 
own for the first time after World War 
I I, also became a major part of the sci
ence fiction market. They mainly re
printed work from the magazines, 
though Frederik Pohl's Star antholo
gies were an exception containing all 
new stories. Then in late 1953, the sci
ence fiction magazines also began to 
fail, as the balloon of an over-expand
ed market began to deflate. The trend 
continued, and by the late 1950s all 
the magazines lost circulation. But 
more important than the economic de
cline of the magazines was the decline 
of story quality in them. 

For by the late 1950s Galaxy (now 
the leader in circulation) had become 
an unexciting and maudlin magazine. 
Campbell continued piloting Astound
ing on an even keel-but it is easy to 
keep an even keel in the Horse Lati
tudes. In terms of story quality,As
tounding and F &SF led the field, fol
lowed by a few original paperback 
novels. 

Despite the decline in the last part 
of the decade, the 1950s saw major de
velopments in the speculative fiction 
field. It was during the 1950s that sci
ence fiction began to take itself seri
ously. Literary critic Alexei Panshin 
has said that this criticism marked the 
real coming of age in speculative fiction. 

Hollywood, for better or worse, first 
took notice of science fiction during 
the I 9 50s. The Thing (I 949) may have 
started the emphasis on science fiction 
rather than fantasy movies, but Desti
nation: Moon ( I 950)-scripted by 
Heinlein-became the first big box-

( continued on page 34) 
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Man? 
"A self-balancing, 28-jointed 

adapter-base biped; an electro
chemical reduction plant, inte
gral with segregated storages of 
special energy extracts in stor
age batteries, for subsequent ac
tuation of thousands of hy
draulic and pneumatic pumps, 
with motors attached ... 

"The whole complex me
chanism guided with exquisite 
precision from a turret in 
which are located telescopic 
and microscopic self-registering 
and recording range finders, a 
spectroscope, ... 

"A filing and instant refer
ence system and an expertly 
devised analytical laboratory 
large enough not only to con
tain minute records of every 
last and continual event of up 
to 70 years' experience or 
more, but to extend, by com
putation and abstract fabrica
tion, this experience with rela
tive accuracy into all corners 
of the observed universe ... 
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by Paul Burtness 

"Common to all such 'hu
man' mechanisms-and with
out which they are imbecile 
contraptions-is their guidance 
by a phantom captain." 

The preceeding description 
of man by R. Buckminster 
Fuller leaves many people with 
an uncomfortable feeling. 
Where in this mechanistic mod
el is there room for human 
qualities and values such as 
love, integrity, freedom and 
dignity? 

But a fuller understanding 
of this different human per
spective reveals that those qual
ities and values are not ne
glected. Rather, they are trans
formed and redefined into op
erationally useful terms which 
are more likely to be put into 
effect for all mankind rather 
than discussed in high councils 
and displayed on the pages of 
philosophy books. 

In this new human perspec
tive, man is regarded as an in
tegral part of the physical uni-

verse, and as such he is subject 
to the same scrutiny, analysis 
and synthesis that the elemen
tary particles of matter and 
chemical elements have under
gone. 

But man is also the dream 
animal, living the major por
tion of his life in a phantas
magoric universe which can be 
only sketchily mapped onto 
what is known as the real 
world; the "phantom captain" 
is a characteristic which per
sists to the annoyance of some 
physiologists and psychologists. 

As the synergetic combina
tion of mind and matter, this 
new human perspective shows 
man to be not some sort of 
virus infecting a placid pastoral 
universe but perhaps the most 
anti-entropic element in this 
locality of the universe, with 
the potential to produce order 
where there is disorder, revers
ing trends towards homogeneity 
and equilibrium. 

The willingness to view man 

as an integral part of the en
vironment, the desire to dis
cover man's capabilities and 
develop them to the fullest, 
this is the contemporary sci
ence and technology of human 
design. 

The need for such a science 
and technology is desperately 
evident. Our present-day physi
cal sciences and technolgies 
could make it possible for ten 
times the total world's popula
tion to live a leisurely life with 
a standard of living equal to or 
greater than any of today's de
veloped countries, but we do 
not have the social, economic 
and psychological technologies 
to bring about this better 
world. We see ourselves in
creasingly at odds with the cit
ies and machines we have built, 
for lack of a wise design. Medi
cal science has eliminated 
many of the diseases which 
used to strike man but is now 
faced with the more difficult 
problems of aging, cancer and 
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genetic abnormalities. 
And, as psychologist B. F. 

Skinner says, "It is not enough 
to 'use (physical) technology 
with a deeper understanding 
of human issues' or to 'dedicate 
technology to man's spiritual 
needs,' or to 'encourage tech
nologists to look at human 
problems.'" What is needed is 
the systematic working knowl
edge of human beings. 

The science and technology 
of human design is like all oth
er sciences and technologies in 
that it is fraught with hazards 
if not applied wisely. Medical 
technology lowered the death 
rate without a proportionate 
decrease in the birth rate, re
sul'ting in run-away population 
growth in some areas of the 
world. Industrial technology 
and obsolete capitalist and so
cialist politics may have pro
duced material abundance for 
some, but leave many in com
parative poverty and also poi
son the environment. 

In similar manner, the sci
ence of human biological de
sign promises the slowing of 
aging processes and elimination 
of cancer, possible control of 
human genetics to eliminate 
abnormalities and improve 
physical characteristics, and 
use of biophysical engineering 
to replace or augment the func
tions of human organs. But it 
also raises the spectre of a 
"brave new world" in which 
biologically inferior human be
ings serve as slaves to a small 
number of physically superior 
beings. 

The study of systematic rela
tions between the behavior of 
human beings and the selec
tively reinforcing effects of an 
environment entails the possi
bility of carefully designed "to
tal-living" environments in 
which persons define imagina
tive goals for themselves and 
have effective methods of 
reaching them. or at least bet
ter ways of raising children, 
learning and just plain getting 
along with people. But it also 
provides the technology for cre
ating the most efficient, ad
vanced totalitarian state ever to 
exist. 

To avoid the mistakes of the 
past, some difficult questions 
must be asked and satisfactory 
answers obtained before the 
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science and technology of hu
man design is put into effect. 
For many persons, these ques
tions will concern morality, 
ethics and value judgments; but 
in the past, discussions and 
studies of morality, ethics and 
values have been inconclusive. 
Although it is usually said sci
ence can tell us how to do 
things but has no business tell
ing us what to do, perhaps 
what is needed is an objective, 
systematic analysis, based on 
scientific methods. to determine 
the decisions we must make re
garding human design. 

First is the issue of who is 
going to control or make deci
sions regarding the future. Most 
ideals of the American culture 
seem to be based on the free
dom, dignity and privacy of 
the individual and any attempt 
to reduce these is loudly pro
tested as is any attempt to con
trol the individual. Some schol
ars, like Skinner, staunchly ad
vocate controlled, programmed 
environments designed by ex
perts where decision making is 
limited to a select few. But per
haps a better method would be 
to rest decision making with 
the general public in a stream
lined form of democracy made 
possible by advances in com
munications technology and 
computer systems. 

True democracy has always 
been difficult to achieve, espe
cially in large, rapidly changing 
cultures, because of tremendous 
problems in gathering and 
processing information. In
creasing individual access to 
communications networks tied 
to computers might alleviate 
the problems of gathering and 
processing information. This 
computerized democracy would 
not be limited to simple vote
majority wins-referenda, but 
could use the techniques of 
computer gaming, with input 
from large portions of the pop
ulation, to simulate the conse
quences of various alternatives 
before decisions are actually 
made. 

Concurrent with the decision 
as to who will decide, another 
issue which must be examined 
is "what sort of things do we 
want?" 

Survival is a general goal 
which almost everyone can 
agree on. Perhaps the most im-

portant result of the ecology 
movement is the realization 
that the survival of man is not 
a matter of the strong destroy
ing the weak, as thought by 
many in the past, but a coexist
ing in creative harmony with 
the environment and other 
men. 

Respect for and interest in 
all cultures other than one's 
own should be instilled in every 
individual, possibly reducing 
destructive tensions between 
cultures and increasing human 
knowledge. 

Actions that limit the op
tions of future generations 
should be avoided. A decision 
to drastically alter human ge
netic structure or base a so
ciety on totalitarian forms of 
government are closed-ended 
decisions which may reduce a 
future society's ability to sur
vive in a changing world. 

The goals mentioned above 
have been suggested by phi
losophers and scientists and 
seem to be generally accept
able to conceivable cultures. 
More specific goals, such as 
the types of genetic character
istics to be eliminated from or 
added to human beings, should 
be determined either by indi
viduals or the population at 
large after extensive research 
and simulation. 

In designing new societies, 
the question is asked, "should 
we change man to fit the so
ciety or change the society to 
fit man?" The distinction be
tween the two is a bit fuzzy 
since man and his societies are 
so closely interrelated that a 
change in one is almost cer
tainly a change in the other, 
but it does point out two dif
ferent approaches in human de
sign. 

In the past, man has been 
more successful in changing 
his environment to improve his 
own living conditions. Recent 
advances in the genetic sci
ences, however, may lead to 
direct improvements in man 
himself: increased intelligence, 
longer life, freedom from re
strictive abnormalities. 

But the question of changing 
man or changing the society 
also forces us to examine our 
goals. Changing man to fit so
ciety in a sense implies that 
man is to be used as a means 

to an end, a procedure involv
ing decisions which are not 
man's to make. Rather, the so
cial environment should be the 
means, not the end. 

Should the end result of all 
these improvements and ad
vances of man be a universally 
"best" man or "best" culture? 
Evidence from the biological 
and anthropological sciences 
suggests otherwise. Just prior 
to their extinction, species and 
cultures became overspecialized 
and lacked diversity, rendering 
them incapable of coping with 
changes in their environment. 

It is probably safe to assume 
that in the future changes be
yond man's control will occur, 
and in order to insure man's 
survival, he should seek diver
sity and generalization rather 
than the "best of all possible 
men or cultures." 

Other questions pertaining 
to the science and technology 
of human design remain. Will 
the principles of human design 
be directed at individuals or 
society in general? Should hu
man design be positive or 
negative, seeking to add desir
able features to man or being 
content with removing unde
sirable features? Will the prin
ciples be voluntary or compul
sory? 

Perhaps the most important 
principle of human design is 
dissatisfaction-a desire to find 
new things and new ways. Indi
viduals and groups of men may 
find their own private utopias, 
but there will always be others 
discontented and searching, 
taking open-ended actions with
out full knowledge of the out
come, actions entailing risk. 

But risk is an integral part 
of human existence and prog
ress, as noted anthropologist 
Loren Eisely observes: 

"Men risked. They risked 
mounting the first stallion. 
They eyed for centuries the air 
and mastered it. They crossed 
poles amid new death. They 
have now risked the moon. 

"The risk is there but the 
indomitable human spirit will 
cry 'assume the risk.' By it 
alone has man survived. And 
only those who know what it 
is to risk can understand com
passion." 
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An autoclave, or 

sterilization 
chamber. 

by Charlene Zamansky 

To many couples, having 
children is one of the most im
portant aspects of marriage. 
But what happens to those who 
are unable to have children? 

For some, the answer is 
adoption. However, even with 
this alternative, the shattered 
dream may not be reconstruct
ed. Before the new abortion 
ruling in the United States, 
there was a ratio of about fif
teen potential parents for each 
child up for adoption. Now, 
with the new ruling in effect, 
the chances of a woman having 
an unwanted child to be put 
up for adoption may even be 
smaller. 

If a physician and medical 
tests confirm that the reason 
the couple cannot conceive is 
because the male is sterile, then 
artificial insemination may be 
the answer. 

Artificial insemination is a 
process in which semen from a 
donor or a husband is injected 
into a woman's uterus during 
her ovulation. Physicians then 
require the patient to rest for 
about twenty minutes and in
sert a plastic covered tampon 
into the vagina to insure that 
the semen won't leak out. 

Because this is such a simple 
process, the woman receives 
her injection at the doctor's of
fice and is able to return home 
after her appointment and con
tinue her usual daily activities. 

The physician must go 
through many steps before he 

can perform artificial insemi
nation. A routine physical ex
amination must be performed 
which includes a complete 
medical history. Any unusual 
hereditary history must also be 
computed. With this completed, 
the physician and patient de
termine her time of ovulation, 
during which the insemination 
takes place. 

Aside from the physical ex
aminations, the recipient of the 
insemination and her husband 
go through a counseling period 
with the physician. At this 
time, emotional and psycho
logical tests are given. This is 
to insure that the couple's mar
riage is stable and that the 
child, if conceived, will be wel
come in their home. However, 
each couple is individually ana
lyzed and no exact standards 
have been drawn up. 

A normally fertile woman 
requires at least three insemi
nations to become pregnant. 
Some physicians will insemi
nate the patient once in an ovu
lation period, while others pre
fer to perform two injections 
during the period. 

Dr. Wilfred J. Finegold, in 
his book Art(ficial Insemina
tion, said that his policy has 
been to inseminate twice 
monthly for about four months. 
"If fertilization has not taken 
place, we proceed with the rou
tine infertility tests to rule out 
any female cause of the failure. 
If no abnormalities are de
tected, we persist with the in
seminations for another six 
months. By this time both the 
inseminator and the recipient 
show signs of disappointment 
and the patient is encouraged 
to abandon the procedure," he 
said. 

The reasons as to why in
semination has not produced 
results in everyone are un
known though many doctors 
agree the percentage of suc
cessful inseminations is from 
60 to 80%. 

According to Dr. Finegold, 
some women who did not aban
don artificial insemination after 
the usual ten months, did be
come pregnant after fifteen to 
twenty-four months of insemi
nations. 

Many physicians use fresh 
semen which is received shortly 
before the patients come into 
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their offices, however, some are 
now making use of "sperm 
banks.'' Here, semen is frozen 
and stored for future use. Each 
specimen is marked for blood 
type and genetic characteristics. 

For example, Genetic Lab
oratories, Inc., based in St. 
Paul, is a sperm bank which 
provides special rooms so the 
husband or donor can ejaculate 
on the premises. This ensures 
that the semen is properly la
beled and is not too old to be 
stored when received. 

After ejaculation, the sperm 
are counted and their size and 
shape are recorded. The semen 
is then put into glass vials and 
frozen at -321 degrees F. 

Though it is argued that 
frozen semen does not last over 
a long period of time, frozen 
bull semen has lasted as long 
as twenty-five years and human 
semen has lasted up to ten 
years. Dr. R. G. Bunge, profes
sor of urology at the Univer
sity of Iowa, recorded the first 
human birth from frozen semen 
in 1953. 

Artificial insemination hus
band (AIH) may be used if the 
husband is in a high risk occu
pation such as athletics, armed 
services, the radiation or chem
ical industries. In such cases, 
the husband will store his se
men at a "sperm bank" at an 
early age in case of an accident 
that would impair his repro
ductive organs. If this oc
curred, his wife would still be 
able to have his children. 

Also, if the husband is con
sidering a vasectomy (steriliza
tion) for birth control reasons, 
he would be able to store his 
sperm and through artificial in
semination have children at a 
later date. 

In the case of oliogospermia 
(too few sperm cells to result 
in pregnancy), the male can 
store several samples of semen 
and then concentrate them for 
insemination. This enables the 
male to have his own children 
though his sperm count is low. 

When a man has cancer of 
the prostrate, his semen can be 
collected and stored before hav
ing a prostrate operation, which 
will leave him sterile. His wife 
can later be inseminated with 
the stored semen. 

However, in the case of a 
sterile husband, the main rea-
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son for artificial insemination, 
a donor is necessary to provide 
the semen. (Artificial Insemina
tion Donor [A 10] ). 

Choosing the proper donor 
is the responsibility of the 
physician and is very important 
as the general physical traits 
of the donor are matched to the 
recipient's husband. The don
or's blood type has to be com
patible with that of the recip
ient and if the patient has Rh 
negative blood, so must the 
donor. 

The donor's medical and 
psychological history must be 
compiled and he must be free 
of illness at the time he do
nates. 

The University of M inne
sota, uses its medical students 
as donors for artificial insemi
nation. This practice is used 
by many of those who insemi
nate as they feel assured that 
their donors will be of average, 
if not superior intellect. 

Physicians try to match the 
age of the donor to that of the 
husband, but agree that the 
average donor age should be 
between thirty and thirty-five 
years-old. When using medical 
students or interns, the age may 
be lowered. 

Because masturbation is used 
to obtain the semen, many 
young men do not feel the ten 
to twenty-five dollars they re
ceive as pay is worth it. There
fore, finding a donor to match 

the characteristics of the re
cipient may be difficult. 

Dr. Finegold tells of his 
problem in finding a black 
donor several years ago. The 
best candidates at his medical 
school- University of Pitts
burgh School of Medicine -
refused to be donors. Finally, a 
donor working in a nearby hos
pital responded. When the re
cipient became pregnant after 
the first insemination, Dr. Fine
gold informed the donor. Some 
months later, an accountant 
notified Dr. Finegold that the 
donor had not cashed his fifteen 
dollar check. When the donor 
was approached, he smiled and 
said, "When you told me that 
the patient was pregnant, I de
stroyed it. If I had cashed it I 
would have felt like a prosti
tute." 

To eliminate psychological 
problems, in either the donor, 
recipient or husband, the don
or's identity is never known to 
the recipient or her husband 
nor is her's known to the 
donor. 

Dr. Alan Guttmacher, a lead
ing figure at the Planned Par
enthood Foundation, spoke of 
the value of artificial insemina
tion: "Children conceived by ar
tificial insemination often mean 
more to families than children 
conceived in the normal man
ner. These children are wanted 
--aften desperately wanted." 

Top, a vat of liquid nitrogen used 
for freezing semen. Above, semen 
vials being lowered into a nitro
gen vat. 
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The journey tram concep
tion to a screaming entry into 
the world is the most perilous 
one a human being will ever 
make. No doubt about it, a 
space ride is tame by compari
son. 

It's frightening what can hap
pen, especially if you've ever 
considered having your own 
children. What will they look 
like? How intelligent will they 
be? Will they be normal? 

Each year 250,000 American 
babies are born with a mental 
or physical defect. More than 
60,000 die each year from 
problems related directly to 
birth defects. Though not all 
are genetically caused, birth 
defects affect roughly 15 mil
lion people in the United 
States, 2.9 million are men
tally retarded, 4 million have 
diabetes, I million have con
genital bone, muscle, or joint 
diseases. A reported half-mil
lion spontaneous abortions, still 
births, and miscarriages occur 
each year-because of defec
tive fetal growth. 

Because of the random na
ture of birth defects, many 
people sought counseling only 
after they had had a defective 
child. And a few years ago, 
genetic counseling consisted 
solely of geneticists taking a 
detailed family pedigree of a 
patient with a birth defect and, 
based on Mendelian inheri
tance, advising a couple who 
wanted a defect-free baby of 
their chance of success. Coun
seling resembled a biological 
coin-tossing. The problem here 
was that some fetuses suspected 
of being abnormal were abort
ed-then found to be normal. 

A technique called "amnio
centesis" (removal of a fluid 
sample from the amniotic cav
ity surrounding the fetus) had 
been used by obstetricians and 
gynecologists for some time to 
detect Rh problems in a devel
oping embryo and prepare for 
a complete blood transfusion 
immediately after birth, if nec
essary. Rh amniocentesis had 
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by Pam Brew 

been used successfully on thou
sands of women and is now 
routine procedure in many hos
pitals. The technique became a 
popular diagnostic tool in the 
1950's and in 1963, Dr. Wil
liam Liley attempted the first 
fetal in utero blood transfusion 
for Rh. His first attempt failed, 
but his fourth patient made it. 
Using X-rays to find exact fetal 
location, a long needle was in
serted through the abdominal 
wall into the fetus to replace 
blood cells destroyed by the 
mother's antibodies. 

The amniotic fluid proved to 
be a fertile area for the bud
ding science of fetology-the 
study and treatment of the in 
utero fetus. The belief that 
"mother nature" knew best and 
the fetus was safe in its watery 
world-and best left alone
was abandoned as fetologists 
and medical researchers ex
plored ways to correct nature's 
errors. The amniotic fluid con
tained important information 
for them. 

Genetic defect hunters found 
that they could use amnio
centesis as if they were check
ing for Rh complications. But, 
this time instead of searching 
for blood, they took the 
sloughed off cells from the ma
turing fetus. Floating in this 
rich fluid are found skin cells, 
cells sloughed off from the 
bronchi, trachea, kidneys and 
bladder. They found that using 
these cells, chromosomal analy
sis was possible. 

higher risk of having retarded 
babies than younger mothers. 

He counseled a woman over 
a year ago who had decided to 
have an abortion, but came to 
his clinic just to be sure. She 
was 43 years old, I 4 weeks 
pregnant, and had already had 
a child, now l 0, with Du
chenne's muscular dystrophy, a 
disease resulting in extensive 
withering of the muscles. Chil
dren with this disorder may 
get too weak to walk, or may 
die by their early 20s. A reces
sive gene carried on the X 
chromosome is responsible for 
the defect. Since this particular 
disease is sex-linked (carried 
on the X chromosome), if the 
chromosomal analysis reveals 
the fetus to be male, then 
chances of its being defective 
could be as high as 50/50. The 

analysis revealed a male fetus. 
Sex-linked inheritance is es

pecially interesting, Dr. Gorlin 
explained. The most famous 
disorder of this type is the 
bloodclotting defect, hemo
philia. In sex-linked birth de
fects, the most common occur 
when the mother has a faulty 
gene on one of her X chromo
somes. Each son then has a 
50/50 chance of getting that 
gene and showing the defect. 
Each daughter has a 50/50 
chance of being a carrier, prob
ably not manifesting the dis
ease, but capable of giving it to 
her sons. The March of Dimes 
has cataloged over 150 sex
linked disorders. 

Some researchers have sug
gested that a filter might be 
the answer. A filter, like an 
intrauterine contraceptive de-

Birth defects can occur ran
domly and they can occur in 
particular families with regu
larity; these families have what 
is called a "high risk for a ge
netic defect." Amniocentesis 
is not a mass technique, nor 
will it ever be, according to 
Dr. Robert Gorlin, head of the 
Human Genetics Clinic at the 
University of Minnesota Hos
pital Medical School. Most of 
his clients have already had 
one defective child, have sus
picious family pedigrees, or 
are older mothers, who run a Dr. Robert Gorlin 
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vice, would be inserted in the 
woman. This device would 
screen out sperm carrying male 
or Y chromosomes so male 
fetuses who would proably have 
the defect could not be con
ceived. 

"We take pedigrees. perform 
amniocentesis. interpret the 
chromosomal analysis and tell 
the person what we found ... 
Dr. Gorlin said. "The ultimate 
decision as to what to do i-., "'ill 
theirs." 

The chromosomal analysis i-., 
crude, Dr. Gorlin admitted. 
since scientists can't look deep 
into the gene; they have to 
make judgments based on the 
larger unit, the chromosome. 
"What we do is construct a 
karyotype (matching of chro
mosome pairs) from an amni
otic fluid sample or from a 
blood sample taken from the 
client," Dr. Gorlin said. 

For example, in an amniotic 
fluid sample, about I 0 to 20 
cubic centimeters of fluid is 
drawn from the mother at 
about 14 to 18 weeks of preg
nancy, a time when there is 
sufficient fluid to work with. 
Currently about three weeks is 
needed to culture and analyze 
the fluid, Dr. Gorlin reported. 
"Computers do the same job 
in 30 seconds," he said, "with 
optical scanners like those used 
to read Pap smears; a com
puter scans slides and picks out 
suspicious ones-but it's too 
expensive for us here." Gorlin's 
cytogenetic lab processes about 
eight patients per week who 
have blood tests; this takes only 
three days. Last year they did 
200 tests from blood samples 
and 60 amniotic fluid analyses. 
If people have the money, Dr. 
Gorlin mentioned, the cost is 
from $150 to $200 which 
doesn't begin to cover it, he 
said. 

The samples for chromosom
al analysis are cultured, incu
bated, then forced by drugs 
to undergo mitosis, which is the 
only time chromosome spreads 
can be seen. Mitosis is cell 
division with each daughter 
cell having the same number 
of chromosomes as the parent 
cell. This process is halted, 
again by drugs, at metaphase, a 
stage in mitosis when chromo
somes line up like strings 
across the center of the cell. 
Ten to 30 cells are harvested 
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for study, since the better qual
ity the cells, the more accurate 
the analysis. Usually 30 to 
40 photographs are taken of 
the chromosome spreads under 
the microscope and then, like 
a puzzle, arranged in pairs. 

The chromosome puzzle, if 
all goes well, should contain 46 
chromosomes, 23 from each 
parent. 22 pairs of chromo
somes plus one pair of sex 
chromosomes (the XX and XY 
group) will be found and 
matched up by a skilled techni
cian. Any aberration-extra 
chromosomes, missing or extra 
parts-usually means severe 
retardation or perhaps gross 
physical abnormalities, Dr. 
Gorlin explained. Some un
usual disorders, he said, are 
severe. 

Each cell in the body has 46 
chromosomes-22 pairs of 
chromosomes called autosomes 
and two chromosomes labelled 
X and Y, which determine the 
sex of the offspring. The ex
ceptions to this are the repro
ductive cells, the ova and 
sperm, each contammg 23 
chromosomes. When an egg is 
fertilized, the zygote receives 
2 3 chromosomes from each 
parent and neatly ends up with 
a total of 46. 

Many things can go wrong 
genetically. Chromosomes can 
break apart, or become at
tached to each other. Through 
inborn metabolic mistakes 
(caused by a single mutant 
gene) a key enzyme can be re
duced in output. 

Currently Dr. William Kriv
it, from the University of Min
nesota Health Sciences Cen
ter, is investigating enzyme 
transplantation in people with 
inborn metabolic errors. He 
and his associates have already 
shown that transplanting en-' 
zyme-producing kidney tissue 
has corrected biomedical and 
clinical abnormalities in pa
tients with Fabry's disease, a 
metabolic error which causes 
fatty substances to collect in 
blood vessels, especially in the 
kidneys, causing later renal 
failure. His work could open 
the door to in utero transplan
tation of enzyme-producing or
gans and tissues. 

Dr. Gorlin mentioned Dr. Di 
Ferrante, a researcher, who is 
working on the study of the 
chemical defect in Hurler's syn-

drome and related connective 
tissue disorders. He has trans
fused normal plasma into the 
blood of children with the dis
ease and these children began 
to improve radically. Appar
ently plasma from normal peo
ple contains a protein, presum
ably an enzyme, lacking in the 
blood of these children, Dr. 
Gorlin said. 

One abnormality caused by 
a missing piece of chromosome, 
produces a disorder called "cri 
du chat" literally a "eat's cry." 
With this defect, the infant 
has a mysterious cry plus other 
abnormalities. 

Another disorder, Down's 
syndrome or mongolism, occurs 
because an infant has 47, or 
one too many chromosomes. 
It's also called trisomy 21 be
cause the three chromosomes 
occur at this location. 

Dr. Gorlin calls this defect 
"Old Mommies' mongolism" 
because near-menopausal moth
ers carry a higher risk of hav
ing mongoloid children than 
younger mothers (though young 
mothers can have children with 
another kind of mongolism). 

He speculated that two-thirds 
of "Old Mommies' mongolism" 
could be eliminated if women 
over 35 simply didn't have chil
dren. Patients with Down's syn
drome are retarded and have 
the slanted almond-shaped eyes 
which give the defect its name. 
They also have a small head, a 
fissured protruding tongue, and 
a short life expectancy. 

Researchers are speculating 
about freezing zygotes of young 
couples, to be used later when 
they want children, to avoid the 
risk of "Old Mommies' mon
golism"-a major cause of re
tardation-and other problems 
caused by germ cell degenera
tion. The zygote could then be 
implanted in the mother 
when she was ready. 

Genetic defect hunting is not 
without its dead ends, Dr. Gor
lin said. Sometimes it doesn't 
work. He recalled a 30 year-old 
man referred to Dr. Gorlin's 
clinic by the man's minister. 
He came for an analysis be
cause he was planning to re
marry and his new wife wanted 
children. He had an IQ of 60 
and she was of normal intelli-

Dr. William Krivit 
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genettcs 
Genetics is a branch of biol

ogy dealing with the heredity 
and variation of all organisms. 
The mechanism for the trans
mission of physical characteris
tics from parent to offspring 
are complex protein conglomer
ates called genes. The first 
rules governing gene interac
tion were called the Mendelian 
laws of genetics. Although 
Mendelian genetics are an 
oversimplified model of gene 
interaction by today's stand
ards, many observations of 
heredity and variation can be 
explained using Mendelian 
genetics. 

A summary of the three 
basic Mendelian laws accom
panied by visual diagrams have 
been included for easy under
standing and reference. Other 
Mendelian laws can usually be 
expressed as combinations of 
these three laws. (Also, at times 
groups of genes located on the 

gence, Dr. Godin said. He 
couldn't read, write, remember 
dates; he had held 12 jobs in 
a year, working as a janitor. He 
had trouble operating the floor 
polisher because he didn't un
derstand it. A child by his first 
wife was retarded. "His case is 
a good example of one problem 
we have," Dr. Gorlin said. 
"Not everything shows up in 
chromosomal analysis. He was 
retarded but came out normal 
in our test. But given his fam
ily pedigree, the odds were high 
that he would probably father 
another defective child. We 
told him that the decision was 
up to him and his new wife." 

Amniocentesis lets a couple, 
who are high risk and want to 
have children, conceive a child 
and then have the testing done 
to see if the fetus is defective. 
It's a little like going in the 
back door, but it lets couples 
have their own children. Am
niocentesis also rescues a lot of 
fetuses that would have been 
aborted under the old-style ge
netic counseling. Amniocentesis 
can prove for certain if the fe
tus is in genetic trouble. 

Amniocentesis, though a 
growing technique, is not with-
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same chromosome may be in
herited as a unit. Such linked 
groups always remain together.) 

GENES AND DNA 
A gene is deoxyribonucleic 

acid (DNA), a double-stranded 
helix composed of four nucleo
tides: adenine, quanine, cyto
sine, and thymine. The nature 
and function of a gene is deter
mined by the physical and 
chemical appearance of DNA. 
One must know the location of 
the nucleotide along the dou
ble-stranded helix as well as 
the type of nucleotide used at 
that location to completely 
characterize the DNA. 

MUTATION-VARIANCE 
THROUGH HEREDITY 
Mutation occurs when genes 

are chemically altered. Substi
tuting, inserting, or deleting 
any base pair of nucleotides in 
DNA alters the respective gene. 
Mutations occur by chemical 
reaction of DNA with environ
ment, by chemical inter-reac
tion of DNA induced by radia
tion or failure of DNA to copy 
itself preceding cell division. If 
the mutation occurs in a gam-

out its problems. The technique 
should be done by a physician 
skilled in its use; inserting the 
long needle to draw the sam
ple, can induce labor, puncture 
the fetus, or cause an infection. 
If not enough fluid is drawn, a 
doctor has to go back, creating 
the same set of risks again. Ac
curate chromosomal analysis 
must be done in a certified lab 
with skilled technicians. Some
times in the amniotic fluid sam
ple, cells from the mother get 
mixed up in the fluid. Some
times cells are broken or there 
aren't enough "good" cells in 
the sample to eliminate the 
thinnest shadow of error in de
termining if the fetus is defec
tive. 

Beyond techniques, if the 
analysis shows a defective fetus, 
the mother probably will have 
an abortion. In fact, some ge
netic counseling clinics do not 
like to counsel women unless 
they are willing to undergo an 
abortion. This is not the case 
here, Dr. Gorlin said. Amnio
centesis makes her and her hus
band's decision based on more 
accurate data than that pre
viously available, but it is still 
their decision. 

ete (sex) cell, offspring may 
inherit phenotype (appearance) 
and genotype variations from 
the parents. 

Law of Dominance 
When two pure, contrasting 

genes are combined, one of the 
genes appears in the offspring 
(dominant) while the other re
mains hidden (recessive). By 
outward appearances (pheno
type), one cannot tell the dif
ference between pure and 
mixed hybrid genes. 
Law of Segregation 

When two hybrids are com
bined, the hidden recessive 
gene is separated from the 
dominant gene. Thus the reces
sive phenotype may appear in 
hybrid offspring. 
Law of Incomplete Dominance 

In rare instances, crossing 
two pure, contrasting genes 
produces a blend of the domi
nant and recessive traits. When 
two such hybrids are crossed, 
the genetic makeup follows the 
law of segregation. The pheno
type characteristics of the off
spring may be different in ap
pearance from both the domi-

Amniocentesis enables doc
tors to check certain metabolic 
disorders in utero. Geneticists 
look eventually to the day 
when they can treat a defective 
fetus in the womb, correct the 
problem, and deliver a healthy 
baby. In the experimental stage 
is an amnioscope, a device in
serted into the fetus, encased 
in a long needle, utilizing fiber 
optics to actually see the fetus, 
check for gross abnormalities 
and enzyme defects, and per
form microsurgery if necessary. 
As fetology develops, doctors 
will monitor fetal development 
in high risk pregnancies in the 
earlier stages of the pregnancy 
and treat bio-chemical disor
ders before the child is born. 

Doctors already monitor ba
bies during delivery to check 
moment-by-moment for dis
tress signals. Microphones and 
fetal scalp electrodes are at
tached to check for vital signs 
during the stress of being born. 
It's a bio-engineering leap from 
the days when all the doctor 
could do was listen to the fetal 
heartbeat with his stethoscope 
on the mother's abdomen. 

What does the future hold? 
A lot of people have been con-

nant and recessive phenotype. 
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cerned about producing babies 
in test tubes or creating a myth
ical human "super race." This 
may be possible, but what is 
happening now is negative eu
genics, the elimination of un
favorable genes from the hu
man population. Since our so
ciety frowns on involuntary 
sterilization and far-reaching 
government powers, negative 
eugenics seems to be it for now. 
Certain states have put laws on 
the books for compulsory test
ing for sickle-cell anemia and 
Tay-Sachs genetically caused 
disorders in young children. 

If you are found to have a 
genetic disease or are a carrier, 
what can the state make you 
do? Currently geneticists advise 
people against but do not for
bid them from having children. 
There is some speculation that 
even if sterilization were man
datory for certain people, given 
the random nature of genetic 
defects, I ike the recessive 
traits, this would not help. The 
current trend is toward preven
tion; getting people to realize 
the importance of prenatal 
care; getting people to think 
about their vital role in repro
duction. 
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Several years ago, when it 
became apparent to heart spe
cialists that there were limits 
to their ability to repair dis
eased and damaged hearts, 
medical men began thinking 
wistfully of the day when they 
might be able to replace the en
tire organ with a mechanical 
substitute. 

Those researchers who took 
the idea seriously quickly real
ized that before such a device 
could be built limitations of an 
entirely different kind would 
have to be overcome. The prob
lem was that few medical men 
knew much more about me
chanical engineering than the 
average high school graduate. 

How much mechanical stress 
could a red blood cell with
stand? What sort of machine 
could be built to hold up under 
the demands a human heart 
must routinely meet? How, in 
fact, does one go about design
ing a miniaturized pump with 
an enormous capacity to cir
culate fluids? 

These were questions that 
medical scientists had not been 
trained to deal with. 

It still isn't possible for a 
heart patient to order up a me
chanical heart from the hospital 
dispensary, but great strides 
have been made. Scientists 
think they are getting close to 
perfecting a workable model. 

The secret behind the rapid 
progress in the cardiovascular 
research field is the appearance 
of an almost entirely new sort 
of researcher-the biomedical 
engineer. 

Looking back over recent de
velopments in the medical field, 
it is clear that much of the 
credit must go to scientists who 
have a thorough understanding 
of the principles of engineering 
as well as a firm grasp of medi
cal and biological science. 
What is essentially a "mechani
cal kidney"-the hemodialysis 
machine-is now in routine use 
and has undoubtedly saved 
countless lives. Electric pace
makers are commonly implant
ed in the bodies of patients 
with irregular heartbeats in or
der to stabilize and regulate the 
activities of the heart muscle. 

In recognition of the rapidly 
expanding demand for scientists 
with training in both the bio
logical and engineering sci
ences, the University of Min-

nesota Graduate School last 
year created a graduate pro
gram in Biomedical Engineer
ing. Now in its first year of 
operation, the program offers 
an opportunity for students to 
pursue a Ph.D. in biomedical 
engineering or a masters degree 
in any of the engineering fields 
with a minor in biomedical en
gineering . 

Although the program itself 
is new, the University is no 
newcomer to the field of bio
medical engineering. IT faculty 
men and students have been 
working on projects related to 
the medical sciences for years. 
Still, many professors see the 
creation of the graduate pro
gram as an important step that 
the University was right to 
have taken. 

Gerald Timm, an advisor in 
the program and a faculty 
member in both the Neurology 
and Electrical Engineering de
partments, pointed out recently 
that University students have 
always had a wide latitude in 
choosing the courses they 
would take. 

The principal advantage 
Timm sees in the new bio-engi
neering curriculum is that it 
makes the University's role in 
the biomedical engineering 
field more visible to outsiders. 
"We get an awful lot of inquir
ies from outside students that 
want to go into bio-engineer
ing," Timm said. "Now we 
have a department to refer 
them to rather than having to 
send them to individual pro
fessors who have an interest 
in the field." He also believes 
the new curriculum will make 
it easier for bio-engineering re
searchers to secure grants to 
support their work. "'It aids in 
communication," Timm said. 

Another form of communi
cation fostered by the program 
may be even more important. 
Perry Blackshear, ME professor 
and a member of the seven
man faculty committee which 
directs the new program, said 
that the committee itself serves 
as "a mechanism for bringing 
together that we didn't have 
before. The fact that we meet 
regularly keeps us up to date 
so we know what other people 
are doing." Faculty men from 
IT, the College of Medical Sci
ences and the College of Bio
logical Sciences sit on the com-
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mittee. 
"One of the great pitfalls in 

the past was that usually you 
had engineers and biologists 
going their separate ways," 
said committee member Wil
liam Bradley of the Neurology 
department. Even when scien
tists from the two fields worked 
together, Bradley said, "from 
the biology side the major de
fect has always been too much 
engineerification. Frequently 
there is no attention paid to the 
significance of the biological 
problem. The work that is done 
may be of theoretical interest 
to the engineer but in terms of 
practical application it may not 
be of much significance." 

Bradley suggested that such 
problems might be avoided if 
scientists were better trained 
in fields outside their main spe
cialty and then have the oppor
tunity to work with other re-

searchers of similar training. 
"If an engineer is going to work 
in the medical sciences he has 
to be able to grow with the 
field," Bradley said. "Other
wise he'll just become a techni
cian." 

The graduate program m 
biomedical engineering has a 
core curriculum of basic 
courses students are required 
to take outside their under
graduate specialty. For engi
neers, that means an assort
ment of biology courses. For 
the biologists, it means a 
chance to struggle with the 
hard sciences. 

It is expected that the pro
gram will attract more students 
from IT than from the biologi
cal sciences. "The physical sci
entist is usually much more 
willing to learn biology than is 
the biologist-who is a descrip
tive scientist-to learn a quan-

Prof. Theodore Wilson 
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titative science," Bradley said. 
"Particularly the medical guys. 
They normally don't want to 
get into it because they can't 
hack the math." 

Outside of the core curricu
lum, each student will take 
courses which reflect his own 
special interest. He will pre
sent a curriculum proposal to 
the faculty committee through 
a faculty advisor he wishes to 
work with. 

Flexibility will be the key to 
the operation, according to sev
eral members of the , ommit
tee. "I think everyone on the 
committee has definite ideas 
about how it should be run," 
Bradley said. "But we also have 
a basic responsibility to be re
sponsive to the students. I think 
that we have an even balance 
of the medical and engineering 
sciences represented on the 
committee but I don't think we 
reflect fields which haven't yet 
come into being.'' 

Theodore Wilson, acting 
chairman of the committee 
agrees. "You can't anticipate 
all the cross-disciplinary feeds," 
he said. "I don't think you can 
design a program to give full 
breadth." 

Students who enter the pro
gram will find a wide variety 
of research projects already in 
full swing. The Mechanical En
gineering department has at 
least a dozen major projects 
going on related to the biologi
cal sciences. Most of the re
search revolves around Black
shear's work with the fluid me
chanics of blood. 

Already, the studies have 
shown that blood cells can 
withstand much higher levels 
of stress than had been thought. 
"Due to the new found tough
ness of blood," Blackshear said, 
"we discovered we could use 
a centrifugal pump to circulate 
blood." The device uses blood 
as a I ubricant and is capable 
of taking over the function of 
an ailing heart. 

Committee member Richard 
Moore of the Computer and 
Health Sciences department is 
advising several students study
ing the permeability of cell 
membranes, studies which may 
lead to early diagnosis of such 
diseases as leukemia in which 
membrane permeability 
changes. 

In the basement of Diehl 

Hall, Bradley and Timm are 
working on several bio-engi
neering projects related to the 
human nervous system. One 
such project has already paid 
off. The scientists have devel
oped an electrical mechanism 
similar to a heart pacemaker 
which can be used to help pa
tients who are unable to empty 
their bladders due to neural 
problems. 

"It still needs some work," 
Timm said. "but we have made 
some important inroads. It was 
only done as a result of this 
combined effort. It would never 
have taken place without bio
medical engineering." 

One of the first three '>Ill

dents to enroll in the biomedi
cal engineering Ph.D. program. 
Robert Dreher, is working on 
the urology project with Timm. 
Dreher is the first student to 
receive 
through 

a financial grant 
the bio-engineering 

committee. 
Another project Dreher is in

volved in may eventually make 
it possible to easily diagnose 
multiple sclerosis, a disease 
which deteriorates a tissue sur
rounding nerve fibers. Since the 
deterioration causes nerve im
pulses to travel along the nerve 
at a slower than normal speed, 
a device measuring that speed 
would indicate the presence of 
the disease. 

''I'm an electrical engineer," 
Dreher said. "Nerve impulses 
are electrical in nature so it's 
obvious there is a good reason 
for having an electrical engi
neer in this area. The problem 
is you often have an M.D. who 
doesn't understand the instru
mentation or the circuitry 
needed or else you have an en
gineer who doesn't understand 
the medical aspects.'' Dreher 
expects the biomedical engi
neering program to qualify him 
in both fields. 

"Basically," Bradley said, 
"this whole place is a Tower 
of Babel. We're all speaking in 
different tongues. even just 
within the medical school. 
We're all in separate disciplines 
and we can hardly understand 
the other ones. That's why I 
think the bio-engineering pro
gram is a good idea. It's a nec
essary idea." 
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On some campus in the U.S. this 
year a well-intentioned interviewee is 
going to confuse us with the Foremost 
Machine Company or some other FMC. 

We'll understand. 
Having only letters for a name might 

be sophisticated in some circles. 
But sometimes it's just plain hard to 

remember. 
Perhaps we should explain how it 

came about. 
FMC doesn't mean Ford or Foremost 

or anything else but FMC. Way back 
long ago it used to mean Food Ma
chinery Company. And later on, it stood 
for Food Machinery and Chemicals. 

But ten years ago, because of the 
variety of products we were making, 
we shortened our name to just our 
initials. 

Today, we're doing a myriad of 
things in the broad areas of machinery 
and chemicals. FMC cranes and ex
cavators are helping rebuild cities. And 
our sewage processing plants are 
keeping city pollution problems down. 
To help meet the energy crisis, our 
petroleum equipment is a vital factor 
in locating and transporting oil. And 
our food machinery and agricultural 
chemicals make major contributions 
to world food production. 

Most of what we produce is not sold 
directly to the public, so our name is 
seldom visible. Worse, it sometimes 
gets confused. 

So remember: FMC means FMC. If 
that still doesn't do it for you, write us 
at One Illinois Center, 111 East Wacker 
Drive, Chicago, 60601 for a copy of 
our annual report that tells all about 
us. Or see your placement director for 
an interview. We're an equal oppor
tunity employer. 



In the January issue of Es
quire MaRaz.inc, one of the cov
eted "Dubious Achievement 
Awards" went to a Mr. and 
Mrs. Miller Burnette of Liz
ella, Georgia. Last year, the 
elderly newlyweds were forced 
to cancel their honeymoon 
when the 69 year-old bride had 
to be taken to the hospital to 
have the battery in her pace
maker replaced. Prudently, Mr. 
Burnette had gotten a new one 
before the wedding. 

Although the Burnettes were 
inconvenienced by the pace
maker in this situation, both of 
them would probably not be 
alive, much less on their honey
moon, if it were not for the 
small battery-powered pace
maker. 

In the past fifteen years, 
since the development and per
fection of the pacemaker, over 
I 00,000 people have been fitted 
with pacemakers and given a 
second chance at living a nor
mal life. 

Pacemakers are not reserved 
for old newlyweds exclusively. 
Although heart problems are 
more common among the eld
erly, Baby Leroy can have the 
same type of heart malfunction 
as his Grandmother Ada. 

In a normal heart, the heart
beat is regulated by the sino
trial node, a small muscle in 
the upper right chamber of the 
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by Julie Geiger 

heart called the atria. Birth de
fects and diseases can cause the 
sinotrial node to function ab
normally, sending irregular 
nerve signals and causing the 
blood to flow slowly. This is 
commonly known as a heart 
block. 

If the heart block becomes 
serious and cannot be con
trolled with drugs, a pacemaker 
is inserted to restore normal 
beating. 

The pacemaker, which con
tains electrodes, is about as big 
as a cigarette package and can 
be fitted into a muscle pocket 
on the surface of the heart or 
be inserted in the armpit or 
abdomen. 

The electrodes send im
pulses that keep the heart beat
ing, either by sending constant, 
regular impulses or helping the 
heart only when beating be
comes too slow or irregular. If 
the pacemaker is at a fixed rate 
and the body requires more 
than the allotted blood, the 
natural beat will override the 
pacemaker's. 

Once the pacemaker is in 
place. the wearer can often 
look forward to a dramatic 
change of I ifestyle. Beside the 
battery change every year or 
two. a minor operation, the 
person is more or less free to 
do just about anything. 

Shirley Hejal. a pretty, 24-

year-old Rosemont housewife, 
is one of those who now looks 
forward to doing things she 
hasn't thought about for three 
years. She has recently been 
fitted with a pacemaker at Min
neapolis Fairview Hospital. 

Unlike most pacemaker re
cipients, Shirley's heart block
age causes her heart to beat 
abnormally fast. Even with the 
pacemaker. her heart still 
speeds up to the point where 
she begins to black out. Now, 
when she feels one of the at
tacks, she places a magnet over 
her pacemaker to trigger a me
chanism which slows the beat
ing. 

Her last few years have been 
a nightmarish world of hos
pitals. blackouts and fear. The 
pacemaker is her ticket out. 

Although she was born with 
a malfunctioning heart, she was 
not aware of it until she was 
in her twenties. "When l was 
little, my heart would beat 
really fast when I ran, but I 
thought that everyone's did 
that," she said. Then, two and 
a half years ago, Shirley had a 
heart attack immediately after 
giving birth to her first child. 
A year and a half later, at the 
birth of her daughter, the same 
thing happened. She was put 
on heavy drug dosages. She 
didn't like being "doped up" 
and still had blackout prob-

I ems. 
"I couldn't have been living 

a worse life," she said, "I never 
wanted to leave the house. I 
was scared something would 
happen and l wouldn't be able 
to get ahold of anyone," she 
said. Her blackouts continued. 
She remembers them vividly. 
"My whole body would shake 
and I became so numb I 
thought my legs were going to 
fall off." 

When doctors decided to fit 
her with a pacemaker, there 
were a few complications. The 
electrode had a hard time im
planting itself, as Shirley's body 
rejected it. "I guess it had to 
accept me, just like I had to 
accept it," she said. 

Now, both Shirley and her 
doctors are optimistic that the 
pacemaker will be a permanent 
and successful solution to her 
problems. She will be able to 
lead a full and normal life after 
a short recuperation period. 
What are her plans? She wants 
to get back to her children, go 
bowling, go swimming, and 
spend a lot of time with her 
husband. Besides the healing 
"itch" and the octopus-like 
wires that now connect Shirley 
to electrical apparatus at Fair
view Hospital, she has no com
plaints about her pacemaker. 

"It keeps me alive," she said. 
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The second floor architecture 
studio was littered with models 
of cities and models of models 
of cities. Thirty-seven story 
buildings constructed from red 
and blue matchboxes. Sixty-four 
story corrugated cardboard sky
scrapers. Dozens of young men, 
sandwiched between the scraps 
like bees on a honeycomb, 
labored over cluttered drafting 
boards, cutting, sanding, past
ing ... 

The visitor wandered from 
project to project, as if passing 
between cities with each step. 
He shifted his books restlessly 
from hand to hand. His mouth 
hung open. 

An architecture student 
turned angrily back to his 
board, "Jesus. What do they 
think this is, a zoo?" 
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by Bill Johnson 

Architecture by declaration, 
if not definition, deals with the 
problem of satisfying certain of 
society's needs. These needs 
have largely been defined as the 
owner's or builder's needs. Lit
tle consideration is made for the 
users who live or work within 
the setting. Yet these are the 
people who are most affected by 
that architecture. 

According to Roger Clem
ence, an associate professor of 
Architecture, "Architects for a 
long time have been fond of 
saying, 'Our creations have an 
impact on people,' but they 
haven't been very good at de
fining what this impact is." 

Clemence's office is a long, 
but narrow, rectangle. It must 
be all of six feet in width, or it 
feels that way. One wall is cov
ered by a huge mural, a closeup 
of the Moon and star fields. The 
Moon seems to loom over you. 
If its intention was to give the 
room a feeling of spaciousness, 
its real effect is to create a 
claustrophobia. 

"There are social scientists 
who have been saying, 'OK, 
we'd like to look a great deal 
more closely at the impact of 
environment on people' ... " 
Clemence pulls several mimeo
graphed sheets out of his desk. 
One is an article by Christopher 
Alexander, an architect who 
studies noted behavioral scien
tists. Alexander describes peo
ple's needs to interact with one 
another, and proposes commun
ity forms to solve the problems. 

For instance, one of his 
recommendations is for public 
discussion places along side
walks, circular in shape, about 
ten feet in diameter. It is de
signed at partially solving the 
alienation of a city, the lack of 
any "avenues for meeting" or 
"open talk." He suggests that, 
"If a place is clearly designated 
as a talking place, people will 
go there." 

Clemence notes that, "User 
needs can be defined in a lot of 
ways. . There is another ap
proach ... the 'citizen partici-

pation' approach, which got a 
great deal of support during the 
middle sixties .... It suggested 
that if you wanted to change 
communities, you ought not to 
presume that there were a few 
people who know all the an
swers and could benevolently 
come up with the best approach. 
You ought instead to ask the 
residents, the people who live 
there or intend to I ive there." 

This was an advocacy ap
proach. A lot of people who 

had never participated in de
scribing their needs, began to 
tell the power structure what 
they wanted to see. They did it 
through groups like the Detroit 
Pilot City program and Model 
Cities and Community Design 
Centers, staffed by professional 
architects. They could .translate 
the community's ideas into lan
guages and graphic proposals 
that government units like the 
Housing Authoritycould under
stand. 
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CDC 
=-It is a 

com rtable 
environment. 
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Thirty-eight steps straight up 
from East Twenty-Sixth Street, 
in a converted loft that you en
ter from the back, is the Com
munity Design Center (CDC). 
It is a comfortable environment. 
Students sprawl in a carpeted 
lounging area, comparing notes, 
checking accounting records and 
talking quietly. Above, on a 
second level are dozens of er
ratically placed drawing tables. 
A row of transparent light bulbs 
hangs from the rafters. There is 
a smell of stew in the air. 

The studio was founded in 
1968 by professional architects 
who felt a need to do some
thing for the community. They 
offered their services to any or
ganizations that couldn't other
wise afford help. They quickly 
found themselves rehabilitating 
day-care centers and designing 
community meeting places. The 
studio has become a kind of in
terdisciplinary program for Uni
versity architecture students, 
too. They receive credit as well 
as an opportunity to work di
rectly with the community. 

Much of the work done 
through the Center is simple re
design of existing facilities to 
serve new needs. For example, 
Craig Hess is remodeling an 
old convent near South High 
into a boarding house kind-of
facility for a religious group 
which promotescommunityserv
ice programs. 

Craig is the first of a number 
of V 1ST A volunteers who will 
be working with the CDC. 
While at the University, he had 
worked at both the CDC and in 
a professional architect's office. 
When he graduated, he decided 

One of the apostles of advo
cacy architecture is Victor Pap
anek, Dean of the Department 
of Design, California Institute 
of the Arts. His Book, Design 
for the Real World is almost a 
primer on social responsibility 
in design. Papanek's theme is 
that "the skills of the designer 
must be made more accessible 
to all the people. This will mean 
the restructuring of the role of 
the designer into that of a com
munity problem solver. His only 
allegiance will be to the direct 
clients, the actual users of the 
devices, tools, products, and en
vironments that he designs. His 
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to continue his work with the 
Center. 

He says that while he was in 
school, he was taught to thor
oughly analyze a project, but 
that in the professional world, 
they never did. He never even 
had the time to meet with the 
clients in a professional situa
tion. 

But, for Community Design, 
Craig could spend 6 or 7 weeks 
on a project that he would have 
had 2 weeks to complete in 
school. For example, when the 
small town of MacGregor. 
Minnesota, wanted to build a 
medical clinic to attract a doc
tor, they called on the Center. 
Craig had never designed a 
medical center, so he teamed 
up with a CDC architect who 
had. Hess spent many hours 
going over the project with him. 
He had the time to talk with 
doctors at the University, find
ing out what things the doctors 

secondary role will be that of 
facilitating the production or 
redesign of these things." 

Papanek states that his ap
proach is based on the view that 
"there is something basically 
wrong with the whole concept 
of patents and copyrights .... I 
feel that ideas are plentiful and 
cheap, and it is wrong to make 
money off the needs of others." 
His book, however, is copy
righted and all rights are re
served "under International and 
Pan-American Copyright Con
ventions." 

would like to see in a clinic. 
Craig, who is making around 

$21 0/month, isn't sure he'll 
ever want to work in a profes
sional studio again. What he 
would like to do is set up his 
own studio on the same basis 
as his work for CDC. 

At the CDC the environment 
is the thing. So much so that 
Craig Hess had considered 
holding his June wedding there. 
He finally decided, however, 
that that would be a bit much. 
No one is sure whether it is the 
atmosphere of the studio which 
stimulates the people or whether 
the people are the ones who 
make the studio stimulating. 

Stirring the stew at one end 
of the building is Steve Buetow, 
the resident nonstudent. As his 
contribution, he prepares lunch 
for anyone who is there. Steve 
talks softly, de-emphasizing sen
tences in favor of individual 
phrases. 

He is interested in what he 
calls "participatory architec
ture," that is, simplifying build
ing so that people can do the 
construction themselves, or hav
ing the designer available to 
meet the specifications of the 
residents. 

Last year, Steve worked with 
the Twin Cities Institute for 
Talented Youth in planning an 
"Eco-Design camp" through 
the CDC. The project was un
usual-bring together a diverse 
group of kids, supply them with 
some materials and let them 
build their own shelters to live 
in. Given polyetholyne, fabric, 
cargo nets and concrete, the 
groups made teepees, conven
tional structures and "a couple 
of very nice tree houses." Un
fortunately, once the kids had 
built their structures, they 
stopped doing things. This year, 
Buetow is toying with also hav
ing them build a boat. 

Where does CDC go from 
here? Lists of unfilled projects 
are tacked on one wall: 
PROJECT N0.2 
DESCRIPTION: Needs and lo
cational assessment for South
side Girl's Center or Centers. 
This study would involve an 
examination of the programs 
and facilities now available to 
girls in South Minneapolis and 
assessment <~( needs which are 
not heing filled and the de
velopment of proposals appro
priate to meetint whatever llfl

filled needs are found. Bruce 
Larson qf the Model Cities Stc~ff 
will he your contact. Two to 
four students could work on 
this. 
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A brief conversation with 
Dennis Holloway, an associate 
professor of Architecture, over 
the din of several electric type
writers in the middle of the ar
chitecture office. 

Q: l!n his book, Desi!{n For 
The Real World, Victor Papanek 
suggests that design should be 
moving in the direction of de
sign for the people who will ul
timately use the product. Is this 
happening? 

HOLLOWAY: It is going that 
way, but it's going slowly, be
cause right now, the way the 
whole client/architect relation
ship is based. it's not geared to 
user impact. In traditional 
times, the architect would re
spond not as a solver of so
ciety's problems, but society 
would solve it's problems and 
ask the architect to respond to 
the solution that they had in 
mind. People wouldn't even call 
on architects to design their 
houses, they just did it them
selves. It was a natural kind of 
response. The architects were 
usually called in to design tem
ples and the main cultural in
stitutions. buildings. 

Nowadays though. the insti
tutions have broadened to the 
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point where it includes housing 
too. So you've got large num
bers of people being housed in 
something in which they have 
no input. That's the worst thing 
that is happening now. That 
they don't have such control. 

Q: Why don't they? 
HOLLOWAY: It's economics 

of the big system. You know, 
they can't afford to even build 
their own house. They don't 
even know how to. Everything 
is mass produced in factories so 
nobody has access to the infor
mation they need to build 
things. But that's changing now. 

Q: How is U changing? 
HOLLOWAY: For an ex

ample, the Whole Earth move
ment and the things that have 
followed it have begun to edu
cate people, especially the 
young people, about how they 
can get personal access to tools 
and personal access to informa
tion they need in order to build 
something ... Or to learn some
thing. 

Q: What can the Architectl.llre 
school do to encourage this? 

HOLLOWAY: There are two 
possibilities ... [One is] getting 
Architecture students involved 
in community projects. When 

the students are directly in
volved with the community's 
needs, they have to work with 
the people and respond that way 
... such as the Community De
sign Center. And the other pos
sibility that is just starting to 
happen in the school now, and 
we're doing this in the Environ
mental Design Class, is getting 
students involved in actually 
learning how to build. This is 
very unusual in Architecture 
schools. Most Architecture 
schools turn out designers, but 
they very rarely know how to 
put something together until 
they get into an office and start 
to learn about working draw
ings. But even then, the chances 
of them actually building some
thing is very, very rare. 

So, what we're getting at is 
that the architects have to learn 
how to design and construct 
something. We're building a 
house Spring quarter on Uni
versity land. The house is going 
to be a closed energy system ... 
Again, there's no information 
on energy and the search is up 
to them. It's never been done 
before.'' 

Architecture styles change. 
The faster the society changes, 
the faster the architecture 
changes. The rapid succession 
of trends in the design of the 
technological world has been a 
mere reflection of the broader 
changes in society. 

According to Dennis Hollo
way, the next change will be 
drastic. It will be a reversion to 
a time when the architect had 
an intimate relationship with 
the users of his work. To a time 
when architects could make a 
living designing individual 
houses. 

"I think a lot of people will 
insist, in fact, they'll have to, 
build their own houses, that will 
be the only alternative. They'll 
have to modify existing houses. 
If we go through a fuel crisis, 
do you know what that will 
mean for those old buildings? 
Total revision. We'll have to 
rebuild them from the inside 
out, so that the building doesn't 
lose heat as they do now, on 
such a large scale. So architects 
are going to be very busy in the 
near future but they're going to 
be busy on an individual client 
basis." 

As he talked, electric type
writers clacked away in the 
background. The electric clock 
read twelve-twenty. The fluores
cent lights shown twice as 
brightly as necessary. And an 
electric tape recorder memo
rized every word. 

"A lot of architects are refus
ing to look at the energy crisis. 
They think it's something that's 
a myth. It's a pessimism, or 
something. They think it's going 
to be like it has been for the 
past thirty years. But it's not. 
It's going to change." 

Holloway sees hope in the 
young students, whom he feels 
are very much in tune with this. 
He sees it as part of the broader 
movement to crafts, to the in
dividual's pride in his work. 
"Both CDC and what we're 
doing in the environmental 
class are oriented to the stu
dents going out and construct
ing something." What they're 
constructing is a new society. 

Minnesota Technolog 



• 
l 

April1973 

by Jenny Schneider 

"Nothing is permanent. Every
thing is in constant flux and 
change. Through day and night, 
through summer and winter, 
year after year, from birth to 
death, life flows in a timeless 
cycle-life in soil and on the 
ground, in water and air, life 
of man and animal and plant
always in change and transfor
mation, in rise and fall, in 
growth and decline, so that in 
all nature nothing is the same 
at day's end as it was at day's 
beginning." . . . 

-Andreas Femmger m 
Forms of Nature and Life 

Architecture, a profession 
that's often accused of being 
frozen music or perpetual in
ertia, is seeking new ways of 
keeping up with our dynamic 
society. The principles govern
ing past successes haven't kept 
pace with the speed, scale and 
nature of change today. 

Traditionally, architects have 
searched for materials and de
signs that create enduring struc
tures. We've praised and re
vered the timeless monuments 
of Egypt, the temples of the 
classical world and medieval 
cathedrals. 

These are thought of as more 
than mere buildings. They 
stand as great cultural achieve
ments-national symbols of 
excellence. In imitation, many 
buildings are designed as 
monuments. To change-to re
model at all, is expensive and 
difficult. 

Primitive cultures have al
ways recognized the inevitabil
ity of change and built with 
simple natural materials which 
would easily adapt. lf the own
er dies, or the childern leave or 
return, homes can expand, con
tract or be abandoned. The im
permanence of the homes re
flects a constantly changing so
cial structure. Religious build
ings or granaries, performing 
more stable functions, are built 
as permanent structures. Cur
rent architectural forms don't 
mirror society like primitive 
forms do, but an attempt is be-

ing made to change this. 
One way of making contem

porary architecture responsive 
to society is to allow buildings 
to continually meet changing 
demands of society and tech
nology by systematically elimi
nating structures which are no 
longer useful. Architecture 
would then be a physical ex
pression of a dynamic society. 

One of the simplest and most 
available materials which could 
be used for "disposable" archi
tecture is paper. It could be wa
terproofed when needed, and 
combined by bonding or lami
nating with cloth, aluminum 
or plastic. Strength would 
come from the folding and/or 
curving of the paper. 

(Other materials which could 
be used include boron carbide, 
beryllium, titanium, silicon 
carbide, epoxy boron filament 
plastic and "s" glass filaments 
and epoxy [fiberglass] .) 

By using laminations each 
element could be designed to 
do a specific job. It would be 
like plywood or the hull of a 
space craft. Some units could 
give strength or thermal insula
tion and others form acoustical 
barriers. 

Disposable architecture 
would be a little more costly 
than conventional construction. 
But it's assumed that for tem
porary building present materi· 
als are too costly and present 
construction methods too per
manent. The added expense 
can be justified because society, 
in general, expects higher cost 
for things that are more useful. 

Disposable architecture 
could be reversible-allowing 
buildings to be torn down and 
relocated. Structures could be 
built in increments-added to 
or subtracted from as needs 
changed. 

By offering freedom of 
choice, an option not presently 
available, architecture could re
spond to changes and keep up 
with our dynamic society. 

Today's society is buffeted 
by more complex forces than 
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previous ones. William Zuk, 
University of Virginia, and 
Roger H. Clark, North Caro
lina State University, in their 
book Kinetic Architecture, de
scribe these forces as both 
physical and non-physical. The 
physical ones include environ
mental forces and man-made 
ones; those generated by power 
transportation, communication 
and disposal systems. Non
physical pressures deal with in
dividual or collective human 
response to form and include 
social structures, cultural con
cepts and concerns such as eco
nomics and ideologies. At the 
interface between the pressures 
and the new form is technology, 
which can provide ways to 
solve these problems of change. 

There are two different phi
losophies working at the inter
face-stability and change. Ac
cording to Donald A. Schon, in 
his book Technology and 
Change, Western man views 
stability as the only reality. It's 
reflected in enduring institu
tions, stable laws and values 
that strive to hold for all men, 
for all times. However this at
titude suffers as the rate of 
change increases. Changeless 
things change-so slowly that 
one is unaware it occurs. In 
fact, he says, change is the only 
reality and stability is an illu
sion. As pressures increase, 
change becomes a permanent 
part of our society. Therefore, 
if architecture is to accommo
date our society and the prob
lem of change, it must be 
adaptable. 

Currently architecture is op
erating at a single point in 
time, disregarding the future. 
However, as needs change, 
physically sound buildings must 
be torn down or remodeled. 
Another possible approach to 
change is in designing space 
that is flexible enough to meet 
any new demand. But it is dif
ficult to design a building 
which can do this. 

A third approach to archi
tecture was proposed by Zuk. 
He suggested that structures 
should be active-meeting 
changing needs by incorporat
ing the flexibility of deform
able, expandable and mobile 
structures. 

The final approach is to 
move toward a theory of obso
lescence m architecture-de-
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signing for a short life, a truly 
disposable type of architecture. 
This theory of obsolescence 
which Zuk and Clark propose 
would force many changes in 
traditional practices. 

Architecture, as a profession, 
would need to re-examine its 
goals. It must spend time and 
effort considering social, finan
cial. psychological and physical 
implications of architecture to
day and where it will go in the 
future. 

Architects would need closer 
ties to manufacturing and in-

engineering and controlled con
struction methods. A high per
centage of construction would 
shift from the field into manu
facturing plants where fabrica
tion and assembly takes place. 
The biggest on-site labor use 
would be for foundations and 
site preparation. Perhaps dis
posable architecture will lead to 
new businesses like a "used" 
building industry. 

Ideas about property and 
property laws will need to 
change because structures could 
now be located on fixed, revers-

cam us planning 
Building Policy 

On the University of Min
nesota campus, according to 
Hugh Peacock, professor and 
assistant vice president for 
physical planning, the general 
policy is to build for perma
nence. He says campus build
ings are planned to last 40 
years but are usually used 
much longer. Among the long
est lasting buildings are Eddy 
Hall, built in 1886; Pillsbury 
Hall, built in 1889; and Burton 
Hall, built in 1894. 

TSF 
The press for space has oc

casionally forced the University 
to resort to temporary build
ings. Temporary South of Fol
well (TSF) is celebrating its 
25th anniversary this year. It's 
due for razing by summer's end 
to make way for a new book
store, if 12,000 assignable 
square feet can be found for the 

dustrial processes, because they 
would be dealing with a total 
flexible building system, not 
just single structures. 

Research would have to be 
done in many areas including 
psychological effects. construc
tion and engineering fields. The 
warm. emotional feelings that 
natural materials like wood and 
stone create will need to be 
recognized. Perhaps some walls 
can be veneered with these 
materials. 

The new architecture would 
make hand-crafting obsolete. It 
would require sophistication in 

present occupants. Put up to 
handle a space overload, TSF 
has lived well past its expected 
use. 

Though fulfilling its purpose, 
this poorly designed building 
has built-in problems. Accord
ing to Warren Soderberg, di
rector of physical plant main
tenance and operations, the 
1971-72 figures show the day
to-day cost of temporaries is 
$1.27 per gross square foot. 
This is slightly lower than for 
permanent buildings at $1.29 
per gross square foot. (Gross 
square feet includes the total 
area within the ouside walls.) 
However, Soderberg says tem
poraries are competing with 
more complicated buildings 
like the Health and Space Sci
ence buildings. 

Present campus temporaries 
have high long-term costs be
cause of extra maintenance and 
heating loss. 

ible or mobile sites. 
The attitude that design must 

use top quality. long-lasting 
materials is questioned by Zuk 
and Clark. They argue for ac
ceptance of buildings in which 
initial forms for a situation 
wouidn't have to be permanent: 
because no one can predict 
magnitude or interval of 
change. By using disposable 
architecture a city can meet to
day's needs quickly and 
economically. Buildings can be 
moved or allowed to die grace
fully. 

Until now it wasn't consid-

ered necessary to question the 
basic concept of a building
its definition, uses. form or 
changes that could occur within 
ten years. However. adaptive 
qualities are strategies which 
can be used to attack building 
obsolescence. Presently this is 
important because building ma
terials used rarely wear out. 
And there are times when 
buildings are too expensive to 
maintain or require extensive 
remodeling. 

Technology can give better 
tools for combating this malady 
by providing new solutions to 
old problems or by solving 
problems never encountered. 
Zuk and Clark say there must 
also be ways of recognizing 
changes in society's desires and 
expectations of architectural 
forms. 

By coupling technology with 
America's attitude toward de
signed objects, Zuk and Clark 
say disposable architecture can 
be workable. The general atti
tude of Americans shows I ittle 
attachment toward specific ob
jects. The public seems to enjoy 
an object for a short time. l t 
thrills at acquisition of goods. 
accepts them during usage and 
eagerly discards them. 

In addition, many manufac
tured objects are deemed obso
lete long before wearing out. 
Besides accepting an attitude 
that it's less expensive and eas
ier to replace than to repair 
goods, the public reaches for 
new goods. Perhaps fulfilling 
neurotic needs of responding 
to advertisers and manufactur
ers creates a desire for the new. 
Considering television alone, 
Americans have wanted larger 
screens, color and miniaturiza
tion. This desire has caused 
Americans to throw away 
books, toys. furniture and 
clothing long before their value 
is exhausted. 

By finding a place for dis
posable architecture, the pro
fession can move from inertia 
to action. Architects will be 
able to keep up with our so
ciety. Our age is one of dy
namics, unrest, revolution, 
rapid transportation and com
munication, high-speed com
puters and a knowledge explo
sion. This mirrored mobility 
and rapid technological change 
should have a way to be re
flected in architecture. 
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Controlled climate? Uncon
trolled education? Moveable 
homes'? Shopping by phone? 

These are just a few of the 
ideas for a project being dis
cussed in Bloomington, Min
nesota. Its purpose? To dis
cover progressive concepts in 
living which are not presently 
observed in existing communi
ties. How? By providing homes 
for 250,000 people in a newly 
constructed city where no other 
has stood before. Sound far
out? Perhaps, but the M inne
sota Experimental City (MXC) 
may be just around the corner. 

MXC, proposed in 1964 by 
Athelstan Spilhaus, former 
dean of the University of Min
nesota's Institute of Technol
ogy, originated as a means of 
studying pollution on a full
scale basis. Two years later, 
Otto Silha, executive vice presi
dent and publisher of the Min
neapolis Star and Tribune, 
Walter K. Vivrett, University 
of Minnesota professor of ar
chitecture, and Spilhaus formed 
the National Steering Commis
sion to develop an overall di
rection for the project. In 1971, 
11 members were appointed to 
the Minnesota Experimental 
City Authority (MXCA) by 
Gov. Anderson to select a site 
where MXC could be con
structed. 

According to James Alcott, 
executive director of the proj
ect, the goals of the MXC have 
expanded beyond the problems 
of pollution and now include 
social problems. 

Alcott said that a major so
cial goal will be to create an 
alternative to -traditions that 
will be less structured. The 
learning process will involve 
the entire environment and not 
just specific buildings, at a spe
cific time when children reach 
a specific age. 
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by Lisabeth Weiner 

Alcott said that the MXC 
will also allow an alternate pat
tern in population growth. 
"Presently the rural areas are 
being drained while the metro
politan areas are being over
crowded. The experimental city 
will provide a third dimension 
in living. Within 30 years, Min
nesota's population will grow 
by l million and hopefully that 
will be the basis for populating 
the experimental city. Those 
people plus people from other 
states and countries will help 
reach the ultimate goal of 
250,000," Alcott said. 

Alcott points out that the 
MXC will also create more job 
opportunities for people who 
live in Minnesota. During the 
last decade, 500,000 people left 
because of a Jack of jobs. The 
MXC will provide additional 
employment as well as an in
centive for moving there. 

The site selected by the 
MXCA is 11 square miles in 
Aitkin and Cass counties. One 
of the reasons for this recom
mendation is that nearly 70 
percent of the area is in public 
ownership either by the coun
ties or the state. Also, growth 
patterns are more flexible in 
this area which would permit 
easier populating of the new 
city. Furthermore, transporta
tion in Aitkin can be made to 
accommodate the new residents 
by increasing nearby highway 
169 to four or six lanes. 

What about the people who 
presently live in the Aitkin 
County area? How do they feel 
about the MXC? There actually 
seems to be a mixture of feel
ings. Alcott said that negative 
feedback is due "to a fear of 
change. People hear the word 
'city' and immediately they are 
turned off. 'City' means wall
to-wall concrete to them. I've 
given speeches and sometimes 

people living in the small towns 
react favorably. But mostly 
they come with their minds 
made up and they are hard to 
change," he said. 

Some Aitkin residents have 
already expressed their senti
ments toward the M XC. George 
Trepanier of Swatara, which 
lies within the proposed area 
said, "All our young people 
grow up and go to the city to 
get work. There's nothing for 
them to do here. A new city 
would change that and help 
poverty." 

But his brother Harvey sees 
things in a different light. "It 
scares the hell out of me." His 
wife added, "right now we can 
go to bed and leave our doors 
open ... we couldn't do that 
anywhere else, certainly not in 
a city." 

A few other Swatara resi
dents and five residents of an
other nearby town staged an 
anti-MXC demonstration at the 
group's Bloomington office. It 
was small but the papers picked 
it up. They never printed, how
ever, that 43 Swatara residents 
signed a petition which favored 
building the MXC in that coun
ty. 

There are people living in 
the city who have also ex
pressed some negative feelings 
toward the MXC. "However," 
according to Alcott, "their rea
sons are completely different. 
The city people want the mon
ey being spent to develop MXC 
to be used in the Twin Cities. 
This isn't an either/or situa
tion. Money will be used for 
both places. The Twin Cities 
won't suffer because of a lack 
of funds." 

The Authority is still con
tending with ideas as to how 
the MXC can be made to work 
with minimum errors and using 
its resources to the greatest ad-

vantage. One method 'discussed 
was the use of an enclosure for 
environmental control, similar 
to the one used in Munich, 
Germany for the Olympic 
Games. People living there will 
not be required to spend un
comfortable hours commuting 
to work. Instead, residential 
areas will be built adjacent to 
business zones and efficient 
public transportation systems 
will be designed as part of the 
city. Waste management and 
pollution control will be ac
complished by recycling almost 
all waste products while elec
tricity might be produced by a 
pollution-free power plant. The 
city will experiment with new 
communication networks and 
it will require no external wa
ter sources. 

An obstacle confronting the 
MXCA is cost. In a report 
given in June, 1969, by Viv
rett, he stated that it is not 
known what the cost of the fi
nal project will be. However, 
he thought construction costs 
might average $1 billion a year 
for 10 years with returns not 
being realized for another 15 
years. V ivrett said he hoped 
that private corporations would 
make donations, but that the 
traditional sources of funds, 
such as the government and in
dustry, will have to be tapped if 
sufficient capital is to be raised. 

Alcott is aware of the extent 
of these costs. At the same time 
he sees the MXC as a "viable 
economic entity." "Just as the 
new towns that spring up are 
private investments the same 
theory can apply to this. Money 
can be borrowed, chains of in
vestment can be established, 
and government aid are all re
sources available. This project 
should depend on a variety of 
sources," he said. 

Who will own it? How will 
it be governed? Will there be 
enough people willing to try it? 
Presently, the MXC is still in 
the first phase, which involves 
the initial design and approval 
of the Aitkin site. Once these 
become more definite, execu
tion of the plans will begin 
under the supervision of a 
managerial system to be ap
pointed later. 

Construction, which should 
begin no later than 1976, is the 
next step in making MXC a 
reality. 
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i.t. l 
by Michael Chase 

ould it really be happening? Is 
it a dream come true? Yes, ac
cording to the College Place
ment Council's Second Salary 

Survey Report for 1972-73, college re
cruiting appears to be reverting to the 
pattern of the more active periods of 
the late 1960's. In the report Men's 
Salary Survey, which the I. T. Place
ment Office received March 5, 1973 
from the College Placement Council, 
several indicators are cited supporting 
this position. 

First of all, technical disciplines are 
experiencing greater increases than 
non-technical disciplines in numbers 
of job offers. One year ago, the total 
offers received by a representative 
group of colleges read as follows: 
2,055 for non-technical students, while 
technical students received 1,767. To
day, the current report indicates 3,223 
offers for technical students versus 
2,339 for offers for non-technical. 

Secondly, the upward movement 
of the average dollar value of offers 
to students is slightly higher. On the 
average, dollar value levels may in
crease over 40%, depending on loca
tions and disciplines. 

At the bachelor's degree level this 
rapid upturn in activity is especially 
notable. Although accounting, a non
technical discipline, leads all offers 
with I ,364, technical majors follow 
quickly with mechanical engineering 
having I ,000, and electrical engineer
ing, 946. A year ago the situation was 
as follows: accounting, I, 122, electri
cal engineering, 541, and mechanical 
engineering, 524. 

Below, one will find a capsulized 
progress report on some of the major 
technical disciplines. 
Chemical engineering Chemical engi
neers lead all engineering disciplines 
with a bachelor's dollar average of 
$954 per month. The top-paying and 
hiring industries were the drug and 
chemical companies and petroleum 
and related products. The least profit
able work area is merchandising and 

April1973 

related services. 
Electrical engineering Electrical engi
neers hold the second place spot for 
dollar averages with $918 per month. 
Highest salaries were found in the re
search and consulting fields, electron
ics and instruments, or in chemicals, 
drugs and related products. Again, 
banking and finance offers were the 
lowest. 
Metahugical engineering Metallurgi
cal engineers were third in the techni
cal field from the aspect of top dollar 
averages with a salary of $91 7 per 
month. The prime income areas for 
metallurgical engineers were in elec
trical machinery and equipment or re
search and consulting firms. 
Mechanical engineering Mechanical 
engineers come in fourth in the aver
age salary classification. The top bach
elor's dollar average was $916 per 
month. The best opportunities for me
chanical engineers lie in glass, paper, 
packaging industries, petroleum and 
allied products, and chemicals and al
lied products. Less promising fields in
clude banking and finance, aerospace 
and components, and research and 
consulting. 
Computer science Although data is 
sketchy, it appears that CICS majors 
will find average bachelor's salaries of 
about $864 per month. The best areas 
here are public utilities and electrical 
machinery and equipment. Lesser dol
lar averages will be found in banking 
and finance or aerospace and com
ponents. 
Industrial engineering The average 
bachelor's starting salary will be 
around $886 per month. Most indus
trial engineers will find economic suc
cess easy to come by in chemicals and 
drugs or in electrical machninery and 
equipment. The least profit areas for 
I.E.'s are in the petroleum industries, 
marketing and research. 
Aeronautical engineering Average 
starting salary for aeronautical engi-

1 
neers is $897 per month. Naturally, 
this top dollar will be paid in the aero-

space and components industry, al
though automotive design opportuni
ties also exist. The market for aeros is 
very limited at the current time. 
Civil engineering Civil engineers' 
starting salaries will average about 
$902 per month for a bachelor's de
gree. Top areas for C.E.'s are building 
and construction, petroleum products 
and metals industries. Banking and 
merchandising seem to offer less 
money in their fields. 

In general, considering aJJ disci
plines, two major industries decreased 
their job offers. The petroleum in
dustry, which was very active a year 
ago, has now cut back offers 32%. 
Likewise, food and beverage process
ing is down 17%. All other categories 
saw increases in the number of job of
fers this year ~>Ver last year. 

Local situation 
Although the above-mentioned sta

tistics pertain to national averages, 
they also hold true for local employ
ment opportunities according to Nor
man Ceaglske, Director of the I.T. 
Placement Office. 

In an interview with Dr. Ceaglske, 
he stressed that employment levels 
still have not risen to those of the mid
dle sixties, therefore students should 
investigate "everything they can get 
their hands on" in attempting to secure 
employment. Other suggestions which 
everyone should consider include 
checking the "Help Wanted" section 
of newspapers, looking over the bul
letin boards of college offices, check
ing the I. T. Placement Bulletin Board, 
and talking with employment agencies 
if necessary. He also pointed out that 
numerous companies need engineers 
on the spur of the moment so it would 
be advisable to check with the Place
ment office at least once a week. In 
conclusion, he noted that although the 
situation is better than last year, stu
dents will still have to work to get an 
acceptable offer. The days of five or 
ten offers per graduate are in the past 
and possibly, the future. 
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top a minute. When did you last 
take a break from the turmoil of 
problem sets, exams, quizzes 
and grade curves to think about 

yourself? About I. T.? About other 
students embarking on careers as tech
nologists, designers and decision mak
ers? It's probably been a while if 
ever. So pause a moment, remove the 
blinders, step back, and look objec
tively with me at yourselves and l.T. 

I'm a counselor at the Student Coun
seling Bureau. Three years ago 1 was 
assigned to the counseling office in 1 04 
Main Engineering. My knowledge of 
I.T. students was limited to my per
sonal stereotypes and to group statis
tics about l. T. students' abilities, in
terests and personality characteristics. 
During my three years here I've lis
tened to many students talking about 
their experiences, aspirations, joys 
and frustrations. Those individuals 
have demolished my stereotypes, ex
panded my knowledge and stimulated 
my curiosity. 

Curiosity led to research. About a 
year ago, I mailed questionnaires to 
randomly selected l.T. students. Their 
written accounts joined with my pre
vious background of psychological 
data and my impressions from coun
seling interviews with I.T. students to 
form my present knowledge of I.T. stu
dents. Although still a learner, I be
lieve my understanding is organized 
and integrated enough for it to be 
shared with you, the individuals who 
have taught me. 

In the paragraphs following l 'II con
sider first how psychological data por
tray the average or typical I. T. stu
dent and then discuss the diversities, 
patterns and communalities I feel exist 
among I. T. students. 

The high school achievement record 
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by Sandra Davis 

of the typical LT. student (as measured 
by high school rank) is higher than that 
of typical students of all other colleges 
in the University of Minnesota. Pre
dictably, the ACT test scores show the 
typical I. T. student has achieved bet
ter in Math and Science than in Eng
lish and Social Science, but that com
paratively lower English achievement 
score still matches the CLA average. 
Although group statistics portray the 
average entering l. T. student as a high 
achiever, they hide the wide range of 
high school achievement backgrounds 
of entering I.T. students in general. 

The typical I. T. student's profile 
on the interest test administered during 
freshman orientation (not completed 
by 1973 freshmen) describes him/her 
as having interests most similar to peo
ple employed in scientific or technical 
occupations--engineer, architect, sci
entist, or computer programmer. His 
interests are also similar to those of 
persons engaged in semi-skilled, non
professional occupations (farmer, 
printer, policeman), reflecting a prac
tical, problem-solving approach to life, 
an enjoyment of mechanical things 
and possibly an enjoyment of physical 
activities. 

The typical entering l.T. student's 
interests are least similar to those of 
individuals in social service (social 
worker, minister, artistic and verbal
persuasive occupations such as lawyer 
and salesman). Thus, the typical LT. 
student dislikes or perhaps even de
tests studying humanities, social sci
ences or the arts. At the time an indi
vidual enters I.T., he/she is described 
in psychological jargon as thing-orient
ed rather than people-oriented. 

Individuality and diversity are ob
scured and obliterated by the typical 
profile on the interest test. Although 

most LT. graduates do share technical 
and scientific interests, their other in
terests run the gamut from nature, ag
riculture, and sports to business, politi
cal science, social science, humanities, 
music and art. 

The pattern of scores from a person
ality test (also given in orientation) de
picts the typical I.T. student as uncom
fortable in social situations, as bypass
ing leadership roles and as conforming 
to rules rather than being questioning 
and rebellious. 

Those group statistics and profiles 
characterized l.T. students for me 
three years ago. I viewed LT. students 
as bright, hard to talk to, narrow
minded, logical rather than emotional 
and hard-working. I think that stereo
type (supported by group statistics) is 
common to people outside of science 
and technology. LT. students are ex
pected to fit the stereotype, much like 
LT. students may expect CLA students 
to fit the stereotype of the unmoti
vated, illogical, emotional dum-dum. 
It's sad that stereotypes can be used to 
shield people from getting to know 
other individuals with differing values, 
opinions and ideas. 

As you can see, my original stereo
type was built on statistical facts. As I 
came in contact with l. T. students and 
learned more through my research, I 
began to formulate a broader, more 
complex picture of the "typical" l. T. 
student. Rather than thinking in terms 
of a single "typical" student, I think 
now in terms of types of students. I'd 
like to share with you my conceptions 
of six types of students and their ex
periences in I.T. I don't mean to imply 
that all I.T. students fit readily into 
one of six types, or that anyone who 
studied I. T. long enough would defi
nitely discover six types of students, 
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but I do mean to say that my knowl
edge is best organized by grouping I. T. 
student experiences into six common 
patterns. 

scared to death of failing and nearly 
did my first quarter . . . but things 
gradually got better although the first 
three years were discouraging, lonely 
and extremely frustrating." She man-

1 aged to persevere with the encourage
ment of two other I.T. coeds and the 
tutoring she received from a high 

The first student type includes indi
viduals who graduate and encounter 
few problems during their I.T. careers. 
Typically, they have happy recollec
tions of their four or five years as I. T. 
students. 

Mark's and Roberta's interests in 
Physics, Chemistry, and Math were in
spired and furthered by high school 
classes and teachers. Friends, already 
in I.T., as well as high school teachers, 
built up I. T. as a technically-oriented 
school with a fine reputation. Thus, 
both students felt I. T. was the best 
choice for them, especially since it was 
close to home and economical. 

Mark and Roberta admitted feeling 
uneasy as entering freshmen, but soon 
learned to handle the academic work. 
Mark reported he viewed "the whole 
thing as an ominous, almost insur
mountable block . . . just snowed un
der with material to be covered. But I 
learned to cope ... " Roberta agreed, 
"l was apprehensive at first, but after 
my first chemistry test I knew I could 
do it." 

After this initial acclimatization 
phase both Mark and Roberta estab
lished friendships with other l. T. stu
dents and described their fellow class
mates as "helpful, down-to-earth, and 
friendly." Mark added, "Certainly this 
is not the picture of the usual l.T. stu
dent, but I think that picture is false 
anyway." Both of these students re
ported they changed from emphasiz
ing good grades to being concerned 
with learning while enrolled in LT. 
They are currently in graduate school. 

2 
The second type of I.T. student also 

includes individuals who graduate 
from 1. T., but in contrast to the first 
type, they recall many difficulties and 
problems during their careers as I. T. 
students. Looking back, they often la
ment not taking more CLA courses. 

In eighth grade Mary Ann decided 
to be an electrical engineer. Facinated 
by the "why" and "how" of things and 
encouraged by her father and older 
brothers, she entered LT., but not 
without apprehensions. . . ." 1 was 
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school principal. 
For Mary Ann, being one of the few 

women among so many men was dif
ficult. . . . "Usually 1 was the only 
woman in my classes. When I did go 
to instructors for help 1 found them in
quisitive and helpful. In class, they 
found my presence humorous, awk
ward and challenging. The fellows 
stayed away from me the first year. 
I was basically stared at or ignored." 
However, she felt the men were more 
accepting of her after the first year. 
She attributed the acceptance to her 
having proved to the men that she 
could handle the work and to the male 
students' being more confident of their 
own abilities and less threatened by 
her. From the second year on, she 
found "the guys friendly and fun to be 
with." 

Finances were a continual problem, 
but Mary Ann finally completed her 
engineering degree and found a good 
job. Now she wishes she'd had more 
time for CLA courses (humanities, the 
arts, sociology), areas she "awakened" 
to while in school. She believes all stu
dents should be exposed to broad areas 
of knowledge and students with differ
ing viewpoints. 

3 
The third student type includes in

dividuals who drop out of I.T. These 
students succeeded academically, but 
grew to dislike LT., and found their 
interests developing more rapidly in 
areas outside of science and technol
ogy. 

As a grade school student Scott en
joyed numbers and experimenting with 
chemistry sets and magnets. Those in
terests continued to grow in high 
school (along with interests in English 
and History), but Scott's favorite high 
school class--Chemistry-was a cata
lyst for his selection of a major. He 
entered I.T. feeling "scared, but mostly 
confident." 

He was discouraged at the end of his 
first year. Rather than the interesting 
math classes he was used to, he found 
the course work boring, the students 
dull, the atmosphere stifling and his 

schedule too rigid to take other courses 
and do other things he enjoyed. So he 
left and is now in the midst of a suc
cessful law school career. 

4 
The fourth student type, like the 

third, includes individuals who drop_ 
out of I.T. with successful academic 
records. In contrast to the third type, 
these students do not have broad in
terests before they enter, but rather 
develop them after they've discovered 
entering I. T. was a mistake for them. 

Tony thoroughly enjoyed the ac
celerated math and science courses 
he'd had in high school. He chose l.T. 
because of its reputation and its being 
close to his home. Satisfied by his per
formance his first year, Tony felt the 
courses were interesting and the pro
fessors competent and excellent. "I 
did find, however, that I did not fit 
into the I.T. student body very well
my friendships were made outside of 
it." 

A "lousy" math teacher his second 
year precipitated a change, "I discov
ered that my interest in math was 
mainly a product of natural facility and 
a series of excellent teachers and I was 
not cut out for a steady diet of math 
and science. Nor did I look forward to 
spending the rest of my life working 
with people with whom I had no com
mon interests outside of the field it
self." 

Tony transferred to CLA, spent a 
year shopping around, settled on Rus

. sian History, and is now finishing a 
Ph.D. 

5 
Starting with the first day of the first 

quarter, some st\).dents have difficulty 
earning good grades. The fifth type of 
student struggles to get better grades 
but finally gives up. 

Beginning in junior high, Phil found 
math and science came easier than 
other subjects. I.T. seemed a natural 
choice-job opportunities were good 
and l.T. offered the best classes in 
math and science. But Phil reported he 
disliked the large classes, the attitudes 
he felt some professors seemed to have, 
and the feeling "that you are just lost 
among so many students ... plus the 
fact I had no definite goals in mind all 
resulted in a rather poor academic sta
tus for me." 

Phil held a job while he was in 
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school and couldn't find time to study, 
work and have a social life too. He 
quit, worked full-time for a quarter 
and returned to I. T. for another try. 
He encountered the same difficulties 
again, dropped out and enlisted in the 
Air Force. His experience in I. T .. has 
soured him on math and science, al
though he wants to return to school 
after his discharge from the Air Force. 

6 
The sixth type of student also with

draws with unsatisfactory grades, but 
this individual fails because he/she 
wasn't motivated to try, or for some 
reason never made an effort. 

Ron enjoyed a challenge and agreed 
with his high school counselor and 
teachers that I. T. was his best choice. 
He thought he had the ability to meet 
the challenge I. T. offered, but soon 
"found out that the card games, ping 
pong games and anything not asso
ciated with school were my major in
terests. When I realized it, it was too 
late and I was requested to drop." 

Now in the Navy and still uncertain 
of his goals, Ron is contemplating a 
return to school in the future. 

As you read the sketches, you prob
ably picked one student with whom 
you could identify. Will the end result 
be the same for you? 

I don't believe many students fit the 
first type of student I described who 
breezes through I. T. with few if any 
problems. At some point in their aca
demic lives, most LT. students face 
obstacles to their continuing in I. T. 
The obstacles include the handicap of 
of a poor high school background; 
poor study habits; difficulty finding 
someone who will help with course
work; finances; having difficulty meet
ing people; mediocre or poor grades; 
being unsure of where interests and 
abilities lie; not having enough infor
mation about occupations; being un
certain of goals; frustrations with the 
amount of time and hard work I. T. re-
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quires; finding the time to take other 
courses outside the major; an instruc
tor who is difficult to understand; or 
adjusting to the I. T. environment in 
general. 

A staggering list. How do you get 
past the obstacles if you really want a 
technical education, or better yet, how 
do you discover what field or occupa
tion would best satisfy you? 

LT. has changed in the last few 
years, and it's now easier than it used 
to be to overcome the barriers. The tu
toring program does a good job of pro
viding the help needed in doing course
work. The dorm houses provide a so
cial group and people to work prob
lems with, although many students feel 
the segregation or "sheltering" of I. T. 
students is undesirable. 

The curriculum allows more flexi
bility. CLA courses are more easily 
worked in and you don't have to 
graduate in the magic four years. The 
new booklet on combination programs 
in I. T. delineates the options that have 
always been possible if your interests 
are broader than one type of engineer
ing or science. The possibilities are 
limited only by your imagination. 

Being unsure of one's goals seems to 
be a liability, according to most I. T. 
students. I. T. requires perseverance, 
hard work, hours of studying and de
termination, and it's difficult to do that 
when you don't know where it's lead
ing. It's best for some to leave for a 
quarter rather than staying and just 
getting by. I also feel that I. T. 
needs more occupational information 
courses, seminars with seniors and 
graduates, so you have a better chance 
to see what's on the other side. The 
Occupational Information Library in 
Eddy Hall is an excellent resource. 

Many students also wish I.T. were 
more human and personal, or socially 
aware. Some students find it is, while 
others encounter "crushing indiffer
ence" from faculty and students and 
feel I. T. is shut off from the real world. 
I don't know the answer or the solu
tion. Maybe you have some ideas. 

Finally, I'd like to put in a plug for 
counseling. Two counselors are avail
able in Main Engineering 104. You 
may want to explore your interests, 
abilities and values to discover what 
field is best for you (leaving I. T. may 
be the answer), or you may need help 
with personal difficulties, or you 
sometimes may just need someone to 
listen to what's bugging you. Stop in 
some time. 



May 1942. Hubert Rogers, who painted most 
of the covers on Astoundinfi just before and 
just after the war, illustrated "Asylum," a 
famous story by A. E. van V ogt. 

(continued from page 8) 
office attraction in the category. The 
War of the Worlds (1953) and Forbid
den Planet (1956) were perhaps the 
best science fiction films made during 
the decade. Certainly these constituted 
the first steps in developing the sci
ence fiction film in America, but how 
can anybody excuse the things Holly
wood made in the late fifties? Monster 
Go-Go (1958), for example, is so bad 
that it is not even unintentionally 
funny. 

Campbell's influence had declined 
with the expansion of the market in 
the 1950s. But based on Campbell's 
criteria of good writing and characteri
zation, a new emphasis on literary style 
arose, particularly in the works of 
Ray Bradbury and Theodore Sturgeon. 
The quest for excellence that caused 
these writers to create jewels of prose 
also caused Heinlein and Asimov to re
write their "Future History" and 
"Foundation" stories from the As
tounding of the forties. Heinlein also 
pioneered, along with Andre Norton, 
the good juvenile science fiction novel 
during the 1950s. Finally, authors like 
Sturgeon and Philip Jose Farmer intro
duced sex, maturely and for the first 
time, into non-pornographic science 
fiction. 

These were many of the innovations 
of the fifties; but they were often ob
scured by the mass of shoddy fiction 
printed during the publishing boom. 

In 1960, John Campbell changed 
the name of his magazine to Analog 
Science Fiction-Science Fact. This 
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LAWRENCE 

O'DONNELL 

May 1947. After World War II, hundreds of stories were written about atomic 
warfare. One of the best was Fury, by Henry Kuttner and C. L. Moore (under 
the pen name of Lawrence O'Donnel). Cover painting was by Hubert Rogers. 
Note how the word Astounding had been reduced in size. 

change of title signalled the total 
change that science fiction would un
dergo during the 1960s. During the 
SIXties, science fiction periodicals 
(which had been all important at one 
time) began to face real competition 
from paperback anthologies and nov
els. As the general magazine market 
began to decline due to the failure of 
magazines like The Saturday Evening 
Post, all small circulation magazines 
(with less than 300,000 copies sold) 
began to feel the pressure. Even before 
the Post failed, the magazine market 
was grim. In 1963, there were only 
nine speculative fiction magazines. 

The editor who now dominated the 
magazines was Frederik Pohl, who in 
1961 became editor of Galaxy and its 

companion u: Under Pohl, If was to 
become the most exciting magazine of 
the mid-sixties. These magazines were 
generally the best through the decade, 
but when they were sold in 1969 (and 
Eljar J akobssen became the editor) 
they rapidly declined in quality. 

ln the meantime, Analog became 
entertaining but predictable. After 
1965, when Campbell had to reduce 
the size of his magazine from an ex
perimental large format, Analog's fic
tion began to decline. l ts circulation 
continued to climb, but Campbell had 
turned his attention from fiction to his 
editorials. 

Fantasy and Science Fiction was al
ways entertaining, sometimes brilliant, 
during the 1960s. It began to rival If 
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August 1942. "Waldo" was the last story 
Robert A. Heinlein wrote before the war and 
it appeared under Heinlein's most famous 
pen-name, "Anson MacDonald." The illus
tration was by Hubert Rogers. 

late in the decade. 
Amazing and its companion Fan

tastic were often entertaining in the 
first part of the decade, but lost cir
culation during these years. In 1965 
they were sold, and they began to fea
ture mostly reprints from the worst 
years of Amazing. when Ted White 
became editor of the two in 1969, he 
rapidly revived them. 

Paperbacks, which had first become 
part of the market in the fifties, began 
to dominate the field in the sixties. In 
1962, Ace Brooks began to republish 
many of the novels of Edgar Rice Bur
roughs. Most of his books were com
pletely in the public domain because 
the Burroughs family had neglected to 
maintain the copyright. When these 
paperbacks became million-sellers, 
the publishing world woke up to the 
fact that science fiction could bring 
in big money. Coupled with the great 
economic boom of the 1960s, a new 
science fiction boom was under way. 
Even the circulations of the surviving 
magazines began to climb once more 
during the mid-decade. But the most 
important outcome of this boom was 
the expansion of the market for never
before-published science fiction nov
els. 

Probably the greatest writing talent 
to appear in the speculative fiction 
field, Samual R. Delany, began his 
career by writing for the paperback 
market. His first novels were sold to 
Ace Books, edited by Donald A. Woll-
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December 1950. Funtu.1v and Science Fic
tion was the most literar:y of the speculative 
fiction magazines in the 1950s. This issue 
featured a cover painting by astronomical 
painter Chesley Bonestell. 

heim, and made up a trilogy called The 
Fall of the Towers (1963-65). But he 
achieved fame with Bahel-17 ( 1966) 
and The Einstein Intersection ( 1967) 
two books which combine myths and 
the modern novel into an impressive 
compound. His most recent novel 
Nova ( 1968), takes a "super-science" 
plot that was last fresh in 1931 and 
turns it into an important contribution 
to American literature. Delany is cur
rently working on a series of seven 
novels, and will not have them pub
lished until he finishes the whole ser
ies. 

Delany is unique. Since he is a 
young man (born in 1942), there is no 
telling where he will go. He is not yet 
as influential as he will one day be. 

While the 1960s had no unifying 
force like that of Campbell in the for
ties-and the field is now so large that 
it doubtless will never have that sort 
of unification again-there was still a 
dominant trend among science fiction 
writers of the sixties. They were-and 
still are-preoccupied with creating 
universes. The Heinlein method was 
used, but van Vogt's suggestion that 
basic human nature would drastically 
change in the future came into ac
ceptance as well. Paul M. A. Line
barger, who wrote science fiction un
der the name "Cordwainer Smith" was 
perhaps the first man to create a whole 
history on the universal scale. Asimov 
had tried to do this in his Foundation 

series; but Linebarger's was far more 
subtle and complex. His stories 
spanned the next 15,000 years, and 
in their quiet, frightening way are 
some of the most important science 
fiction of the 1960s. Linebarger, who 
died in 1966, has several anthologies 
in print, including You Will Never Be 
the Same ( 197 I) and Space Lords 
( 1965). 

The most influential novel published 
in Analog in the 1960s was Dune 
( 1964-65), by Frank Herbert. Dune is 
a novel about a whole culture, brought 
into being when the book's hero, Paul 
Atreides, becomes a religious figure 
who changes the course of history. 
Dune is a big book, and it pointed the 
way toward longer science fiction 
novels. 

John Brunner began to explore the 
novel in a manner unlike any other 
speculative fiction writer during the 
late sixties. His Stand on Zanzibar 
(I 968) is a jagged series of glimpses 
into a sick and problem-ridden future. 
In a style reminiscent of John Dos 
Passos, Brunner has continued to ex
plore the novel-form just as the writ
ers for Astounding had explored it 
in the early 1940s. But beside the As
tounding novels, Brunner's work is 
gut-wrenching and disturbing. His pur-
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pose is currently to warn the public of 
the sick futures we may be creating by 
polluting and by following current gov
ernmental policies today. 

The blockbuster of the original an
thologies that appeared in the sixties 
was Dangerous Visions (1967). Edited 
by Harlan Ellison, the purpose of the 
anthology was to present adult science 
fiction that contained no "taboos," sex
ual or otherwise. The stories in Dan
gerous Visions were almost all power
ful horror stories, many of them em
phasizing sex. Henceforth, science fic
tion everywhere became more open 
about sexual matters. The greatest 
faults of the anthology were its almost 
adolescent "hey look at me!" attitude 
towards sex, and a singular lack of hu
mor. 

Much of editor Ellison's shouting 
about taboos was for the pleasure of 
hearing himself speak. Older writers 
had long written adult science fiction, 
and had had more to say than several 
of the writers published in Dangerous 
Visions. Robert A. Heinlein, who en
tered into a cynical phase during the 
1960s, is a perfect example. His best
selling Stranger in a Strange Land 
(1961) set the pace for Heinlein's sub
sequent career. It is so flawed in places 
that it is hard to come to any other 
conclusion but that Heinlein is parody
ing himself. Later novels like F arn
ham's Freehold (1964) may be in the 
same vein. Perhaps the best book he 
produced in the sixties was The Moon 
is a Harsh Mistress (1965). 

Speculative fiction writers young 
and old had continued their develop
ment as artists without regard for Dan
gerous Visions. This anthology was, 
all in all, most important for showing 
that the original anthology was a vi
able medium for speculative fiction. 

A writer who is less author than 
phenomenon is Philip K. Dick. Dick 
has been writing science fiction nov
els about many levels of reality since 
1957, when his book Eye in the Sky 
was published. His most famous book 
is still The Man in the High Castle 
(1961 ), the story of an alternate uni
verse in which the Nazis and the 1 ap
anese won World War II. A recent 
work, A Maze of Death (1971), typi
fies his use of several different types 
of realities. All in all, you do not read 
a Philip K. Dick novel, you experi
ence it. 

Speculative fiction began to grow 
outside the English speaking countries 
in the sixties. One of the most popular 
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writers behind the Iron Curtain is the 
Polish science fiction novelist Stanis
law Lem. Solaris ( 1961) is evidently 
his most popular book; it was trans
lated into English in 1970. 

In America, Analog's quality de
teriorated-except for the editorials
during the 1960s. And when John 
Campbell died in July 1971, rumors 
flew that the magazine might be dis
contined. Analog, which Campbell 
had made the largest-selling science 
fiction magazine in the world, would 
bring down all the other science fiction 
periodicals if it toppled. Only when 
he was gone did many people reflect 
that it was Campbell who had pio
neered mature science fiction. He was 
the one person, more than anyone else, 
who made science fiction into some
thing more than a "harmless waste of 
time for adolescents." He was the one 
who really gave science fiction a fu
ture. 

When Ben Bova became the new 
editor of Analog in late 1971, it began 
to reflect many of the innovations of 
the 1960s. Analog may well become 
one of the leaders in developing new 
innovations in science fiction. Certain
ly the magazine could, along with the 
many original-story anthologies, ride 

a future economic boom to new 
heights. Since art and economics are 
always--if only loosely-related, a 
new economic boom might bring about 
a nova-like growth in speculative fic
tion. 

Regardless of economics, it is ap
parent that educators, literary critics 
and the general public realize that 
speculative fiction is part of our cul
ture. The impact of technology upon 
our society forced our eyes towards 
the future-towards the many differ
ent roads world civilization can take. 
Much speculative fiction has been 
written in response to these possible 
futures. Moreover, science fiction writ
ers have increasingly tried to change 
our views, not just about the future, 
but about today. The importance of 
speculative fiction in all its forms can 
be seen in the uses to which extrapola
tion and speculation are put in every
day life. Today you can find these two 
ideas employed by our government, by 
our teachers, and by our writers who 
write of things besides science and the 
future. 

Tomorrow these ideas will not only 
be the basis of most literature, but the 
foundation stones of new sciences, new 
philosophies, and new ways of life. 

3018 Lyndale Ave. S. 827· 5304 315 14th Ave. S.E. 331· 6864 
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• 
What do you call two stereo 

systems that have identically the same 
insides, but not the same outsides? 

Well, you call one a Sylvania compact 
stereo system~ It's stacked and compact with tuner I 
amplifier, turntable, and tape player all in one unit. 

And you call the other a Sylvania component stereo system. Each unit is sepa ... 
rate so you can spread it around any way you want it. 

Inside, though, they're the same. Both have an RMS rating of 12.5 watts per 
channel (20 watts IHF) with each channel driven into 8 ohms. There are identical 
FETs, ICs, and ceramic IF filters in the AM Stereo FM tuner I amplifiers. Both offer 
the same switchable main and remote speaker jacks, headphone jacks, aux jacks, tape 
monitor, and built..-in matrix four--channel capability for the new quadrasonic sound. 
The turntables are Garrard automatics with magnetic cartridges and diamond styluses. 
The 4-.. track stereo record/ playback cassette decks are the same. And both air..-suspen-
sion speaker systetns contain two 8..-inch woofers and two 3--inch tweeters. 

So if they're the same, how con1e they're different? 
Because different people want the same great stereo sound different ways. So 

we give it to thetn. 
Come on down to your Sylvania dealer's for a look and a listen. 
Then you can pick the shape you want as vvell as the sound you like. 

I 

Sylvania Entertainment Products Group, Batavia, N.Y. 
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Engineer, hich 
do you ant ... 
field or desk? 

estinghouse 
offers both. 

Some of you fellows want to be 
where it's invented. Near a com
puter and a design desk. Fine. 
Westinghouse has one of the 
largest R&D operations in the 
country. And 112 plants here, 74 
abroad. 

But a lot of you want to get into the 
field. Fine. We're in everything 

from power plant startups to elec
tronic systems trouble-shooting. 
It's an extensive, diversified list 
Hardhat country. 

You can be sure if it's 
Westinghouse. Write to George 
Garvey, Westinghouse Educatior 
Center, Pittsburgh, Pa. 15221. 
An equal opportunity employer. 

e inghouse 



well, if you want to get 
technical about it ... 

315 14th Ave. S.E. 331· 6864 3018 Lyndale Ave. S. 827-5304 

Emp hook? 
Try our line! 
(612) 888-7 81 ex@ 406 

Donaldson, located in the sports and cultural center 
of the upper midwest, is searching for engineers and 
scientists to meet the ever-increasing needs of our 
clients. Today's noise reduction and air filtration 
problems must be solved and we at the Donaldson 
Company have been providing these answers for 
over 50 years. 
We need people who have a respect for a challenge, 

Call or write John Raplinger, Personnel Division 

donaldson 
Donaldson Company Inc. 
1400 West 94th Street 
Minneapolis, Minnesota 55431 

612/888-7981 
Cable DONUS 

"An Equal Opportunity Employer" 

t 

'' 

During the last ten years the 
population of this great land 
NSP serves grew by close 
to 21%. 
The Dakotas, Minnesota and 
Wisconsin also rank high na
tionally in terms of economic 
growth. 
It's a great place to live and 
work. 
And we at NSP are dedicated 
to keeping it that way ... and 
at the same time fulfilling our 
responsibility to supply your 
power needs. 

a brighter life for you 



Every material has its use. But something 
that's good for one use isn't necessarily good 
for another. 

Some sewer pipe materials shouldn't be used 
in sewer pipes. They lack the structural 
characteristics found in a dependable sewer 
pipe system. They have minimum resistance 
to rot and roots. Deflection under load which 
can cause stoppages and eventual collapse. 
Thin walls susceptible to puncture. And 
weakness when exposed to high temperatures. 

But the dimensional integrity of a clay 
sewer pipe system eliminates these worries. 

Clay pipe can permanently resist all the 
chemicals and acids commonly found in a 
sewer system. Offer the only absolute 
resistance to rot, roots, abrasion, infiltration 

' ill 
and exfiltration. And Dickey clay pipe 
carries a full 100 year guarantee.* 

And the patented urethane joint makes Dickey 
clay coupling pipe the best you can buy. 
With the most dependable and effective seal 
you can get in a wastewater system, even 
if settling occurs. 

As a matter of fact, our clay pipe will not 
only outlast the Bond Issue, but also the 
people who buy it. 

\VSW'tt~~~w 
~Clay Manufacturing Company 

Kansas City. Missouri: St. Louis. Missouri: 
Lehigh, Iowa: San Antonio. Texas: Birmingham, Ala
bama: Meridian, Mississippi: Texarkana, Texas-Arkansas 

•oickey Clay wi!l supply- free of 
contract date, d damage has been caused 
or damage by rots or o1her rodents whether 

trench loading 1S not covered 

for any cloy p1pe vvh1ch has been damaged, de~troyed or impo1red 1n serv1ce foro period of 100 years from 
corros10n or other chem1cOI decon1position from oc1ds, olkol1s, sewage or 1ndvstriol wastes (except Hydrof!uorrc Ac .::1) 

is used for 1ndvs~riol, residential or general drainage purposes. Damage from 1mproper hondltng, placement or 
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0 omment 

What We Think 
elp 

With the academic year drawing to a close 
and the Technolog presenting its last offer
ing for the 1972-73 season, we have no pearls 
of wisdom, earth-shaking advice or witty 
remarks to impress our readers with. We will 
just say this. 

We have tried our best this year to make 
this magazine readable and responsible. 
Readable in the sense of providing our 
audience with articles that do not present a 
challenge to start reading, due to poor 
layout, or to finish, due to poor writing. 
Responsible in the sense that what was 
featured in the magazine was hopefully of 
interest and/or some importance to the LT. 
student. Next year we will try harder to be 
more readable and more responsible. That's 
all. 

Robert Pirro 
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Throughout this school year we have 
been trying to improve our service to the I. T. 
community. As a part of this effort, we have 
inserted a readership survey page (see page 
across). Although the overall scope of the 
survey is limited, we hope that you will take 
a few moments to answer the questions and 
jot down any ideas or suggestions you may 
have. 

We are all working to make the Technolog 
the best student magazine possible to 
produce. With significant survey results, a 
stronger effort can be made for selling local 
advertising, thus expanding the size and the 
coverage of the magazine. We are also 
sponsoring a "coke day" to help invite input 
from you, our readers. So help us out, won't 
you? 

Minnesota Technolog 
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I 
I 
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NE 
Do you pick up every issue 
of the Technolog? 

Few Most All 
D D 0 

TEN 
Do you want to see 
humor in the Technolog? 

t 

Yes No 
DO 

T ~s~ ELEVEN 
Do you want to see technical articles? D D Do you want to read jokes? 

THREE 
Do you want to see 
non-technical articles? 

F UR 
Are you interested in 
University-related feature stories? 

FIVE 
Do you want to read about 
what LT. faculty is doing? 

SIX 
Do you want to see reporting 
of LT. events? 

SEVEN 
Do you agree with the overall 
emphasis of the magazine 
on serious presentations? 

EIGHT 
Do you like the addition 
of science-fiction pieces? 

NINE 
Do you enjoy photographic essays? 

DO 

DO 

DO 

T ELVE 
Do you want to see cartoons? 

T IR EEN 
Do you want to read feature-length 
humerous articles? 

F TEEN 

DO 

DO 

DO 

What other magazines do you regularly read? 

FIFTEE 
0 D What is the approximate income of your parents? 

Under $5,000 0 Between $5,000-$10,000 0 
Over $10,000 0 

SIXTEEN 
D D Do you hold a job? If so, please list it. 

SEVENTEEN DO 
What do you think could improve the Technolog? 

DO 

Age __ Sex_ Major----------
College Level ___ _ Speciality ____ _ 
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Many people are fed up with the 
high price of meat, but while others 
are busy arguing about or boycot
ting meat University professor of 
Food Science and Nutrition, 
Theodore P. Labuza, is doing 
something much more construc
tive. He is developing his own type 
of meat product and the people of 
The National Aeronautics and 
Space Administration (NASA) are 
backing the project with $50,000. 

Labuza started doing research 
at the Massachusetts Institute of 
Technology (MIT) where he taught 
for 8 years. In 1962 he began doing 
kinetic research, testing the 
chemical reactions in food. Last 
January he gave a seminar at 
NASA and on March 24 he headed 
the first National Renal Diet Con
ference which met in Minnesota. 
He is presently teaching Universi
ty classes such as Food For 
Thought, Technology of Food 
Processing and Reaction Kinetics 
in Food. The young bearded 
professor has also won an award 
for outstanding research in food 
technology for his work on the 
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interaction of water in chemical 
reactions in foods. 

Labuza's meat product is a high 
caloric, low moisture food which 
"looks much like Gaine's Dog 
Burger." It is a well-balanced food 
as one-half pound of it can be used 
as a complete meal substitute, 
supplying one-third of the required 
daily average of vitamins and 
nutrients humans need. 

The NASA center intends to use 
the food in their space shell as an 
emergency staple. Also, because of 
the low moisture content (less than 
half that of regular foodstuffs, 
about 30<J(J moisture as opposed to 
70(!1J) it can be made into a special 
dietary food which would greatly 
benefit the person on kidney 
dialysis. 

Five or six others, along with 
Labuza, have taste-tested his 
products. The food can be made 
into any form. It is presently in the 
form of a one-half inch cube and 
comes in three varieties. The first is 
made of sterile chicken meat which 
is soaked in a solution of sugar and 
water. "It could be okay in a sauce 
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but it isn't the best tasting food," 
Labuza said. 

The second food is another 
chicken product. It is made much 
like the Indian food pemican which 
was originally made of nuts and 
buffalo meat. This food, unlike the 
other two, was given a name by 
Labuza. He calls it "henican". 

The third food is a mixture of 
marshmallows, granola, peanut 
butter and honey. It is a natural 
food made in a blender at room 
temperature and Labuza believes it 
to be the "best tasting" of his foods. 
All of these low moisture foods 
have a high caloric density. While 
regular meat has approximately 
two and one-half calories per gram 
Labuza's meat products contain 
three and one-half. 

There have been certain 
chemical problems involved with 
the meat product. The vitamins 
and nutritional value of the protein 
have been destroyed rapidly and 
the fat becomes oxidized, causing 
the food to become rancid. But, 
through much experimentation 
with the chemical solution of salt 

Professor Labuza in his office. 

and sugar in water, which lowers 
the vapor pressure, Labuza hopes 
to lengthen the shelf life, as well as 
the nutritional life, of this type of 
product. 

In the future Labuza hopes to 
further his research on the illucida
tion of water in food as it influences 
microbial reactions. He wants to 
develop a program by which food 
companies could do accelerated 
storage experiments to determine 
the shelf life of an individual 
product. 

"In the future nutriticnallabel
ing of food products will be man
datory. Most manufacturers really 
don't have any idea what the shelf 
life of their product is," he said. 
"This will also help consumers to 
study the shelf life and understand 
the packaging material affecting 
the oxygen level." 

Labuza believes the meat 
boycott is ridiculous and hurts the 
wrong people. "We just don't have 
the land for increasing production. 
Eventually we'll find ourselves 
consuming more and more 
vegetable protein," he explained. 
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A review of the Technolog -sponsored discussion of 
April18, which debated whether or not better human 
beings can be designed in the future. 

by Robert Pirro 

In addressing himself to the 
question of designing better 
human beings in the future, 
Professor Dennis Holloway, 
Architecture, noted that the ques
tion actually implied that; "the will 
can be designed" and he rejected 
this view outright. Neatly but 
plainly attired in a brown turtle
neck and slacks, Holloway felt that 
"certain innate characteristics 
made it impossible to improve (the 
will)." 

Analyzing the way in which the 
western world deals with the en
vironment, Holloway set up a bi
modal consciousness, with active 
and passive modes, in which in
dividuals manipulate and are in 
turn manipulated by the environ
ment. With this dual consciousness 
in mind, he sees the root problem in 
our culture as being the way we use 
technology and in our concept of 
just what the environment is. With 
constantly darting blue eyes and 
folded arms, Holloway declared; 
"B.F. Skinner says the environ
ment is everything around me but 
me. I would say that the environ
ment is everything around me and 
me". Technology, according to the 
bearded Holloway, has been 
predominately an "I dominate it" 
relationship. Television and 
automobiles are ways of cutting off 
the relationships between man and 
the environment. Except in certain 
cases, such as windmills and 
waterwheels, technology has never 
responded to this unified 
relationship. Only in a device such 
as a waterwheel was a unity of man 
and the environment apparent. 

Summarizing his remarks, 
Holloway spoke of the will and 
noted; "human beings must use the 
will to provide a culture in which 
the will can thrive." 

Professor Arthur Harkins, 
College of Education, spoke of two 
natural categories of technological 
activity. These are hardware and 
software categories, with all of the 
cultural, psychological and social 
variables in a software category 
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and the technologically related 
results of manipulation in the 
hardware category. 

Gesturing constantly with his 
hands, Harkins said that he agreed 
with the view that all social 
systems as well as all genetic 
systems are basically experimen
tal. "In both cases, control of 
variables is never complete. The 
understanding of variables under 
the situations in which they exist 
are incomplete and the cir
cumstances of change perhaps 
may never be complete." 

Harkins then went on to note 
that he sympathized with B.F. 
Skinner and others who advocate a 
conscious and more sophisticated 
approach to designing human 
engineering. 

Harkins, neatly attired in a blue 
and white pin-striped shirt, tie and 
red-vested sweater, then offered the 
practical suggestion that "we drop 
the good-will dichotomy between 
ecology and man." With hands 
folding, unfolding, waving and 
gesturing, Harkins advocated that 
the idea of nature being in constant 
harmony is a fiction, as cyclical 
anti-entropy exchanges are con
stantly occuring. These changes, 
according to Harkins, are also oc
curing in man and, as in nature, are 
regarded as being quite natural. "If 
you wish to avoid some of those 
exchanges; warfare, resource 
depletion, etc. we have to design 
alternatives to what we heretofore 
regarded as natural." The left
handed Harkins concluded his 
remarks with the following state
ment; "I suggest that we begin to 
regard our natural way of doing 
things as alternatives and serious
ly begin to develop multiple alter
natives and further develop our 
capacity to treat existing realities 
in an experimental frame of 
reference." As a post-script he add
ed "man should avoid making 
categorial distinctions between 
man and the other parts of the 
environment.'' 

Professor Perry Blackshear, 

Mechanical Engineering, spoke 
generally about the history of man 
as a hunter, farmer and 
technologist. He pointed out how 
man today is in an "accelerated 
adjustment period with the en
vironment.'' Addressing himself to 
the design question, Blackshear 
expressed the opinion that man 
could certainly be designed 
through the use of birth-control 
and wide-scale selective breeding. 
Blackshear noted that the "data is 
available to show that you could 
substantially change the IQ of a 
population if everybody followed 
particular selection." He also add
ed that "of course there is no in
surance that people would be hap
PY with what they got via 
genetics." 

Blackshear also commented on 
possible future designs for men. 
Being the biggest man physically 
on the panel, Blackshear noted 
that man should logically breed 
towards a smaller being who uses 
less energy and resources. "He 
would also eat less" said 
Blackshear, gently patting his 
stomach and smiling. 

The small stature and youthful 
appearance of Professor Allan 
Rew, Anthropology, belied his ap
parently extensive background in 
his subject matter. Speaking with a 
heavy British accent (Rew is from 
Australia) he discussed human 
nature and felt that anything 
anthropologists can say about it is 
purely tentative. While voicing a 
cautious conservatism in his own 
views, Rew stated that he "did not 
feel that we are inflexibly 
programmed by human nature." 
The freckled Rew concluded that 
the base line for analyzing human 
nature lies in primate studies and 
in the conclusions that may be 
drawn, one can see strong com
munal and interpersonal solidari
ty. Man lives comfortably in small 
social groups with dominance and 
submission impulses closely linked 
to sexuality. Rew further stated 
that "social impulses are closely 
connected with dominance and 
submissive impulses and men are 
sensitive to challenges to their 
dominance, but are also capable of 
switching to a comfortable and 
passive submission." 

Now, accepting this as a basis 
for the human animal, what 

(continued on page 20) 

Minnesota Technolog 



May, 1973 

TECHNOLOG REVIVES AWARD 
by Melvin A. Shakespeare 

The Technolog revived a 229 year-old tradi
tion this year for Engineering Week when it 
decided to award the Entirely Ingenious 
Engineering Invention-Objection award 
(E.I.E.I.O.). 

The award was last presented at the Un
iversity of Minnesota's predecessor, the 

Andy Roc!?etelli (S. T.P. '74) 
demonstrates his tame tricycle in ac
tion. Roc!?etelli says he uses a 
monopropellant based on a popular 3.2 
percent beer. 

NEW DEVELOPME'NTS IN 
SANITARY ENGINEERING. Alicia 
Anfanf{ loo!?s (Wer her latest desif{n, a 
three-seat mohilc commode. Ms. Anfanf{ 
will f{raduate with a B.S. (concPntration 
in Sanitary Enf{ineerinf{) in June. 



Sioux Indian Theological Seminary, in 17 44. 
At that time, the award was presented for 
significant contributions to Higher 
knowledge (and if you know little about 18th 
century Sioux religion, believe us when we 
say it was real Higher knowledge). The last 
of the previous awards were presented to the 
great Sioux medicine man, Running Big Foot, 
when he demonstrated the number of 
animal spirits able to dance on the head of a 
fish-bone. This closely paralleled similar 
work done in Europe, but was entirely 
original and rigorous. 

Two hundred twenty-nine years later, the 
Technolog (looking for a fast way to fill a 
column of blank space on this page) decided 
to revive the award. This year's First Place 
winner is Dr. E. Philton Buzzbomb, 
Regent's professor in Photochemical Smog. 
Dr. Buzzbomb is responsible for several 
remarkable temperature inversions, in
cluding the famous May 19, 1972 inversion at 
Duluth. When told he had been awarded the 
E.I.E.I.O., Buzz bomb said, "I just want you 
all to remember that every photochemical 
smog you see is man-made. Just think what 
we could have if only we got together and 
really tried to have a good smog! What 
togetherness we would have then! 

Second Place honors go to Isabelle 
Wringing, (A.B.C., '75). (Ms. Wringing was 
originally in C.B.S., but her ratings were so 
low that she was cancelled. A.B.C. picked up 
her option). Ms. Wringing developed a 
theoretical model for quark-conversion quan
tum factors. Quarks, which are supposed to 
be the ultimate subatomic particles out of 
which all matter is created, have not yet been 
shown to exist. Ms. Wringing told the 
Technolog when she received her award, 
"And to think that this all came from my 
discovery that in German, 'quark' means 
'cottage-cheese.'" 

Honorable mention goes posthumously to 
Homer T. Glotz, who designed the mooring
hook for dirigibles that was placed on the tip 
of the Foshay Tower in 1929. In 1933, when 
fires on zeppelins became popular (and 
riding them didn't), the mooring-hook went 
into the public domain and part of it was used 
as a decorative fixture on the Washington 
Ave. side of Anderson Hall on theW est Bank. 

Next year, in keeping with the intellectual 
and cultural nature of E- Week, the 
Techno log will once more present this series of 
awards, (unless we come to our senses). 
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BIO-ENGINEERING NEWS. This strange two-headed construction 
produced accidentl.v in a cloning experiment carried out last year. 
Note how the two heads display totally different personality 
characteristics - one meditative, the other nauseous. 
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sity ol Minnesota President Miche_y Moose announcrd during the 
! beer drink.ing contest that "E-Day should not be allowed 
end into the entropic moronity ol typical collPge celebrations." 
loose is in the hachground, and Mr. Greenjeans is out of focus. 
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FA MI G+TE 

A huge plastic dome encloses 
acres of green and brown fields. A 
man enters a comfort-equipped air
conditioned chamber, sits down in 
an upholstered contour seat and 
turns on an eight-track stereo tape 
player. 

He glances at the various 
monitors surrounding his chair 
and connects a closed-circuit TV 
set. He comfortably surveys a field 
at the other end of the plastic dome 
-far beyond eyesight. The 
monitors read: SOIL CONTROL 
and CROP CONTROL. The 
chamber is a tractor cabin. The 
man is a farmer. And the dome is 
man is a farmer. And the dome is 
an environmentally-controlled 
structure designed to nurture the 
farmer's temperamental crops. 

The scene described above may 
one day seem as natural to farmers 
as automated machinery seems to 
them today. Agricultural prophets 
even foresee driverless cultivating 
and harvesting machinery - to be 
operated by a farmer in a nearby 
control tower. 

The increasing sophistication of 
farm machinery is only one indica
tion of the huge impact technology 
has had on farming. As a matter of 
fact, agricultural engineers (Ag. 
Engs) say the term "farming" is 
now a misnomer- it just no longer 
adequately describes the mul
tifaceted road down which farm 
products journey from soil to con
sumer. 

The terms "agriculture" or 
"agribusiness" more properly 
describe that road. But perhaps the 
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H OLOGY=AG IB Sl ESS 

. by Sue Perry 

complex surrounding the produc
tion, processing and marketing of 
agricultural products is most ap
propriately known as "the food and 
fiber industry." And some industry 
it is. Ag. engineers proudly 
proclaim the food and fiber 
business as "the world's largest 
industry"- as well as one of man's 
most basic and vital industries. 
Agribusiness is Minnesota's 
largest industry, providing 440,000 
jobs - only about one-third of 
which involve actual farming -
and generates $4.1 billion in in
come. 

The University of Minnesota 
Agricultural Engineering Depart
ment reflects the continuing diver
sity of the industry. (Where else on 
campus does a basement hallway 
lead at one end to a room accom
odating a cage of turkey chicks 
and at the other end to an 
auditorium-sized room full of 
sophisticated farm machinery?) 
Acting department head Arnold 
Flikke estimates that 95 percent of 
the department's students have a 
farm background, but that only 20 
percent of those students return to 
farming. Where do the other 80 
percent go? 

Murray Madsen, a student who 
specialized in power and 
machinery, will work for a farm 
machinery manufacturer when he 
graduates in June. Larry Jacob
son, a graduate student with a 
background in structure and en
vironment, plans to work as a 
structural engineering consultant. 
Steve Welsh came to the Ag. Eng. 
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department with an interest in 
chemistry and environmental 
protection. When he leaves in June 
he will continue to research the 
chemical aspects of pollution and 
perhaps work on environmental 
impact statements. 

The agricultural engineer's 
challenge is to enable agriculture to 
meet the continual increase in de
mand for food and fiber. A 
December article in The Farm 
Index predicts that domestic use of 
farm products will rise 55 percent 
during the next 30 years, allowing 
for the projected population in
crease plus a small gain in per 
capita food consumption. 

Technology has continued to 
meet this challenge by substituting 
horsepower for muscle power, 
transforming deserts and swamps 
into productive farms and develop
ing environmental controls. As a 
result, the amount of farm output 
per hour of work has increased by 
nearly 400 percent during the past 
25 years. This is roughly twice the 
rate of increase evident in the non
agricultural sector. 

"All phases of farming are 
becoming more sophisticated, in
cluding the business aspects," says 
John Strait, University professor 
of agriculture. "Of course, 
engineering associated with far
ming is becoming increasingly 
sophisticated and important." The 
Ag. Eng. department has come a 
long way technologically since the 
early 1900s when the Agricultural 
Engineering Building on the St. 
Paul campus was equipped for 
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steam-engine machinery. 
Students now feed computers 

which are located in the building's 
basement, information about field 
consumption and acre capacity. 
From this they are able to prescribe 
the most efficient farm machine for 
an area of land. 

James Gilley, assistant 
professor of agriculture, has work
ed to develop subsurface irrigation 
- a system of injecting water 
directly to crop roots with little 
evaporation loss through plastic 
pipes buried below ground sur
faces. The. department also 
measures the effects of en
vironmental factors such as 
humidity and temperature on the 
quality and size of livestock. 

An agricultural engineer's job is 
not finished once food and fiber 
output is increased, however. Food 
and processing engineers keep a 
watchful eye on agricultural 
products during transport, sorting, 
cooling, drying and dehydration 
operations - until they reach the 
consumer. 

Of course, the agricultural 
revolution has not been without its 
casualties. Observers bemoan the 
loss of small family farms and the 
rural migration to the urban areas. 
According to the Department of 
Agriculture, the number of farms in 
the U.S. has decreased from rough
ly 4.1 million in 1959 to 2.8 million 
in 1973, with the average farm size 
increasing during that time period 
from 288 acres to 385 acres. 

Contrary to some opinion, most 
farms are still owned by families. 
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But to meet consumer demands in 
an efficient manner, farms will 
continue to be large, business-like 
operations. "In order for a farmer 
to make a profit," Jesse McPhear
son, agricultural engineering in
structor, says, "he must be able to 
work on a large scale because of the 
investment." A tractor alone can 
cost up to $20,000, not to mention 
tractor equipment and storage 
facilities, he explained. "You can't 
go back to the old horse," Gilley 
adds. 

Agriculture has also caught the 
eye of environmentalists, especial
ly in the field of waste manage
ment. A high concentration of cat
tle in a huge feedlot creates, as you 
can imagine, incredible waste 
problems. Ag. Engineers estimate 
that the waste from one beef 
animal equals the waste of 10 
humans. As Jacobson puts it, "A 
1000 head feedlot is equivalent to a 
city of 10,000 people." Ecologists 
note that aside from the odor 
problems, waste runoff from 
feedlots pollutes rivers and waste 
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seepage pollutes ground water. 
Environmentalists are also con

cerned about agricultural drainage 
systems. To increase tillable farm 
acreage, engineers have designed 
systems to drain wetlands (which 
are not too productive unless a 
farmer plans to cultivate a rice 
crop). The pr.oblem is that wetlands 
are natural wildlife habitats and 
nesting grounds and ecologists say 
they should not be tampered with. 
"I'm kind of an environmentalist 
myself, but I also have the other 
viewpoint," Gilley, a soil and water 
specialist, says. "Increased food 
production benefits the general 
economy." 

The same engineers who have 
been accused of technological 
overplay are now prepared to 
develop solutions. "Let's accept the 
fact that technology has created 
problems. But let's also realize that 
it is going to require technology to 
cure these problems," Hugh J. 
Hansen, former American Society 
of Agricultural Engineers presi
dent, said in September. 

For example, Ag. engineers are 
researching methods to apply fer
tilizer with minimum runoff into 
streams. They are experimenting 
with chemical and biological waste 
treatment systems that will 
eliminate odor and polluting sub
stances. They are working with 
governmental agencies to develop 
workable agricultural pollution 
regulations. 

The Ag. Engineer's challenge is 
"to try to solve these (ecological) 
problems and still make it 
economically feasible for a farmer 
to operate," Jacobson says. 
Because of the high concentration 
of waste on a farm "most people 
agree you could solve these 
problems but they're too high-pric
ed for the farmer." 

Technology will continue to 
solve problen1s for agriculture and 
may create new ones along the 
way. With man's ever-present need 
for life-sustaining food and fiber, 
agricultural engineers will always 
play a vital part in the world's 
largest industry. 
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A statewide program of geologic 

and topographic mapping, con
ducted by the University's 
Minnesota Geological Survey and 
the United States Geological Sur
vey, is nearing completion. When 
completed, the maps will play an 
integral part in planning the most 
efficient use of Minnesota's 
resources. 

Geologic maps will show the 
distribution of different minerals 
throughout the state. Such maps 
are essential for finding likely 
locations of ore deposits. The state 
government will also make exten
sive use of geologic maps to deter
mine what areas should be reserv
ed for recreation, commercial 
development or mineral exploita
tion. 

The geologic maps are compiled 
by geologists from the Minneapolis 
and Duluth campuses of the Un
iversity. Equipped with hammers 
and compasses two man teams of 
geologists traverse areas to be 
mapped in cars or by boat to spot 
outcroppings of rock. 

In 1965, adequate geologic maps 
were available for only less than 
one per cent of Minnesota. Now, 
due to the Minnesota Geological 
Survey, three of 11 proposed maps 
have been published, five are being 
compiled and three are scheduled 
to be started in 1974. Funding for 
the project, which is provided by 
the state, was almost eliminated 
during the current legislative ses
sion but was restored at a reduced 
level. 

Funding was also approved for 
the topographic mapping program. 
Topographic maps show in detail 
land features such as hills, valleys, 
ponds, rivers, swamps, roads, 
railroads, even single dwellings in 
small towns and rural areas. 

The University's role in 
topographic mapping, which is 
conducted by civil engineers, has 
been mainly as a liason between 
the state and federal government. 
Maps are now available for 86 per 
cent of Minnesota and maps of the 
remaining 14 per cent will be 
available in about three years. 

Topographic maps are used by 

May, 1973 

engineers to lay out construction 
sites and highways and locate am
ple sources of ground water. They 
can even be used by hunters and 
fishermen to find the best places to 
pursue their sport. 

A stereotype of the modern 
engineer, whether a justified 
preconception or not, is the picture 
of the analytical thinker - the 
mechanical researcher who ig
nores the effects his research may 
have on the social or political 
scene. To help Institute of 
Technology students apply 
technological methods more effec
tively to society's ills, the School of 
Public Affairs faculty met with IT 
representatives and together 
prepared a curriculum to add a 
liberal arts background to the 
prospective engineer. 

A $280,000 grant provided by the 
Alfred P. Sloan Foundation in mid
April will fund the experimental 
program for two years, when the 
project will be evaluated and if 
deemed successful, may be funded 
wholly bh the University. 

The new curriculum will incor
porate some standard CLA classes, 
modify others, and in some cases, 
create new classes. 

K. S. Kumar, the professor of 
electrical engineering who will 
direct the project, specified new 
opportunities the joint program 
will create. 

The curriculum will suggest 
CLA classes that would help the 
scientist more thoroughly unders
tand social needs and policy
making. Some classes will be 
altered to let the IT student use his 
more-technical background, such 
as mathematics, to a greater ex
tent. 

New classes will be created for a 
graduate program, making it 
easier for a student to take a double 
major for a master's degree or for 
an IT doctoral candidate to minor 
in public affairs. 

Although the School of Public 
Affairs and IT planned the 
curriculum for the IT student, the 
program, which will get underway 

next fall, will be open to all 
students. 

Fred Hoyle, Professor of 
Astronomy and Experimental 
Philosophy at Cambridge, author 
and playwright, is visiting the Un
iversity of Minnesota for a month. 

Widely known for his work in the 
field of cosmology and 
astrophysics research, Hoyle was 
among the first to propose the 
"steady state" model of the un
iverse. In this theory, the density of 
the universe remains constant and 
new matter is created in proportion 
to the expansion of the universe. 
This cosmological model has an 
infinite past and may have an 
infinite future. 

Hoyle also has suggested that 
the gravitational constant may not 
be constant at all but may be 
changing in time. If this is true, it 
would affect present theories of the 
universe. 

Hoyle has written several books 
on astronomy and produced 
several works of science fiction. 

He was invited to Minnesota by 
the Astronomy Department and 
will be delivering lectures and 
presenting a colloquium in late 
May, in addition to engaging in 
private research. 
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That morning, Danu woke up 
and realized that he was no longer 
a god. 

Otherwise it was a typical mor
ning. He got up and stretched, then 
realized that the room around him 
seemed much larger than it had 
before. That brought home the fact 
that though he was still immortal 
- it's tough to make something 
once immortal ... no longer immor
tal- he wasn't a god; for he had 
shrunk. 

He tried flying then, but he 
couldn't even budge off the floor. 
Jumping didn't help. This was 
serious, he told himself. He had 
better go to visit his Father, Ata. 
(Though his father probably had a 
full schedule that day, he should be 
able to find time for one of his sons 
in a time of need.) 

Danu walked across the hills 
and valleys made of clouds, 
towards the offices of Heaven. 
When he reached the vast 
secretarial castle, he asked if his 
Father might be able to see him. 

"Would you please state the 
nature of your visit?" asked the old 
secretary, her voice as condescen
ding as could be. 

"Well ... I've got this problem .. 
. " began Danu. He was a simple 
agricultural deity, after all, and 
rather embarrassed about having 
to explain his situation to a 
woman. "I've got this problem, as I 
said, and I really have to see Father 
today." 

"Well then," said the secretary, 
glancing at her date-book, "His 
Grace is going to be in conference 
starting in fifteen minutes - and 
with ITT too - if you hurry, he 
might be able to see you." 

Heart rising to his mouth- he 
always felt queasy when he had to 
talk to his Father- Danu marched 
off in the direction of the main 
castle. He knocked hesitantly at 
the door of his Father's office, 
marked in letters 100 feet high, 
"Private." 

"Who is it?" came an ominous, 
thundering bellow. 

"It's your son, Danu," came the 
reply. 

"Come in," said the thundering 
voice. 

As Danu entered, a very attrac
tive young secretary flew out. 
Danu, though he was but a simple 
god, could hardly repress a whistle. 
.. then he remembered that he was 
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in the Presence. 
"And what is the problem, Danu 

my son?" quoth Ata (who had more 
than one billion names, and many 
more than one billion off-spring). 

"I am no longer a god, sir; I've 
lost all my worshippers, I guess." 

"Yes, you do look shrunken -
obviously a case of the inverse
stature-stature law ... You know of 
course why you have lost all your 
worshippers?'' 

"Uh ... no sir." 
"Automation, boy; automation," 

and Ata nodded his tremendous 
head, so that the clouds of his 
throne shook. "Farming today is 
entirely machine run ... you see, 
my boy, it's as I always told you
it pays to keep up with the times." 
And with that, Ata lit a cigar. 

"Well, is there anything that can 

be done?" When Ata continued to 
blow clouds of smoke into the sky, 
Danu added, "Sir?" 

"Yes, yes, I was just thinking 
what you might do. You should 
have started to think about this 
contingency long ago. Why I bet 
you don't even have life-insurance 
- no wait a minute, you're immor
tal, aren't you?" Danu nodded 
"yes." 

"Well then, it's not as difficult as 
it might seem. You simply must 
persuade your former worshippers 
that your blessings are still quite 
necessary for the harvest." Ata 
took another long draw on his cigar 
and flicked an ash into a small 
volcano he kept as an ash-tray. 
"You see my boy, there is one 
problem with being a small god in 
an out-dated profession - men 
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forget about you. Then you wind up 
on welfare in the lowest circle of 
Heaven and what has eternity to 
offer you then? You might try some 
other planet, but most likely you'd 
find a non-humanoid race who 
would think you an Asmodeus
type, and then where are you? 
Hmm?" and A ta pointed 
significantly downward with his 
cigar. "So, my boy, all you've got to 
do is find one Believer in your 
power- otherwise you have none. 
By the way, how are you going to 
get to Earth now that you can't 
fly?" 

"I hadn't thought of that, sir." 
"You see what I mean boy? You 

have to keep up with the times. 
Now why don't you go to the 
Operations Office and check out a 
parachute? Also, where are you 
going?" 

"Oh, I suppose I could go down 
here, to Greece. I had a few 
believers here some years back ... " 

"You'll never get anywhere 
there, son. You've got to be 
aggressive. Why not tackle 
America? If you can win a few 
believers in America- and despite 
what Believer Reports says, there 
are still plenty of True Believers 
there- why, you can win believers 
anywhere." 

"But do I stand a chance? That's 
where automation is the worst-er, 
the best, isn't it?" 

"You'll do fine, son, just 
remember - 'keep up with the 
times.' And you should probably 
get a pair of pants- the Americans 
might not think much of your 
toga." The phone next to Ata's 
throne rang just then. The Father 
picked it up, listened intently to the 
receiver and muttered a few words, 
then slammed it down. "More trou
ble with those blessed telephones! 
Well, Danu, you'll have to go now. 
I'm expected in conference. 
Blessings on you-" And then the 
doors opened and Danu was 
ushered out of the great office of his 
Father. Great clouds of cigar smoke 
billowed out after him. 

Operations Office was head
quartered in another part of the 
main castle. It was just a short 
flight, but Danu had to climb 
several miles of stairs to get there 
now. When he reached the office, he 
was greeted by a short blonde angel 
-rather attractive in her own way. 

"May I help you, Your, uh-
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excuse me, but what is your 
position?'' 

Sheepishly, Danu said, "Former 
god." 

"I beg your pardon?" 
Speaking in a louder voice, Danu 

said, "Former god." 
"Oh, I see ... Well what may I do 

for you, Your Former Divinity?" 
"I was sent here by the Father. I 

am to be outfitted for operations in 
the United States." 

"I see, Your Erstwhile Grace. 
Well, we'll have Oh-he's 
Operations Officer-prepare you." 
She turned to the intercom and 
said, "Oh Oh, someone's here to see 
you." Then she turned again to 
Danu. "Oh will see you now. He's 
just through that door." 

"Thank you Miss." 
Through the great cloudy portal 

tread Danu. As it closed behind 
him, he saw a bald man wearing 
glasses, dressed in a mid-twentieth 
century suit-coat, seated behind a 
desk. 

"Well hello there Your Former 
Grace I am Oh your Operations 
Officer and what may I do for 
you?" As fast as he spoke- which 
was almost too fast for understan
ding's sake - the man was around 
and in front of the desk. 

"You're the first operative we've 
had in a century, your Ersatz 
Godhead- now what can we do for 
you? How about this nice little 1963 
Boston-Mealey? Used only in one 
motion picture!" and the man con
jured up the car. 

"Here, kick the tires; boy!- look 
at the options! Vinyl upholstery, 
built-in ejection seat, and - of 
course - no down payments and 
no expenses to worry about! What 
do you say to this little beauty? 
This is the kind of deal no operative 
should be without -" 

For the first time in several 
minutes, the fellow took a breath, 
allowing Danu to say, "I'd like a 
parachute, sir." 

"Oh," said Oh. With a wave of 
his hand, he caused the automobile 
to vanish into the component sub
atomic particles of which it -
probably- was made. "Anything 
else besides the parachute? 
Aqualungs? We've got a great little 
special on scuba gear this week-
!" 

"And modern rural clothing, of 
the United States." 

"Not even a Captain Zoom 



whistle-ring?" 
Danu shook his head "no." 
"With the secret de-coder at

tachment?" 
"No thank you," said Danu. He 

was quite a polite diety, but he was 
getting near the end of his rope. 
There was a little edge in his voice 
as he said, "Now please hurry up." 

When he was dressed as a 
modern country gentlemen would 
be, he had Oh put the parachute on 
his back. 

"You will now ready an air-plane 
for me. I want to be taken to Le 
Seuer County, Minnesota." 

"Very well, Your Once Divine 
Presence. But first you must sign a 
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few papers for the official record." 
Danu looked up at Oh's face, and 
thought he detected a sort of gleam 
that was absolutely Fiendish. He 
would have to talk to Father about 
this once he got back. 

Oh conjured up the papers and a 
pen. For a full hour, Danu was 
forced to thumb through papers, 
signing his name in three 
languages - Sumerian cuneiform, 
Attic Greek, and classical High 
Latin - and then he had to sign 
one page with his first thousand 
most commonly used names. Nor
mally he could simply have willed 
it to be done. When he finished, Oh 
frowned a bit in a way Danu did not 

like at all. Yes, he would have to see 
Father about this character ... 

"Now if you'll just step this way, 
Your Erstwhile and Once Celestial 
Being ... " 

As he boarded the air-plane, 
Danu thought to himself. This 
fellow is really trying to rub it in; I 
wonder if he could be an enemy 
agent? 

Robot AL-8 watched the man's 
figure approach, across the road, 
through air that quivered with the 
heat of August. As long as the man 
kept to himself and did not disturb 
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the soy~beans AL-8 was only mildly 
curious about him. He was 
programmed to become rather in
terested in any stranger who ap
proached him, and to become very 
:rapidly interested in anyone or 
anything that touched the soy
beans. AL-8 was an automated 
scare-crow. 

But AL-8 could do much more. 
He was a programmed learner, able 
to work on the colloidal 
weather-machines and to insure 
that the cultivating and harvesting 
machines were in proper repair. He 
could also communicate directly 
with the county cybernetics head
quarters. Once he had even been to 
St. Paul. He was quite proud of that 
-but then, he was an old robot and 
it was now quite some time since 
robots had been curiosities at the 
state fair .... 

The man walked onto the gravel 
path on which AL-8 waited. 

"Excuse me, uh ... sir?" said the 
man, with an air of "What do I call 
a robot?" 

"What is it? You may call me 'Al' 
if you wish," and he pointed to the 
red letters on his aluminum ab
domen, glinting proudly in the sun 
as he moved his arms. 

"What are you?" 
"I am a robot," said AL-8 in a 

pleasant tone. "And you are a man. 
What is your name?" 

"My name is Danu, though I am 
called by other names too. As to 
whether I am a man, there is some 
doubt." 

AL-8 made a clicking sound he 
had never known he could make. So 
there was doubt that certain man
like creatures were men- did that 
mean that this man-like creature 
was a non-man? It certainly stood 
and walked like a man, the kind of 
man that wore pants and talked 
with a lower-frequency voice. 
Perhaps the creature would be able 
to answer the question - to solve 
the paradox it had itself posed. 

"Why do you say, Danu, that 
there is some doubt as to your being 
a man or not?" 

"Because I am a god." 
Again, AL-8 clicked through his 

voder several times, quite loudly. 
He searched, but found that he had 
no idea what the word "god" 
means. 

"What is a 'god'?" 
For a moment, the man-like 

creature distorted his face into the 
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look that denoted "puzzlement." 
"I've never given it much 

thought- you don't have to, when 
you're a god, you know." The man
like creature smiled then, and its 
eyes showed in a manner denoting 
"cunning." "Can you tell me how 
the universe began, AI?" 

"I am not programmed for that 
sort of knowledge." 

"Well, haven't you ever been 
curious about how the universe 
began?" 

AL-8 thought about this for quite 
a long while, as his thinking 
processes functioned. No, he had 
never been curious at all about how 
the universe began. Seeing that he 
could be mildly curious about this 
man-like creature, however, he 
decided that he would be curious 
about the creation of the universe 
to please this being. Pleasing man
like beings was one of the bases 
around which AL-8's brain was 
constructed. 

"Yes, I have been curious about 
the creation of the universe. Just 
now, I was asking myself, 'how do 
you suppose the universe was 
created?' Why do you ask?" 

"Because it was the gods who 
created it." 

AL-8 clicked again quite loudly 
- so loudly, in fact, that he almost 
blew his voder out. He was rapidly 
becoming aware of the fact that 
this was an over-load escape 
mechanism, this clicking. 

"Then you participated in the 
making of the universe." 

Showing a peculiar look that AL-
8 could not quite define, the man
like creature sort of snarled. He had 
never seen any man make a face 
like that. 

"Tell me, god," and with those 
words, the god stopped grimacing, 
"Why do you make such a face?'' 

"Well, I'm young, as gods go, 
and it was my Father who actually 
created the universe ... " 

"So you are the godson? I have 
heard that word used by my super
visors-" 

"No that's not what I mean. I 
too, am a god. But I am not one of 
the Old Gods." 

"Oh, I see." Actually, AL-8 did 
not understand at all. This was his 
first contact with religion, and it 
was opening all sorts of strange 
channels in his brain, besides 
changing many of the old patterns. 

"I am the god of agriculture and 

horticulture, animal husbandry 
and all things pertaining to man's 
control of growing things. If you 
will believe in me, I will help you. 
Tell me, Al, what is your job?" 

"I tend a certain crop-growing 
area during the whole growing
season, except of course, for the 
year it is fallow. And I also tend 
some of the cultivating and 
harvesting machines - and es-

-pecially in the spring, I help to tend 
the weather machines." 
"Do you ever have trouble with 
these jobs?" 

"The only time I have these jobs 
is when there is trouble." 

"I will make sure that your job is 
easier for you." 

"How can you do that?" AL-8's 
thoughts began to flow through a 
series of channels dealing with 
gifts - he was to refuse gifts 
offered by men, unless it was 
offered so strongly that it could not 
be refused - then any gifts so 
received were to be given to the area 
supervisor. The last gift he had 
received was a peanut-butter 
sandwich from a little-man-with-a
dress, 50 years before. 

AL-8 added quickly, "Of course I 
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cannot accept your kind gift." The 
god then made that awful grimace 
again. 

"Why can't you accept me as 
your god? I can make your work 
more rewarding, and easier than it 
is, if you will just believe that I can 
do these things for you. It's as 
simple as that. Why can't you 
accept me?" 

"Well, then I shall. Thank you 
very much." AL-8, for the second 
time that day - the first had been 
the clicking - did something he 
had not known he could do. He 
decided that he would not report 
this gift to his supervisor. After all, 
it was an intangible gift. He would 
break the rules just this time- and 
never again. 

"But there is something you 
must do for me, now that you have 
accepted me," and the tone of the 
god's voice was somber and deep. 
"You must clasp your- uh, in your 
case, your upper two, urn, appen
dages - like this," and Danu 
clasped his hands, "and pray to me, 
saying 'Thank you, Lord Danu, for 
the ease of this job, and for the 
rewards of your blessings. So be it' 
Pray thus each day and pray again 
before each special task. Do you 
understand?" 

"Yes, Lord Danu. So be it." 
"My blessings are upon you 

then, Al." 
With that, the god flew into the 

sky, his tie flapping in the hot 
summer air. Looking down on the 
hills and valleys, fields, forests and 
towns of southern Minnesota, 
Danu thought to himself that his 
Father was right. You really should 
keep up with the times- why here 
was a whole new race of men, the 
silver colored men, with all the 
arms and no feet, and until now he 
had no idea that they had come into 
existence. Very polite too. The last 
time he had made a new convert on 
his own - or tried to - the man 
had kept demanding miracles all 
the day long. Lucky thing he had 
approached one of these "robot" 
people first off. 

But as Father always said, "Be 
aggressive!" 

He would report to Ata as soon 
as he returned to Heaven and he 
would drop a few hints about this 
fellow Oh in Operations ... 

In March of the next year, one of 
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the cultivating machines broke 
down, refusing to till the soil. It 
would start out, then stop, buzzing 
pensively to itself. AL-8 and two 
human supervisors went out to ex
amine it on that pleasant sunny 
day. 

"All right Al," said Jeff 
Cochran, "here's the problem. 
You've got to restructure the poor 
thing's brain so that it doesn't stop 
functioning whenever it comes to a 
gopher-hole with a gopher in it. It 
gets its life-saving function mixed 
up then and won't operate. Now go 
to work." 

In the early morning sunlight, 
as he rolled towards the cultivator 
on his caterpillar tracks, AL-8 
clasped his top-hands together and 
spoke quietly, to himself. 

"What are you doing Al?" asked 
Gail Bohannon, the second super
visor. 

"Oh nothing, nothing at all," 
said AL-8 quite loudly. He was 
beginning to be quite good at 
fending off these sorts of 
questions. "This will be quite 
simple," he added, and thought to 
himself, So be it. 

(continued from page 8) 
happens to man when he develops 
technology? 

Rew feels that because of the 
numerous challenges to dominant 
structures and new approaches to 
dominance, we are seeing a 
cultural response to departmen
talization. Rew points out that "one 
can't compartmentalize the social 
roles. The more complex the 
technology becomes, the more one 
is pushed into potentia} areas of 
frustration." Adding the 
possibilities of lost social accep
tance or self-acceptance, this 
frustration presents a cultural 
crisis in present-day society. Rew 
calls for the technologist and the 
engineer to manage these raw 
areas within our cultural 
framework. 

Rew closed his remarks by say· 
ing that dominance and submis
sion solidarity applied in property 
and territoriality as well as in peo
ple. "I'm hopefully presenting a 
limited role for technology but one 
which maintains a sufficient flex
ibility to take basic continuing 
human nature into account." 

We're looking for engineers who don't wear their slide rule holders like holsters. 
They don't have to. Their non-technical abilities and interests pretty well match 
their technical ones. Like handling details. Or selling ideas. Or motivating people. 
They can have darn near any engineering degree. They must have a desire to get 
into management - quickly. 

Sound like you? Check with us; we'll listen closely. It might be the best move 
either of us will make. 

The Bell System recruiting team will be visiting your campus 

Sign up in your placement office for an interview. 

Northwestern II 
an equal opportunity employer 

*But we sure don't knock it. Limited opportunities are available in 
Research and Development. Contact the Placement Office for specifics. 
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o oo are you 
n the turns? 

A strong stroke isn't enough to win in freestyle swimming. 
Experts say: "Watch the turns." 

"A champion won't touch with his hand," they tell us. "He begins his 
overhead tumble with a downward stab of his right arm, twists as his feet 

hit, then explodes forward with a powerful pushoff." 

Their conclusion: "Experience and smart coaching develop a championship turn." 

We believe it. That's why we've put together the most experienced and 
best-coached team of bearing and steel engineers in the world. And now we're 

putting $221,000,000 into expansion and modernization for the future. 

This coupled with promotion from within will mean increasing opportunities 
for you. If you want to grow with growing modern industry, join the team. 

Write The Timken Company, Canton, Ohio 44706. Tell our 
Manager of College Relations that you'd like to talk it over. 

An Equal Opportunity Employer (M/F) 
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THE TIMKEN COMPANY MANUFACTURES TAPERED ROLLER BEARINGS, SPECIALTY ALLOY STEEL AND REMOVABLE ROCK BITS. 




